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A buried servo signal (TS) on tape (32) is modulated to provide information. According to the modulation, each of a plurality of sets
of cycles (cyc) has at least a selected cycle modulated to represent at least two modulation values. The modulation of the selected cycles
of a group of sets of cycles (cyc) provides a string of modulation values. The modulation values form identifiers of longitudinal physical

location on tape or other tape identifying information.
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MODULATION OF BURIED SERVO
ON MAGNETIC TAPE

BACKGROUND

A portion of this disclosure of this patent
document contains material which is subject to copyright
protection. The copyright owner has no objection to the
facsimile reproduction by anyone of the patent document or
the patent disclosure, as it appears in the Patent and
Trademark office patent file or records, but otherwiss
reserves all copyright rights whatsoever.

1. Field of Invention

This invention pertains to utilization of magnetic
tape for information storage, and particular to magnetic
tape having a servo or tracking signal buried therein.

2. Related Art and Other Considerations

Magnetic tape can have information recorded
thereon by creating magnetic flux transitions on the
magnetic tape media. The flux transitions are typically
created by the application of a signal to a recording
element or "head". The flux transitions are recorded by the
head along a "track" of the tape media.

In order, e.g., for information to be read from
the tape, servoing or tracking techniques are conventionally
provided to enable the head to follow accurately or be
aligned with a track of recorded information. In some
"servoing techniques, a servo signal is recorded while user
data is being recorded on the tape media. The servo signal
is recorded at a frequency other than the frequency of user
data to be distinguishable therefrom, and may be read by
either the same head which reads or records user data or a
head dedicated for recovery of the servo signal.
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In another servoing technique, a servo signal is
pre-recorded on the tape by the tape manufacturer. This
pre-recorded servo signal is permanently provided on the
tape, i.e., 1is not erasable by user data, and is sometimes
referred to as a deep or buried servo signal. The buried
servo signal is recorded at a frequency which is readily
distinguishable from that of user data.

It has been previously proposed that a buried
servo signal be modulated to provide an indication of
sectorization of the tape media. For example, where the
user data on the media is to be segmented into uniformly
sized sectors or frames of information (e.g., a "hard
sectored" media), the delineation of one frame from another
frame can be provided by modulation of the servo signal.

In order to determine the current position of hard
sectored media, an apparatus handling the media (e.g., a
tape drive) must fully rewind the media and keep track of
the number of frames encountered (based on servo signal
modulation) as the tape is read. This counting of frames
relative to an end of the media is error prone and time
consuming, and moreover provides no way of providing an
indication of tape location in a mid-tape load (e.g. when a
cartridge of non- rewound tape is loaded into a drive).

What is needed therefore, and an object of the
present invention, is modulation of buried servo information
to provide more than relative alignment of a head and a
track. A particular advantage of the present invention is
modulation of buried servo information to provide an
indication of head position relative to tape media.
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SUMMARY

A buried servo signal on tape is modulated to
provide information. According to the modulation, each of a
plurality of sets of cycles has at least a selected cycle
modulated to represent one of at least two modulation
values. The modulation of the selected cycles of a group of
sets of cycles provides a string of modulation values. The
modulation values formed identifiers of longitudinal
physical location on tape or other tape-characterizing
information.

Tape-characterizing information provided by the
buried servo signal includes at least one of the following:
a code for a type of cartridge which houses the tape, a
cartridge manufacturer, a cartridge serial number, a number
of frames per track, a number of channels per track, a
number of tracks per band, and a number of bands.

Preferably the tape-characterizing information is provided
in a header portion of the tape.

The location information includes an indication of
longitudinal (e.g., horizontal) physical position on the
tape. In particular, the string of modulation values
provides a set group identifier for the group of sets. The
set group identifier is related to physical position on the
tape. In one embodiment, the servo signal is modulated at
least in a data region of the tape whereby the sets of
cycles delineate frames of data. When the sets correspond
to frames, the string of modulation values provides a frame
group identifier for a group of frames.

The number of cycles in a set can either be
constant or vary from set to set. In one embodiment, each
set of cycles has a constant predetermined number of cycles
of the buried servo signal, and the number of sets in each
group is constant. A selected cycle of each set is
modulated whereby its intermediate zero crossing transition
occurs asymmetrically with respect to non-selected cycles of

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 97/27580 PCT/US97/00770

-4-

the set. Preferably the selected cycle is one of the first
and last cycles of a set.

Each group of sets preferably includes a plurality
of consecutive synchronization sets. The modulation values
of the synchronization sets collectively form a
predetermined synchronization pattern. The synchronization
pattern is chosen such that the synchronization pattern does
not appear in any non-synchronization set. Preferably the
synchronization sets are recorded at one of a beginning and
an end of a group of sets. 1In one embodiment, each group
of sets comprises twenty sets, and there are four
synchronization sets in each frame group.

In some embodiments, the string of modulation
values is encoded so that the modulation values of N number
of consecutive sets represents an M number of digits of a
set group identifier, M being less than or equal to N.
Preferably N is four and M is three, and a particular coding
assignment is utilized that affords a Hamming distancs of at
least two between adjacent groups.
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BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, features, and

advantages of the invention will be apparent from the

following more particular description of preferred

embodiments as illustrated in the accompanying drawings in

which reference characters refer to the same parts

throughout the various views. The drawings are not
necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention.

Fig. 1 is

a schematic diagram showing usage of a

tape media formatted according to the present invention in a
plurality of types of devices, including an audio/visual
device, a random access device, and a sequential device.

Fig. 2 is

a schematic view of showing the

interrelationship of Fig. 2A and Fig. 2B.
Fig. 2A and Fig. 2B are schematic views of

hardware elements included in a device according to the

invention which operates upon the tape media of the

invention.
Fig. 3 is

a front view of a head unit included in

the device of Fig. 2.

Fig. 4 1is

a schematic view of a general format of

a magnetic tape according to an embodiment of the invention.

Fig. 5 1is

a schematic view of a format of a buried

header region on magnetic tape according to an embodiment of

the invention.
Fig. 6 is
buried servo signal
Fig. 7 is
layout on tape.
Fig. 8 is
servo formatting of
Fig. 9 is

a top view of a system for recording a
on tape.
a schematic view of physical frame

a schematic view of tape showing buried
a frame cf magnetic tape.
a cross-sectional view of tape media

utilized by the present invention, particularly showing
location of the buried serve or tracking sense (TS) signal.
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Fig. 10 is a graphical depiction of signals
applied to recovery circuits of the present invention for
recovery of a buried servo signal.

Fig. 11 is a side view of a recording head of the
system of Fig. 6.

Fig. 12 is a schematic view of an eight channel
data frame.

Fig. 13 is a schematic view of a tape with an
example of configuration or control partition.

Fig. 14 is a schematic view of an example of
vertical partitioning of logical frames.

Fig. 15 is a schematic view of an example of track
ordering in vertical partitioning.

Fig. 16 is a schematic view of an example of
horizontal partitioning of logical frames.

Fig. 17 is a schematic view of an example of track
ordering in horizontal partitioning.

Fig. 18 is a schematic view of a tiled combination
of horizontal and vertical partitions on magnetic tape
media.

Fig. 19 is a schematic view of configuration or
control frames on tape generally.

Fig. 20 is a schematic view of a tape showing an
example of logical frame addressing.

Fig. 21 is a schematic view of magnetic tape media
having various partition-related markers and flags of the
present invention.

Fig. 22 is a schematic view illustrating partition
definition coordinates.

Fig. 23 is a schematic view of example of control
frames and A/V programs on A/V Data tape.

Fig. 24 is a schematic view of example of control
frames on a random access tape without A/V Data.

Fig. 25 is a schematic view of example of control
frames on a random access tape with A/V Data.

Fig. 26 is a schematic view of example of control
frames on streaming tape without A/V Data.
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Fig. 27 is a schematic view of example of control
frames on streaming tape with A/V Data.

Fig. 28 is a schematic view of a example of a
logical frame sequence, no error conditions.

Fig. 29 is a schematic view of a first example of
a rewrite logical frame sequence.

Fig. 30 is a schematic view of a second example of
a rewrite logical frame sequence.

Fig. 31 is a schematic view of third example of a
rewrite logical frame sequence.

Fig. 32 is a schematic view of a fourth example of
a rewrite logical frame sequence.

Fig. 33 is a schematic view of a logical frame
sequence as read following a servo error during write.

Fig. 34 is a flowchart showing steps executed when
a host computer records data on a multipurpose tape of the
present invention.

Fig. 35 is a flowchart showing steps executed in
connection with a write of A/V data to a multipurpose tape
of the present invention. '

Fig. 36A, Fig. 36B, Fig. 36C, Fig. 36D, and Fig.
36E are schematic view of alternative embodiments of a tape
speed controller according to an embodiment of the
invention.

Fig. 37 is a schematic view of a variable clock
controller according to a first embodiment of the invention.

Fig. 37A is a schematic view of a variable clock
controller according to a second embodiment of the
inventicn.

Fig. 38 is a schematic view of a tape in
accordance with a submode of the invention wherein frames
are re-recorded at a reserved location, the reserved
location comprising a physical frame which shares a same
track with the original physical frame location at which a
frame is recorded.
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Fig. 38A is a flowchart showing steps involved in
a re-recording procedure for frame according to the submode
of Fig. 38.

Fig. 38B is a flowchart showing steps involved in
a read procedure for reconstructing a file containing a
spared frame according to the submode of Fig. 38.

Fig. 39 is a schematic view of a tape in
accordance with a submode of the invention wherein frames
are re-recorded at a reserved location, the reserved
location comprising a physical frame which is on a different
track than the track on which the defective frame is
originally recorded.

Fig. 39A is a flowchart showing steps involved in
a re-recording procedure for frame according to the submode
of Fig. 39.

Fig. 39B is a flowchart showing steps involved in
a read procedure for reconstructing a file containing a
spared frame according to the submode of Fig. 39.

Fig. 40 is a schematic view showing a plurality of
spare track groups or frames recorded on tape in accordance
with the submode of Fig. 32.

Fig. 40A is a schematic view showing a
bidirectional spare track in accordance with the submode of
Fig. 39.

Fig. 41 is a schematic view of tape showing
modulation of a buried servo signal on magnetic tape.

DETAILED DESCRIPTION OF THE DRAWINGS

In the following description, for purposes of
explanation and not limitation, specific details are set
forth such as particular architectures, interfaces,
techniques, etc. in order to provide a thorough
understanding of the present invention. However, it will be
apparent to those skilled in the art that the present
invention may be practiced in other embodiments that depart
from these specific details. 1In other instances, detailed
descriptions of well known devices, circuits, and methods
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are omitted so as not to obscure the description of the
present invention with unnecessary detail.

The present invention concerns both a Multi
Purpose Digital Recorder (MPDR) and method for operating the
same, as well as a specific media format. Fig. 1 shows a
cartridge 30 wherein MPDR media, specifically magnetic tape
32, extends from supply reel 34 to take-up reel 36. Tape 32
is transported in cartridge 30 by cartridge belt 37, which
extends around capstan puck 38. 1In the illustrated
embodiment, tape 32 has a buried servo signal TS pre-
recorded thereon, as subsequently explained. While some
aspects of the present invention require the buried servo or
track sense (TS) signal, other aspects of the invention do
not and should be understood not to be so limited.

By virtue of its multipurpose format, tape 32 is
utilizable by a plurality of types of devices. For example,
Fig. 1 shows cartridge 30 with tape 32 therein being
selectively loadable into an audio/visual (A/V) type device
44; a random access type device 46; and a sequential access
type device 48. Bidirectional arrows 54, 56 and 58 indicate
that devices 46 and 48, respectively, can read information
from and record information on tape 32. A/V device 44 does
not record on multipurpose media, but can record on single
purpose tape (e.g., a VCR recording on tape). As explained
subsegquently, the information recorded on tape 32 by devices
46 and 48 can be either audio/visual (A/D) data or non-A/V
data.

As further shown in Fig. 1, audio/visual (A/V)
device 44 is connected to an A/V reproduction device, e.g.,
television 64, which is one form of a utilization device.
Random access device 46 and sequential access device 48 are

-also connected to utilization devices, particularly to host

computers 66 and 68 respectively. Host computers 66, 68
have respective interfaces 66I, 68I for communicating with
devices 46, 48, respectively; host memories 66M, 68M; and
host processors 66P, 68P. It should be understood that
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devices 46 and 48 could, alternatively, both be connected to
a single host computer.

Random access device 46 and sequential access
device 48 are examples of multipurpose digital recorders or
multipurpose digital devices of the present invention. Aan
example of audio/visual device 44 is a Recorder/Player which
has the basic minimum functionality of an advanced
television VCR or CD-Audio player. Random access device 46
locates any physical frame on the tape and is capable of
reading or writing that frame. An example of sequential
access device 48 is a streaming or serpentine tape recording
system.

As used herein, unless otherwise clear from the
context, the term “device” refers collectively to any one of
A/V device 44, random access device 46, and sequential
access device 48. For this reason, at times the terminology
“device 40", “system 40", “drive 40" or “drive system 40"
may be employed to mean any of A/V device 44, random access
device 46, and sequential access device 48. Thus, it should
be understood that system 40 can function either as an
audio/visual device, a random access device, or a sequential
access device, or as a combination of any two or more of
such devices. Further in this regard, it should be
understood that Fig. 2 and Fig. 3 are generic depictiocns of
an embodiment of hardware included in device 40, e.g., any
one of the devices 44, 46, and 48.

1 EARDWARE OVERVIEW

Fig. 2 shows a magnetic drive system 40 for
transducing information (e.g, recording information on and
reading recorded information from) with respect to an
information storage medium which, in the illustrated
embodiment, is magnetic tape 32. As shown in Fig. 3, in
drive system 40 tape 32 is transported either in a forward
direction (denoted by arrow 98) or a reverse direction
(denoted by arrow 99) past head unit 100, the forward and
reverse directions both being parallel to an axis TX of tape
elongation.
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In a recording mode, depending cn direction of
movement of tape 32, a plurality of write elements mounted
on head unit 100 cause magnetic signals to be recorded on
horizontal tracks on tape 32. In the embodiment shown in
Fig. 3, eight write elements 102Wp_, through 102Wp_g record
eight respective tracks when head unit 100 moves in the '
forward direction. Likewise, eight write elements 102Wg_;
through 102Wi_g, record eight respective tracks when head
unit 100 moves in the reverse direction. For sake of
simplicity, any one of the write elements may be referred to
herein as write element 102. All such write elements 102
are preferably inductive elements. Tape 32 has a top
horizontal physical edge 32E, and a bottom horizontal
physical edge 32Eg.

In a reading or reproduction mode, a plurality of
read elements mounted on head unit 100 cause magnetic
signals to be read from horizontal tracks recorded on tape
32. In the embodiment shown in Fig. 3, eight read elements
104Rp_; through 104Rp.gs read eight respective tracks when
head unit 100 moves in the forward direction. Likewise,
eight read elements 104Rg_; through 104Rp.g read eight
respective tracks when head unit 100 moves in the reverse
direction. For sake of simplicity, any one of the read
elements may be referred to herein as read element 104. For
reasons hereinafter apparent with respect to a description
of buried servo signals, all such read elements 104 are
preferably magnetoresistive elements.

As used herein, the term "element" includes any
structure suitable for transducing informatiocn, including
inductive magnetic gaps and magnetoresistive material.
While preferable types of elements have been mentioned, it
should be understood that the invention is not so limited.

Tape 32 has a top horizontal physical edge 32Eq
and a bottom horizontal physical edge 32Ez. Head unit 100
is vertically adjustable (e.g., between edges 32Ey and
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32Eg in the direction depicted by arrow 106). In a
recording mode, repeated vertical adjustment of head unit
100 yields a plurality of parallel, horizontal tracks.

As shown in Fig. 2, magnetic tape drive system 40
(also known as a tape "deck" system) includes
utilization interface 110; deck assembly 112; driver section
114; buffer memory 116; formatter/deformatter 118; signal
processing section 120; and control processor 130 (also
known as microprocessor 130). As explained subsequently,
control processor 130 has firmware (e.g., processor 130
executes sets of coded instructions) for controlling and
coordinating various activities and events of drive system
40.

Firmware included in processor 130 includes buffer
manager 131 (which has buffer £ill monitor 132); tape speed
controller 133; variable clock controller 134; tape location
detector 135; and, tape/volume manager 136. It should be
understood that processor 130 also executes numerous other
types cf instructions which are not described herein as
being understood by the person skilled in the art and
unnecessary for explanation of the present invention.
Moreover, while Fig. 2 shows various connections of
processor 130 for purposes hereinafter elaborated, it should
be understood that other connections understood by the
person skilled in the art are not necessarily shown,
including connections for various control, interrupt, and
data transfer purposes.

Deck assembly 112 includes head unit 100 with its
write elements 102 and read elements 104 as previously
discussed. In addition, deck assembly 112 also has
positioner motor 144 for positioning head unit 100 so that
head unit 100 has a component of travel in the vertical
direction depicted in Fig. 3 by arrow 106. 1In the
illustrated embodiment, positioner motor 144 is a linear-
type voice coil motor which controls a roller bearing
assembly for repositioning head unit 100 relative to a width
or transverse dimension of tape 32 in conventional manner.
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As used herein, the width dimension of tape 32 refers to the
vertical direction depicted by arrow 106, and thus is
substantially orthogonal to the horizontal direction
depicted both by forward direction arrow 98 and reverse
direction arrow 99.

Deck assembly 112 also includes a capstan motor
150 which serves to rotate capstan puck 152 of drive 40.
Capstan puck 152 is in contact with cartridge capstan puck
38 (see Fig. 1) which via belt 37 transports tape 32 in the
horizontal direction (either forward or reverse, depending
on the direction of drive applied to capstan motor 78)
during recording and reading operations. The rotational
velocity of capstan 152 is monitored by capstan speed sensor
154. 1In one embodiment, capstan speed sensor 154 comprises
Hall Effect sensors which are used to determine the rate of
revolution of capstan motor 150.

As also shown in Fig. 2, magnetic tape drive
system 40 includes driver section 114. Driver section 114
includes various driver circuits connected to hardware
installed in deck assembly 112, particularly capstan motor
driver 156 and positioner motor driver 158. Capstan motor
driver 156 is connected to capstan motor 150; positioner
motor driver 158 is connected to position motor 144.

Tape drive system 40 also includes signal
processing section 120. Signal processing section 120 has a
voltage controlled oscillator (VCO) 160 which receives a
signal on line 161 from variable clock controller 134. VCO
160 applies a feedback signal on line 162 to variable clock
controller 134. Signal processing section 120 has an output
or recording side and an input or reading side, both of the
sides utilizing an output signal from VCO 160.

The output or recording side of sigmal processing
section 120 comprises a write driver 164. Write driver
circuit 164 is connected by eight channel line 167 inter
alia to apply recording signals to the plurality of write
elements 102 during recording operations in accordance with

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 97/27580 PCT/US97/00770

~14-

clock signals generated by VCO 160 in the manner hereinafter
described.

The input or reading side of signal processing
section 120 receives (on line 169) an acquisition signal
sensed from a read element(s) 104 mounted on head unit 100.
Signal processing section 120 includes switch 170 and read
recovery circuit 172. Recovery circuit 172 includes servo
clock recovery circuit 174; servo position recovery circuit
176; and data recovery circuit 178. Each of recovery
circuits 174, 176, 178 receives an output signal of VCO 160
for timing purposes. In addition, each of recovery circuits
174, 176, 178 receives appropriate channels of the read
signal as such channels are multiplexed thereto by switch
170. While data recovery circuit 178 receives all eight
channels of the read signal acquired on line 169, recovery
circuits 174 and 176 received only two and six channels,
respectively. Since recovery circuits 174 and 176 read the
lower frequency buried servo sense TS signal, which two of
the eight channels are multiplexed to recovery circuit 174
and which six of the eight channels are multiplexed to
recovery circuit 176 at any given time depends on the
position of head unit 100 relative to tape 32.

Servo position recovery circuit 176 serves to
process the buried servo sense TS signal on six of the eight
channels in order to determine whether head unit 100 is
properly following tracks recorded on tape 32. Servo clock
recovery circuit 174 serves to process the buried servo
sense TS signal on two of the eight channels in order to
obtain a servo clock signal TS.. Servo clock recovery
circuit 174 generates an interrupt on line 179 at the
beginning of each cycle of servo clock signal TS. and
applies the interrupt to variable clock controller 134, to
tape position detector 135, and (at least in some
embodiments) to tape speed controller 133. Servo clock
recovery circuit 174 is connected to apply the recovered
servo clock signal TS¢ to clock modulation detector circuit
180. Clock modulation detector circuit 180 generates an
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interrupt on line 181 upon detection of an intermediate
(i.e., negative-going) zeroc crossing transition of servo
clock signal TS.. Interrupt line 181 is connected to
modulation decoder and tape location detector 135.

Processor 130 is connected to via utilization
interface 110 to a utilization device (e.g, utilization
devices 64, 66, or 68 shown in Fig. 1). Processor 130
communicates with various other constituent members of drive
system 40 in conventional manner using bus system 184. 1In
particular, processor 130 communicates over bus system 184
with a formatter/deformatter 118 and buffer memory 116.
Although not shown, it should be understood that DMA devices
interface buffer memory 116 and formatter/deformatter with
bus system 184.

Buffer manager 131 administers buffer memory 116.
Buffer memory 116 temporarily stores user data in a write
operation which is in route from the utilization device
(e.g, a host computer) to tape 32 (via formatter/defcrmatter
118 and write driver 164) and user data in a read operation
which is in route from tape 32 (via data recovery circuit-
178 and formatter/deformatter 118) to the utilization
device. Buffer memory 116 is also used as a location for
building data structures for what are hereinafter referred
to as configuration frames, as well as data structures which
are hereinafter termed AUX data structures. These data
structures are built in buffer memory 116 by tape/volume
manager 136 acting through buffer manager 131.

As one aspect of its administration of buffer
memory 116, buffer manager has buffer fill monitor 132 which
keeps track of the amount of user data in buffer memory 116.
As described in more detail in §7.3, buffer fill monitor 132
provides input to tape speed controller 133 of processor
130.

In a write mode, formatter/deformatter 118 forms a
physical frame for writing on tape by integrating together
user data from buffer memory 116 and a corresponding AUX
data structure prepared by tape/volume manager 136 in buffer
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memory 116, and error correction information (C1, C2)
generated over the frame. In a read mode,
formatter/deformatter 118 interprets a frame obtained from
tape via data recovery circuit 178 in order to obtain user
data, an AUX data structure, and error correction
information, and performs checking and error correction (if
needed) for the frame.

An output signal from tape speed controller 133 is
applied to capstan motor driver 156 for use in controlling
the rotational speed of capstan motor 150. The actual
rotational speed of capstan motor 150 is determined by
capstan speed sensor 154, which outputs a signal on line 186
to tape speed controller 133 and variable clock controller
134 of processor 130.

2 FORMAT OVERVIEW

Fig. 4 shows tape 32 starting with hub wrap lead
region NML 200 which precedes a buried header region 206;
followed by pad region 208, which in turn precedes data area
or data region 212. Other regions not germane to the
present invention are also provided.

Eight parallel channels on eight physical data
tracks form a track group, which from a logical perspective
becomes a single virtual track and is therefore also known
as a logical track.

In data region 212, data is organized into frames,
each frame being interleaved across all eight data channels
which form a logical track. Fig. 7 shows a physical frame
layout for data region 212. Each frame 220 is synchronized
to the buried servo or tracking sense (TS) signal.

2.1 Buried Servo Signal

A buried servo or tracking signal TS is recorded
on tape 32. Buried servo signal TS is recorded on at least
one track and preferably all tracks of a logical track.
Buried servo signal TS is recorded by the manufacturer of
tape 32 at frequency which is much lower that the frequency
at which the user records data on the tape (e.g., 1425 times
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lower), and thus is distinguishable from the user data and
accordingly is known as deep buried servo.

As shown in Fig. 9, tape 32 has tape substrate
325. Upon tape substrate 32S is formed a tape buried layer
32BL. Tape data layer 32DL is formed over tape buried layer
32BL. Buried layer 32BL has the track sense (TS) signal or
buried servo signal recorded thereon at low frequency.
Positive flux directions TS+ and negative flux directions
TS- of buried servo signal TS are shown in Fig. 9.
Positive flux directions of the data signal are shown in
Fig. 9 as DS+, while negative flux directions of the data
signal are shown in Fig. 9 as DS-. Flux transitions are
shown by the boundaries separating the directional arrows in
Fig. 9

As shown in Fig. 8, each of the tracks of a
logical track have the buried servo signal TS recorded
thereon. Each of the read elements 104 of head unit 100
pick up the buried servo signal TS for the respective tracks
which they follow. At least one, and potentially as many as
two, of the read elements 104 acquire the buried servo
signal for the purpose of deriving the servo clock signal
TS.. At least one of six others of the read elements 104
acquire the buried servo signal for the purpose of
determining whether head unit 100 is properly aligned (e.g.,
is correctly following the horizontal tracks on tape 32).
Switch 170 of signal processing section 120 (see Fig. 2)
multiplexes the channels of the buried servo signals as
acquired by read elements 104 to one of servo clock recovery
circuit 174 and servo position recovery circuit 176.
Whether a channel of recovered buried servo signal is
multiplexed to circuit 174 or 176 depends upon which of the
logical tracks and bands of tape 32 are currently being
read. Fig. 10 shows signals applied by switch 170 to
circuits 174 and 176. In particular, signals TS, are
acquired by as many as two of the read elements 104 for
processing by servo clock recovery circuit 174, while
signals TS, are acquired by the six remaining read elements
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104 for processing by servo position recovery circuit 176.
The read elements 104 which acquire signals TS, are
positioned such that buried servo signal TS from adjacent
tracks of a logical track cancels out when head unit 100 is
properly following the horizontal tracks, for which reason
signals TS, are shown as being flat or zero in Fig. 10.

As shown in Fig. 10, servo clock signal TS, has a
plurality of cycles, one such cycle being indicated in Fig.
10 as “cyc”. Each cycle extends between consecutive
positive-going zero crossing or transitions of servo clock
signal TS., there being an intermediate or negative-going
zero crossing or transition “x” in between the consecutive
positive going transitions. It should be understcod that
cycles of servo clock signal TS. can be delineated in other
manners, such as conversely (e.g., with the cycle assessed
between consecutive negative-going crossings) .

As shown in Fig. 10, a plurality of consecutive
cycles of servo clock signal TS. constitute a “set”.
Although not required to be such, in the context of the
described embodiment a set happens to be the same as a data
frame on tape 32. In the illustrated embodiment, each set,
e.g, frame, has thirty six cycles. It should be understood
that, in other embodiments, the number of cycles per set
(e.g., frame) can be a greater or lesser number. In fact,
the number of cycles per set (e.g., frame) need not
necessarily be constant from one set to another, as the
encoding of the buried servo signal as subsequently
elaborated contemplates that the number of cycles can vary
from set to set so long as the number of cycles for each set
is foreknown or otherwise discernable. Moreover, the
invention is not limited to any particular manner in which
modulatlon values are assigned or associated with segments
of the servo clock signal TS., as it should be understood
that other aspects of the servo clock signal TS. can be
utilized as delineators for acquiring modulation values.

As shown in Fig. 10, all but one of the cycles of
each set (e.g., frame) are symmetrical. That is, all but
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one of the cycles of each set have intermediate zero
crossings at the same location (i.e., in the middle of the
cycle). A selected one of the cycles, which differs from
other cycles of the set, has an intermediate zero crossing
which is asymmetrical with respect to non-selected zero
crossings. Preferably the selected cycle of a set, e.g.,
the asymmetrical zero crossing, is either the first cycle
(with its intermediate transition x, illustrated in Fig. 10)
or the last cycle (i.e, the thirty sixth cycle) of a set.
The order of the selected cycle within a set, e.g., being
the first cycle or the last cycle, can consistently apply
through all sets. Alternatively, the order of the selected
cycle can vary from set to set in accordance with
predetermined criteria, e.g., the selected cycle of the
first set can be the first cycle, the selected cycle of the
second set can be the second cycle, or some other cycle
assigning rule.

Fig. 10 shows a situation in which each set has
its first cycle as the selected cycle. The first cycle has
its intermediate transition x, asymmetrical by virtue of
being closer to the previous positive-going zero crossing
transition rather than equidistantly spaced between adjacent
positive-going transitions. An asymmetrical transition
occurs either earlier or later than the time at which the
transition would occur if it were symmetrical with other
cycles in the frame. Having a selected cycle with an
asymmetrical intermediate transition is an example of
modulation of servo clock signal TS..

Whereas in Fig. 10 the first cycle of a set as
being asymmetrical by reason of its intermediate transition
x, occurring earlier than symmetrical intermediate
transitions in other cycles, it should be understood that
instead the first cycle could be modulated to have it
intermediate transition x, occurring later than symmetrical
intermediate transitions for other cycles of the set (e.g.,
closer to the following postive-going zero crossing
transition than to the previous postive-going zero crossing
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transition). Moreover, in other embodiments, a set (e.g.,
frame) may have more than one selected cycle for obtaining
e.g., a corresponding number of modulation values per set.
As subsequently described in §7.6, the present invention
contemplates various techniques for using modulations in
order to provide modulation values useful for tape
information and encoding schemes.

In the context of tape 32 herein described, each
frame 220 is synchronized to the buried servo signal TS, and
all frames 220 are of the same length and interval as
measured by the buried servo signal TS. All tracks on a
tape have the same number of cycles of servo clock signal
TS., and thus all tracks on a tape have the same number of
frames.

Servo clock recovery circuit 174 (see Fig. 2)
applies an interrupt on line 179 when a positive-going zero
crossing transition of servo clock signal TS, is detected
(e.g., the beginning of a cycle of servo clock signal TS, .
Clock modulation detector 180 applies an interrupt on line
181 when a negative-going zero creossing transition (e.g., an
intermediate transition) is detected.

Synchronization of frames to the buried servo
pattern results in a “hard sectored” format, where each
frame relates to a specific x,y ccordinate of the media 32
relative to the buried servo signal. The X coordinate is
directly related to the number of cycles in the servo signal
horizontally on the tape, the y coordinate is directly
related to the logical track vertically on the tape. Each
frame location is assigned a unique physical frame number.
Because physical frame numbers are linked to frame locations
and not to frames in the order that they are written, the

‘physical frame number assignment is fixed from the time that

the buried servo signal is embedded on the tape 32.

Use of a buried servo signal is just one way of
producing a hard sectored tape. Hard sectored is understood
to be any formatting method that predetermines the location
of each block or frame on tape.
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2.2 Physical Frames

In data region 212 (see Fig. 4), data is organized
into frames, each frame being interleaved across all eight
data channels which form a logical track. De-interleaving
of each frame yields user data and an AUX data structure 300
(see Fig. 12). Reference is again made to Fig. 7 for a
physical frame layout for data region 212. In Fig. 7 the
small blocks represent physical frames, y represents the
logical track number, and x represents a frame’s horizontal
position on tape 32 as determined by the buried servo signal
(see §2.1). 1In the frames on the EOT end of the tape data
area, t represents the number of logical tracks (t=24 in the
illustrated embodiment), and f represents the total number
of frames per track. Each physical frame is an independent
data construct, and as such all write and read operations
must be performed on whole physical frames.

As each read head 104 travels down a physical
track of tape 32, successive blocks are acquired. Each frame
includes user data, AUX data structure 300, and product code
parities. Brief introduction is here made that the AUX data
structure 300 is 512 bytes per frame and is used as the
primary control record for each frame. The user data is 32
KB and is used for the recording of user data in a data
frame, or as parameter data structure space in the case of a
special control frame.

The user data and AUX data thus read for a frame
220 is loaded into buffer memory 116 (see Fig. 2) so that
the data can be accessed for the reasons described below.
2.3 Partitioning

In order to facilitate data management and to
provide methods of improving seek times, the tape 32 is
logically divided into partitions. A partition is a logical
subdivision of the medium into smaller independent units.
Each partition has a logical BOM and EOM, which are called
BOP and EOP respectively. The Logical Frame Address and
logical block address count from zero from BOP. All newly
created partitions are assigned a tape device model.
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The tape data area 212 is divided into logical
partitions. All types of devices 44, 46, and 48 support a
configuration partition in a reserved area at BOT. The
configuration partition is identified as partition -1 (FFh)
[see Fig. 13]. The user data area of the tape may be
partitioned vertically, horizontally, or in a tiled fashion.
Partition geometry can be optimized for the type of data to
be stored. The configuration partition is provided for
configuration and directory information used by the device,
no user data is stored in the configuration partition.

All partitions are configured as a rectangular
collection of physical frames. All partition boundaries
occur on frame and logical track boundaries. No partial
frames exist within a partition. Partition boundaries are
identified on tape through the use of a partition directory,
and through the use of a partition control field in the AUX
data structure 300. As each partition is a logically
independent unit, logical frame numbers and logical block
numbers count from zero in each partition.

A vertical partitioning method is illustrated in
Fig. 14 and Fig. 15, and is particularly suitable for the
random access device model. 1In the drawings the physical
block positions are shown as the ordered pair (x,y), where x
is the physical frame on track and y is the logical track,
there being f frames on each track and m frames on each
track in partition 0. Vertical partitioning allows for
decreased seek times within related data. Long seek times
in serpentine tape are due to tape travel times along the x
axis. By restricting a data partition to a limited length
in the x dimension, seek times between any two logical
frames within a partition can be reduced.

A horizontal partitioning method, illustrated in
Fig. 16 and Fig. 17, separates partitions along logical
tracks. This is a traditional partitioning method for
serpentine tape. Horizontal partitioning allows rapid
access to the beginning of each partition from BOT, as well
as long linear data feeds due to fewer track changes.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 97/27580 PCT/US97/00770

-23-

3. DEVICE MODELS
3.1 Supported Device Models

The MPDR logical format is designed to support
three different device types: (1) a sequential access or
streaming type device 48; (2) Audio/Video Sequential Access
- A/V type device 44; and (3) Random Access type device 46
(see Fig. 1). The logical format of tape 32 according to
the present invention provides sufficient resources for an
interchange of A/V data between all three models on a read-
only basis. The ability to write cross-platform, or to
interchange non-A/V data across platforms shall be
implementation dependent.

3.2 Common Model Aspects
3.2.1 Media Volume Characteristics

A complete unit, which is composed of the
recording medium and its physical carrier (the cartridge),
is called a “volume”. The recording medium has two physical
attributes called beginning-of-medium (BOM) and end-of-
medium (EOM) .

3.2.2 Direction and Position Definitions

For devices, positioning has the connotation of
logically being in, at, before or after some defined place
within a volume. The forward direction is defined as
logically progressing from BOPx toward EOPx. The reverse
direction is defined as logically progressing from EOPx
toward BOPx. The idea of being “in” some position means not
being outside a defined region.

3.2.3 Logical Elements within a Partition

The area between BOP x and EOP x on a typical recorded
volume contains host accessible elements, which are
principally data blocks. A unit of data supplied or
requested by a host is called a logical block. Logical
blocks may be recorded in one or more tape frames on the
medium. When the logical blocks are not recorded in a one-
to-one relationship to the tape frames, it is the
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responsibility of the device to perform all blocking, de-
blocking, padding, stripping, splitting or rebuilding of the
logical data block(s) sent by a host.

In the streaming type device 48, (e.g., sequential
access device), a typical recorded volume contains at least
two types of host accessible elements, which are data blocks
and tape marks.

For a sequential access type devices, filemarks are
special recorded elements containing no user data.
Applications traditionally use filemarks to separate user
data from labels and logical groupings of data from each
other. A setmark is another type of special recorded element
containing no user data, providing a segmentation scheme
hierarchically superior to filemarks. This level of
segmentation is useful for some high capacity storage
devices to provide concise addressing and fast positioning
to specific sets of data within a partition.

'For sequential access type devices, writing data from
BOP x, the medium is considered to be a contiguous grouping
of blocks, filemarks, and setmarks, terminated with an EOD
mark. The data space on the medium beyond EOD (within the
active partition) is considered to be blank. Each partition
has an EOD. Unrecorded volumes (new or erased) may exhibit
blank medium characteristics if an attempt is made to read
or space the volume before data has been written.

A sequential access type device may be capable of
supporting fixed or variable length blocks. The concept of
fixed or variable mode for writing and reading blocks only
indicates the method by which the host specifies the size of
a logical block for transfer and not the method of recording
tape frames on the medium. The length of a logical block is

- always described in bytes.

4 Logical Data Format

All physical frames 220 have an AUX data structure 300
shown in Table 1. Each frame 220 is assigned a frame type.
In particular, the frame type of a frame 220 is defined in
AUX data structure 300 of the frame.
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4.1 AUX Data Structure

A principal tool for implementing the logical format is
AUX Data structure 300 (see Fig. 12). Each tape frame
contains 32 Kbytes of data storage space plus 512 bytes of
AUX data structure 300. The AUX data structure is set aside
as a control field area for use by the device in order to
navigate and catalog the information recorded on the tape.

User data from the host is loaded into buffer memory
116 in 32 Kbyte chunks. For each chunk of user data,
tape/volume manager 136 builds a 512 byte AUX data structure
300. After the AUX data structure is built, the AUX data
structure is integrated with its corresponding user data by
formatter/deformater 118 and placed (along with other fields
including Cl, C2 parities) as a frame in an output stream
for application to write driver 164 (see Fig. 2). The
manner of construction of AUX data structure 300 by
tape/volume manager 136 is understood by the following more
specific description of the format of AUX structure 300.
4.1.1. AUX Data Locations

AUX data structure 300 describes the physical location,
the type of elements, and a description of the elements
contained within a tape frame. Table 1 defines the bytes of
AUX Data structure 300.
4.1.2 Frame Type

The Frame Type field is contained in the AUX data
structure 300, bytes 0 and 1. The Frame Type is a two (2)
byte bit field that identifies the frame, as shown in Table
2. The following frame types are described: Partition;
TOC; Track Table; Defect Map; Identify Frame; Filler Frame;
Micro-code Update; Marker; Data; A/V Data; and EOD Frame.

The first five of the frame types listed above are
known as control or configuration frames. As shown in Fig.
15, each MPDR tape 32 has a set 320 of control frames or
configuration control frames at the beginning of partition -
1 of tape 32. The set of control frames comprises two
cycles or sub-sets 322 of frames, particularly subset 322,
and subset 322,. Each sub-set 322 can include partition
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frame (PAR) 340, table of contents (TOC) frame 342, track
table frame (TrkTbl) 344, defect map frame (DEF) 346, and
identification frame (ID) 348. Two sub-sets of frames are
provided in the set of control frames for redundancy. Which
control frames 340 - 348 appear in partition -1 for a given
tape depends on the type(s) of device which is expected to
read the tape.

The Frame Type field defines an A/V flag, which
indicates that the frame contains information or data
relevant to the A/V device model. The Frame Type bit
definitions are provided in Table 2 while the corresponding
value for each frame type is given in Table 3.
4.1.2.1 Configuration Frame Types

The Configuration Frames are located at the beginning
of the tape in the Configuration Partition (see Fig. 13 and
Fig. 19). The contents of the Configuration Frames are
restricted to the uses defined in this section. The
Configuration Frames do not contain user’s data. The
Configuration Frame types are the Partition Boundary Frame
340, TOC Frames 342, Defect Map Frames 344, Track Table
Frame 346, Identify Frame 348.

Only the configuration frame types listed above and/or
the universal frame types listed below exist in the
configuration partition. Configuration frame types never
exist outside the configuration partition. Configuration
frames only support the Frame Type and Tape Frame Number
fields in the AUX Data structure 300, all other AUX Data
fields are undefined.

The configuration partition is prepared by tape/volume
manager 136. In particular, tape/volume manager 136 working'
through buffer manager 131 builds the configuration frames
in buffer memory 116. The manner of construction of the
configuration frames by tape/volume manager 136 is
understood from the ensuing discussion.
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4.1.2.1.1 Partition Boundary Frame

Partition Boundary frame 340 describes the number of
partitions and each partition’s physical location. Partition
Boundary frame 340 also contains revision level information
about the format recorded on tape. Partition Boundary frame
340 is the principal configuration frame. The Partition
Boundary frame 340 is implemented by all MPDR devices
regardless of the device type.

All partitions are rectangular in shape and are defined
by the tape frame address at two diagonal corners. The
Partition Boundary frame 340 positions within the
Configuration Partition are located at tape frame address
(0,12) and (5,11).
4.1.2.1.2 TOC Frame

TOC frame 342 is reserved for information concerning
the physical location of A/V program data. TOC frame 342
contains pointers to the beginning tape frame address and
ending tape frame address for all A/V program data. The TOC
frame 342 is implemented in all devices which record or
playback A/V data streams, regardless of the device type
implemented. The TOC frames 342 are positioned immediately
following the Partition Boundary frames 340.
4.1.2.1.3 Track Table Frame

Track Table frame 344 contains a loock up table used to
translate the logical frame address to the tape frame
address. This information is used for rapid positioning to
logical elements for the Streaming Tape device 48. The
Track Table frame 344 is positioned immediately following
the TOC frames 342. Implementation of the Track Table frame
344 is mandatory for the streaming tape type devices. The
Track Table frame 344 is not implemented by non-streaming
tape model type devices.
4.1.2.1.4 Defect Map Frame

Defect Map frame 346 records the tape frame address for
unrecoverable frames determined through Read-While-Write or
other means. The Defect Map frames 346 are positioned after
the Track Table frames 344. Implementation of the Defect
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Map is optional in a random access record mode, however it
is supported in the random access type devices during read
operations in order to detect block re-mapping. The defect
map frame 346 is not implemented by non random access model
type devices.
4.1.2.1.5 Identify Frame

Identify frame 348 contains the basic parameters about
the last device used to record the tape 32. Identify frames
348 are positioned after the Defect Map frames 346. The
implementation of the Identify frame 346 is optional for all
device types.
4.1.2.2 Universal Frame Types

Universal frame types are those that may exist in any
partition and do not contain user data. The following are
defined types of universal frames: Filler Frame, Micro-code
Update Frame, and Reserved Frame Types. Universal frames
only support the Frame Type and Tape Frame Address fields in
the AUX Data structure 300 (see Table 1), all other AUX Data
fields are undefined.
4.1.2.2.1 Filler Frame

Filler frames contain the Tape Frame Address and vendor
unique information only. All data in a filler frame is
vendor unique. Filler frames most often contain no
meaningful data, but they may be used as a volatile working
space. Filler frames are be allowed between two data frames
when a logical element is spanning the two data frames. A
minimum of one Filler frame precedes each Marker frame or
EOD frame in the streaming tape model. Reserved frame types
are treated as filler frames during reads for forward
compatibility.
4.1.2.2.2 Micro-code Update Frame

Micro-code Update Frames are used for device firmware
modification. The implementation is vendor unique to
accommodate particular device requirements. The device
allows overwriting the Micro-Code update frames, which
allows for cartridge reuse for data storage.
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4.1.2.3 Logical Element Frame Types

The logical element frame types contain elements that
are placed on tape based directly on data or commands from
the host. Logical element frame types only exist in data
partitions, no logical element frame types are recorded in
the configuration frame. The logical element frame types
defined are as follows: Marker Frame, Data Frame, A/V Data
Frame, and EOD Frame.
4.1.2.3.1 Marker Frames

Marker frames are only implemented in the streaming
tape type device 48. Marker Frames are used to indicate
Filemarks and Setmarks. Each Marker Frame contains at least
one mark. The Marker Frame may contain any combination or
number of Filemarks and/or Setmark%. All Marker Frames are
proceeded by a Filler Frame. Because Marker Frames identify
a possible append point to a contiguous data stream, a
Filler Frame must be used to ensure that the Marker Frame
are overwritten when appending in a read-while-write
implementation.
4.1.2.3.2 Data Frames
Data frames exists in two types, General purpose data
storage and A/V program data.

General purpose data storage is of the nature of
standard computer files such as system files, executable
files and data files. This data is always be returned with
100 percent integrity. Error recovery methods during a read
operation are exhaustive, including reposition and reread
techniques. Data integrity may be verified using read-
while-write verification during write operations, resulting
in rewrite operations in streaming tape type devices, or
frame re-mapping in random access type devices. General
purpose data frames are identified as having frame type Data
with the A/V flag cleared (see Table 2 and Table 3).

A/V Program Data is a stream of digitized audioc and/or
video data. This data is allowed to be lossy. Only error
recovery that can be accomplished on-the-fly is allowed.
Data flow to or from the host is maintained regardless of
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data integrity. No repositions, rewrites, or frame re-
mapping are performed.
4.1.2.3.3 EOD Frame

Though not a true logical element, EOD is used in
conjunction with logical elements in a streaming tape type
device 48. EOD indicates the end of data in a partition and
is only used in the streaming tape type device 48. The A/V
bit is cleared. An EOD frame is used to identify the append
point for subsequent write operations. An EOD Frame
contains the EOD data structure. The EOD data structure is
used to validate the accuracy of the current Track Table.
4.1.3 Tape Frame Address

The Tape Frame Address is contained in bytes 8 through
11 of AUX data structure 300 (see Table 1). The Tape Frame
Address is double-word wide. As shown in Table 4 and Table
5, the Tape Frame Address represents a unique physical
location on tape 32 referenced to the buried servo signal.
The Tape Frame Address consists of an (x,y) coordinate pair.
The ‘x’ coordinate starts from zero (0) at BOT and
sequentially increases to EOT. The 'y’ coordinate starts
from zero (0) on logical track zero (0) and sequentially
increases to the maximum logical track. All tape device
types support the Tape Frame Address. The Tape Frame
Address is considered to be a double word integer value.
All device types 44, 46, and 48 support the Tape Frame
Address in every frame that is recorded. No frame is ever
be written to tape 32 without a valid Tape Frame Address.
4.1.4 Write Pass Counter

The write pass counter is in bytes 12 - 25 of AUX data
structure 300 (see Table 1). The write pass counter is
supported in the streaming tape type devices 48. The write
pass counter is not supported in the A/V type devices 44
model or the random access type devices 46. When not
supported the write pass counter is zero filled.

The write pass counter is implemented in all streaming
tape type device operations. The write pass counter is
changed on each write from BOP within a partition during a
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streaming tape type device write. During streaming tape
type device operations data, filemarks, setmarks, and EOD
marks are only considered to be current and valid if they
contain the current value in the write pass counter. The
write pass counter value is modified only during the
creation of a new partition, the logical erasure of a
partition, or an over-write of a partition from BOP. When
a new write pass counter value is required it is assigned as
the Maximum Write Pass Counter plus one. The Maximum Write
Pass Counter is maintained in the Track Table. No two
partitions ever hold the same write pass count.

O0ld data may exist in a partition from a previous write
if during a streaming overwrite operation a servo tracking
fault condition arises. During the servo tracking fault
condition, the write operation is suspended, but may resume
further down tape as the servo system requires lock. The
purpose of the write pass counter is to assure that during a
subsequent read operation any old data that is detected will
not be considered to be part of the current data stream.
4.1.5 Filemark Count

The Filemark Count field of AUX data structure 300 (see
Table 1) is a running count of filemarks in the partition up
but not including this tape frame. The Filemark Count field
is supported in the streaming tape type device 48 but is not
not supported in any other type of device. When not
supported this field is zero (0) filled.

4.1.6 Setmark Count

The Setmark Count field of AUX data structure 300 (see
Table 1) is a running count of setmarks in the partition up
to but not including this tape frame. The Setmark Count
field is supported in the streaming tape type device 48, but
is not supported in any other type device. When not
supported this field is zero (0) filled.

4.1.7 Frame Sequence Number

The Frame Sequence Number of AUX data structure 300
(see Table 1) is supported in the streaming tape type device
48, but is not supported in any other type device. When not
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supported the Frame Sequence Number is zero (0) filled. The
Frame Sequence Number is used in the streaming tape type
device 48 to indicate the order in which the frames were
built to be sent to tape 32. In a read-while-write design
frames are recorded on tape 32 out of sequence as unreliable
frames are rewritten. The Frame Sequence Number is a double
word value that increases monotonically by one from zerc in
each partition.

The Frame Sequence Number is used during reading in
order to properly re-sequence user data. As rewrites occur
the Tape Frame Address continues to increment normally, and
certain combinations of large logical block sizes during
rewrites are difficult to re-sequence from the Logical Frame
Address alone. The Frame Sequence Number provides a clear
indicator for logical frame ordering.

4.1.8 Logical Frame Address

The Logical Frame Address of AUX data structure 300
(see Table 1) is in bytes 12 through 19. The Logical Frame
Address is four words wide. The Logical Frame Address
defines the frame’s logical position within a partition. A
Logical Frame Address is assigned to any frame that contains
valid Filemarks, Setmarks or user data.

The Logical Frame Address represents the logical block
address for first logical block start contained in the tape
frame. In the case of very large logical blocks, were no
logical block start exists in the tape frame, the logical
block address of the block in progress is used. The Logical
Frame Address begins from zero at BOP and increases
monotonically towards EOP. The Logical Frame Address 1is
assigned to the first logical element that contains a BOLG
in the tape frame. BOLG is defined in the DAT (see §4.1.9.5
and Table 7).

Fig. 20 is an example of logical frame addressing. In
Fig. 20, “BOLG” refers to beginning of logical group; “EOLG”
referst to end of logical group; “LBA"” refers to logical
block address; and “LFA” refers to logical frame address.
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The Logical Frame Address is required for the Random
Access Tape and Streaming Tape type devices 46 and 48,
respectively, and is optional in the Audio/ Videc Tape type
device 44. Frames containing duplicate data have the same
logical frame address.

4.1.9 Data Access Table and Logical Block Descriptions

The Data Access Table (DAT) is in byte positions 48 -
307 of AUX data structure 300 (see Table 1). DAT is
supported in the streaming tape type device 48 and in the
random access type device 46, and is optional in the A/V
type device 44 (to be used when logical element numbering is
desired). When not supported, the first 4 bytes of DAT are
zero (0) filled and the remainder of the table is undefined.
4.1.9.1 Logical Elements on tape

A Logical Element represents an entity on tape that
possess a unique logical block address. There are three (3)
types of logical elements: Data Blocks, Filemarks, and
Setmarks. Each logical element on tape has a unique logical
address within a partition. The logical block address
always starts from 0 at the BOP and the address sequentially
increases for each logical element written in sequential
order.
4.1.9.2 Logical Groups

A logical group is the seguential grouping of like
logical elements that differ only in logical block number.
4.1.9.3 Format Discontinuity

A format discontinuity represents a boundary between
adjacent logical elements on tape that have different
attributes. Table 6 lists the possible format
discontinuities found in a frame.

The logical group attributes are contained in the
Logical Block Size and the DAT Entry Flags described in the
DAT Entry (see §4.1.9.5.3 and Table 8). Any change in the
attributes requires a new DAT entry.
4.1.9.4 Logical Block Address Assignment

The Logical Block Address start from zero (0) at BOP.
The Logical Block Address assignment for each logical
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element within a logical group increases monotonically in
sequential order towards EOP. The calculation for the
logical element’'s Logical Block address is determined by the
relationship of Equation 1.
Equation 1:
Logical Block Address = Logical Frame Address + Element’s
Relative Position

In Equation 1, the Element’s Relative Position is the
element’s position within a tape frame. The Element’s zero
(0) position is the first logical element that contains a
BOLG within the tape frame. BOLG is defined in the DAT (see
§4.1.9.5 and Table 7). 1In Equation 1, the Logical Frame
Address is the base address used for all logical elements in
a tape frame. For more information about Logical Frame
Address, see §4.1.8.
4.1.9.5 Data Access Table (DAT) Format

The Data Access Table (DAT) is in bytes 48 through 307
of AUX data structure 300 (see Table 1). The DAT (shown in
Table 7) describes the logical elements or partial logical
elements contained in the tape frame. When a format
discontinuity or a tape frame boundary is encountered, or
when a compression group is described, a new DAT entry is
made. DAT entries are discussed in §4.1.9.5.3 and
illustrated in Table 8. A DAT entry only describes the
components of the logical groups contained in the current
tape frame or the current compression group.
4.1.9.5.1 DAT Entry Size
Each DAT Entry is 8 bytes long.
4.1.9.5.2 Number of DAT Entries

This is the number of entries in the DAT which
corresponds to the number of format discontinuities and
compression group descriptions contained in the frame.
4.1.9.5.3 DAT Entries

DAT entries are shown in Table 8. Each discontinuity
in attributes within a frame requires a unique DAT entry.
Each compression group requires two DAT entries.
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4.1.9.5.3.1 Logical Block Size

A logical block represents the data block size used
across the host interface. The logical block size need not
have any particular relation to the tape frame size, nor to
any of the lower level physical elements defined in the
physical tape format document.

The Logical Block Size (LBS) indicates the number of
bytes contained in one logical block. If a logical block
spans a tape frame boundary, then the Logical Block Size
contains the number of bytes actually in the current frame.
To determine the host logical block size of logical blocks
that span frames, the device has to process all frames
containing the components that make up the complete logical
element. In a marker frame the Logical Block Size is always
be zero.
4.1.9.5.3.2. Number of Logical Elements

The Number of Logical Elements (NLE) indicates the
number of logical elements or partial elements described in
the DAT entry. For a partial element, the Number of Logical
Elements is set to one, since one element is being partially
described, this is the case when spanning a tape frame.
4.1.9.5.3.3 DAT Entry Flags

The DAT Entry Flags, understcod with reference to Table
9, are used to indicate the attributes of the logical
element described by the DAT entry (see Table 8). 1In Table
9, the following definitions apply:

CMP: If this bit is set to one (1), then the logical
element (s) within the logical group is compressed data. If
this bit is set to zero (0), then the logical element(s) is
uncompressed data.

BOLG: The Beginning of a Logical Group bit indicates that
the beginning of this logical group is contained in this
frame.

EOLG: The End of a Logical Group bit indicates that the end
of this logical group is contained in this frame.

EXT: The Extended Entry bit indicates that the next entry in
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the DAT is additional information concerning this logical
group. For example with compressed data, the first entry in
the DAT describes the compression group while the extended
entry describes the compression group contents.
MARK: In a data frame the MARK bit is always be set to Zero
(0). For a DAT entry in a marker frame a Filemark(s) is
represented with the MARK bit set to one (1) and a
Setmark(s) is represented with the MARK bit set to zero (0).
The number of consecutive MARKS with the same attributes is
recorded in the “Number of Logical Elements” field.
CID: The Compression ID (CID) indicates the history buffer
size used during the compression. A CID value of 00b means
a history buffer size of 512; a CID value of 0lb means a
history buffer size of 1024; a CID value of 10b means means
a history buffer size of 2048; a CID value of 11lb is
reserved.
Logical Block Size: The “Logical Block Size” indicates the
number of bytes contained in one logical block. In a Marker
frame the Logical Block Size is be set to zero (0).
Number of Logical Elements: The “Number of Logical Elements”
indicates the number of logical elements in the DAT entry.
4.1.9.6 Filemarks and Setmarks

Since Filemarks and Setmarks represent logical elements
and format discontinuities, an entry in the DAT is required
for either a filemark logical group or a setmark logical
group. Each filemark or setmark has a unique logical block
address. All filemarks and setmarks are recorded in a
Marker Frame, which separates filemarks and setmarks from
user’s data. A Marker Frame does not contain user data.
All marker frames are preceded by a filler frame.
4.1.9.7 Data Compression

Hardware data compression is an optional feature for
the streaming tape type device 48. Hardware data
compression is not active in either the random access type
device 46 or the A/V type device 44. This does not exclude
compression techniques applied to the data outside the
device, for example the host may apply MPEG-2 compression
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against A/V program data before sending the data to the
device.
4.1.9.8 Logical Groups Spanning Tape Frames

Logical groups can span across tape frames. BOLG and
EOLG, which are described in the DAT entry (see §4.1.9.5.3.3
and Table 8), are used to accomplish spanning across tape
frames. Table 10 defines the use of BOLG and EOLG.

4.1.10 Partition Control

Partition Control, shown in Table 11, is used to
indicate partition boundary. The Partition Control field or
partition control flags reside in AUX data structure 300
bytes 34 - 335 (see Table 1) and are mandatory in all A/V
program streams. The Partition Control field is provided as
a mechanism to simplify A/V interchange across different
device types and between A/V players of different levels of
capability.

The most simplistic implementation of the A/V type of
device 44 may not have sufficient capability to process a
complexly partitioned tape. However, the TOC does supply
the beginning and ending tape frame number, and the
partition control frame alerts the device as to when a track
change is required. Thus, once the beginning of an A/V
program has been acquired, the entire program may be
retrieved sequentially without any knowledge of the
partition geometry.

The following terminology applies to the partition
control field as shown in Table 11:

Beginning Of Partition Track (BOPT) is set to indicate
that a vertical partition boundary is present on the supply-
reel end of the partition. A cornering operation is required
to remain in the partition. Support for the BOPT bit is
mandatory in all A/V program streams.

End Of Partition Track (EOPT) is set to indicate that a
vertical partition boundary is present on the take-up-reel
end of the partition, a cornering operation is required to
remain in the partition. Support for the EOPT bit is
mandatory in all A/V program streams.
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Corner Early Warning (CEW) is a count-down counter
indicating that an EOPT or BOPT is approaching in the
logically forward direction. CEW is used to by the drive or
the system to allow for modifications in data buffering and
cache operations in order to smooth the flow of isochronous
data. As shown in Fig. 21, beyond saturation (FFh) the CEW
always reads 255 (FFh). When the tape frame is within 254
frames of the partition boundary the CEW indicate the number
of frames to the partition boundary. At EOPT or BOPT in the
logically forward direction the CEW reads zero (0).

4.1.11 Partition Description

The Partition Description of AUX data structure 300
(bytes 336 - 367) is a duplicate of the 32 byte data
structure of the partition boundary frame 340, as described
in §4.2.1.5.

4.1.12 A/V Program Description

The A/V Program Description is located in bytes 368
through 431 of AUX structure 300 (see Table 1). The A/V
Program Description, shown in Table 12, is a duplication of
the 64 byte TOC Entry Data Structure.
4.1.12.1 TOC Entry Structure as A/V Program Description

The A/V Program Description consists of a 64 byte
structure, which defines the type of A/V data 1in each
program.
4.1.12.1.1 Program Entry Number

The Program Entry Number is the index into the TOC for
this TOC entry. Each TOC entry is assigned a unigque Program
Entry Number. This first entry is entry 0 with each
subsequent entry increasing by one. The TOC entry number is
supported in all A/V Program Descriptions.
4.1.12.1.2 Tape Frame Address Start

This field records the starting tape frame address for
the current A/V program. This field is supported in all A/V
Program Descriptions.
4.1.12.1.3 Tape Frame Address End
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This field records the ending tape frame address for
the current A/V program. This field is zero (0) in all A/V
Program Descriptions.
4.,1.12.1.4 Multi-media Source

As shown in Table 13, this 16 bit field is used to
identify the source of the A/V data, such as audio or video,
which format, and level of copy protection support is to be
enforced. Support for this field is optional, if not
supported this field is zero filled.

The CP (Copy Protect) and SCPY (Single Copy) bits of
Table 13 are provided for copy protection support. Values
for CP and SCPY are understood from Table 14. Other values
and terminology of Table 13 are understocd with respect to
the following:

VIDEO - If the VIDEO bit is set to one (1), then the data
content is from a video source.

AUDIO - If the AUDIO bit. is set to one (1), then the data
content is from an audio source.

FUNK - If the FUNK bit is set to one (1), then the data
format is unknown to the device.

TSTP - If the TSTP bit is set to one (1), then MPEG time
stamp information is embedded in the data stream.

MPEG - If the MPEG bit is set to one (1), then the data
format is compliant to MPEG audio/video.

NOCMP - If the NOCMP bit is set to cne (1), then the data
format is not compressed, real-time linear recording.
Revision - any data format revision levels that are required
are entered in this field, if no revision level is required
for accurate identification of the format then this field is
treated as reserved.

4.2 Configuration Frames Data Structures

4.,2.1 Partition Boundary Data Structures

Partition Boundary frame 340 resides in the
Configuration Partition and is shown in Table 15. The data
structure of Partition Boundary frame 340 defines all the
partitions on the tape 32. Any regions on tape that are not
defined in this data structure are considered to be
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undefined and invalid. The entries into the data structure
of the partition boundary frame 340 are in ascending order
starting with the Configuration Partition (see §5.1 and
§4.1.2.1.1). All device types support the Partition
Boundary frame 340.
4.2.1.1 MPDR Physical Format Revision Level

The value recorded here is the version number of the
specification implemented in the firmware of the device that
is recording the Partition Boundary frame.
4.2.1.2 MPDR Logical Format Revision Level

The value recorded here is the version number of the
specification implemented in the firmware of the device that
is recording the Partition Boundary frame.
4.2.1.3 Partition Boundary Entry Length

This field defines in bytes the length of each
Partition Boundary entry, which is 16 bytes.
4.2.1.4 Number of Partitions on Tape

This field indicates the number of partitions on the
tape. The minimum value is 2, as all tapes support the
Configuration Partition (partition -1, see Fig. 13) and at
least one data partition (partition 0) for user’s data.
There is a Partition Boundary Entry for every partition on
the tape (including the configuration partition, partition -
1).
4.2.1.5 Partition Boundary Entries

The sixteen bytes of the data structure for a partition
entry are shown in Table 16. Partitions are defined by a
pair of tape frame coordinates defining the lower left and
upper right corners of a rectangle. Partitions may start
and end on either even or odd numbered tracks, or they may
be contained on a single track, but they are always be
rectangular. 1In Fig. 22, the coordinate pair (a,b) defines
the lower left boundary of the partition, while coordinate
pair (c,d) defines the upper right boundary. The remaining
two corners are derived as tape frame (a,d) and tape frame
(c,b).
4.2.1.5.1 Partition Number
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Partition numbers are assigned from -1 (FFh) for the
directory partition incrementing by one. The first user
data partition is partition zero (0). There are no
discontinuities in the partition numbers. Partition entries
are crdered by the increasing partition numbers. The order
of the partition number assignment does not have any
particular correlation with the physical location of the
partitions on the tape.
4.2.1.5.2 Tape Device Model Field

Table 17 shows the two byte tape device model field of
a partition boundary entry of partition boundary frame 340.
The following bit assignments appear in Table 17:

A/V - when this bit is set the partition was created for the
A/V device operation.

RA - when this bit is set the partition was created for the
Random Access device operation.

STRMR - when this bit is set the partition was created for
the Streaming Tape device operation.

TOC - when this bit is set the table of contents is
supported for this partition.

DEF - when this bit is set the defect map listing applies to
the tape frames within this partition.

TrkTbl - when this bit is set the track table is supported
for this partition.

RWW - when this bit is set a least one device that recorded
in this partition supported automated read-while-write
rewrite operations as described in the streaming tape model.
ERASE - when set the ERASE bit indicates that the partition
contains no valid data.

4.2.1.5.3 Lower Left Tape Frame Address

The Lower Left Tape Frame Address specifies the frame
that forms the corner of a rectangular partition closest to
BOT and logical track zero.
4.2.1.5.4 Upper Right Tape Frame Address

The Upper Right Tape Frame Address specifies the frame
that forms the corner of a rectangular partition closest to
EOT and the maximum logical track.
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4.2.2. TOC Data Structure

The TOC frames 342 reside in the Configuration
Partition (see Fig. 13 and Fig. 19). The TOC frames 442
contain a list of all the A/V programs on tape 32. The data
structure for TOC frame 342 is shown in Table 18. See §5.1
and §4.1.2.1.2.
4.2.2.1 TOC Frame Number

The TOC frame number shown in Table 18 indicates the
index number of the TOC frame 342 starting from zero (0).
4.2.2.2 Total Number of Frames in TOC

This field defines the total number of frames currently
in use to hold the complete listing of TOC entries. Total
Number of Frames in TOC is one.
4.2.2.3 Number of Entries in this Frame

Bytes four and five of the data structure of the TOC
frame 342 (see Table 18) indicate the number of TOC entries
in this TOC frame.
4.2.2.4 TOC Entry Length

Byte six of the data structure of the TOC frame 342
(see Table 18) defines in bytes the length of each TOC
entry, which is 64 bytes.
4.2.2.5 TOC Entries

Each TOC entry consists of a 64 byte structure, which
defines the type of A/V data in each program. The sixty
four byte structure is the same as that shown in Table 12.
4.2.3 Track Table Data Structure ‘

The Track Table frame 344 resides in the Configuration
Partition (partition -1, see Fig. 19). The Track Table
frame 344 contains information that provides fast and
efficient positioning of the tape. The content of Track
Table frame 344 is built up by the drive and is not
accessible to the host system.

Each streaming tape type mocdel partition has its own
record within the Track Table frame 344. The entire Track
Table, shown in Table 19, is limited to one tape frame in
size (32768 bytes).
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4.2.3.1 Maximum Write Pass Count

The Maximum Write Pass Count contains the highest write
pass counter in all partitions. When the write pass counter
is supported the initial value is one (1). Each time a new
write pass count value is required for any partition, it is
created as the Maximum Write Pass Counter plus one, and the
Maximum Write Pass Counter is incremented to reflect the new
highest write pass counter in all partitions. 1In this way
no two partitions ever have the same write pass count.
4.2.3.2 Number of Partitiomns

This field indicates the number of partitions that are
described by the Track Table frame 344.
4.2.3.3 Partition Entry Header Length

This field defines in bytes the length of each Track
Table entry header, which is 16 bytes.
4.2.3.4 Track Table Partition Entries

A Track Table Partition Entry contains a header
followed by a list of logical block numbers. A Track Table
Partition Entry, shown in Table 20, contains a record for
relating logical to physical relationships for a particular
partition. Each streaming tape model partition has a
corresponding Track Table Partition Entry.
4.2.3.4.1 Partition Number

This field of the partition entry data structure (see
Table 20) indicates the partition number assigned in the
partition boundary frame 340. The Track Table Partition
Entries need not be ordered by partition number.
4.2.3.4.2 EOD Tape Frame Address .

This field contains the tape frame address of the frame
following the last logical entity in the partition.
Locating to the frame immediately following the last logical
entity ensures that the first copy of any readable EOD frame
will be encountered in a RWW implementation.
4.2.3.4.3 Last Marker Frame Address

This field contains the tape frame address of the last
marker frame in the partition. It is used to assist in

reverse spacing operations. Each marker frame also includes
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a tape frame address to the previous marker frame. If their
are no marker frames in the partition then this field is set
to -1 (FFFFFFFFh) .
4.2.3.4.4 Last Marker Frame LFA

This field contains the logical frame address of the
last marker frame in the partiticn. If their are no prior
marker frames in the partition then this field is undefined.
4.2.3.4.5 Number of Tracks in Partition

This field indicates the number of samples that are
described by the Track Table Partition Entry since each
track contains one entry.
4.2.3.4.6 Track Entry Length

This field defines in bytes the length of each Track
Entry, which is 16 bytes.
4.2.3.4.7 Track Entry

Track entries for Table 20 are shown in more detail in
Table 21. Track entries are made in ascending logical track
number within the partition. A track entry is reserved for
each logical track in the partition at the time that the
partition is created. Track entries beyond the EOD track
contain undefined data.
4.2.3.4.7.1 Next Logical Block Address

The Next Logical Block Address is the logical block
address for the first logical element to start on the next
track. In the case of the EOD track this number is the last
logical block number in the partition plus one.
4.2.4 Defect Map Data Structure

The Defect Map frames 346 reside in the Configuration
Partition (partition -1, see Fig. 13 and Fig. 19). If the
Defect Map support is implemented, then the host or the
device re- maps any tape frame address found to unreliable.
The list is always constructed with the defective tape frame
addresses in ascending order for each defect entry. The
data structure for defect map frame 346 is shown in Table
27.
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4.2.4.1 Defect Map Frame Number

This field indicates the index number of the Defect Map
frame starting from zero (0) and incrementing by one. This
is used to distinguish individual frames in the case of a
Defect Map that has been expanded to more than one tape
frame. As the defect map fits in one frame, this entry is
zero.
4.2.4.2 Total Number of Frames in Defect Map

This field defines the total number of frames currently
in use to hold the Defect Map. As the defect map fits in
one frame, this entry is zero.
4.2.4.3 Number of Entries in this Defect Map

This field indicates the number of Defect Map entries
in this Defect Map frame 346.
4.2.4.4 Defect Map Entry Length

This field defines the length of each Defect Map entry,
which is eight (8) bytes.
4.2.4.5 Defect Entries

As shown in Table 23, each Defect Entry is a pair of
double-words defining the tape frame location that is mapped
out and the location to which it is re-mapped.
4.2.5 1Identify Frame Data Structure

The Identify Frame 348 is in the Configuration
Partition (partition -1). As shown in Table 24, Identify
Frame 348 contains parameter information about the tape
drive that initialized tape 32. Support for the Identify
Frame 348 is optional.
4.2.5.1 Tape Device Model

The Tape Device Model field of the data structure of
identify frame 348 (see Table 24) defines the device model
that partitioned the tape. The tape device model field is
shown in Table 25. Support for this field is mandatory when
the Identify Frame 348 is implemented.
4.2.5.2 Manufacturer Name

This field is a left justified, null terminated, ASCII
text string indicating the manufacturer of the device that
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initialized the tape. Support for this field is mandatory
when the Identify Frame is implemented.
4.2.5.3 Model Name

This field is a left justified, null terminated, ASCII
text string indicating the manufacturer’s model name that
initialized the tape.
4.2.5.4 Model Revision

This field is a left justified, null terminated, ASCII
text string indicating the revision level of the device that
initialized the tape.
4.2.5.5 Additional Identify Fields Supported

When implementing an intelligent interface, such as
SCSI, ATA (IDE) or ATAPI, a number of data structures
containing detailed information about the device are readily
available. These data structures, shown in Table 26, may be
recorded in the Identify frame 348 as a convenient method
for storing device information. Any such data structure
recorded conforms to the respective interface specification.
4.3 Marker Frame and EOD Frame Data Structures
4.3.1 Marker Frame Data Structure

The marker frame is shown in Table 27. The marker
frame is only implemented for the streaming tape type device
48. The marker frame is a container for navigational
markers on tape 32. The marker frame is where filemarks and
setmarks reside. 1Indications of the type and total number
of markers in the frame are located in the AUX data
structure 300 to facilitate rapid searching.

The Marker frame data structure for filemarks and
setmarks is a subset of the Track Table entry for the
current partition. This data structure is placed beginning
at byte 0 of the data space of the Marker frame. This
information is for use by the device and is not returned to
the host.
4.3.1.1 Partition Number

This field indicates the partition number assigned in
the partition boundary frame.
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4.3.1.2 Previous Marker Frame Address

This field contains the tape frame address of the
previous marker frame in the partition. It is used to
assist in reverse spacing operations. If there are no prior
marker frames in the partition then this field is set to -1
(FFFFFFFFh) . _
4.3.1.2 Previous Marker Frame LFA

This field contains the logical frame address of the
Previous marker frame in the partition. If there are no
prior marker frames in the partition then this field is
undefined.

4.3.2 EOD Frame Data Structure

The EOD frame data structure is a copy of the Track
Table Partition Entries entry for the current partition.
This data structure is placed beginning at byte 0 of the
data space of the EOD frame.

5 Tape Model Operation
5.1 Configuration Partition

The Configuration Partition (paritition -1, see Fig. 13
and Fig. 19) contains the configuration frames 340, 342,
344, 346, and 348. The configuration frames hold the
partition boundary information, and depending on the
supported models, frames for managing data on the tape and
the device models. All device types initialize and maintain
the Partition Boundary frame 340 for format compatibility.

Only five or less configuration frames are used at one
time. All of the supported configuration frames are written
contiguously. If a particular configuration frame is not
supported by the given tape model, then the next frame type
in the hierarchy is written. There are no rewriting or re-
mapping of the configuration frames.

The frames in the configuration partition not
explicitly defined in Fig. 19 are available for use by any
of the Universal Frame types.

5.2 Audio/Video Tape Operation

The A/V format relies on the concept of Audio/Video

program data. A/V program data requires an uninterrupted
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data flow on play back. The A/V type device 44 maintains an
isochronous stream during the program play back. As shown
in Fig. 23, the A/V Tape supports and maintains the both
partition boundary frame 340 and table of contents frame 342
of the Configuration Frames. The A/V Tape sets the A/V bit
in the Frame Type field of AUX data structure 300 (see Table
1) to indicate that the data is A/V program data. A bit in
the Frame Type Field separates A/V program data from non-A/V
program data. During a read operation, all non-A/V frames
are ignored and treated as filler frames.

The A/V Tape has the following attributes: (1) The
data from an A/V program is recorded contiguously on tape;
{2) During read, the device maintains an uninterrupted data
stream; (3) For read-while-write (RWW)devices, the A/V Tape
disable RWW; (4) The A/V Tape disables all read recovery
techniques involving repositioning; (5) The A/V Tape
disables hardware data compression. Only the Tape Frame
Number needs to be updated for every frame. The Partition
Control Flags field only needs to be updated in connection
with end-of-track/end-of-partition corner turns.

Fig. 23 shows a plurality of A/V programs 360, 362 in
partition 0.

5.3 Random Access Tape Operation

The Random Access tape performs similar to a Random
Access type device 46. The Random Access Tape permits
writing and reading at all locations on tape 32 with some
limitations, which limitations are speed and block size. As
shown in Fig. 24, the Random Access Tape supports and
maintains the Partition Boundary frame 340 and the Defect
Map frame 346 of the Configuration Frames.

If the device records an A/V program data while
configured as a Random Access Tape, then the device supports
the requirements for the A/V Tape including the
initialization and update of the TOC frame 342 (see §5.2).

In the Random Access Tape model, only one entry in the
DAT (see §4.1.9.5.3 and Table 8) is require to describe the
entire data contents of a tape frame written to tape since

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 97/27580 PCT/US97/00770

-49-

there are no discontinuities in the logical element sizes
and no logical blocks span across tape frame boundaries.

An example of a random access tape without A/V data is
shown in Fig. 24. An example of a random access tape with
A/V data (e.g., A/V program 370) is shown in Fig. 25.

The Random Access Tape has the following attributes:
(1) The logical blocks have a fixed correlation to tape
frames and the logical blocks are an even divisor of the 32
Kbytes frame; (2) All logical blocks within a partition
are the same size; (3) All read or write operations are
performed on complete 32 Kbytes frames; (4) The Random
Access Tape disables hardware data compression; and, (5)
The Random Access Tape does not support EOD marks, Filemarks
and Setmarks.

In the case of a RWW error, the bad frame is re-mapped
to a reserved area and the re-mapping is logged in the
defect map frame 346. The remainder of the random access
partition geometry remains unchanged. The area reserved for
re-mapping is set aside at the time that the random access
partition is created.

5.4 Streaming Tape Operation

The Streaming Tape type device 48 records the user’s
data as a sequential data stream on the medium 32. The
device terminates a data stream with an EOD mark.
Additional data is recorded only at appendable points on the
medium. The appendable points on tape are EOD and BOP.
Optional appendable points on tape are Filemarks and
Setmarks. In addition, a Streaming Tape type device 48
allows rewriting unrecoverable frames, which were detected
through RWW, e.g., farther down the tape. For more
information about RWW in a Streaming Tape, see §6.3.

As shown in Fig. 26, the Streaming Tape without A/V
data supports and maintain the following Configuration
Frames: partition boundary frame 340 and the Track Table
frame 344.

If the device records an A/V program while configured
as a Streaming Tape device, then the device supports the
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requirements for the A/V Tape including the initialization
and update of the TOC frame 342. Hardware data compression
is not active when recording an A/V program data.

The Streaming Tape has the following attributes: (1)
Logical blocks are independent of tape frames; (2) Reading
or writing physically on tape is performed on complete 32
KByte frame boundaries (thus the device pads frames as
required before they are written to tape and reconstructs
the data to the host on a read); (3) All data is written
contiguously from BOP toward EOP in a stream; (4) Each
stream is terminated with an EOD mark (There is only one
valid EOD mark in each partition and all frames between the
EOD mark and EOP are considered to be blank); (5) The
Streaming Tape supports Filemarks and Setmarks; (6) The
Streaming Tape supports hardware data compression; and (7)
Optionally, the Streaming Tape supports RWW.

5.5 Configuration Frame Initialization

During cartridge initialization, all device types
initialize the Partition Boundary frame 340 in the
configuration partition.

5.6 Minimum Configuration Frame Support

Table 28 defines the minimum configuration frame
support for each device model. In Table 28, “*” denotes
optional during write operations, mandatory during read
operations for interchange compatibility.

6§ Read-While-Write Verify Operation

In some modes, data recorded on tape can be verified
after the recording. When the data recorded on tape is
essentially immediately read back for verification purposes
by a read head which follows the write head, the operation
is known as a “Read-While-Write” (RWW) operation. As used
herein, a “Read-After-Write” (RAW) operation is a read for
verification purposes that occurs either during the
recording process (e.g., RWW), or subsequently (e.g., as by
recording further frames or blocks of data before going back
to read the frames which were recorded) .
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6.1 Read-While-Write Verify in A/V Data Operations

Verification can be utilized during the writing of A/V
data streams, but there is no re-recording of defective
frames.

6.2 Read-While-Write Verify in the Random Access Model

Read-While-Write verification for random access device
46 (see Fig. 1) can be implemented in either of two modes.
In a host-responsible rewrite mode (described e.g., in
§7.5.1), the host determines suitable rewrite criteria and
rewrite locations on the tape for frames which are not
readable or which were incorrectly read during read-while-
write verification. 1In a device-responsible rewrite mode
(described e.g., in §7.5.2), the device determines locations
on the hard sectored tape 32 for a re-recording of such a
frame.

6.3 Read-While-Write Verify in the Streaming Tape Model

During a write operation in the Streaming Tape model,
RWW verification and rewrites are an automated process
controlled by the device. 1In order that the data returns to
the host in the same order in which it was recorded, all
Streaming Tape devices recognize the data reordering that
takes place during a rewrite.

6.3.1 Frame Rewrites

If during a RWW verify it is determined that a frame is
bad, then the frame in error is rewritten in the next
available tape frame. When rewriting a bad frame, the
following frame is also rewritten regardless of whether it
was verified good or bad. For all rewritten frames, the
Logical Frame Address and the Frame Sequence Number are
unchanged for the rewritten frame; but, the Tape Frame
Address is assigned the appropriate address for the physical
location. All frames have a unique tape frame address on
tape. All rewrites take place on a frame basis. In Fig.
28, Fig. 29, Fig. 30, Fig. 31, and Fig. 32, each square
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represents a tape frame, n is the Frame Sequence Number, and
a RWW read status is shown. A logical frame pair (the frame
that returned bad status during the RWW read and the frame
immediately following it) may be rewritten up to 64 times
consecutively. More than 64 consecutive rewrites
constitutes a hard write error.

Fig. 28 shows an example of a logical frame sequence,
no error conditions. Fig. 29 shows an example of a first
possible rewrite logical frame sequence. Fig. 30 shows an
example of a second possible rewrite logical frame sequence.
Fig. 31 shows an example of a third possible rewrite logical
frame sequence. Fig. 32 shows an example of a fourth
possible rewrite logical frame sequence.

6.3.2 Rewrite Criteria
6.3.2.1 Servo Tracking Errors

In the case of an off-track condition during a write,
the write operation is suspended. Any frame in progress or
pending frame is written upon requisition of proper track
following.

When a maximum length (in tape frames) that a lack of
servo lock condition is allowed to exist in a stream is
exceeded, the device repositions and re-attempts the write,
or returns a fatal write error condition to the host.
Extreme caution must be exercised when this condition exists
in the vicinity of a partition boundary or track end.

The write pass counter is used to signify a frame’'s
validity for the most recent write pass. Fig. 33 shows the
use of the write counter, two copies of logical frames with
Frame Sequence Numbers n and n+l can be seen. The copies
with the lower write pass counter (PassCnt) are from an
earlier write pass (PassCnt = 4). They were not overwritten
during the latest write pass (PassCnt = 5), due to a servo
tracking error condition. During the write pass, the
tracking error existed for less than 2 tape frame lengths,
then valid tracking was re-established, and the write
resumed from frame n.
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6.3.2.2 Servo Dropout Conditions

A servo dropout is a total loss of servo tracking
signal. The condition is created by a large tape defect or
a loss of tape to head contact. When a servo dropout occurs
the device ceases writing until servo tracking is
reacquired. The condition is treated the same as Servo
Tracking Errors, except that the device interprets the
length of tape traveled since servo data is not available to
indicate tape frames. Extreme caution must be exercised
when this condition occurs in the vicinity of partition
boundaries or track ends.
7 OPERATION
7.1 Interchangeable Media and Recording Thereon

As shown in Fig. 1, tape 32 (housed in cartridge 30)
can be utilized by a plurality of device types, including
A/V type device 44, random access type device 46, and
sequential access type device 48. Two of these device
types, random access device 46 and sequential access device
48, can be used to write both A/V programs and non-A/V data
to the same tape 32. Described below with reference to Fig.
34 are steps implemented by a host computer of either random
access device 46 or sequential access device 48 in a mode of
recording on tape 32. The steps results from execution by a
processor of the host of a set of coded instructions. The
set of coded instructions is stored in a memory of the host.

At step 34-1, the host computer initiates a write to
tape 32 via its connected access device. Again, it is
mentioned that the access device intended with reference to
Fig. 34 can be either of devices 46 or 48, and that the host
is either of their respective hosts 66 or 68.

Step 34-2 shows the host accessing (e.g, from its

memory [e.g., a disk file]) the data that is to be recorded

on tape 32. Depending on whether the data to be recorded is
A/V data or not (see step 34-3), either step 34-4 is
executed (for A/V data) or a series of steps A-5, A-6, and
A-7 are executed (for non-A/V data).
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If non-A/V data is to be recorded, at step 34-5 the
non-A/V data is read from the host’s memory (e.g. disk).
Step 34-6 shows the host-obtained non-A/V data being
recorded on tape. In the recording of step 34-6, 32 Kbytes
of user data and a corresponding AUX data structure 300
(prepared by tape/volume manager 136) are fetched from
buffer memory 116 and sent to formatter/deformatter 118 for
inclusion in a frame. Formatter/deformatter 118 includes in
each frame further information, including parity values.

The reading of host non-A/V data (step 34-5) and
recording to tape (step 34-6) continues until an end of file
is encountered (step 34-7). If an end of file is
encountered at step 34-7, a check is made at step 34-8
whether another file is to be written to tape 32. If
another file is to be written, execution returns to step 34-
2 for a repetition e.g., of steps described above.

The writing of A/V data to tape 32 preformed at step
34-4 is shown in more detail in Fig. 35. Fig. 35
illustrates substeps involved in the A/V write procedure of
step 34-4. Step 35-1 depicts the beginning of writing of
A/V data to tape 32. At step 35-2, the host sets various
A/V mode parameters necessary for recording of A/V data.
Among the parameters set at step 35-2, the mode select error
recovery page is set (a configuration command from the host
in SCSI and ATAPI), the read retry count is set to zero, and
the write retry count is set to zero. The setting of these
data rate parameters reflects the fact that the recording of
the A/V data can be lossy so that, e.g., data rate will not
be determined by the drive, but instead only by the host.

At step 35-3, the host determines and saves in host
memory the starting address on tape 32 at which the A/V data
will reside. The starting address is the tape frame address
at the time the modes are changes to indicate A/V data. At
step 35-4 the host sets a flag indicative of the fact that a
new A/V entry will be required in TOC frame 342 (see Fig.
19) for the new A/V data program.
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Step 35-5, step 35-6, and step 35-7 show the host
reading the A/V data to-be-recorded from its memory (e.g.,
disk) and recording the same on tape 32 (step 35-6) until an
end of file is encountered (step 35-7). The writing of
frames at step 35-6 occurs in much the same manner as
described above with respect to step 34-6. When an end of
file is encountered, the host saves the ending address of

the A/V program in host memory (step 35-8). Then, prior to
completion of the A/V write (indicated by step 35-10), the
host clears the A/V mode parameters (step 35-9). 1In

clearing the A/V mode parameters, the mode select error
recovery page is set so that either the read retry count or
write retry count are set to non-zero values for non-A/vV
mode.

After all files have been written by the host to tape
32, at step 34-9 the host writes to tape 32 to update the
track table frame 344 (see Fig. 19). As indicated
previously, the track table frame 344 contains a look up
table which is used to translate the logical frame address
to the tape frame address. The data structure of track
table frame 344 is shown in Table 19, wherein it is seen
that the track table frame 344 has a plurality of entries.
A format of each of the entries in the track table frame 344
is shown in Table 20. Thus, at step 34-9 the host updates
the entry in the track table frame 344 that pertains to the
partition in which the data just written has been recorded.

At step 34-10 the host determines whether any of the
data files written in the previous steps were A/V programs.
If any A/V programs were written, the table of contents
(TOC) frame 342 (see Fig. 19) is updated at step 34-11. The
data structure for the TOC frame format is shown in Table
18. As mentioned previously, the TOC frame 342 contains a
list of all A/V programs on tape 32. 1In updating TOC frame
342, for each A/V program just recorded to tape 32, the host
Creates an entry for TOC frame 342, the format of the
entries being set forth in Table 12. In so doing, the host
stores in the entry, among other parameters described in
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Table 12, the tape frame starting address as determined from
step 35-3 and the tape frame ending address as determined
from step 35-8. Also, in accordance with the number of new
entries and lengths thereof, the host updates the count of
the number of entries and length of table in TOC frame 342.

After the track table frame 344 and, when necessary for
A/V programs, the TOC frame 342 have been updated, the
record mode of the host is terminated, as reflected by step
34-12.

In the writing of data to tape 32 as occurs in step 34-
6 (for non-A/V data) or step 35-6 (for A/V data), the
location in which the data is to be written must be
determined and accessed on tape 32. For non-A/V data, the
determination of the location is device dependent. For A/V
devices, the TOC frame is consulted as having an indication
of the location. Of course, in recording of user data, the
devices must skip over the control frames in partition -1
before writing user data to tape. Any structure not
supported by a particular device must be written by a filler
frame (a frame type 00h with a physical block number as the
only other valid field).

User data is recorded in step 34-6 (for non-A/V data)
or step 35-6 (for A/V data) in frames as herein described.
As mentioned above, the AUX data structure 300 for a frame
is prepared in buffer memory 116 by tape/volume manager 136
acting through buffer manager 131. Components of a frame
are fetched from buffer memory 116 and applied to
formatter/deformatter 118. Formatter/deformatter 118 builds
the frame, including other information including parity
values. The frame built by formatter/deformatter 118 is
applied to write driver 164 for recording on tape 32. It

‘will be recalled that AUX data structure 300 (see Table 1)

has a frame identify field for designating the type of frame
being recorded (see Table 2 and Table 3). Thus, upon
recording of a frame, the AUX data structure 300 of that
frame includes an indication of its type of frame and
accordingly whether the frame contains A/V data or not.
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The invention implements a strategy of control tables
or control frames to implement the multipurpose functions of
tape 32 (e.g, tape being usable by differing types of
devices). In particular, tape 32 has a reserved area
wherein necessary ones of a plurality of potential control
or configuration tables can be recorded. Which control
tables are necessary depends on the type of data recorded on
tape 32 and the type of devices expected to read tape 32.

In the illustrated embodiments, the reserved area is a
separate vertical partition on tape 32 (partition -1) [see
Fig. 19]. It should be understood that the reserved area
can take other forms in other implementations (e.g., a
reserved horizontal partition, or reserved locations in a
partition shared with user data, for example).

The illustrated embodiments, the control or
configuration tables are frames which are synchronized to a
hard sectored format. Again it should be understood that
the tables need not each have a separate frame, but can be
stored on the tape in other ways.

The particular control tables or frames herein provided
include partition boundary frame 340, table of contents
frame 342, track table frame 344, defect map frame 346, and
identify frame 348. As shown in Fig. 19, two sets 322 of
necessary frames are recorded, one set being in a forward
direction; the other set being in the reverse direction.

The order of recording of the necessary ones of the control
frames is as listed above.

Partition boundary table frame 340 is a necessary frame
for all tapes. Any tape having an A/V program recorded
thereon must also have the table of contents (TOC) frame
342, since TOC frame 342 includes e.g., a listing of all A/V
programs on the tape.

All tapes having randcm access data recorded thereon
must have, in addition to partition boundary frame 340, the
defect map frame 346. In addition, if the tape with random
access data also has an A/V program thereon, the TOC frame
342 must be included.
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All tapes having sequential access data recorded
thereon must have, in addition to partition boundary frame
340, the track table 344. 1In addition, if the tape with
sequential access data also has an A/V program thereon, the
TOC frame 342 must be included.

In the multi-mode tape format disclosed herein, a
common methed is provided for exchange of audio/video data.
The disclosed tape format serves as random access data
storage, streaming tape data recorder, and/or digital
entertainment (i.e. movies or music) program
recorder/player, a common recording method is desired for
audio/video (A/V) data streams. By utilizing the concept of
an A/V program and a table-of-contents (TOC), which lists
the beginning and end of each A/V program, all three
implementations can interchange the A/V data. Although data
format incompatibilities inherently will exist between the
random access and stream data recorder formats (and a simple
A/V recorder/player will be unable to interpret data from
either), the A/V component is common to all.

The ability exits for any of the MPDR device models to
record and playback the audio/video stream data format.
Other data is stored as a series of logical blocks and cross
platform access are implementation dependent.

7.2 Flexible Partitioning

Secticn 2.3 describes the logical division of tape 32
into rectangular partitions, each partition being a
logically independent unit. The example of tape provided
herein is a hard sectored tape format in which all recording
entities (blocks and frames) have fixed and known locations
on the tape.

Each partition is defined by two points on a diagonal.
A vertical partitioning method is illustrated in Fig. 13 and
Fig. 14; a horizontal partitioning method is illustrated in
Fig. 15 and Fig. 16.

According to the present invention, rectangular
partitions can be created with differing partitions having
differing numbers of tracks/logical tracks per partition,
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and/cr differing numbers of frames per track. Thus,
partitions can be flexibly mapped or tiled on tape 32, with
a combination of horizontal partitioning and vertical
partitioning as desired. The present invention provides
method and apparatus for defining and controlling such tiled
flexible partitions. ‘

One such example of tiled flexible partitioning is
shown in Fig. 18. Fig. 18 shows a tiled combination of
horizontal and vertical partitions, each partition being
defined by (A,B) diagonal physical frame pairs on tape.

Fig. 18 illustrates creation of seven partitions, i.e., the
configuration partition and Partition 0 through Partition 5,
on tape media 32. Partition 0 is a horizontal partition.
The remainder of tape 32 has vertical partitions Partition
3, Partition 4, and Partition 5, with yet remaining pertions
of the tape horizontally partitioned into Partition 1 and
Partition 2. 1In the example of Fig. 18, various partitions
may be utilized by differing types of devices. For example,
some of the partitions may be created for audio/visual
device 44; others of the partitions may be created for
random access device 46; yet others of the partitions may be
created for sequential access or streaming device 48 (see
Fig. 1).

A directory at the beginning of tape 32 serves as a
central list of the diagonal coordinates of each partition.
Specifically, the Partition Boundary Frame 340 at the
beginning of tape (see Fig. 18) is employed. Frame 340
includes a partition boundary data structure which contains
a definition of the number partitions on the media, and the
beginning and end locations of each of the partitions. In
addition, the Partition Boundary frame 340 contains, for
each partition, a Tape Device Model Field which indicates
for which type of device (e.g., audio/visual device 44;
random access device 46; sequential access or streaming
device 48) the partition was created.

For the example of Fig. 18, the Partition frame
Structure has seven Partition Boundary Entries, one entry
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for each of the configuration partition and Partition 0
through Partition 5. The diagonal physical frames cf each
partition are determined with reference to the Partition
Entry Data Structure for each partition

The AUX data structure 300 (see Fig. 12) also serves to
identify partition boundaries on tape 32. In particular,-
AUX data structure 300 contains both a Partition Control
Field and a Partition Description Field (see Table 1). The
functions served by the fields are summarized below.

When information is being recorded to tape, the present
invention provides the host with an indication that the
recording device is approaching the end of the permissible
recording area (end of partition), or that the device 1is
approaching the end of track and must turn a corner. These
indications are called early-warning (EW) indications or
early-warning markers. In particular, there are two types
of early-warning markers: the Logical-early-warning (LEW)
marker and the Corner-early-warning (CEW) marker.

The Partition Control Field, in which these and other
markers are stored, is shown in Table 14 and is provided in
bytes 334-335 of AUX Data Structure 300. The Partition
Control Field thus has a 16 bit field used for storing
markers or other flags used to indicate partition boundary
conditions and marker frame identifiers.

placement of the early warning (EW) markers on a track
in a partition is dependent upon numerous factors as
understood herein, including buffer size, reading/recording
rate, and tape linear speed. Such factors influence how
many frames must separate a frame containing an early
warning (EW) marker from a frame which forms a partition
boundary.

The horizontal partition boundaries are defined by the
tracks or logical tracks, the vertical partition boundaries
are indicated through the use of the beginning-of-partition-
track (BOPT) flags, and the end-of-partition-track (EOPT)
flags. During a read of the tape media, the xOPT (x being
either a B or E) flag indicates that the particion boundary
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has been reached and that the device must change tracks and
direction to remain within the current partition. The use
of the partition boundary markers or flags in the AUX data
structure allows simplified cross platform utilization of
the partitions during read. A device reading the tape need
only detect the flags in order to navigate the partition
boundaries and does not need to constantly mathematically
medel the partition.

Thus, in a hard sectored format rectangular partitions
may be created that are identical models of the total tape,
differing only in the number of tracks/logical tracks and
frames per track.

While relying somewhat on command sets between the
device 20 and host, the partitioning flexibility is not
necessarily limited thereby. 1In one embodiment involving
simple partitioning schemes, for example, device 20
determines the geometry of the partitioning scheme based on
a host command which specifies the number of partitions and
the size of each. 1In another example embodiment which
particularly utilizes random access data, the host
(utilizing an appropriate device driver) defines the
partition geometry in order to optimize storage of data that
the host knows it will send to the drive.

7.3 Control of Tape Speed and Read/Record Clocking
Conventional drives use external references, e.g.,
crystal oscillators, to control linear speed of tape and the
rate of recording of data on the tape. As seen hereinafter,

the linear speed of tape 32 is controlled by the data
transfer rate to and from the host as reflected, e.g., by a
detected “buffer level” of buffer memory 116. The rate of
recording of user data is, in turn, dependent upon the
linear speed of tape 32 as detected with reference to the
clocking signal TS..

In the present invention, linear motion is imparted to
tape 32 by cartridge belt 37 (see Fig. 1). Cartridge belt
37 is entrained about cartridge puck 38 and revolves in a
belt path (partially in contact with tape 32) as cartridge
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puck 38 rotates. Cartridge puck 38 rotates when in contact
with drive capstan 152. Drive capstan 152 is rotated by
capstan motor driver 150, which is driven by capstan motor
driver 156 (see Fig. 2).

Tape speed controller 133 of processor 130 seeks to
control capstan motor driver 156 so that capstan 152 is
rotated at a suitable rotational speed to impart a desired
linear velocity to tape 32. Tape speed controller 133
receives a feedback signal from capstan speed sensor 154 or
servo clock recovery circuit 174 to ascertain the rotational
speed of capstan 152. As hereinafter described, tape speed
controller 133 determines the desired linear velocity of
tape 32 based on a value (represented by line 133-3) from
buffer fill monitor 132.

Fig. 36A shows a first embodiment of tape speed
controller 133. An initial desired tape speed value (in,
e.g., inches per second) is applied to tape speed controller
133 as represented by input 133-1. Adder 133-2 adds an
adjustment value (represented by input line 133-3) and a
tape linear velocity feedback signal (TLV) to the initial
value 133-1. The output of adder 133-2 is applied to
capstan motor driver 156 on line 133-5. Thus, the value of
the signal on line 133-5 is used to control capstan motor
driver 156, which in turn drives capstan motor 150, which in
turn rotates drive capstan 152. Rotation of drive capstan
152 causes rotation of cartridge capstan puck 38, and
consequentially the linear velocity of belt 37 and tape 32.

In the embodiments hereof, it should be understood that
a clamping of the signal to control capstan motor driver 156
can occur either with respect to maximum velocity, minimum
velocity, or acceleration.

The adjustment value represented by input line 133-3
depends on the amount of user data in buffer memory 116. In
this regard, buffer f£ill monitor 132 (see Fig. 2) outputs a
buffer level value represented by line 133-6. The buffer
level value on line 133-6 is in units of frame numbers or
buffer memory location numbers. An adder 133-7 adds the
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buffer level value and a buffer level ncocrmalization value (a
negative quantity represented by line 133-8). Adder 133-7
yields a buffer level differential value on line 133-9. If
the buffer level value exceeds the buffer level
normalization value, the buffer differential value has a
positive sign but a negative sign otherwise. The buffer
level differential value is applied both to gated mode-
dependent (write) compensation function 133-10 and to gated
mode-dependent (read) gain compensation function 133-11.
Compensation functions 133-10 and 133-11 are functions of
the present and, if desired, the past linear velocity of
tape 32 and can include, for example, a gain multiplier.
When the drive is in a write mode, write compensation
function 133-10 applies a positive gain factor (represented
as Apyre) to convert the buffer level differential value to
the units of input value 133-1 (e.g., inches per second) and
outputs the adjustment value on line 133-3. When the drive
is in a read mode, on the other hand, read gain compensation
function 133-11 applies an inverted (e.g., negative) gain
factor (represented as -Ap,¢s) to convert the buffer level
differential value to the units of input value 133-1 (e.g.,
inches per second) and outputs the adjustment value on line
133-3.

Thus, adder 133-2 receives the initial input wvalue
(line 133-1), the adjustment value (on line 12-3), and the
tape linear velocity value. In one embodiment, the tape
linear velocity (TLV) value is always the capstan speed
sensor feedback value applied on line 186. In another
embodiment, the tape linear velocity (TLV) value switches
from the capstan speed sensor feedback value to a value
derived from the actual tape linear velocity. In this
regard, Fig. 36A shows a switch, gate, or multiplexer 133-15
which selects between two inputs to form its TLV output
value. A first input to switch 133-15 is the capstan speed
sensor feedback value on line 186; the second input to
switch 133-15 is connected to an output terminal of
converter 133-16, which has its input terminal connected to
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line 179. 1In Fig. 36B, the interrupt on line 179 indicative
of the beginning of a cycle of servo clock signal TS. is
applied to a converter 133-10. Converter 133-16 times the
interval between interrupts on line 179 (e.g, the number of
cycles) and applies a compensation factor (e.g., multiplier)
so that its output is in appropriate units for applicatioh
to adder 133-2.

Switch 133-15 is operated by a control flag
(represented by line 133-22). In one mode of operation,
control flag 133-22 has a first value at the beginning of
drive operation so that the capstan speed sensor feedback
value on line 186 is first selected as the the tape linear
velocity value (TLV). Then, after sufficient start-up time
has elapsed, control flag 133-22 changes values so that the
signal from converter 133-16 (based on the actual linear
velocity of tape 32) is selected.

In subsequently described embodiments of Fig. 36C and
Fig. 36D, the identifier “TLV” is employed to generically
denote tape linear velocity, which can be obtained either
from capstan speed sensor 154 (on line 186) or from the
actual linear velocity of tape 32 (from converter 133-6).

Thus, the adjustment value represented by line 133-3,
which is dependent on the amount of user data in buffer
memory 116 relative to the buffer level normalization value,
is used to determine a desired linear velocity for tape 32.
In other embodiments of tape speed controller 133, described
for example in Fig. 36B, Fig. 36C, and Fig. 36D, other
factors are utilized in addition to the user data level in
buffer 116 to determine desired tape linear velocity.

If, in a read mode, the level of user data in buffer
memory 116 (indicated by line 133-6 in Fig. 36A) falls below

the buffer normalization value (represented by line 133-8),

the rate of user data acquisition from tape 32 is falling
behind the data requirements of the host. 1In such case,

the buffer level differential value 133-9 has a negative
value and a magnitude equal to the difference of values 133-
6 and 133-8. Read gain multiplier 133-11 scales and inverts
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the buffer level differential value 133-9 to provide the
buffer level-dependent adjustment value 133-3. The
adjustment value 133-3 is a positive value, which serves to
increase the desired linear velocity of tape 32. An
increase in the linear velocity of tape 32 causes faster
reading of user data from tape 32, thereby allowing more
£illing of buffer memory 116. Operation continues in this
manner until the buffer £ill level reaches the desired
buffer normalization value.

If, in the read mode, the level of user data in buffer
memory 116 (indicated by line 133-6 in Fig. 36A) rises above
the buffer normalization value (represented by line 133-8),
the rate of user data acquisition from tape 32 exceeds the
data requirements of the host. In such case, the buffer
level differential value 133-9 has a positive value and a
magnitude equal to the difference of values 133-6 and 133-8.
Read gain multiplier 133-11 scales and inverts the buffer
level differential value 133-9 to provide the buffer level-
dependent adjustment value 133-3. The adjustment value 133-
3 is then a negative value, which serves to decrease the
desired linear velocity of tape 32. A decrease in the
linear velocity of tape 32 causes slowing of the reading of
user data from tape, thereby allowing more emptying of
buffer memory 116. Operation continues in this manner until
the buffer fill level reaches the desired buffer
normalization value.

If, in a write mode, the level of user data in buffer
memory 116 (indicated by line 133-6 in Fig. 36A) falls below
the buffer normalization value (represented by line 133-8),
the device is writing user data to tape 32 at a rate faster
than user data is being acquired from the host. In such
case, the buffer level differential value 133-9 has a
negative value and a magnitude equal to the difference of
values 133-6 and 133-8. Writs gain multiplier 133-10 scales
the buffer level differential value 133-9 to provide the
buffer level-dependent adjustment value 133-3. The
adjustment value 133-3 is a negative value, which serwves to
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decrease the desired linear velocity of tape 32. A decrease
in the linear velocity of tape 32 causes writing of user
data to slow down, so that the amount of user data in buffer
memory 116 can increase. Operation continues in this manner
until the buffer fill level reaches the desired buffer
normalization value.

If, the write mode, the level of user data in buffer
memory 116 (indicated by line 133-6 in Fig. 36A) rises above
the buffer normalization value (represented by line 133-8),
the rate of writing to tape 32 is falling behind the rate of
acquisition of use data from the host. 1In such case, the
buffer level differential value 133-9 has a positive value
and a magnitude equal to the difference of values 133-6 and
133-8. Write gain multiplier 133-10 scales the buffer level
differential value 133-9 to provide the buffer level-
dependent adjustment value 133-3. The adjustment value 133-
3 is then a positive value, which serves to increase the
desired linear velocity of tape 32. An increase in the
linear velocity of tape 32 causes the writing of data at a
faster rate, thereby lowering the buffer £ill level.
Operation continues in this manner until the buffer fill
level reaches the desired buffer normalization value.

Fig. 36E shows another embodiment of tape speed
controller 133 wherein an input desired initial value or
target position (represented by line 133-60) is in units of
buffer location. In the Fig. 36E embodiment, user data
locations in buffer memory 116 correspond directly to
original locations (e.g., non-re-write locations) on tape
32. Buffer memory 116 is conceptualized has having
incrementally moving windows of user data which correspond
to physical positions on tape, e.g., hard sectored frames
having positions delimited and addresses decodable from the
servo clock signal TS.. Therefore, in Fig. 36E, a
normalization (i.e., “target”) position within buffer 116
has a corresponding target position on tape. As data is
transferred to and from buffer memory 116, the target
position moves incrementally along tape 32. Fig. 36E shows
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an actual tape position value (represented by line 133-62)
being subtracted at adder 133-64 from the target position
value (line 133-60) to yield a position error value
(represented by line 133-66). The positicn error value is
applied to a buffer compensation function 133-70 which
outputs a control signal which can be, for example, a pulse
width modulated control signal. The control signal from
buffer compensation function 133-70 is applied on line 133-
74 to capstan motor driver 156, thereby endeavoring to
obtain a desired tape position on tape 32.

The actual tape position value (represented by line
133-62) is output from tape location detector 135 and can be
obtained in a number of ways. In a first way,
formatter/deformatter 118 provides an indication on line
133-82 of a physical frame number which has been retrieved
from a frame actually read on tape 32. In a second way,
tape location detector 135 keeps tracks of the interrupts
provided on line 179 and uses such tracking to determine
physical longitudinal location on tape 32. For example,
detector 135 can count off cycles of the servo signal TS on
tape, and thereby count off frames on tape 32 upon
receiving, in the illustrated embodiment, thirty six
interrupts on line 179 for each frame on tape. Detector 135
can keep track of such count from the beginning of tape
(knowing when to begin such frame counting at the beginning
of user data on tape in view of the differing modulation
schemes of buried servo signal TS, for user data and non-
user information [e.g., start of track marker]). Further,
when reading begins in mid-tape, the encoding of the buried
servo signal TS, as described in §7.6.1 can be utilized to
obtain an indication of horizontal position relative to
beginning of tape, and the counting of interrupts on line
179 indexed relative to that horizontal position.

The foregoing describes how the buffer £ill level (Fig.
36A, Fig. 36B) or tape position (Fig. 36E) 1is used to set
the desired tape linear velocity. The present invention

uses the actual linear velocity of tape 32, rather than the
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above-described desired linear velocity of tape 32, to
control rates of reading and recording data to tape 32. As
described below, variable clock controller 134 of processor
130, voltage control oscillator 160, servo clock recovery
circuit 174, and clock modulation detector 180 are all
involved in ensuring that the rates of reading and recording
data are dependent upon the actual linear velocity of tape
32.

As indicated previously, servo clock recovery circuit
174 recovers the buried servo clock signal TS, from at least
one physical track of the logical track. Servo clock
recovery circuit 174 generates an interrupt on line 179 at
the beginning of each clock cycle (e.g., at each positive-
going zero crossing transition of servo clock signal TS
[see Fig. 13]). The interrupt on line 179 is indicative of
a beginning of new cycle of servo clock signal TS, and is
applied on line 179 to variable clock controller 134. Servo
clock recovery circuit 174 also applies the recovered servo
clock signal TSe to clock modulation detector 180 (see Fig.
2).

Functions of a first embodiment of variable clock
controller 134 are shown in Fig. 37. Variable clock
controller 134 receives both the interrupt on line 179
indicative of beginning of each new cycle of servo clock
signal TS, and the output (feedback) signal of VCO 160 on
line 162. Variable clock controller 134 comprises a counter
134-1 which counts pulses output from VCO 160 and received
on line 162. Counter 134-1 is clock-enabled by the
interrupt on line 179. At the end of each cycle of servo
clock signal TS, counter 134-1 outputs a VCO actual count
value (represented by line 134-2) to an adder 134-3. Adder
134-3 also receives a desired VCO count value as represented
by input line 134-4. In the illustrated embodiment, the
initial VCO count value is 1425. 1In timed relation with the
end of each cycle of servo clock signal TS, adder 134-3
outputs an error value (represented by line 134-5) to VCO
compensator 134-6. In one embodiment, VCO compensator 134-6
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is a proportional integral compensator which multiplies the
error value on line 134-5 by a compensation value which is a
function of the error and, if desired, past errors. A
compensated control signal output from VCO compensator 134-6
is applied to a digital to analog converter (DAC) 134-7.

The analog output signal from converter 134-7, also known as
the VCO voltage drive signal, is applied on line 161 to vCo
160.

Thus, in the embodiment of Fig. 37, variable clock
controller 134 endeavors to drive VCO 160 so that VCO
outputs 1425 counts or pulses during each cycle of servo
clock signal TS..

In a second embodiment of variable clock controller 134
shown in Fig. 37A, VCO counter 134-1 receives the capstan
speed sensor feedback value applied on line 186 instead of
the interrupt on line 179. Thus, in the embodiment of Fig.
37A counter 134-1 counts pulses output from VCO 160 and
received on line 162 between tach pulses of the capstan
received on line 186. In the embodiment of Fig. 37a,
compensation or adjustment is made so that the VCO pulses
are properly calibrated relative to the tach signals from
capstan speed sensor 154. Thus, in contrast to the
embodiment of Fig. 37, in the embodiment of Fig. 37A
variable clock controller 134 endeavors to drive VCO 160 so
that VCO outputs a predetermined number of pulses between
tach counts of capstan motor 150 (see Fig. 2).

In a third embodiment, VCO counter 134-1 of variable
clock controller 134 is programmably or otherwise controlled
to select between either of line 179 or line 186 as its
clocking input. In such embodiment, selection is also make
of proper calibration or compensation values.

VCO 160 oscillates at the rate determined by variable
clock controller 134 (in the manner described above) in
accordance with the VCO voltage drive signal on line 161.
The oscillation rate of VCO 160, in a read mode, e.g.,
initiates and drives a digital sampling process of data for
constituting a read clock. The signal from oscillatcr 160
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enables the response of the digital read filters to scale
with the actual data rate, thereby adding robustness to the
detection process. In a write mode, the oscillations of
oscillator 160 become the actual clock rate for recording.
In this regard, clock pulses outputted from VCO 160 are
applied to each of the recovery circuits 174, 176, and 178,
as well as to write driver 164. Recovery circuits 174, 176,
and 178 thus use the actual tape speed-dependent clock
signal outputted by VCO to time the recovery of the servo
signal TS and user data. Similarly, write circuit 164 uses
the clock signal outputted by VCO 160 to time the recording
of information to tape 32.

Thus, the present invention makes the data transfer
rate in read channel 172 and write channel 164 dependent
upon the linear velocity of tape 32. In the embodiment of
Fig. 37A, the linear velocity is the desired linear velocity
of tape 32 as determined from capstan motor 150. In the
embodiment of Fig. 37, on the other hand, the linear
velocity of tape 32 upon which the data transfer rate is
dependent is the actual tape linear velocity as assessed
from the buried servo signal. Thus, in the embodiment of
Fig. 37, the present invention takes into account tape speed
transients introduced e.g., by cartridge 30. With the read
and write clock of the present invention being directly
dependent upon linear velocity of tape 32, data is more
accurately recovered from tape 32. Moreover, data is more
uniformly recorded and accurately positioned on tape 32,
thereby resulting in better signal recovery and more
economical utilization of tape 32.

The embodiment of Fig. 36B differs from those described
above in that tape speed controller 130 further includes a
puffar level normalization value adjuster 133-30 for
dynamically changing the buffer level normalization value
(indicated as 133-8). Adjuster 133-30 receives an initial
puffer level normalization value as an input represented by
line 133-31. Adjuster 133-30 also has access to buffer
manager 131 (as indicated by line 133-32) in order to obtain
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performance and historical information e.g., regarding
levels of user data in buffer memory 116. In one mode,
adjuster 133-30 uses the information obtained from buffer
manager 131 to perform statistical analyses regarding the
levels of user data in buffer memory 116 (e.g., histogram,
average, standard deviation, skew, etc.). In the same or
another modes, adjuster 133-30 applies an asymmetric
distribution function to indicate an advantage to change'the
buffer normalization value. For example, adjuster 133-30
can determine that short bursts of fast reading interspersed
with longer periods of slow reading can be served by keeping
the buffer mostly full, and vice versa. Such distributions
have a large first moment metric (e.g., skew). In another
mode, adjuster 133-30 applies a predictive algorithm (e.g.,
Levinson-Shurr) to estimate future values of sequenced based
on dynamic regression of past samples. The predictive
algorithm is applied to sequence host data rates sampled at
regular intervals, and to adjust the drive data rate
according to a value predicted for the host.

It should be understood that variations of the
foregoing are envisioned and provided in alternate
embodiments. For example, in another embodiment, both
counter 134-1 and DAC 134-7 are provided in ASICS which are
external to variable clock controller 134.

7.4 End of Track/Corner Early Warning

As indicated previously, frames 220 of data can be
recorded on tape 32 by a device, such as random access
device 46 or sequential access device 48, upon instigation
of recording by a host computer connected to the device (see
Fig. 1). As frames are recorded on tape 32 (see, for
example, steps 34-6 and 35-6 of Fig. 34 and Fig. 35,
respectively), a corner early warning (CEW) marker is
generated by tape/volume manager 136 and included in the AUX
data structure 300 of each frame (see Table 1), and
particularly in the partition control field (see Table 11
and §4.1.10). The CEW indicates, upon recording, that the
write head is appreocaching a boundary position on the tape at
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which the write head must change tracks in order to continue
recording frames. As used herein in connection with CEW,
“boundary position” means either a vertical boundary of a
partition or an end of a track but not the end of data.

The tape/volume manager 136 is able to generate the CEW
for inclusicn in AUX data structure 300 in view of managef
136's foreknowledge of the format of tape 32 including
partitioning of tape 32.

According to one recording mode of the invention, when
the CEW value changes from a normal value to a warning
value, an indication is provided that head unit 100 is a
predetermined number of frames from a boundary position. In
an embelishment of this mode, illustrated in Fig. 36C,
tape/volume manager 136 applies a value (represented by line
137) indicative of whether the CEW value is the normal value
or the warning value to tape speed controller 133. The
embodiment of the to tape speed controller 133 shown in Fig.
36C differs from that of Fig. 36A by including a switch
which remains open so long as the value applied on line 137
is the normal CEW value. However, if tape/volume manager
135 assigns a warning value to the CEW field of an AUX
structure 300 of a frame 220 which is about-to-be-recorded,
the value on line 137 changes to indicate that the warning
value is being generated. The value on line 137 indicative
of a warning value causes switch 133-40 to close. Closure
of switch 133-40 causes a predetermined CEW adjustment value
to be applied (as reflected by line 133-42) to adder 133-2.
Application of the CEW adjustment value to adder 133-2
serves to increase the desired tape linear speed. The
increase of speed of tape 32 is appropriate, in view of the
fact that it such an increase tends to lower the level of
user data in buffer memory 116. The lowered level of user
data in buffer memory 116 is beneficial since head unit 100
will soon engage in a track corner turning exercise. During
the track corner turning exercise, no user data will be
taken out of buffer memory 116 but user data from the host
will continue to be introduced into buffer memory 116.
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Therefore, the lowering, in advance of the track corner
turn, of the level of user data in buffer memory 116 serves
as a helpful caching technique that avoids excessive filling
of buffer memory 116. Advantageously, this caching
technique means that the invention does not require large
size buffers as do prior art drives that must have extra
buffer space to accumulate user data from the host during a
track corner turn.

The embodiment of Fig. 36C also provides a caching
function in an read mode. Upon reading tape 32, when
tape/volume manager 136 has determined that the CEW of the
AUX data structure has changed from a normal value to a
warning value, the value represented by line 137 changes to
close switch 133-40. The predetermined CEW adjustment value
thereby applied (as reflected by line 133-42) to adder 133-2
serves to increase desired tape linear speed as in the write
mode. Also in the read mode the increase of speed of tape
32 is appropriate. In this regard, the increase in tape
speed causes a faster reading of user data from tape 32,
which in turn tends to raise the level of user data in
buffer memory 116. The raised level of user data in buffer
memory 116 is beneficial since head unit 100 will soon
engage in a track corner turning exercise. During the track
corner turning exercise, no additional user data will be
loaded into buffer memory 116, but the host will
nevertheless expect the same rate of requirement of user
data from buffer memory 116. Therefore, the raising, in
advance of the track corner turn, of the level of user data
in buffer memory 116 serves also as a helpful caching
technique that avoids depletion of buffer memory 116 during
a track corner turning event.

According to ancther embodiment of the invention, in
recording, the CEW has a value related to a number of frames
that can yet be recorded on the track before the boundary
position is encountered. As explained previously, in this
embodiment the CEW serves as a count-down counter indicating
that EOPT or BOPT is approaching in the logically forward
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direction. The value of CEW is a predetermined constant (a
hexidecimal value of 255) if the number of frames that can
yet be recorded on the track before the boundary position is
encountered exceeds 254. Within 254 frames of the boundary
position, the CEW indicates the number of frames to the
boundary position.

The embodiment of the invention wherein the CEW
function as a down counter employs the embodiment of tape
speed controller 133 shown in Fig. 36D. The tape speed
controller 133 of Fig. 36D differs from that of Fig. 36A in
having line 137 connected to a first input of adder 133-50.
In this embodiment, line 137 carries the CEW value obtained
from AUX data structure 300. A second input of adder 133-50
is a negation of the predetermined constant (hexidecimal
value of -255). The sum produced by adder 133-50 is applied
to a gain multiplier 133-54, which has a negative factor
(represented as -Acgy) for converting the CEW frame number
units to tape speed units (e.g,. inches per second, for
example) . The value obtained from gain multiplier 133-54 is
applied as a CEW adjustment value on line 133-56 to adder
133-2.

The embodiment which uses the CEW as a down counter and
the tape speed controller of Fig. 36D differs from the
embodiment of Fig. 36C in that, in the embodiment of Fig.
36D, the CEW adjustment value applied to adder 133-2
dynamically changes as the CEW value counts down.

In yet another embodiment, upon encountering a CEW
warning marker the tape/volume manager 136 sends a CEW
notification signal to notify the host that the host should
control its data transmission to the drive in view of the
occurrence of the CEW early warning marker. Tape/volume
manager 136 sends the such a CEW notification signal to the
host via control processor 130 in which it is included and
through interface 110 (see Fig. 2).

In a reading mode, read elements 104 of head unit 100
read frames on a horizontal lecgical track as head unit 100
travels in the logical forward direction. As frames are read
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in to buffer memory 116, tape/volume manager 136 picks out
the CEW value from AUX data structure 300 of each frame.
The CEW thus serves to apprise the device of the partition
geometry, with the result that during reading the device
need have no prior knowledge of the partition geometry. Not
requiring prior knowledge of the partition geometry
simplifies the read procedure by reducing memory
requirements and code instructions.
7.5 Re-recording of Frames in the Random Access Model

Read-While-Write verificatiocn for random access device
46 (see Fig. 1) can be implemented in either of two modes.
In a host-responsible rewrite mecde (described e.g., in
§7.5.1), the host determines suitable rewrite criteria and
rewrite locations on the tape for frames which are not
readable or which were incorrectly read during read-while-
write verification. In a device-responsible rewrite mode
(described e.g., in § 7.5.2), the device determines
locations on the hard sectored tape 32 for a re-recording of
such a frame.
7.5.1 Host-responsible Rewrite Mode

In the host-responsible rewrite mode, assuming that the
device contains a RWW architecture, a verify failure is
reported to the host as a write failure. It is up to the
host to determine suitable rewrite criteria and locations.
It is also up to the host to observe and update the Defect
Map 346. The Random Access device does not perform
automated rewrites of user data, it neither spares frames
for rewrites nor sequentially rewrite frames in the event of
a RWW verify failure. All responsibility for rewriting user
data lies with the host.
7.5.2 Device-responsible Rewrite Mode

In a device-responsible rewrite mode, frames which
cannot be read during read-while-writing (RWW) or which are
incorrectly read during RWW are collectively known as
defective frames and are re-recorded at reserved location(s)
on tape 32. As used herein in the context of read-while-
writing, re-recording of frames, or reading of frames which

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 97/27580 PCT/US97/00770

-76-

have been re-recorded, a “reserved location” is a portion of
tape 32 in which frames cannot be originally recorded, e.g.,
recorded for the first time.

In one submode of the invention discussed in more
detail in §7.5.2.1, a reserved location comprises a physical
frame which shares a same track with the original physical
frame location at which a frame is recorded. 1In this
submode, reserved locations are interspersed among original
physical frames at predetermined locations on the same
track. For multi-track or multi-channel frames, the
reserved locations are interspersed among original physical
frames at predetermined locations on the same logical track.

In another submode of the invention discussed in more
detail in §7.5.2.2, a reserved location is on another track
of the tape which is not employed for the original physical
frame location. In this submode, the reserved location is
preferably on a special track, or a special logical track.

In the device-responsible rewrite mode, the defect map
frame 346 (See Fig. 19 and Table 22) has defect entries as
shown in Table 23. The defect entries of Table 23 have two
fields, each of four bytes -- a first field for storing the
physical frame number of a defective frame; a second field
for storing the physical frame number (in the reserved
location) whereat the frame is re-recorded.

It should be understocd that the re-recording of frames
at reserved locations as described herein is not limited to
the format wherein eight channels or tracks are employed to
form a logical track or frame, but can also apply to devices
having fewer (e.g., one) or more channels utilized per
frame.
7.5.2.1 Interspersed Same-Track Reserved Locations for RWW

Fig. 38 shows a submode of the invention wherein frames
are re-recorded at a reserved location, the reserved
location comprising a physical frame which shares a same
track with the original physical frame location at which a
frame is recorded. 1In Fig. 38, the reserved location is
labeled “Frame Spare”. The rsserved location “Frame Spare”
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is shown as residing in the same horizontal logical track
TG31 as Frame N (Frame N being the original physical
location in which a defective frame was first recorded). It
should be understood that, in Fig. 38 as well as in Fig. 39
and Fig. 40A subsequently discussed, that frames are
consecutively spaced on the tracks and that the logical
symbols shown, e.g., between frames, are provided only for
facilitating illustration of head movement.

In the technique of Fig. 38, reserved locations (e.g.,
reserved physical frame locations) are allocated
periodically on each track. In embodiments of multi-channel
frames, the reserved locations (e.g., reserved physical
frame locations) are allocated horizontally, and preferably
periodically, on each logical track. The number of
allocated reserved locations and the frequency of reserved
locations per track or logical track is a trade off between
tape capacity loss and performance. For example, if 10% of
the capacity of a track or logical track is allocated for
reserved locations, then nine frames are available for
user’s data and the tenth frame is available for sparing.

If a defective frame is detected during a write operation,
then the frame is held in the drive’s buffer memory 116 (see
Fig. 1) until a free spare frame, e.g, a free reserved
location, is found, as shown in Fig. 38.

For the ensuing discussion, a “target” frame is a frame
that is recorded to tape (either initially recorded or read
and edited for recording at the same place, e.g., the
original location). When the target frame is determined to
be defective in a recording or editing mode, the steps of
Fig. 38A are implemented.

At step 38A-1, the defect map frame 346 (see Fig. 19)
is consulted to determine an available spare frame,
preferably the nearest in an appropriate direction, in the
reserved location for rewriting of the target frame. 1In
this regard, the known physical frame location of the target
frame is compared with the values stored in defect map frame
346. Then, as shown by step 38A-2, the contents of the
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target frame are retained in buffer memory 116 while further
frames are recorded in succeeding physical frame locations
on the same track until the head unit reaches the physical
frame location corresponding to the nearest spare physical
frame location that was determined from the defect map frame
346. At step 38A-3, the contents of the target frame are
re-recorded at the frame spare on the same track, i.e., at
the spare physical frame location that was determined from
the defect map frame 346. Then, as shown by step 38A-4, the
defect map frame 325 is updated. In particular, at step
38A-4, an entry in Table 23 is made for the defective frame,
the first four bytes of the entry being the physical frame
number of the defective frame and the second four bytes of
the entry being the physical frame number at which the frame
contents were re-recorded. Thus, the updated defect map
frame 346 both indicates that the target frame's original
area on tape is bad, and provides a pointer designating a
new location feor the target frame.

The procedure for reconstructing data containing a
spared frame in a read operation according to the submode of
Fig. 38 is shown in Fig. 38B. At step 38B-1, the drive
locates all spared frames by consulting defect map frame
346. Step 38B-2 shows the device reading up to a defective
frame. At step 38B-3, pointers are extracted from defect
map frame 346 in order to obtain the new location of the
spared frame, i.e., the physical frame number which is the
reserved location whereat the contents of the defective
frame are re-recorded. Step 38B-4 shows the head unit
continuing to read forward on the same track, placing in
buffer memory 116 the data obtained from ensuing frames,
until the spared frame is encountered and its contents read
and placed into buffer memory 116. A buffer control
presents the contents of the frames stored in buffer memory
116 in proper order to the host.

The submode of Fig. 38, with the recording steps shown
in Fig. 38A and the reading steps shown in Fig. 38B, has the
advantage of maximizing data throughput only when a
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defective frame is encountered. If no defective frames are
encountered, the submode of Fig. 38 has the disadvantage of
decreasing the device’s sustain rate by the allotted spare
frame percentage. The periocdicity and/or spacing of spare
frames on a track is determined e.g., by the size of buffer
memory 116 dedicated to user data throughput and error rate.
7.5.2.2 Special Track(s) As Reserved Locations for RWW

Fig. 39 shows a submode of the invention wherein
frames are re-recorded at a reserved location, the reserved
location comprising a physical frame which is on a different
track than the track on which the defective frame is
originally recorded. For a multi-channel frame shown in
Fig. 39, the reserved location is labeled “Re-written Frame
N”. The reserved location “Re-written Frame N” is shown as
residing in a different horizontal logical track TG39R than
the horizontal logical track TG39 in which frame N was
initially but defectively recorded.

In the Fig. 39 embodiment, head unit 100 must change
tracks from track group TG39 to track group TG39R, and then
travel in the reverse direction while re-recording Frame N.
After re-reccrding frame N, head unit 100 returns to track
group TG39, thereby completing a re-record track change loop
indicated by broken line RTCL-W in Fig. 39.

The re-record track change loop indicated by broken
line RTCL-W in Fig. 39 shows that head unit 100 must
continue in the reverse direction on track TG39R at least
far enough so that, upon changing tracks back to track TG39,
frame N-1 can be read. The purpose in reading frame N-1 is
in order to obtain sufficient synchronizing information
(e.g., physical frame number of frame N-1) so that head unit
100 will know where to record frame N+1 relative to the hard
sectored frames of tape 32. On the other hand, when tape 32
is being being read and frame N is detected as being
defective, head unit 100 travels the re-record track change
loop indicated by broken line RTCL-R in Fig. 39.

There may be more than cne track or logical track which
can potentially serve as a reserved location. Fig. 40 shows
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tape 32 having a plurality cf logical tracks TGRT, TGRM, and
TGRB serving as reserved locations for the re-recording of
frames. Logical track TGRT is preferably near the top
horizontal of tape 32; logical track TGRM is preferably near
the vertical middle of tape 32; and logical track TGRB is
preferably near the bottom horizontal edge of tape 32.

Thus, logical tracks TGRT, TGRM, and TGRB are at
predetermined vertical positions of tape 32.

In the embodiment of Fig. 39, of the plurality of
logical tracks serving as reserved locations, it is
preferable to have some of the logical tracks being those
written in a forward direction of tape movement and others
of the logical tracks written in a reverse direction of tape
movement. For example, for the logical tracks TGRT, TGRM,
and TGRB shown in Fig. 40, there could be two logical tracks
at the top, one being a forward direction logical track and
the other being a reverse direction logical track; two
logical tracks at the middle, one being a forward direction
2logical track and the other being a reverse direction
logical track; and so forth.

Fig. 40A shows an embodiment in which served track
TG39A is a bidirectional track. Track TG39A is segmented
into directional frame groups. For example, bidirecticnal
frame group BFGqg is a forward direction frame group into
which re-recorded frames can only be recocrded when tape 32
is transported in a forward direction. Bidirectional frame
group BFGgQ-1l, on the other hand, is a reverse direction
frame group into which re-recorded frames can only be
recorded when tape 32 is transported in a reverse direction.

The operation for Fig. 40A differs from that of Fig. 39
in that, upon track change, the write head may find itself
in a directional frame group having a direction opposite
than that necessary for performing a re-record track change
loop RTCL. For example, upon changing track after a first
(defective) recording of Fame N on track TG40, head unit 100
finds itself in forward direction frame group BFGg on track
TG40A. Head unit 100 must then travel in the reverse
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direction for a sufficient distance to an available hard-
sectored frame which can be recorded in the reverse
direction, as shown in Fig. 40A. Upon re-recording of Frame
N as shown in Fig. 40A, head unit 100 can change tracks back
Lo track TG40. On track TG40 head unit 100 continues to
travel in the forward direction looking for the first
available frame in which the next frame from the buffer can
be recorded.

Thus, the re-record track change loop RTCL is
potentially larger in the embodiment of Fig. 40A than that
of Fig. 39. The greater loop size results from the fact
that head unit 100 may have to move a further distance along
the reserved track in order not only to reach a vacant frame
space, but also a frame space of appropriate directionality.

The embodiment of Fig. 40A, although having potential
larger re-record track change loops, shows an advantage in
that only one reserved track (e.g., logical track) need be
provided on tape 32. In contrast to Fig. 40 wherein a
plurality of tracks are utilized for re-recording and for
having reserved locations, the single bidirectional reserved
track of Fig. 40A advantageously reduces the tape space
requirements for re-recording of defective frames.

It should be understood that, in the embodiments of
Fig. 39 and Fig. 40A, for example, that the tracks having
reserved locations need nct necessarily be solely dedicated
to reserved frame locations. For example, only a portion of
such a track may be allocated for reserved locations, while
another portion may be utilized for original recording of
frames. The allocations of such tracks, whether solely
devoted or partially devoted to reserved locations, is
discernible from the defect map 346 (see Fig. 19). For
example, in connection with the embodiment of Fig. 402, head
unit 100 is moved an appropriate distance in the reverse
direction for the re-recording of Frame N in accordance with
foreknowledge of track FG40A afforded, €.g9., by defect map
346.
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When the target frame is determined to be defective in
a recording or editing mode, the steps of Fig. 39A are
implemented. At step 39A-1, the defect map frame 346 (see
Fig. 19) is consulted to determine an available logical
track, preferably the nearest logical track in the
appropriate direction, in the reserved area (i.e., a
reserved location with space to write the target frame). 1In
this regard, the known physical frame location and track of
the target frame is compared with the values stored in
defect map frame 346. Then, as shown by step 39A-2, the
head unit 100 is moved vertically by positioner motor 144 to
the vertical position of the logical track which 1is
dedicated to the re-recording of frames. As shown in Fig.
39, the spare or reserved logical track TG31lR is preferably
a logical track in which frames are recorded in a direction
which is the reverse of the direction of recording of frames
on logical track TG31. At step 39A-3, the contents of the
target frame are re-recorded at the spare physical frame
location on the spare logical track i.e., at the spare
physical frame location that was determined from the defect
map frame 346. As mentioned above, the re-recording
preferably occurs with the tape being transported in a
direction which is the opposite of the direction in which
the tape moves when recording on logical track TG31l. This
is advantageously faster since it requires fewer tape stops
and starts. Then, as shown by step 39A-4, a memory CObY of
the defect map frame 346 is updated. In particular, at step
39A-4, an entry in Table 23 is made for the defective frame,
the first four bytes of the entry being the physical frame
number of the defective frame and the second four bytes of
the entry being the physical frame number at which the frame
contents were re-recorded. Thus, the updated defect map
frame 346 both indicates that the target frame's original
area on tape is bad, and provides a pointer designating a
new location for the target frame. Lastly, as shown by step
39A-5, the head unit is returned to logical track TG31l for
the recording of subsequent frames On logical track TG31l.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 97/27580 PCT/US97/00770

-83-

At the end of a recording session, the actual defect map
frame 346 is updated on tape 32 based on the updated memory
copy of defect map.

The procedure for reconstructing a file containing a
spared frame in a read operation according to the submocde of
Fig. 39 is shown in Fig. 39B. At step 39B-1, the drive
locates all spared frames by consulting defect map frame
346. Step 39B-2 shows the device reading up to a defective
frame. At step 39B-3, pointers are extracted from defect
map frame 346 in order to obtain the new location of the
spared frame, i.e., the physical frame number which is the
reserved location whereat the contents of the defective
frame are re-recorded. Step 39B-4 shows the head unit being
moved to the dedicated spare track TG31R and to the location
to read the re-recorded frame which replaces the defective
frame. At step 39B-5 the re-recorded frame is read and its
contents placed in buffer memory 116. Then, as shown by
step 39B-6, the head unit is returned to logical track TG31l
and the tape advanced in the forward direction for the
reading of subsequent frames.

The submode of Fig. 39, with the recording steps shown
in Fig. 39A and the reading steps shown in Fig. 39B, has the
advantage of potentially keeping data contiguous while not
affecting the sustained rate until a defective frame is
encountered. In addition, the submode of Fig. 39 does not
place impose memory management requirements (e.g., holding
intermediate frames in buffer memory 116 until the re-
recorded frame is read) .

Described above are method and apparatus for re-
recording of a frame magnetic tape 32 when a first recording
of the frame is determined to be defective. A frame whose
.first recording is defective is re-recorded at a spare Or
reserved location on the tape. The reserved location is
dedicated to re-recording of frames, and otherwise cannot
have data stored therein. The tape contains a defect map
frame 346 which is used to pair physical locations of
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defective frames with the reserved location whereat the
frame is re-recorded.

In the embodiment of Fig. 38, the reserved location
whereat a frame is re-recorded is a reserved physical frame
on the same track in which the defective frame is recorded.
In fact, a plurality of reserved locations is provided on
the same track with user data frames and are interspersed
among physical frame locations of the user data frames
track. Consecutive ones of the plurality of reserved
locations on the same track are separated by a predetermined
number of physical frame locations.

In the embodiment of Fig. 39, the reserved location is
on a reserved track which is not the original track upon
which the frame is recorded. Preferably the original track
is recorded/read when relative movement between the head
unit and the tape is in a first direction and the reserved
track is recorded/read when relative movement between the
head unit and the tape is in a direction which is opposite
the first direction. 1In a related embodiment, there are a
plurality of reserved tracks which are spaced at
predetermined vertical positions of the tape.

For embodiments having multi-channel or multi-track
frames, the reserved location employs a corresponding
plurality of tracks.

In a method of recording on a magnetic tape is a
recording mode which has a read-while-write (RWW)
capability, after a frame is recorded it is read back to
determine whether the frame is readable or accurately
recorded. If the frame is defective, the contents of the
frame are re-recorded at the reserved location. Further, a
defect memory map is updated with a pairing of the first

physical frame location of the defect with the reserved

location at which the re-recording occurred. At a later
time the memory copy of the defect map 346 is written to the
control partition.

In a method of reading a magnetic tape having frames
re-recorded to spare or reserved locations, the contents of
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the defect map frame is first acquired from the tape. The
defect map having a pairing of frame original physical
locations on the tape with frame re-recording physical
locations for frames which are unreadable or erroneously
recorded in their frame original physical locations. During
the reading operation, frames are read from corresponding
frame original physical locations on the tape. When an
original physical location is encountered on the tape for
which there is a pairing in the defect map, the defect map
frame is consulted to discover the reserved location at
which the frame contents are re-recorded so that the frame
contents may be obtained from the reserved location. If the
original physical location proves to be readable despite the
indication in the defect map, the original physical location
may be read wiithout having to go to the reserved location.
7.6 Recording and Use of Buried Servo Signal

7.6.1 Encoding of Buried Servo Signal in Data Region

As previously explained in §2.1 and with reference to
Fig. 7 and Fig. 9, a buried servo or tracking sense (TS)
signal is recorded on tape 32. On some of the physical
tracks of a logical track the servo signal serves as a servo
position signal TS, in order to assure that head unit 100 is
correctly vertically aligned to follow the horizontal
physical tracks. On at least one of the physical tracks of
a logical track the servo signal serves as a servo clock
signal TS,. The servo clock signal TS. is detected by servo
clock recovery circuit 174 (see Fig. 2).

As previously explained in connection with Fig. 10,
servo clock signal TS, has sets of cycles. In the example
of tape 32, there are thirty six cycles per set. Moreover,
on tape 32 each set of cycles serves to delineate a frame

-220. In the illustrated embodiment, all but one of the

cycles of the servo clock signal TS. is symmetrical.
Preferably the asymmetrical cycle of the servo clock signal
TS. is either the first cycle with its intermediate
transition x, or the last such cycle with its transition
X35. Fig. 10 particularly shows a situation in which the
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first cycle is asymmetrical. Having an asymmetrical
transition in at least one of its cycles is an example of
servo clock signal TS, being modulated for a frame.

The modulation of servo clock signal TS., described in
§2.1, can be utilized to provide information about tape 32.
Such information includes an indication of relative
horizontal position on tape 32 and buried header information
which is indicative of one or more characteristics of tape
32. In the illustrated embodiment, the modulation of servo
clock signal TS, provides each set (e.g., frame) with a
medulation value. In the ensuing discussion, reference is
made to a frame as being one example of a “set” of cycles.
However, it should be understood that the buried servo
encoding techniques described herein are not limited in
application to frames, but that the sets of cycles can be
otherwise composed or constituted (e.g., for example having
numbers of cycles according to other criteria).

Concerning modulation, if, in a given frame, the
selected cycle of servo signal TS. is modulated so that its
asymmetrical intermediate zero crossing occurs before (e.g.,
earlier in time than) the expected symmetrical intermediate
zero crossing, the frame in which the modulated cycle occurs
is said to have a “0" modulation value. On the other hand,
if the selected cycle of servo signal TS. for a frame is
modulated so that its asymmetrical intermediate zero
crossing occurs after (e.g., later in time than) the
expected period zero crossing, the frame is said to have a
“1" modulation value for the frame. It should be understood
that other modulation value assignment conventions can apply
to other embodiments (e.g,. the inverse of that
illustrated). Moreover, it should be understood that the
above described modulations are reversed if the tape
direction is reversed.

By assigning a modulation value to each frame in the
foregoing manner, a plurality of consecutive frames can be
grouped together into a frame group FG, with the modulation
values of the constituent frames of the frame groups
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collectively forming a frame group identifier. Fig. 41
shows just two frame groups of a plurality of frame groups
provided on tape 32, in particular frame groups FG1l9 and
FG20. Each frame group FG is composed of twenty frames.
That is, frame group FG1l9 is composed of frames £, through
fn.19; frame group FG20 is composed of frame f_,,, through
frame £,,39.

Each frame group is further divided into frame
subgroups. A predetermined number N of frames consecutive
constitutes a frame subgroup, N being four in the
illustrated embodiment. For example, frames f, through £
constitute a first frame subgroup of frame group FG19;
frames f,,, through f,,; constitute a second frame subgroup
of frame group FG1l9, and so forth.

n+3

The first frame subgroup of a frame is known as a
synchronization subgroup. For example, frames f, through
f.+3 constitute a synchronization subgroup for frame group
FG19; frames f,,,, through f,,,, constitute a synchronization
subgroup for frame group FG20. As discussed in more detail
hereinafter, in synchronization subgroups the modulation
values compose a predetermined synchronization pattern which
does not occur in consecutive frames not residing in
synchronization subgroups. Therefore, the synchronization
subgroups serve to delimit frame groups from one another.
For example, the synchronization subgroup constituted by
frames f,,;, through £,.,; indicates that frame group FG19 has
terminated and that another frame group begins (e.g., frame
group FG20).

For each frame in Fig. 41 there is shown only the
modulation value for the frame. The modulation values of
each frame subgroup comprise a predetermined number M of
digits of the group frame identifier for the group frame.
While it is possible for there to be a one-to-one
relationship between the number of frames N in a frame
subgroup and the number of digits M, in the illustrated
embodiment there is a 4:3 relationship between N and M.
Table 29 sets forth the coding relationships between the N
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modulation values of a frame subgroup and the M-digit value
of a portion the frame identifier.

In the above regard, it will be remembered that the
first frame subgroup of frame group FGl9 is a
synchronization subgroup. In the illustrated embodiment,
all synchronization subgroups have the modulation values
1,1,1,0. The synchronization subgroup is so formed that the
medulation values thereof yield a pattern 111 - three
consecutive ones — which is not present in modulation values
of consecutive frames of non-synchronization subgroups.

It can be seen from Fig. 41 for frame group FG19 that
the second frame subgroup has modulation values 0,0,0,0;
that the third frame subgroup has modulation values 0,0,0,0;
that the fourth frame subgroup has modulation values
0,0,1,0; and that the fifth frame subgroup has modulation
values 0,1,0,0.

Now with reference to Table 29, it can be seen that the
frame group identifier for frame group FG1l9 is the twelve
binary digit value 000000010011. From Table 35, the
modulation values (0,0,0,0) of the second frame subgroup
yield the first three digits 000; the modulation values
(0,0,0,0) of the third frame subgroup yield the next three
digits 000; the modulation values (0,0,1,0) of the fourth
frame subgroup yield the next four digits 010; and the
modulation values (0,1,0,0) of the fifth frame subgroup
yield the last three digits 011. Thus, with reference to
Table 29, the value of the frame group identifier for frame
FG19 is, appropriately enough, nineteen. Similarly it can
be seen that the value of the group frame identifier for
frame group FG20 is twenty.

It is to be noted that no sequence of the values in
Table 29 yield the synchronization pattern 1110. Thus, the
synchronization pattern is distinguishable from modulation
values that are used to form the frame group identifier. In
other words, the synchronization pattern is chosen such that
the synchronization pattern does not appear in any potential
group identifier value.
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Fig. 41 provides an example in which there is a 4:3
relationship between the number cof frame N in a frame
subgroup and the number M of frame group identifier digits
obtained therefrom. In other embodiments other
relationships between N and M are envisioned, for example
5:4.

Referring to Fig. 2, servo signal TS. is applied from
head unit 100 to servo clock recovery circuit 174. Servo
clock recovery circuit 174 detects the low frequency buried
servo signal, so that waveform values such as that shown in
Fig. 10 are transmitted to clock modulation detector 180.
Servo clock recovery circuit 174 analyzes the received
waveforms and provides control processor 130 with an
interrupt on line 179 at the beginning of each cycle of
servo signal TS, (e.g., at each positive-going zero crossing

transition). Clock modulation detector 180 generates an
interrupt on line 181 at each intermediate transition (e.g.,
at each negative-going zero crossing transition). The

interrupts on lines 179 and 181 are applied to tape location
detector 135 of processor 130. Tape location detector 135
of processor 130 uses these interrupts to form sets or
frames of cycles, to detect the modulation value of each
frame by determining the timing of the intermediate zero
crossing of the selected cycle of the frame; to identify the
synchronization pattern e.g., for forming groups of frames;
and, to determine the group identifier for each group.

In embodiments which utilize coding relationships such
as that shown in Table 29, it should be realized that
conversions can be performed by tape location detector 135
with, e.g., resort to a lock up table having the paired
values of the appropriate conversions stored therein (e.g,
the values of Table 29, for example).

The buried encoding scheme of servo signal TS. of the
present invention provides an efficient way for a device
such as a tape drive to determine its position relative to
tape 32. For example, suppose head unit 100 were located to
read frame f,; of tape 32 as shown in Fig. 41. Head unit
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100 need to read only from frames f,,s through and including
f,.27 in order to determine its location on tape 32. Upon
reaching frames f,,,3, tape location detector 135 will
conclude that it has just read a synchronization subgroup,
and therefore will conclude that the fifteen modulation
values obtained prior to the synchronization subgroup
constitute the fifteen lower order modulation values which
can be used to decode the frame group identifier. By
continuing to read frames f,,,, through £,,,,, tape location
detector acgquires the four highest order modulation values.
At this point, the entire frame second subgroup (e.g, frames
£..,4 through f,,,;) has been acquired. Thereafter, tape
location detector 135 can decode the frame group identifier.
Thus, in the worst case scenario just discussed, head unit
100 need read no more than twenty three modulation values in
order to determine its horizontal location on tape 32, e.g.,
about 1.5 feet of tape movement.

Thus, the horizontal position on tape 32 is determined
by tape location detector 135 as described above with
reference to frame identifiers. The vertical location of
head unit 100 on tape is known by control processor 130 in
view of its connection to positioner motor driver 158, which
controls the vertical positioner motor 144 for head unit
100.

In the illustrated embodiment of Fig., 41 in which
twenty frame are provided per frame group, with each frame
group having a twelve binary digit (e.g, bit) identifier,
4096 frame group identifiers are possible per tape. With
each fame group requiring about fifteen inches of tape, the
scheme of Fig. 41 provides frame identifiers for over
fourty-eight hundred feet of tape.

It should be understood that variations of the
illustrated embodiments are also envisioned. For example,
the synchronization frames can be recorded at a position
other than at the beginning of a frame group, such as at the
end of a frame group. Moreover, it is envisioned that
frames can, in other embodiments, be modulated to have more
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than one asymmetrical zero crossing, thereby affording two
modulation values per frame. Further, although the coding
scheme of Table 29 is particularly advantageous for
affording an Hamming distance of two or greater between
adjacent frame groups (i.e., any two frame groups next to
each other will differ by at least two positions in their
code), other modulation coding schemes can be employed.
7.6.2 Encoding of Buried Servo Signal in Non-Data Regions

Fig. 4 shows non-data regions of tape 32 as including
buried header region 206. Buried header region 206 is about
ten inches in length, and has the buried servo signal
modulated as discussed below.

Upon insertion of a cartridge 30 into a device, it is
recommended that tape 32 be wound forward until the buried
servo signal TS can be decoded for a few cycles (a minimum
number of feet). If tape 32 is not at beginning of tape
area 202, tape 32 should be rewound until beginning of tape
area 202 is found. Then tape 32 is wound forward to read
buried header region 206. An attempt is made to lock on
track twelve. Then configuration frames of tape 32 are
read. Next tape 32 is rewound to pad area 208.
7.6.2.1 Buried Header Region

Buried header region 206, shown context of tape 32 in
Fig. 4, is seen in more detail in Fig. 5. Fig. 5 shows
buried header region 206 has comprising fields 206(1)
through 206(7). These fields include start marker field
206(1); number of frames per track field 206(2); cartridge
code field 206(3); cartridge manufacturer field 206(4);
cartridge serial number field 206(5); system parameter field
206 (6); and reserved field 206(7).

Bytes in the buried header are delimited by a “1X0".
That is, the buried header as a sequence of 1X0, first byte,
1X0, second byte, 1X0, third byte, etc.

Start marker field 206(1) has eight bits. 1In start marker
field 206(1), buried servo signal TS has the pattern
11111111 to indicate the start of the buried header.
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The number of frames per track field 206(2) has sixteen
bits. The number of physical data frames per track is
approximately seventeen thousand for a standard EX
cartridge.

The cartridge code field 206 (3) has sixteen bits.
Cartridge code field 206(3) has a value of zero for a
minicartridge; a value of one for an EX cartridge; with
other cartridge code values being reserved.

Cartridge manufacturer field 206(4) has sixteen bits,
and is of a value assigned to the manufacturer. Cartridge
serial number field 206(5) is forty eight bits, and is a
unique number assigned to the cartridge at manufacturing
time.

System parameter field 206(6) has four bytes. The
first of these bytes indicates the number of channels per
track group. The second byte is the number of track groups
per band. The third byte is the number of bands on tape 32.
The fourth byte is reserved.
7.6.2.1 Pre-recording of Buried Servo Sigmal

The invention thus covers not only the use of the
modulated buried servo signal TS as above described, but
also tape 32 upon which the buried servo signal TS is
modulated in accordance with the foregoing and methods for
modulating the buried servo signal TS. Apparatus for
modulating the buried servo signal TS is shown in Fig. 6 and
Fig. 11. Fig. 6 shows tape 32 being transported between
supply reel 400 and take-up reel 402, both reels 400 and 402
being driven for transport of tape 32. As tape 32 is
transported tape 32 comes into proximity with servo signal
write head 404. Servo signal write head 404 has a central
magnetic pole 410 and lateral poles 412, 414. Central pole
410 is coextensive along the width of the tape with all
physical tracks of the tape (see Fig. 11). In adjacent
physical positions, lateral poles 412, 414 alternate in
position about central pecle 410. Magnetic recording gaps
420 extend between each lateral pole 412, 414 and central
pole 410. A magnetic coil 430 extends through the gaps 20
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in the manner shown in Fig. 6 and Fig. 11. Coil 430 is
connected to write current generator 440 (see Fig. 6).
Write current generator 440 applies a write current to coil
430. The write current applied by write current generator
440 produces the servo signal TS on each physical track in
the manner shown in Fig. 11. Moreover, write current .
generator 440 is governed by modulation controller 450.
Modulation controller 450 supervises modulation of the
selected cycles of the servo clock signal TS.. The
modulation of the selected cycles is understocd in
accordance with the foregoing. Based on the modulation and
encoding scheme (e.g., 4:3 encoding) above discussed, the
selected cycles are modulated to contribute either a
synchronization value or an appropriate modulation value to
its frame subgroup, whereby an appropriate group identifier
is prepared for the logical track frame to which the frame
belongs.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various alterations in form and detail may be made
therein without departing from the spirit and scope of the
invention.
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Table 1
AUX Data Structure
Posit | Bytes Usage A/V | Streamer | R/A
ion
0-1 2 Frame Type M M M
2-7 6 reserved
8-11 4 Tape Frame Address M M M
12-25 14 reserved
26-27 2 Write Pass Counter M
28-31 4 Filemark Count M
32-35 4 Setmark Count M
36-39 4 Frame Sequence M
Number
40-47 8 Logical Frame o M M
Address
48- 260 Data Access Table o M M
307 (DAT)
308- 26 reserved
333
334- 2 Partition Control M o* o*
335 Flags
336- 32 Partition M M M
367 Description
368- 64 A/V Program M o* o*
431 Description
432- 80 reserved
511
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Table 2
Frame Type Field
byte\ 7 6 5 4 3 2 1 0
bit
0 A/V | Data | TrkTbl | Ident | Marker | DefMap | TOC | EOD
1 res | res uCode res res res res | res
Table 3
Frame Type Values
Frame Type I Byte 0 Value l Byte 1 Value
Filler Frame 0x00 0x00
Micro-code Frame 0x00 0x20
EOD Frame 0x01 0x00
Defect Map Frame 0x04 0x00
Marker Frame 0x08 0x00
Identify Frame 0x10 0x00
Track Table Frame 0x20 0x00
Data Frame 0x40 0x00
Partition Boundary Frame 0xA0 0x00
TOC Frame 0xA2 0x00
A/V Data Frame ‘ 0xCO 0x00
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Table 4
Tape Frame Address
MSB | LSB
y X
Table 5
Tape Frame Address Byte Locations in AUX Data
AUX Byvte Position Usage
8 X’ LSB
9 x’ Middle
10 'x’ MSB
11 v
Table 6
Logical Group Attribute Discontinuities
Previous DAT Entry Next DAT Entry

Data blocks of a given logical block size

Data blocks of a different logical block
size

A group of like data blocks that will all fit
in the current frame

A data block that will span into the next
frame

A data block which has spanned from the
previous frame

A group of like data blocks that will all
fit in the current frame

A data block which has spanned from the
previous frame

A data block that will span into the next
frame

Uncompressed data

Compressed data

Compressed data

Uncompressed data

Filemark(s)

Setmark(s)

Setmark(s)

Filemark(s)
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Table 7
DAT Structure
Byvte Description
0 DAT Entry Size (8)
1 reserved
2 Number of DAT Entries (n)
3 reserved
4-259 (n) DAT Entries
Table 8
DAT Entry Structure
Byte Description
0-3 Logical Block Size
4-5 _ Number of Logical Elements
6 DAT Entry Flags
7 reserved
Table 9
DAT Entry Flags
Bits 716f{5[4]3]2[1]0
E|C|CID |B|E|r|M
Description | X |M O0l10]etA
T|P LiL{s|R
G|G K
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Table 10
Frame Spanning Control Flag Definitions
BOLG EOLG DESCRIPTION
I 1 The entire logical group is contained within this frame. For this

frame the DAT entry for the Logical Block Size specifies the
number of bytes for one logical element.

0 0 Only a portion or mid part of the logical group is contained within
this frame. The beginning of this logical group is contained in a
frame on the BOP side. The end of this logical group is contained
in a frame on the EOP side. The DAT entry for the Logical Block
Size for this frame specifies only the number of bytes that are
represented in this frame.

0 1 Only the end of the logical group is contained within this frame.
The beginning and mid portions of this logical group are contained
in a frame(s) on the BOP side. The DAT entry for the Logical
Block Size for this frame specifies only the number of bytes that are
represented in this frame.

1 0 Only the beginning of the logical group is contained within this
frame. The end and mid portions of this logical group are contained
in a frame(s) on the EOP side. The DAT entry for the Logical Block
Size for this frame specifies only the number of bytes that are
represented in this frame.

Table 11
Partition Control Field
byte\bit 0 | 2 3 4 5 6 7
0 res BOPT res EOPT res res res res
1 CEW
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Table 12
A/V Program Description Structure

byte Description

0-1 Program Entry Number

2-3 reserved

4-7 Tape Frame Address Start
8-11 Tape Frame Address End (0)
12-13 Multi-media Source
14-15 reserved
16-47 Program Name/Credits (ASCII text string)
48-49 Program Date/Year (0000-9999)

50 Program Date/Month (00-12)

51 Program Date/Day (00-31)

52 Program Time/Hour (00-24)

53 Program Time/Minute (00-59)

54 Program Time/Second (00-59)

55 reserved
56-64 reserved for Running Time

Table 13

Multi-media Source Field

byte\bit 0 1 2 3 4 5 6 7
0 CPp SCPY Tes res res res VIDEO AUDIO
1 FUNK es res res res TSTP MPEG NOCMP
2 res res res res res res res res
3 Revision
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Table 14
Copy Protection Support Field
CP SCPY description

0 unlimited copies are authorized
1 a single copy is authorized
1 no copies are authorized

el E=2 K=

Table 15
Partition Boundary Data Structure

a

Description

MPDR Physical Format Major Revision Level

MPDR Physical Format Minor Revision Level

MPDR Logical Format Major Revision Level

MPDR Logical Format Minor Revision Level

Partition Boundary Entry Length (16)

reserved

Number of Partitions on Tape (n)

reserved

slala]uw]s]wlvl—|ols

Partition Boundary Entries

Table 16

Partition Entry Data Structure

byte Description

0 Partition Number

1 reserved

2-3 Tape Device Model

4.7 Lower Left Tape Frame Address

8-11 Upper Right Tape Frame Address

12-15 reserved
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Table 17
Tape Device Model Field
byte\bit 0 1 2 3 4 5 6 7
0 AV RA STRMR res res res res res

1 TOC DEF TrkTbl { RWW res res res ERASE

Table 18
TOC Data Structure
byte Description
0 TOC Frame Number
1 Total Number of Frames in TOC
2-3 reserved
4-5 Number of Entries in this Frame
6 TOC Entry Length (64)
7 reserved
n TOC Entries
Table 19

Track Table Data Structure

byte Description
0-1 Maximum Write Pass Count
2-5 reserved
6 Number of Partitions (n)
7 Partition Entry Header Length (16)
(n) Track Table Partition Entries
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Table 20
Partition Entry Data Structure
byte Description
0 Partition Number
1 reserved
2-3 Write Pass Counter
4-7 EOD Tape Frame Address
8-15 reserved
16-23 Last Marker Frame Address
24-27 Last Marker Frame LFA
28-29 reserved
30 Number of Tracks in Partition (m)
31 Track Entry Length (16)
m Track Entries
Table 21
Track Entry
Byte Description
0-7 Next Logical Block Address
8-11 Filemark Running Count
12-135 Setmark Running Count
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Table 22

Defect Map Data Structure

byte Description

0 Defect Map Frame Number

1 Total Number of Frames in Defect Map
2-3 reserved
4-5 Number of Entries in this Defect Map (n)

6 Defect Map Entry Length (8)

7 reserved

n Defect Entries

Table 23
Defect Entry Data Structure

byte Description
0-3 Defect Tape Frame Address
4-7 Re-mapped Tape Frame Address
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Table 24
Identify Frame Data Structure
byte Description
0-1 Tape Device Model
2-17 Manufacturer Name (ASCII text)
18-33 Model Name (ASCII text)
34-49 Model Revision (ASCII text)
50-509 reserved
510-511 Additional Identify Fields Supported
512- Inquiry Data
1023
1024- Mode Sense Pages
1535
1536- Log Sense Pages
2047
2048- ATA/ATAPI Identify
2559
2560- undefined
32768
Table 25
Tape Device Model Field
byte\bit 0 1 2 3 4 5 6 7
0 A/V | RA | STRMR res res res res FMTR
1 res res res res res res res res
Table 26
Additional Identify Fields Supported Field
byte\bit 7 6 5 4 3 2 1 0
0 res res res res ATAID LOG MODE | INQ
1 res res res res res res res res
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Table 27
Marker Frame Data Structure
byte Description
0 Partition Number
1 reserved
2-7 undefined
8-15 reserved
16-23 Previous Marker Frame Address
24-27 Previous Marker Frame LFA
28-29 reserved
30-31 undefined
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Table 28
Tape Model Configuration Frame Support Requirements
Device Model Partition TOC Track DEF ID Frame
Frame Frame Table Frame
Frame
AV Mandator | Mandator Not Not Optional
y y Supported | Supported
RA w/o RWW | Mandator Not Not Optional* | Optional
y Supported | Supported
RA with RWW | Mandator Not Not Mandator | Optional
y Supported | Supported y
RA/AV wio Mandator | Mandator Not Optional* Optional
RWW y y Supported
RA/AV with Mandator | Mandator Not Mandator Optional
RWW y y Supported y
Streaming Tape | Mandator Not Mandator Not Optional
w/o RWW y Supported y Supported
Streaming Tape | Mandator Not Mandator Not Optional
with RWW y Supported y Supported
Streaming Mandator | Mandator | Mandator Not Optional
Tape/AV w/o y y y Supported
RWW
Streaming Mandator | Mandator | Mandator Not Optional
Tape/AV with y y y Supported
RWW
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Table 29
Servo Signal Modulation Codes

Group ID bits Modulated Symbols
000 0000
001 0101
010 0010
011 0100
100 0001
101 0110
110 1010
111 1001
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A method of encoding buried servo information on at
least one track of a magnetic tape, the method comprising:
recording cycles of a buried servo signal con the
magnetic tape; and

modulating the buried servo signal upon recording to
provide an indication of longitudinal position on the tape
relative to a predetermined longitudinal position.

2. The method of claim 1, wherein the predetermined
longitudinal position is a beginning of user data on the
tape.

3. The method of claim 1, wherein the step of modulating
comprises modulating, for each of a plurality of sets of
cycles of the buried servo signal, at least one selected
cycle of the set whereby each set has one of at least two
modulation values, the modulation of the selected cycles of
a group of sets of cycles providing a string of modulation
values which string provides information about the tape.

4. The method of claim 3, wherein the selected cycle has a
same cycle order in each of the sets of cycles.

5. The method of claim 3, wherein the selected cycle has a
different cycle order in each of the sets of cycles.

6. The method of claim 3, wherein the modulation of the
selected cycles of a group of consecutive sets of cycles
provides the string of modulation values.

7. The method of claim 3, wherein each cycle of the buried
serve signal has an intermediate zero crossing transition,
wherein the intermediate zero crossing transition of the
selected cycle of the set of cycles is asymmetrical with
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respect to intermediate zero crossing transitions of non-
selected cycles of the set of cycles.

8. The method of claim 7, wherein a first modulation value
for the set occurs when the intermediate zero crossing
transition of the selected cycle for the set occurs earlier
than the intermediate zero crossing transition for non-
selected cycles of the set, and wherein a second modulation
value for the set occurs when the intermediate zero crossing
transition for the selected cycle occurs later than the
intermediate zero crossing transition for non-selected
cycles of the set.

9. The method of claim 3, wherein each set of cycles has a
constant predetermined number of cycles of the buried servo
signal.

1Q0. The method of claim 3, wherein at least a first set of
cycles and a second set of cycles have a differing number of
cycles of the buried servo signal.

11. The method of claim 3, wherein the string of modulation
values provides a set group identifier for the group of
sets.

12. The method of claim 3, further comprising including in
the group of sets a plurality of consecutive synchronization
sets, the modulation values of the synchronization sets
collectively forming a predetermined synchronization
pattern.

13. The method of claim 12, wherein the synchronization

pattern is chosen such that the synchronization pattern does
not appear in any non-synchronization set.
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14. The method of claim 12, wherein the synchronization
pattern is 1110.

15. The method of claim 12, wherein the synchronization
sets are recorded at one of a beginning and an end of a
group of sets.

16. The method of claim 12, wherein the group of sets

comprises twenty groups, and wherein there are four
synchronization sets in each frame group.

17. The method of claim 3, wherein the string of
modulation values is encoded so that the modulation values
of N number of consecutive sets represents an M number of

digits of a set group identifier, M being less than or equal
to N.

18. The method of claim 17, wherein N is four and M is
three.

19. The method of claim 18, wherein translations of
subgroups of size N to their corresponding encoded subgroup
of size M are according to the following table:

Group ID bits (M) Modulated Symbols (N)
000 0000
001 0101
010 0010
011 0100
100 0001
101 0110
110 1010
111 1001
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20. The method of claim 17, wherein the set group
identifier has twelve binary digits.

21. The method of claim 3, wherein N number of consecutive
sets of a group of sets constitute a set subgroup, with
modulation values of the set subgroup comprising a
predetermined number of digits of a set group identifier.

22. The method of claim 3, wherein the servo signal is
modulated at least in a data region of the tape and wherein
the sets of cycles delineate frames of data.

23. The method of claim 22, wherein the string of
modulation values provides a frame group identifier for a
group cf frames.

24. The method of claim 22, wherein the servo signal has
thirty six cycles per frame, and wherein one of the first
and the last cycle of the frame is the selected frame.

25. A magnetic tape memory having cycles of buried servo
signal on at least one track thereof, the buried servo
signal being modulated to provide an indication of
longitudinal position on the tape relative to a
predetermined longitudinal position.

26. The apparatus of claim 26, wherein selected cycles of
each of a plurality of sets of cycles of the buried servo
signal are modulated whereby each set has one of at least
two modulation values, the modulation of the selected cycles
of a group of sets of cycles providing a string of
modulation values which string provides information about
the tape.
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27. The memory of claim 26, wherein the modulation of the

selected cycles of a group of consecutive sets of cycles
provides the string of modulation values.

28. The memory of claim 26, wherein each cycle of the
buried servo signal has an intermediate zero crossing
transition, wherein the intermediate zero crossing
transition of the selected cycle of the set of cycles is
asymmetrical with respect to intermediate zero crossing
transitions of non-selected cycles of the set of cycles.

29. The memory of claim 28, wherein a first modulation
value for the set occurs when the intermediate zero crossing
transition of the selected cycle for the set occurs earlier
than the intermediate zero crossing transition for non-
selected cycles of the set, and wherein a second modulation
value for the set occurs when the intermediate zero crossing
transition for the selected cycle occurs later than the
intermediate zero crossing transition for non-selected
cycles of the set.

30. The memory of claim 26, wherein each set of cycles has
a constant predetermined number of cycles of the buried
servo signal.

31. The memory of claim 26, wherein at least a first set of
cycles and a second set of cycles have a differing number of
cycles of the buried servo signal.

32. The memory of claim 26, wherein the string of
modulation values provides a set group identifier for the
group of sets.

33. The memory of claim 26, wherein the group of sets

includes a plurality of consecutive synchronization sets,
the modulation values of the synchronization sets
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collectively forming a predetermined synchronization
pattern.

34. The memory of claim 33, wherein the synchronization
pattern is chosen such that the synchronization pattern does
not appear in any non-synchronization set.

35. The memory of claim 33, wherein the synchronization
pattern is 1110.

36. The memory of claim 33, wherein the synchronization
sets are recorded at one of a beginning and an end of a
group of sets.

37. The memory of claim 33, wherein the group of sets
comprises twenty groups, and wherein there are four
synchronization sets in each frame group.

38. The memory of claim 26, wherein the string of
modulation values is encoded so that the modulation values
of N number of consecutive sets represents an M number of
digits of a set group identifier, M being less than or equal
to N.

39. The memory of claim 38, wherein N is four and M is
three.

40. The memory of claim 39, wherein translations of

subgroups of size N to its corresponding decoded subgroup of
size M are according to the following table:
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Group ID bits (M) Modulated Symbols (N)
000 0000
001 0101
010 0010
011 0100
100 0001
101 0110
110 1010
111 1001

41. The memory of claim 36, wherein the set group
identifier has twelve binary digits.

42. The memory of claim 26, wherein N number of consecutive
sets of a group of sets constitute a set subgroup, with
modulation values of the set subgroup comprising a
predetermined number of digits of a set group identifier.

43. The memory of claim 26, wherein the servo signal is
modulated at least in a data region of the tape and wherein
the sets of cycles delineate frames of data.

44. The memory of claim 43, wherein the string of
modulation values provides a frame group identifier for a
group of frames.

45. The memory of claim 43, wherein the servo signal has
thirty six cycles per frame, and wherein one of the first

and the last cycle of the frame is the selected frame.

46. A method of encoding buried servo information on at
least one track of a magnetic tape, the method comprising:
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recording cycles of a buried servo signal on the
magnetic tape; and

modulating, for each of a plurality of sets of cycles
of the buried servo signal, at least one selected cycle of
the set whereby each set has one of at least two modulation
values, the modulation of the selected cycles of a group of
sets of cycles providing a string of modulation values which
string provides information about the tape, the information
about the tape includes at least one of the following: a
code for a type of cartridge which houses the tape; a number
of frames per track.

47. The method of claim 46, wherein the buried servo signal
is modulated in a header portion of the tape.

48. A magnetic tape memory having cycles of buried servo
signal on at least one track thereof, the buried servo
signal being mcdulated to information about the tape
including at least one of the feollowing: a code for a type
of cartridge which houses the tape; a number of frames per
track.

49. The memory of claim 48, wherein the buried servo signal
is modulated in a header portion of the tape.
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