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OVERSCAN HELICAL SCAN HEAD FOR NON-TRACKING TAPE
SUBSYSTEMS

"~ READING AT UP TO 1X SPEED AND METHODS FOR SIMULATION OF

SAME

Background of the Invention
1. Field of the Invention |
The present invention relates to helical scan tape storage devices and
more specifically relates to a helical scan drum design having read heads -
optimally positioned for reading data in non-tracking tape subsystem. The
present invention further relates to simulation methods for optimally
designing the placement of read heads on such a drum design.

2. Related Patents

The present invention is related to co-pending U.S. patent application
entitied "Variable Speed Recording Method and Apparatus for a Magnetic -
Tape Drive", invented by Beavers et al., and having an internal docket
number of 9086/101 and a serial number of 09/176,079, filed concurrently .
herewith on October 20, 1998, and co-pending U.S. patent application.

" entitled "Fine Granularity Rewrite Method and Apparatus for Data Storage .-

Device", invented by Zaczek, and having an internal docket number of
9086/106 and a serial number of 09/176,015, filed concurrently herewith on
October 20, 1998, and co-pending U.S. patent application entitled "Multi-
level Error Detection and Correction Technique for Data Storage Recording
Device", ihvented by McAuliffe et al., and having an internal docket number
of 9086/102 and a serial number of 09/176,014, filed concurrently herewith
on October 20, 1998, all of which are commonly owned and all of which are
hereby incorporated by reference, and co-pending U.S. patent application
entitled "Method And Apparatus For Logically Rejecting Previously Recorded
Track Residue From Magnetic Media", invented by McAuliffe et al., and
having an internal docket number of 9086/103 and a serial number of

109/192,794, filed on November 16, 1998, and co-pending U.S. patent

application entitled "Method And System For Monitoring And Adjusting Tape
Position Using Control Data Packets®, invented by McAuliffe et al., and
having an internal docket number of 9086/107 and a serial number of
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09/193,030, filed on November 16, 1998, and ¢o-pending U.S. patent
application entitled “Rogue Packet Detection And Correction Method For
Data Storage Device”, invented by McAuliffe et al., and having an internal
docket number of 9_0_8_6/1 05 and a serial number: of 09/192,809, filed on
November 16, 1998, and co-pending U.S. pateht application entitled A
Method Of Reacquiring Clock Synchronization On A Non-Tracking Helical

~ Scan Tape Device”, invented by Blatchiey et al., and having an internal

docket number of 9086/108 and a serial number of 09/192,808, filed on

- November 16, 1998.

3. Discussion of Related Art
Tape storage devices are often used in storage applications where

~ high density storage is required and removability of the storage medium is

desired. For example, such tape storag_e subsystems. are often used for
data archive in computing systems. User and systér_n data.stored'on a
computer system's disk storage subsYstem is copied to a tape medium in a
tape storage subsystem. The tape medium is rer.novable'from the tape
storage subsystem and can then be securely stored (fof example off site) as
a secured archive copy of critical data stored on 't_hé computer system's disk
storage subsystem. o _ _

As computer storage needs have risen, so have demands for high
density tape storage subsystems. Early tape storage subsystems stored
data in parallel tracks running linearly the length of the tape medium. These
systems are often referred to as longitudinal tape subsystems. Both the
linear bit density (the density of magnetic flux changes alon'g a single linear
track) as well as the track density (the number of traéks placed across the
width of the tape medium}) affected the total storage dehs_ity_ of data on the
tape medium. o

As physical limits were encounteréd in design. of such linear tape
devices, helical scan tape subsystems evolved to further increase tape
medium storage densities. This is a record.ing format in which é relatively
slow moving tape is helically wrapped 180° around a rapidly rotating drum
with an embedded record head and read head. The tape is positioned at a
slight angle to the equatorial plane of the drum. This results in a recording
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format in which recorded tracks run diagonally across the tape from one
edge to the other. The record head rotates past the tape. spanning a

~ diagonal from one edge to the other. As the drum rotates, the record head

. records another diagonal track with more data. Recorded tracks are parallel
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to each other but are each at an angle to the edge of the tape. This
geometry of discrete sized tracks on the magnetic tape medium allows still
higher densities of data to be stored on the tape as compared to older linear .

- (longitudinal) tape subsystems.

it is common in helicai scan devices to use at least two record heads

typically adjacent one another on the circumference of the drum. This allows
- two parallel helical scan tracks to be recorded during each rotation of the

drum. Typically the two heads are referred to as an "A" head and a "B"
head, respectively. The tracks recorded by each head are correspondingly
referred to as “"A" tracks and "B" tracks. "A" tracks are recorded by the "A"

- head at a first azimuth angle (an offset angle relative to the perpendicular of
.. the angle of the tape relative to the equatorial plane of the drum). The "B"

tracks are recorded by the "B" head at a different azimuth angle (typically 20-
40 degrees offset from the "A" azimuth angle.
Typical helical scan tape devices also have one or more read heads

- for reading back the data recorded on the tape medium. The read head

receives the magnetic flux changes previously recorded on the tape. Analog

- and digital electronic circuits then reconstruct the data represented by the

recorded flux changes. Where multiple recording heads are used having
different azimuth angles, there are corresponding read heads with identical
azimuth angles for reading corresponding tracks. In other words, read

- heads are of the "A" type and "B" type having identical azimuth angles to the

corresponding recording heads. Often a single head may serve the dual
purpose of a read head and a write head. .

Mechanical tolerances for such helical scan devices are extremely
critical to proper operation due the higher track and bit densities of the
format. The "A" read head must be substantially aligned with the "A" track to
successfully read the data. In like manner, the "B" read head must be
substantially aligned with the "B" track to successfully read the recorded
data. Mistracking is the phenomenon that occurs when the path followed by
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the read head of the recorder does not correspond to the location of the

" recorded track on the magnetic tape. Mistracking can occur in both’

longitudinal and helical scan recording systems. The read head must capture. -
a substantial percentage of the track in order to produce a playback signal. If
the head is too far off the track, recorded inf_o'rmati'on" will hot be played back.

Most helical scan tape devices use corrj_plex‘ (hence costly) tracking
circuits to assure that the appropriate heads are aligned over the .
corresponding recorded data. Servo feedback 'cont'ro! circuits constantly-
monitor and control speed of the drum and tape to assure alignment of the
heads and the tape. Special servo control data is usually recorded on the.
tape medium to enable the servo feedback circuits to resynchronize the .
tracking if the tape is stopped or reverses direction. '

It is common to read data immediately after writing the data as a
check of the quality of the data writing operation. This process is often
referred to as check after write (or CAW). When tracking features are used -
in a tape device, write operatiohs use the tracking features for speed control

~ of the tape and drum. Read operations' in ti'acking devices use the tracking..

" . circuits to precisely position the read head over the written track.
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- ‘As'noted, tracking circuits add significant complexity and associated
cost to helical scan tape devices. Some helical scan devices are non-
tracking in- that they use no such expensive tracking: circuits to assure -
alignment of the heads with the track. Rather, presently known non-tracking
tape devices significantly siow the tape speed relative to the drum to permit
multiple passes of the read head over the same tack. Each pass is at a
slightly different longitudinal position on the tape due to the tape movement
but because of the slower speed overlaps a portion of the track read by the

. previous pass. This overlap of sequential passes is often referred to as

overscan. To achieve sufficient overscan to assure proper reading of the
track by at least one of the read heads, such non-tracking devices reduce
the speed of th'e_ tape to half of the nominal speed (i.e., half the speed at
which the tracks were recorded). This permits a first pass read to overlap a
second pass read thereby helping to assure that one of the passes will
substantially cover the track width. However, slowing the tape for read
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operations negatively impacts read _operati'on performance of the tape
device.

it is therefore a problem in the art to achieve accurate reading of
helical scan tracks on a tape device without resorting to complex, costly
tracking circuits and without unduly slowing the performance of the tape
device for read operations. In other words, it is desirable to perform
overscan read operations on non-tracking tape devices at full speed.

Summary of the invention
The present invention solves the above and other problems, thereby
advancing the state of the useful arts, by providing a drum design that

~ permits overscan of track read operations at full speed (i.e., at the same

speed as corresponding write operations). The present invention further
provides-a method for determining preferred and optimal geometric design of
such a drum using simulation techniques to model the performance of such
a helical scan drum. .

In.particular, the present invention includes a drum design wherein
two.read heads are positioned on the drum for each type of track. Two "A"

“type read heads and two "B" type read heads are therefore positioned on the,

drum. Each of the two "A* heads (referred to herein as A and A’) are
positioned approximately 180 degrees apart from one another radially

“around the circumference of the drum. The two "B" type read heads

(referred to herein as B and B') are likewise positioned approximately 180
degrees apart from one another around the circumference of the drum. The
A and B heads serve as the write heads in write operations. In write
operations the A' and B' heads provide a check after write (CAW) function.
Each pair of like-azimuth (like type) heads is separated vertically on
the surface of the drum so that each read head passes over the same track
with a longitudinal offset relative to one another at nominal tape speed (i.e.,
at the tape speed used for writing). The width of each head (also referred to
herein as head width or gap width) is also selected so as to create an
overlap between the two scans of the track by the corresponding two like-

azimuth read heads.
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The combination of preferred dimensions for the head width and the
vertical offset of the like-azimuth heads on the drum surface serve to create

" a combined coverage of the overlapping scans of greater than 100% of the

entire recordable area of the tape medium. In addition, it is critical that the
dimensions chosen -are adequate to provide sufficient coverage of an
appropriate type track such that the recorded data can be sensed. Yet, the
width must not be so wide as to overiap another like-azimuth track in a single .
scan. Further, the drum of the present invention is intended for use in a
variable speed tape device devoid of complex tracking circuits. Therefore,
the selected dimensions need to assure adequate coverage at a broad
range of tape speeds up to the write operation nominal speed (referred to
herein as 1X speed) as well as lower speeds.

A broad range of dimensions and geometric placements of the heads

. oh' the drum are possible and it is difficult to easily determine: the preferred

dimensidns for a particular application. A further aspect of. the -present
i.nvention is therefore a simulation model that aids a drdm designer in
selécting preferred dimensions and head placements for a particular.
épplication. The simul.ation:mo'd_el of the present invention accepts a. number

- of parameters des'cribing the desired tape device and then simulates the
" coverage of each track over a plurality of simulated track read operations
| (simulated motion of the tape and drum). The number of simulated tracks is

selected to provide a statistically meaningful determination of the efficacy of
the selected drum parameters for reading tra_cks'over a length of tape

medium.
" The simulation model of the present invention then computes the

~ coverage of the read heads over the simulated tracks by determining the

geometric dimensions of the heads' motion over the tracks (ignoring analog
imperfections such as magnetic media flaws). The same simulation is run

- for a range of tape speeds, a range of head widths (gap widths) and a range

of like-azimuth head physical offsets. Other parameters of the simulation

‘may also be varied such as the number of like-azimuth heads, etc.

The number of successful simulated track reads is then plotted in a
graph according to the variables of the selected drum design. A track is
considered successfully read where all portions of the track are adequately

6
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covered by.any of the heads. Each portion may be covered by any of the
heads on a single scan or over multiple scans. A range of usable drum
dimensions is then readily visible to a designer in accordance with the
plotted output. A small range of possibly usable drum dimensions can then
be selected for further implementation and design verification. |

In a first aspect of the invention a method is provided for evaluating
parameters of- a drum design for use in a helical scan tape device. The .
method includes receiving simulation parameters describing, inter alia, head

- positions on the drum to be evaluated. The method then simulates the

reading of a track by calculating the geometric area a read head would cover
as it scans over the track. The method then determines the amount of
overlap of the geometric area as a percentage of the area defined by the
dimensions of the track. Such a simulated read is then determined to be
successful when the percentage is greater than a predetermined coverage
threshold value. The steps are repeated for a number of simulated tracks to
evaluate the performance over a length of simulated tape medium. Lastly,
the method determines if the parameters are effective for a drum design
based on the number of successful and failed simulated reads as compared
to predetermined threshoid values.

In a second aspect of the invention, a helical scan drum is provided
for use in non-tracking tape storage subsystem. The drum has a first and
second read head on its circumference. The second read head is positioned
on the drum such that it overscans a track following the first read head within
a single rotation of the drum. - Also, the second read head is positioned on
the drum such that the area read by at least one of the two read heads
covers the area of the track by at least a predetermined coverage threshold
value. In certain circumstances such as misaligned tracks on the tape
medium, the heads on the rotating drum may read portions of a single track
over muitiple rotations. Further, if tape speed is slowed by the tape
controller, such as when a host computer cannot accept data at full speed,
portions on single track may be scanned multiple times over multiple
rotations. Similarly at slower tape speeds each drum rotation may cause the
heads to- scan portions of muitiple tracks. In all cases, the heads are
positioned on the drum to assure at least 100% scan coverage of the entire

7



Y -

WO 00/23988 ] © PCT/US99/24683

10

156

20

25

30

“recording area of the tape medium by the multiple heads on:the rotating

drum.

These and other objects, features and advantages of the present
invention will be apparent from the following description and associated

drawings.

Brief Description of the Drawings
Figure 1 is a block diagram of a typical helical scan tape device.
Figure 2 is a block diagram of control electronics associated with a

tape device of figure 1.
Figure 3 is a block diagram indicating dimensions of the preferred

" head positioning on a drum in accordance with the present invention.

Figures 4A and 4B are flowcharts describing an exemplary
embodiment of the simulation method of the present invention for evaluating
potential drum designs. - ' |

- Figure 5 is an exemplary plot generated by the simulation methods of
the present invention depicting viability of various drum design parameters.

Figure 6 is a schematic diagram of tracks on a tape medium and the
relative combined coverage of heads across those tracks.

Detailed Description of the Preferred Embodiments
" While the invention is susceptible to various modifications and
alternative forms, a specific embodiment thereof has been shown by way of

" example in the drawings and will herein be described in detail. It should be

understood, however, that it is not intended to limit the invention to the

particular form disclosed, but on the contrary, the invention is to cover all

modifications, equivalents, and alternatives falling within the spirit and scope
of the invention as defined by the appended claims.

1X SPEED OVERSCAN DRUM

Figure 1 is a block diagram of a tape device having a helical scan
drum in accordance with the present invention. Drum 85 includes two pairs

- of read heads, type A read heads 72A and 72B and type B read heads 71A

and 71B. Tape medium 80 is fed from a supply spool 88 through the tape

8
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mechanism td a take-up spool 89. Typically, the two spools are housed
within a cartridge for user convenience of handiing and to protect the tape
medium from inadvertent damage or contamination.

The tape medium 80 is threaded through the tape device by a plurality
of tape guides 94A-F. Capstan 91 and opposing pinch roller 92 feed the
tape at a desired speed. Other motors (not shown) drive the supply spool 88
and take-up spool 89 as required to advance or rewind the tape medium in
conjunction with the capstan 91. Tension arm 95 is a spring biased device

to maintain relatively constant tension on the tape medium to avoid

excessive slack. _

Control electronics 70 senses  operation of the components and
controls the motion of the tape medium. In addition, electronics 70 reads
and writes information on the tape medium via the read heads 71A-B and

~ 72A-B (typically one of the read heads serves a dual purpose of both

reading and writing the tape medium).

As is known in the art of helical scan tape devices, drum 85 is
positioned within the tape device such that tape medium 80 wraps around
substantially 180 degrees of the circumference of drum 85. Further, the
drum 85 is positioned at an angle relative to the tape medium 80 such that
tracks are written at an angle on the tape medium 80 extending from one
edge to the other.

Figure 2 is a block diagrém showing major functional elements of
control electronics .70. Tape controller 10 performs most overall control
functions of the components of the tape device. As well as data encoding
and decoding of data on the tape medium. Tape controller 10 is preferably
implemented as an application specific integrated circuit (ASIC) and a
general purpose CPU as well as numerous special purpose circuits for
controlling the tape device components.

Operator interfacing is controlled by tape controller 10 via manual
input element 21, interface 12 and display 20 coupled to tape controller 10.
Tape controller 10 encodes and decodes data stored on, and retrieved from,
the tape medium. Read/write circuits 16 couple head assemblies 71A-B and
72A-B to tape controller 10. Tape controller 10 also manages operation of
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the various motors and-interface elements of the tape -device via motor
controls 15 and tape drive interface 14.
Figure 3 is a block diagram describing the dimensions of a preferred

~exemplary embodiment of a drum designed in accordance with the present

invention.  Figure 3 shows two pairs of read heads. A first pair, 71A and
718, read type B tracks written at the type B azimuth angle 300. A second

~ pair, 72A and_72B, read type A tracks written at the type A azimuth angle

10

15

-302. A first head of each pair, namely 71A and 72A, preferably serve as

both read heads ‘and write heads. In write operations the write heads 71A
and 72A induce magnetic flux changes on the tapé medium (not shown) to
store 'data thereon. In read operations, all four heads 71A-B and 72A-B,
sense previously recorded magnetic flux changes to retrieve data previously -
recorded on the tape medium. ' ' _
Preferred dimensions for placement of the heads on the drum are
shown in figure 3. -All dimensions are expressed in millimeters with the

" primary reference being the lower drum surface 308. Those skilled in.the art

will recognize ‘the criticality of tight tolerances on such _high- speed, high -

" density storage devices. The dimensions shown are exact for a particular
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application. Each application may have unique dimensions and associated

tolerances. Critical diménsions in the operation of the drum of the present -

invention for purposes of overscanning are those that determine the offsets .
between pairs bf like-azimuth heads. = In other words, dimensions
determining the relative positions of heads 71A and 71B are critical to the
overscan reading of type B tracks.- Identical dimensions are used in setting -

- the relative positions of heads 72A and 72B to assure accurate overscan

| reading of type A tracks.

The critical dimensions for performing useful overscan reading of
tracks by a pair of like-azimuth heads include: the head spacing 310, the
radial offset 312 and the gap width . 302. As noted above, in the preferred
embodiment, identical dimensions are used to positions the type B read
heads relative to one another. Relative positioning of type A heads and type
B heads is determined primarily by vertical offset 314 and the radial offset
316. These dimensions are determined in accordance with the nominal
track width and any gap desired between adjacent unlike-azimuth tracks.

10
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The plot of figure 5 shows useful ranges of head offset spacing values and
tape speeds for gap widths of 15 microns and track spacing of 9 microns.
The head positioning of dual read heads for each type of track
enables the drum of figure 3 to perform overscan reading of helical scan
tracks at full speed (also referred to herein as 1X speed or writing speed)

‘without the need for complex tracking control circuits and mechanisms within

the tape device. Rather, the above dimensions help assure that, between
the two heads, all portions of a particular track will be adequately covered at
speeds up to 1X. The two heads for each azimuth type overlap one another
to a degree that their combined area (their effective coverage) of scan is
greater than approximately 100% of the track pair width (the sum of the
widths of adjacent A and B tracks). It is also critical that the gap width of
each head is not so large as to span from one track to another like-azimuth
track. . _ _
- Figure 6 is a schematic diagram of a type A track 600 with adjacent

type B tracks 602 and 604 on each side. Type A heads 72A and 72B are -
shown schematically as they would overlap their individual scan coverage to

~ provide an effective coverage area 606 having .a width of greater than

approximately 100% of the width 608 of the track pair 600 and 604.
Individually, each head 72A and 72B has a head width dimension 302
associated therewith as shown on figure 3. In addition, the track width of
tracks 600, 602 and 604 is in large part determined by the offset 314
between corresponding A and B heads. Tape speed within the tape device
also contributes to the track width. Further, head offset spacing dimension
310 of figure 3 is not easily shown in figure 6 in that the spacing dimension
also involves a time elements as the drum rotates the A’ or B' head over the
track. This dimension is therefore not meaningful on the static view

presented in figure 6.

SIMULATION METHODS _ .
A range of critical dimensions may be effective for particular

. applications to enable 1X tape speed for read operations on non-tracking
tape devices. A number of variables and factors enter into the evaluation of

the efficacy of a particular overscan drum design. A designer may attempt to

11
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discover a preferred design by trial and error tésting a large number of head
positions " but 'suc_:h design techniques: are -fime - consuming and costly.
Simulation techniques are employed in des‘_ig:n “of .the preferred drum
described above. The simulation accepts a number of parameters of the
simulation. Examples of such parameters include: tape speed, number of
heads, gap width and head spacing. Other parameters may be defined to
alter the threshold values used to determine efficacy of the drum design as

- these design parameters are altered in the simulation. Those skilled in the

art will recognize a variety of other factors that may be erh’ployed to simulate .
a drum design and to evaluate its efficacy. - | '

The present invention includes mathematical simulation techniques
which simulate the use of a particular drum design on a particular tape
device. Figures 4A and 4B are a flowchart describing a generalized
implementation of the simulation methods of the present invention. - This
generalized embodiment processes a number of parameters for simulating a .
variety of tape device applications and drum designs. In the preferred
embodiment discussed further below, a somewhat simpler set of parameters .
are processed to evaluate a narrower range of likely design options..

Element' 400 is first operable to accept a number of design .
parameters from a user of the simulation. The design parameters describe -
limits and ranges of values to be evaluated in identifying a usable set of -
parameters for a drum -design. In this generalized embodiment, the
parameters to be varied and evaluated by simulation include: the number of
read heads, the gap width of the read heads, the tape speed and the offset
spacing between all tape heads. (n addition, the number of tracks for which
the simulation is to run is provided as a control over the duration of the
simulation and the statistical base of simulated track reads. .

Element 402 is next operable to initialize various loop index local
variables to cycleﬁ through permissible ranges of options of each parameter
of the simulation. In particular, a track index variable (ITRACK), a head
index variable (IHEAD), a gap width index variable (IGAP), a tape speed
index variable (ISPEED) and a head offset spacing index variable
(IHDSPACING) are all initialized to zero. Elements 404 through 436 are
then operable iteratively to simulate track read operations using overlapping

12
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read heads |n accordance with the permissible rahge of parameter values.
The above index variables are used to identify a parameter setting to be
used in the éubsequent simulated read operations. The tuple represented
by the bresent values of each of the index variables is referred to herein

below as the present parameter set.

Element 404 is next operable simulate the reading of a track using the
present parameter set. As discussed further herein below, the read of a
simulated track by a simulated head is performed by calculating the
geometric area covered by the track and the head (each essentially a
rectangular area). The geometric area covered by the track is essentially its
present physical position relative to the rotating drum. This is computed
from the provided parameters inciuding the tape speed parameter. The
geometric area scanned by the read head is essentially the rectangular area
swept by the read head as it rotates on the simulated drum over the present
physical location of the track. The overlap between the two rectangular

~ geometric areas, the track area and the head scan area for all heads,

determines the success or failure of the read operation as noted below.
Elemerit 404 is operable to compute the geometric areas of the track and the
head in accordance with the present parameter set.

Element 434 is then operable to determine if more tracks remain to be
simulated as specified by the user supplied parameters. If so, element 436
is operable to increment the ITRACK index variable and processing
continues by looping back to element 404. If not, processing continues with
element 437 to reset the ITRACKS index variable to zero.. Processing then
continues with element 406.

Element 406 then determines if additional heads are to be processed.
The parameters provided by the user include a number of heads to be
simulated. If more heads remain to be simulated, element 408 is next
operable to increment the IHEAD index variable in the present parameter set

- and to loop back to element 404.

if no further heads remain to be processed, element 410 is next
operable to determine whether the simulated read by all desired simulated
heads provided sufficient coverage of the simulated track. In other words, as
discussed further herein below, if every portion of the simulated track is

13
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covered by any single head or combination of heads of the simulated heads

" to a sufficient threshold level of coverage, then the simulated track read was

successful. If not, the simulated track read failetéi.'- %The coverage of the track
by a head is detérr_ni'ned, as noted ab_'ove and a's_: :d_zi_scussed further below, by
the degree of ovérlap of the g;_éoMet‘fic areaé_yc::omputed for-each. The
threshold value to determine success '61’ failu'rez 'rﬁ_ay also be provided as a
parameter of the simulation. A preferred value for the coverage varies
based on peﬁorMahce characteristics of the selécied‘re'ad/write circuit (16 of -
figure 1). A typical threshold va'hjé--"for re‘ad__-.chan'nels ‘in commercially
available magnetic storage dev_iceé is 6(5--70%.

‘As noted herein, each head rhay -p'rovide adequate coverage for:
portions of a track and not for other portions of a-ir‘ack. Further, each head
may cover portions-of a track on one rotation and other portions of that track

" on a subsequent rotation. The combined geométric area, as used herein,
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therefore means the union of all coverage by all __heads over all portions -of -
the tracks. In other words, for each portion of a track so long as any of the
heads adequately covers that portioh, that portion is deemed to be covered
by the combined geometric area of the écanning ofall heads. If a sufficient -
percentage of portions of a track are so a:_déquately covered - by the
combined geometric area of the scanning héadé-, then the track is
adequately covered by the combined geometric area of the scanning heads.
If the simulated track read failed, eleméri_t 412 is next operable to
increment a counter correqundjng to the pr'esentrpa'rameter set indicative of

- a failed read. A multidimensional array of such counters is provided such

that the count may be recorded for each parameter setting of the parameter
set. In case of success or failure of the simulated read, processing
continues' with element 414 to reset the IHEAD ‘index variable to zero in
preparation for another parameter setting of other parameters.

Element 416 is then o'perable to déterminé if more head gap setting
remain to be processed as specified by the user supplied parameters. - If so,

" element 418 is operable to increment the IGAP index variable and

processing continues by looping back to element 404. |f not, processing
continues with element 420 to reset the IGAP index variable to zero in

preparation for another parameter setting.

14
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Element 422 is then operable to determme if more head offset
spacing values remain to be processed as specnfled by the user supplied

" parameters. If so, element 424 is operable to increment the IHDSPACING

index variable and processing continues by looping back to element 404. If
not, processing continues with element 426 to reset the IHDSPACING index
variable to zero in preparation for another parameter setting.

Element 428 is then operable to determine if more tape speed values .
remain to be processed as specified by the user supplied parameters. If so,
element 430 is operable to increment the ISPEED index variable and
processing continues by looping back to element 404. If not, processing
continues with element 438 to evaluate the usability of the various parameter
settings. A particular parameter set is useful if the number of failed reads is
less than a threshold percentage of the number of track reads simulated.

" The threshold value for determining a useful parameter set is determined by

the designer's application. Typically success rates of 99% are considered
acceptable (i.e., failure rates of less than 1%). |

Those skilled in the art will recognize that the flowcharts of figures 4A
and 4B are intended as exemplary of a generalized simulation function.
Additional or fewer parameters may be used in the simulation. The order of
the loop nesting above as to which parameters vary most frequently-may be
altered. Such design choices as these are well known to those skilled in the
art. |

The following Matlab listing describes the preferred embodiment for
simulating the design of a drum in accordance with the present invention.
Matlab is a commercially available computational software library that allows
a designer to easily construct and manipulate a simulation program such as
the above described general solution. In the preferred embodiment, a free
software package called GNU Octave provides a high level language,
primarily intended for numerical computations. 1t is a free software product
distributed under the GNU General Public License and available from the
Free Software Foundation. The package was developed in part by John W.
Eaton at he University of Wisconsin Madison in the Department of Chemical
Engineering. The package is widely available on the Internet. '
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% This function computes a vxa_plot for the parameters passed in

% from a controlling script.

% These parameters are described fully in vxa _inputs.m

% The return 1nformatlon 1s a serles of hx vxa_plot s for each read

‘5  head (x 1,2,3, 4,...).

function [hl vxa_plot ... % note, caw_coverage is returned
in this position when doing that SIM :
h2_vxa_plot,
10 h3_vxa_plot,
h4_vxa_plot,
"hS_wxa_plot,
hé_vxa_plot,
h7_vxa_plot,
15 “h8_vxa_plot,
' h9_wvxa_plot,
hl0_vxa_plot] = vxa(write_heads,
read __heads,
o - : _-tape speed write,
20 ~ tape_speed_read,

: ) : Lo speed_wrat,
drum_angle_static,
drum_diameter,

o , . _ drum_rpm write, ...
25 : : ' drum_rpm_read, . :

' track_rotational_length, .
on_track_percentage, '
number_of_simulation_track_groups, ...

_ number_of_track.packets, ...
30 : number_of_track_groups_pad, ...
' caw_simulation)

..%dlsp(“ —————————— sim start ------- ")
‘swrite_heads : : ' R
35 $read_heads
S$tape_speed_write
%tape_speed_read
$speed_wrat
$drum_angle_static
40 %drum_diameter
: $drum_rpm_write
gdrum_rpm_read
$track_rotational_length
son_track_percentage
45 snumber_of_simulation_track_groups
snumber_of_track_packets
snumber_of_track_groups_pad
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############################################y#######################

SEBSHEBREBHBAEHE USRI ERRS B A RREHASS

% Spatial calculations

$ All calculations ending in X or _Y are using a coordlnate system
% relative to the lead edge of the tape.

% X-axis is along the lead edge of the tape, increases in the

% direction of newly written tracks

% {increases as tape moves by drum)

% {increases with increasing track numbers)

% Y-axis is perpendicular to lead edge, increases from lead edge

% of tape to upper edge of tape

% A variable ending in _XY is calculated in this coordinate system
%

$ All calculations ending in _XW or _XY are using a coordlnate

% system relative to the written tracks

% XW-axis is along the direction a track's w1dth

% Yw-axis is paralell to a written track

% if tape _speed_read == tape_speed _write, simulation will

% line everything up perfectly and return 100% packets read

if ((tape_speed_read == tape_speed _write) & caw_ simulation ~=1),

error ("vxa: error, tape_speed_read equals tape_speed write. vxa
results will be .incorrect."};
end

$ Round number of simulation track groups up to next integer
number_of__ 51mu1atlon _track_groups=ceil (number_of_simulation_track_gr

oups) ;

% Add write heads to list of available read heads

% nope, don't do it...require user to pass in complete list of read

heads!! read_heads=[write_heads ; read_heads};
[number_read_heads,il)=size(read _heads);
[number_write_heads,il]=size(write_heads);

% Put first write head at Ou vertical position
head_position_shift=write_heads(1l,3);
write_heads(:,3)=write_heads(:,3)-head position_ shlft
read_heads(:,3) =read_heads (:,3)-head_position_shift;

% Put first write head at O-degree rotational position
head_position_shift=write_ heads(1,2);
write_heads (:,2)=write_heads (:,2)-head_position_shift;
read_heads (:,2)=read_heads (:,2)-head_position_shift;

$ Convert micron (u) inputé to (mm)
write_heads(:,3:4)=write_heads(:,3:4)*.001;
read_heads(:,3:4) =read_heads(:,3:4)*.001;

% calculate drum rotational parameters

drum_T_write=60/drum_rpm write; % (sec) drum rotational
periocd

drum_T read =60/drum_rpm_read; % (sec) drum rotational
period .

% Calculate drum velocity parameters

drum_velocity_write={(drum_rpm_write/60)* (drum_diameter*pi}; %
(mm/sec)

drum_velocity read =(drum_rpm_read/60) *(drum_diameter*pi}; %
(mm/sec)

17
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drum_veloc1ty_wr1te x-drumLyeloc1ty wrlte*cos(dengad(drum angle_sta
tic)}s :

drum veloc1ty_wr1te Y=drum_velocity_| wrlte*51n(deg2rad(drum_angle sta
tic));

10  drum veloc1ty;read x—drum veloc1ty.read*cos(degzrad(drum_angle stati
c)); o

drum_veloc1ty_read Y=drum veloc1ty_read*51n(deg2rad(drum angle_stati

c));
15 -
% Calculate dynamic scan angles relative to Tape lead edge
ht_velocity write X =drum_velocity write_X-tape_ speed wr1te-
ht_velocity;write_Y =drum veloc1ty write_Y;
: ht_velocity_write XY
20 =sqrt(ht_velocity_write_ X~2+ht _velocity write_Y*2);

ht_velocity_read_x =drum_velocity_read X-tape_speed_read;
ht_velocity_read_ Y =drum_velocity read_Y; : .

25 ht;velocity;read_XY:sqrt(ht_velocity_read_X"2+ht_velocity;read_Y‘z);

% Calculate written track angle during WRITE mode using
% physical tape coordinate system
scan_angle_write_XY=rad2deq(
30 atan(ht_velocity write_ Y/ht veloc1ty write X) );:

" % calculate scan angle durlng READ mode using physical tape
coordinate system’ .
scan_angle_read_XY=rad2deg |
35 atan({ht_velocity_read_Y¥Y/ht veloc1ty_read X) ),

% Calculate linear tape motlon during 360-deg of drum rotation
tape_motion_360_write_; X= tape speed_. wrlte*drum T_write;
% (mm)
40 tape_motion_360_read X =tape_ speed_. read*drum T _read;
% (mm)

% Calculate amount of tape (across track width!!) that moves by
% in 360-degrees of rotation during writing

45 track_pitch_write_360_XW=cos (deg2rad(90- :
scan_angle_wrlte_XY))*(tape_motlon 360_write X} ; % (mm)
% calculate amount of tape {across track width!!) that moves by
% in 360-degrees of rotation during reading
50 track_pitch_read_360_XwW=cos (deg2rad(90-
_ scan_angle_read_XY))* (tape_motion_360_read X); % (mm)

% calculate written track pitch for pair/triplet/etc. (i.e.
55 % from one drum write rotation to another)
track_pitch_write xw-track_pltch write_360 XW*speed wrat;
% (mm)

% Calculate all written and trimmed track widths

18
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track_width_wfiﬁé_xw=diff(write_heads(:,3}$idiff(write_heads(:,2))*t
rack_pitch_write_360_XW/360; :

track_width_write_XW=[track_width_write XW' track_pitch_write_ Xw-
sum{track_width_write_XW}]; % calculate width of track trimmmed by
next write scan

$ Calculate written track length

track_length _write_YW=ht_velocity_write_XY*drum T write*track_rotati
onal_length/360; % (mm) length of track .

S HESEHESGHSHSHEHESHEESSSSERHRGEGSHHES R R4#48 Write Tracks

% Calculate length of tape used

tape_usedbx=(number_of_track_groups_pad+number_of_simulation_track_g

- roups+number_of_track_groups_pad) ...

*gpeed_wrat*drum T _write*tape_speed_write;
% (mm) length of tape used

$Calculate _YW coordinates for the center of each packet to write
packet_numbers=1:number_of_track_packets;
packet_rotational_ coordinate_ YW= (packet_numbers- .
0.5)*track_rotational_ length/number_of_track_packets; % (deg)

S BHHHSEFFHEHEGHAS RS HH SSRGS HERGHS 444 CAW Coverage Scans
if (caw_simulation==1),
caw_coverage=zeros (number_read_heads, speed_wrat) ;
for rh=1:number_read_heads,
head_type=read_heads(rh,1);

trail_edge XW=sum(track width_write_XW(1l:head_ type))--
track_pitch_write XW*(0:50); % build trail edge vector for written
tracks of same type azimuth _
lead_edge_XW=trail_edge_ XW-track_width_write_XW(head type};
% build lead edge vector for written tracks of same type
azimuth
if (head_type==number_write_heads),
% if last write head, last track written is untrimmed

trail_edge_xw(l)=1ead_edge_XW{1)+write_headé(head_type,4);
end .

% find head edges
head_lead_edge=read_heads(rh,3);
head_trail_edge=head_lead_edge+read_heads (rh,4);

for rotation_count=1:speed_wrat,
% shift data tracks down by rotation count and current head
% angular offset _
shifted_trail edge_ XW=trail_edge_XW-(rotation_count-
1) *track_pitch_write_360_XwW - ...

read_heads (rh,2)/360*track_pitch_write_360_XW;

. shifted_lead_edge_XW = lead_edge_XW- (rotation_count-
1)*track_pitch_write_360_XW - . :
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read_heads (rh,2) /360*track_pitch_write_ 360_XW;

% calcultate conditionals to compare edges of head to
% edges of tracks

head_trail GE written_trail=(head trail edge>=shifted_trail_edge_XW)
head_lead LE_written_trail =(head_lead_ edge
<=shifted_trail_edge XW);

head trail GE written_lead
=(head_trail_edge>=shifted_ lead_edge XW), :
head_lead LE_written_ lead = (head_lead_edge
<=shifted_ 1ead _edge__ XW), : i

% evaluate ‘them ... some of these conditions may span 2
% tracks, but will fail tests later on

head_covers_trail_track .= head_trail_GE_written_trail &
head_lead_LE written_trail; . %case #1
_ head_covers_lead_track = head_trail_GE written_lead &
head_lead LE_written_ lead; %case #2 :
head_covers_trail_and lead= head_covers_trail_track |
head_ covers lead_track; $case #3
head_covers_entlre_track = head_covers_trail_ track &
head_covers_lead_track; - %case #4
head_inside_track = head _lead_LE_written_trail &

head_trail GE_written_lead; : %case #5
% which tracks do we see

index_head_covers_trai1_track=findihead_covers_trail_track);
index_head_covers_lead_track=find(head _covers_lead_track);

_index_head_coVers_trail;and_lead=find(head_covers_trail;and_lead);

index_head_covers_entire_track=find(head_covers_entire_track);
index_head_inside_track=find(head_inside_track);

% disable:empty matrix warning
enpty_list_elements_ok=1;

% group all CAW tracks seen
CAW_tracks_seen=remove_duplicates{ ...
: sort ([index_head_covers_trail_ track .-
index_head_covers_lead_track ...
index head_ _covers_trail_and lead

index_head_covers_entire_track ...
index_head_inside_track]));

% if we are on untrimmed azimuth type and head trailing
% edge is greater than flrst track trailing edge, we are
% seeing unwritten media.......... fail check
if (head_type==number_write_heads),
if (head_trail_edge > shifted_trail_edge XW(1l)),
' CAW_tracks_seen=[-1 -1 CAW_tracks_seenl;
% -add track "-1" to represent the unwritten
% media...will cause fail later
end
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end
%rh S
$CAW_tracks_ seen
$index_head_inside_track
$index_head_covers_entire_track
$index_head_covers_lead._track
$index_head_covers_trail_track -

% collect statistics
if (length(CAW_tracks_seen)>1),
% if we saw more than 1 track number, say -lu coverage
_ coverage=-1;
elseif (length(CAW_tracks_seen)==0),
% if we saw nothing, say Ou coverage
coverage=0;

% just 1 track read from here below....check from
% hghest priority to lowest
elseif (length(index_head_covers_entire_track)),
coverage=1000* (shifted_trail_edge_XW(CAW_tracks_seen)

shifted_lead_edge XW(CAW_tracks_seen)):
% reading case#4
$disp("case#d")
elseif (length(index_head_covers_lead_track)),
coverage=1000* (head_trail_edge- .
] shifted_lead_edge XW(CAW_tracks_seen));
% reading case#2
fdisp("case#2")
elseif (length(index_head_covers_trail_track)},
coverage=1000* (shifted_trail_edge_XW(CAW_tracks_seen)

head_lead_edge);
% reading case#l
%disp ("case#l")
elseif (length(lndex head_inside_track)}.
coverage= (head_trail_edge-head_ lead_edge) *1000;
% reading case#5
%$disp ("casei#5")
else :
error {"CAW collect statistics: Illegal Conditiomal!*);

end

% enable empty matrix warning
empty_list_elements_ok="warn";

caw_coverage (rh,rotation_count)=coverage;

end % rotation_count
end $ rh
hi_vxa_plot=caw_coverage;
end % if caw_simulation

if (caw_simulation == 0),

S BHBEESEHSSERSSSESSHSHHARAAAHRA R RS SR #4#H Read Scans
BHAHBESHEHFSHBHBG GRS S ROG RS GBS H SRR GRS HES

% For written length of tape, how many read scans do we need to
cover length

number_of_read_scans=fix(tape_used_X/tape_speed;read/drum_T_read*l.0
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5); % (N) number of read scans needed - pad by 5%
for margin .

¢ If read scanning at a different angle, calculate how much of a
% position deviation (_ XW axis) we’

% incurr over 180-deg and then 001-deg. Thls is dev1at10n from
¢ nominal 1 Track Pitch over 360-degree perlod

$ The _XW coordinate system is designed such that scannlng at

% the sane angle the track was written at- results in no net

% deviation in the _XW dlrectlon after the scan has started.

$ i.e. all packets would ‘have the same _XW coordinate

delta_track_pitch_read_ 180 xw-track length_ wrlte _YW*tan (deg2rad(scan
angle_read_ XY-scan angle write_XY)); R % (mm)
delta_track_pitch_read_ OOI_XW—delta track_pltch read_180_XW/180;

% (mm) mm deviation from written track per  degree of rotation

$444444#84 First head setup (head at 0-deg rotation, Ou position)

%
% calculate the first heads trailing edge position at 0-deg rotation
% This is determined by the calculatlon on. how far this edge
% moves per rotation
% This matrix has a row for every packet number
hl tralllng_edge_p051tlon XW=ones (number_of_track_packets,l) *
[ (0:number_of_read_scans- )*track_pltch_read 360_XW]; % (mm)

% calculate horizontal offset from beginning of scan as we
% scan down track on a packet basis (if unequal scan angles,
% otherwise all-zero)

delta_packet_offset XW—packet rotatlonal coordlnate YW'*delta track_
pitch_read 001 _XW; % (mm) .

% Modify every column of the head position array with these offsets

hi_trailing_edge_position XwW= hl _trailing edge_position_XwW +
(delta_packet_offset_XW * ones(l,number_ of_read_scans)):
%hl_trailing edge_position XW(1:10,1:10) a

% BS4EGHE#4444444 Loop through all READ heads and compute read
scans
for rh=1:number_read_heads,
wh=read_heads (rh,1);
% get azimuth of this read head.....that is
% index into write heads data-
% get trailing edge positions of read scans
% (head 1 is "reference” position calculated above)
if (th == 1), -
hx tralllng_edge_p051tlon xw—h1 tralllng_edge_p051t10n XW;
else
% Adjust trailing edge p051t10ns based on vertical
% head position and rotational position of head
hx_. tralllng_edge_p051tlon XW= hl_trailing edge_position_XwW +
read_heads(rh,3) + read_heads(rh 2)*track_p1tch read_360_XW/360;

end

3 ####### Find relationship between this trailing edge of the
% scan and the written track palrs/trlplets/etc
% (relative head placement)
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‘write XW);

% compute desired track coverage based on on-track-percentage
requirement :

read_percentage=track_width_write_xw(wh)*on_tiack_percentagelloo;

% $#4#### Calculate boundaries for the readable data edges
tla=sum(track_width write_XW(1l:wh))-track _width _write_XW(wh);
% Find Trailing Edge {(closest to 0) position of Relative Track 1
lla=tla+read_percentage;
% Find Leading Edge of first “readable" segment of track

llb=tla+track_width write XW(wh);

% Find Leading Edge of second readable segment of Relative Track 1
tlb=11b-read_percentage; .

2 Find Trailing Edge of second readable segment

t2=tla+track_pitch_write_ XW;

% Find Trailing Edge position of Relative Track 2
12=t2+read_percentage;

$ Find Leading Edge of readable segment on Relative Track 2

t3=t2+track_pitch_write_XW;
% Find Trailing Edge position of Relative Track 3 (not to be read,

% but used to check for like—azimuth
interferance) . .

hx_t=hx_relative position_XW;

% Relative Trailing Edge positions of read scans
hx_l=hx_t+read_heads (rh,4});

% Relative Leading Edge positions of read scans

$ Apply read scan conditionals and flag result with "1" for
% sucessful read of Relative Track 1, "2* for Relative Track 2
hx_read_scan_flag=( (hx_t<=tla & hx_l>=1lla & hx_l<t2) | ...
{hx_t<=tlb & hx_1>=11b & hx_1l<t2) } + ...
2* (hx_t>11b & hx_l>=12 & hx_l<t3};

% For non-zero read scan flags (i.e. read a packet on some
% track), calculate the actual track number read
hx_read_scan_track_numbers=fix( ( (hx_read_scan_flag>0) .*
hx_trailing_edge_position_XW)/track_pitch_write Xw ) + .
hx_read_scan_flag;

% Take the track number scan matrix and accumulate into
% VXA plot for this head
% rows represent packet numbers, columns represent written track

number
hx_vxa_plot=vxa_matrix(hx_read_scan_track numbers);

% trim off pad tracks
if columns (hx_vxa_plot)==0,

hx_vxa_plot=zeros (number_of_track_packets,number_of_track_groups_pad

+number_of_simulation_track_groups);
end
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if S
columns (hx_vxa_plot)<number_of track_groupsqpad+number of _simulation
track_groups, . -

hx_wvxa_plot=[hx_vxa_plot T
zeros (number_of_ _ track_packets,number_of track_groups_pad+number of_s
1mulat10n track_groups - columns(hx vxa_plot))],

end .

hx_vxa_plot=hx vxa_plot( ,humber_of track_gfoups;pad+1:number_of_tra
ck_groups_pad+number of_. 51mu1at10n track_groups), .

% Done w1th this head...... stash it away
if rh==
hl_wvxa_plot=hx_vxa_plot;’
elseif rh==2,
h2_vxa_plot=hx_vxa_plot;
elseif rh==
h3_vxa_plot=hx_vxa_plot;
elseif rh==
h4_vxa_plot=hx_vxa_plot;
elseif rh==5,
hS_vxa_plot=hx_vxa_plot;
elseif rh==6,
hé_vxa_plot=hx_vxa_plot;.
elseif rh==7,
h7 vxahplot—hx vxa_plot-
elseif rh==
h8 vxa_plot—hx_vxa_plot,
elseif rh==
h9 vxa_plot—hx vxa_plot,
elseif rh==10, :
h10_vxa_plot=hx_vxa_plot;
elseif rh>10, . o
dlsp("vxa Warnlng, cannot store more than 10 hx_vxa_plot's

end
end 2 end rh loop

end % if caw_simulation ==

endfunction
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/* This function takes a matrix of read scan results and bins all
successful packets read according to paékét number and track

number read.

The function takes a matrix (packet,read_scan) of data and

reduces it to

a VXA plot matrix of 51m11ar structure.

The row numbers of the read scan matrix represent successive
packet

numbers and the column numbers are successive read scans. 1If a
non-zero

number is in the matrix of data, that represents track id number

of a
successful read of the appropriate packet number.

This function builds a return matrix that has the same number of

Yows,

representing packet numbers, but the columns now represent
written track

id numbers. If a certain packet is read once, a "1" will be

stored in
matrix, twice a "2" will be stored, etc.

Called from octave:
vxa_output=vxa_matrix(read_scan _matrix);

*/

#include <octave/oct.h>

// Include display output
//#include <iostream.h>
//#include <octave/pager.h>
//#include <octave/symtab.h>
//#include <octave/variables.h>

DEFUN_DILD (vxa_matrix, args, nargout, "vxa_matrix")
{

octave_value_list retval;

octave_value arg0;

int num_argout;

Matrix read scan_matrix;

int number_packets;

int number_ read_scans;

int number written_tracks;

int i,3;
arg0 = args(0); // get first argument address
num_argout=nargout; // get number of arguments passed out

// define read scan matrix passed in and get its size
read_scan_matrix = arg0.matrix wvalue ();
number_packets =read_scan_matrix.rows ();
number_read_scans=read_scan_matrix.columns ():;

// find maximum written track id number
number_written_tracks=0;
for (i=0; i<number_read_scans; i++)
{
for (j=0; j<number_packets; Jj++)

{
if (read_scan_matrix(j,i)>number_written_tracks)
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{ number_written_tracks=(int)read_scan _matrix(j,i);
} - =

}
}

// allocate matrix space for "number_packets“ rows,
“number_written_tracks" columns
Matrix vxa_track_matrix (number_packets, number _written_tracks);
// and zero it out
for (i=0; i<number_written_tracks; i++)
{
for (j=0; j<number_packets; j++)
{ vxa_track_matrix(j,i)=0;
} '
}

// loop through read scan matrix and 1ncrement vxa_track_matrix

entries
for (i=0; i<number_read_scans; it+)

{
for (j=0:; j<number_packets; j++)
{
if ((int)read_scan_matrix{j,i) !'= 0)
{ vxa_track_matrix(j, (int)read_scan_matrix(j,i)-1)++;
} ' ' :
}
}
// octave_stdout << number_packets << " " << number_read_scans << "

" << number_written_tracks << "\n*;
retval (0) = octave_value (vxa_track_matrix);

return retval;
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Certain undefined functions and declarations are obvious to those
skilled in the art and need not be presented herein in further detail.
Figure 5 is a sample plot generated from output of the above

. simulation function using well known data presentation tools such as

Microsoft Excel. The plot of figure 5 shows a two dimensional array of
parameter setting. One axis represents possible tape speed variance values
while the other axis represents possible head offset spacing values in the
simulation. Other parameters of the simulation are fixed and annotated on

- the plot. . For example, the number of heads was fixed at four (two A heads

and two B heads) and the gap width of those heads was selected as 15
microns and a track width of 9 microns. Each position of the two

-dimensional array is shaded for simplicity as black or white. Shaded black .

cells in the matrix are not useful settings for the overscan purposes of the
present invention. Unshaded (white) boxes represent potentially useful
settings. ' L

As can be easily seen from the plot of figure 5, a wide range of head
offset spacing values may be used to provide adequate coverage o read .
tape media at full 1X speed (as well as slower speeds). Some parameter
settings shown as useful in the plot of figure 5 may particular benefits in .
particular applications. The preferred dimensions as presented herein are
chosen to allow significant flexibility in operating at 1X speed and lower.

While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description is to be
considered as exempiary and not restrictive in character, it being understood
that only the preferred embodiment and minor variants thereof have been
shown and described and that all changes and modifications that come
within the spirit of the invention are desired to be protected.
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What is claimed is:

CLAIMS

1. A method for evaluating parameters - of é'drum design for use in a
helical scan tape device comprising thérét’eps of:

(a) receiving said parameters wherein 'said parameters include
posmon of a first read head on said drum;

(b) simulating the reading of one track of a plurality of tracks by
calculating the geometric area said first read head would cover as it scans
over said track of predetermined dimensions; |

(c) determining the amount of overlap of said geometric area as a
percentage of the area defined by said predetermined dimensions of said -
track; . '

(d) determining that the simulated read is successful when said
percentage is greater than a predetermined coverage threshold value; .

(e) repeating steps (b) through (d) for each of said plurality of tracks;
and B ' :

(f) determining that said parameters are effective for a drum design

“ when a.number of said plurality of tracks for which the simulated read was

determined to be successful is greater than a predetermined error rate
threshold value.

2. The method of claim 1 wherein said parameté'rs includes position of a
second read head on said drum, and | _

wherein the step of simulating further comprises the step of simulating
'the'reading of said track by calculating the combined geometric area that
would be covered by said first read head and by said second read head as
they scan over said track, and

wherein the step of determining the amount of overlap comprises the
step of determining the amount of overlap of said combined geometric area
as a percentage of area defined by said predetermined dimensions of said

track.

Thls Sheet Has Been Replaced
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3. The method of claim 1 wherein said parameters includes posmons of
a plurality. of read Heads on said drum, and

wherein the step of simulating further comprises the step of simulating
the reading of said track by calculating the combined geometric area that
would be covered by said plurality of read heads as they scan over said
track, and

‘wherein.the step of determining the amount of overiap comprises the .
step of determining the amount of overlap of said combined geometric area
as a percentage of area defined by said predetermined dimensions of said
track.

4, The method of claim 1 wherein said parameters include a nominal
tape speed and wherein the method further comprises the steps of:
(g) varying said tape speed from said nominal tape speed parameter
value to generate an alternate tape speed value;-and
~ (h) repeating steps (b) through (g) for each of a plurality of alternate
tape speed values.

- 5. The method of claim 4 wherein said the step of varying comprises the

step of: .
generating said alternate tape speed values as values less than or
equal to- 1X speed of said tape device.

6. The method of claim 1 wherein said parameters include a nominal
gap width and wherein the method further comprises the steps of:

(@) varying said gap width from said nominal gap width parameter
value to generate an alternate gap width value; and

(h) repeating stepé (b) through (g) for each of a plurality of alternate
gap : width values.

7. The method of claim 1 wherein said parameters include a nominal
head offset spacing and wherein the method further comprises the steps of:

. This Sheet Has Been Replaced
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(@) varying said head offse_t spacing from said nominal head offset
spacing parameter value to generate an-alternate head offset spacing value;

‘and

(h) repeatmg steps (b) through.(g) for each of a plurality of alternate
head offset spacmg values. e

8. A m'e_thod;: fer evalua',t_i'ng ‘parameters of a drum design for use in a

helical scan tape device comprising the steps of: |

(a) receiving said parameters wherein said parameters include a
position of a first read head on said drum and a position of a second read
head on said drum; :

(b) simulating the reading of one track of a plurality of tracks by -
calculating a first geometric area said first read head would cover as it scans

. over-said track of predetermined dimensions and',:by caiculating a second

geometric area said second read head would cover as it scans over. said -

track; . .
(c) determining the amount of overlap of sai_('_i first geometric area as a

first percentage of the area defined by said predetermined dimensions of

said track and the amount of overlap of said second geometric area as a
second percentage of the area defined by said predetermined dimensions of .

. said track;

(d) determining that the simulated read is successful when either said
first percentage is greater than a predetermined co.'verage threshold value or
said second pereentage is greater than said predetermined coverage
threshold value; ' '

(e) repeatlng steps (b) through (d) for each of said plurallty of tracks;
and S o
- (f) determining that said parameters are effective for a drum design
when a number of said plurality of tracks for which the simulated read was
determined to be successful is greater than a predetermined error rate

threshold value.

9. The method of claim 8 wherein said pa'rameters include a nominal
tape speed and wherein the method further comprises the steps of:

| This Sheet Has Been R eplac
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(9) varyung said tape speed from said nommal tape speed parameter
value to generéte an alternate tape speed valué‘ and
(h) repeating steps (b) through (g) for each of a plurality of alternate

tape speed values.

10. The method of claim 9 wherein said the step of varying comprises the

* step of:

generating said alternate tape speed values as values less than or
equal to 1X speed of said tape device.

11. The method of claim 8 wherein said parameters include a nominal

~ gap width and wherein the method further comprises the steps of:

(g) varying said gap width from said nominal gap width parameter
value to generate an alternate gap width value; and

(h) repeating steps (b) through (g) for each of a plurality of alternate
gap - width values.

12. A helical scan drum for use in non-tracking tape storage subsystem,
said drum comprising:

a first read head on the circumference of said drum; and _

a second read head on the circumference of said drum wherein said
second read head is positioned on said drum such that said second read
head overscans a track following said first read head within a single rotation
of said drum and wherein said second read head is positioned on said drum
such that the area read by at least one of said first read head and said
second read head covers the area of said track by at least a predetermined
coverage threshold value.

13. The drum of claim 12 wherein said first read head and said second
read head are positioned on said drum such that they overlap to form an
effective scan width of at least 100% of the recordable area of the tape

medium.
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14.  The drum of claim 12 wherein the positions of said first read head‘-and
said second read head enable overscan of said track to read a tape medium
at approximately' 1X speed on a tape device devoid of tracking circuits.

15. A helical scan drum for use in non-tracking tape storage subsystem,
said drum comprising: '

a first read head on the circumference of said drum; and

a second read head on the circumference of said drum

wherein said' second read head is positioned approximately 180
degrees radially around the circumference of said drum from said first read
head, and | |

wherein said first read head has a head width spanning from an upper
edge to a lower edge of 15'microns, and

wherein said second read ‘head has a head width spanning from an
upper edge to a lower edge of 15 microns, and

whérein said second read head is positioned on said drum such that
said upper edge of said second read head has a head offset spacing of 0
microns from said lower edge of said first read head. | |

~ This Sheet Has Been Replaced
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