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2 A"data record| ng devi ce \/\herel n data I's recorded in parall e%oou
“that repetitively pass a transducing |ocation conprising; a Yo- |

7 di ng nmedia; transduci ng neans positionable.to wite data on and read

dat a from said nedia, said transducing beans accessi ng data on one and onI y

one of said parallel ”ﬁféié[i’ﬁnf’gt\w?ﬂ REDUNDANT RECORDING
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BACKGROUND OF THE INVENTION .

The present invention relates to disk drive data storage devices. More
particularly, the present invention is drrected to a disk dnve with reduced
latency to opnmlze performance and data throughput.

As the speed and performance of data processing systems is increased it is
necessary to enhance the performance of disk data storage devices that mclude

mechFcal
a«éﬁr&nsducerrmoves from track to track and the latency as the rotating
i fl&edld' ré\foli/és to\tf»iﬁ position of the data addressed on the track. The latency
i 1oble"m can ‘Ee re S0l évad by higher rotational velocities of the medla, but this

focity to obtam the same linear velocities obtained using a larger diameter me-

dia and in portable devices where the size of the portable power supply is a
criteria.

In various prior art devices the latency problerrl is addressed by redundant
recording on the same or different tracks, the use of multiple transducer heads .
or most usually, a combination of multiple heads and redundant recording.

US patent 2,680,239 teaches the use of multiple transducer heads which ad-
dress the same track. A switching device activates the head nearest the data
of interest. In US patent 3,103,650 multiple heads are used and in one em-
bodiment four heads are used in conjunction with triplicate recording to read
data stored on a track in one-twelfth of a revolution. US patent 3,729,725 in-
cludes two transducer heads that write in separate regions (different tracks)
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. means for recording data on said device a nultiplicity of tines at out. of-
phase*l ocations, said neans for recording data at each of the multiplicity
. of locations recor di ng said data at a density that exceeds the density at

whi ch the data can be read at an acceptabl e | evel of errors. whereby if an-
error occurs, twith te dat@awribienrbyathessecond transdyaenhead delayed nby 1180 adegeesand

the error rate i Y ons
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recorded on saiddgrees. ce duaimattuapdr system asf usedrmsUSypaeﬂtetﬂ?O/,éﬁ@' wherein the ~
actuators are positioned 180 degrees apart around the disk periphery so that
any read or write operation is done by the actuator that can first commence

the operation.

SUMMARY OF THE INVENTION

In the device of the present invention only a single transducer is utilized to
address each track. The data is redundantly recorded on each track with the
duplicate recordings angularly separated by 360 degrees divided by the number
of redundant recordings. The most practical embodiment is the dual recording
of data written at locations 180 degrees apart. This reduces the latency asso-

! ciated with a read operation by half, but actually inéreases the duration 'of the
write operation because of the duplicate recording.

Although it would appear that the recording capacity of the device would
be reduced by half as a resuit of the dual recording of data, such is not the
result. Since the data is recorded twice, a higher soft error rate (SER) can be
accepted in each of the redundant fields while achieving an overall soft error
rate that is acceptable. For example, dual recordihg enables a recording den-
sity 36% greater while maintaining the SER of the single recording technique.
Thus the reduction of storage capacity is 32% rather than 50% with respect
to this aspect alone. In addition, the duplicate recording enables other storage
capacity improvements. For example, with most devices utilizing run length
limited (RLL) codes for recording data, different RLL codes can be used for
initial recording and duplicate recording of the data. By selecting RLL codes
with different code words that are most highly stressed, the likelihood of errors
in the same portion of the duplicated data is reduced which also permits in-
creased recording density with the same SER.



accessgng one of said nultiplicity of out-of phase Iocatlons sal
said nultiplicity of out of phase |ocations being sell cFiatency
tige required to access data stored at each of said I out of
phase | ocations; and neans for effecting3either singl

mul tiple recording on a given track on said nedia. 2. The data recording
device of claiml wherein said recording device i.s a magnetic disk drive -

and data is duplicated on the sane track on said nedia. 3. The data -
recordl ng device ofln@ddition thé usesicanthoesedawiperaie the drive incsinglewnadeaatidull = -

‘capacity, redundant mode at reduced capacity, or in a combination molle with

some single and some redundan_t modes within the same drive. This definition
is determined when the user prepares the drive during the formatting process
and can be changed by reformatting the drive to another configuration.

-

t

BRIEF DESCRIPTION OF THE DRAVVING

Fig. 1 is a schematic shqwing of a disk drive media surfaoé_ wherein a track
has been redundantly recorded 180 degrees out of phase. Fig. 2 shows a single
sector of a data track. Fig. 3 is a showing similar to Fig. I wherein a mixed
format of redundant and normal recording is used. Fig. 4 is a block diagram
of a disk drive control system including the redundant recording technique of
the present invention.

DETAILED DESCRIPTION

The disk drive industry trend is for specific user applications to require ever
increasing performance, which is satisfied by increasing spindle'rotational ve-
locities and reducing access times. The need for improved access speed and
data rate performance places demands on specific form factor constraints such
as the spindle and actuator mass, power consumption and bearing life. At a
given form factor, the cost of improving these performance numbers by a sig-
nificant percentage is substantial. This invention is directed to solving the
problem of reducing latency in disk storage devices without increasing the ro-
tational speed of the device and with minimal impact on the storage capacity
and error rate performance.



180 degrees_out:. of phase fromthe initial recording location. Date: 1 Juf
1999 ¢ * C L M S * 10 : .

¥ -

Although the data could be replicated any number of times at angularly-
displaced locations, the invention is illustrated by writing data twice fon the -~
same frack at locations 180 degrees apéft. Using this format, the latency or
average time for a head on the track to reach desired data on that track is re-
duced by exactly 50%. It is recognized that this format only enhances per-
formance for the read operation, while the write operation requiriqg_ that the
data be written twice will actually result in a longer delay. During the read’

- operation, with track split in halves of redundant data, the mean latency for '
the first occurrence of the desired data is 0.25 of the time for one revolution. -
Ordinary latency without the use of redundant data is 0.5 the time for one
revolution of the spindle. For the write operation with two redundant track
halves, the average latency is 0.75 of the time for one revolution. Thus the
performance depends on the read to write ratio. In an environment where four
reads per write occur, the use of two redundarit zones would reduée latency
by 30%. While a one to one ratio would result in no saving, a nine to one ratio
would achieve a 40% saving. :

A limitation to the use of redundant data is the time delay caused by a
head switch that occurs more often since it is necessary to switch heads every
half revolution rather than following a full revolution. This limitation results
in a reduced saving as the size of the data block being transferred increases. _

To the first order, the above concept involves a 50% loss in capacity using
the conventional mindset about a design point. However, given that data is
written twice on the disk, it is possible to use a smaller track pitch, higher lin-
ear density or both to offset this loss of capacity. This can reduce the loss of
storage capacity at the same error rate.

Assume that the magnetic design is optimized in the classical sense with a
track density and a linear density for a given acceptable error rate perform-
ance. This represents the capacity that can be achieved using the conventional
approach and is therefore the benchmark for the subsequerit comparison.



4. The data recording device-of claim3 wherein the duplicated data is .
initially witten at a first location using a first encoding systemand is
duplicated by being witten using a second encodi ng system said second

encodi ng system being different fromsaisl first encoding system 5. The
data recording device of claim4 wherein said first and second encoding - -
systens are differbnsiniple verms{ theinapasitytless ooeasioed byedoubls recording ofithey .

recording devi cqupf cfh Ve Bompistely Feboreldif f2'ié PoSibie 8! ddib &itherPité track
- density or the linear dénsity. /A more likely option is a suitable combjnation
~ of increases in both densities. An accurate estimate of what can be achieved
in terms of capacity at the same error rate peérformance would require the
convolution of the bathtub curve (soft error rate versus head off-track curve)
associated with a doubling of data on a track with the track misr.egistration'
(TMR) distribution. From a test viewpoint, the data would have tqf ‘be ‘written
twice on a track and a suitable algorithm developed to handle the second at-
tempt at reading data after an error is encountered. With these features in
place, the optimization of linear density and track pitch would proceed in the
same manner as in the classical approach. Errors would be registered only if
they occur on both attempts to read the same data in one revolution. Curves
would be generated based on higher linear and track density designs until the
benchmark curve is approximated. Under this condition the SER will closely
match that of the benchmark. ' '

f In the absence of the above test data, it is possible to sense the ability to
achieve higher areal densities to offset the duplication of data by the following
argument. Suppose that for a given linear density the SER achieved is some
number, say 10-1° . If the data on the track is répeated once while maintaining
the linear density fixed, then the SER theoretically possible is the probability
of h_éving the error twice. From probability theory, this is the product of the
original error rate with itself or 10-®. Hence lost capacity due to duplication
can be recouped by increasing the linear density until the SER degrades back
to 10-1,

This concept is readily accomplished using existing hardware with appro-
priate modifications to the microcode. For most applications the string of in-
formation to be recorded is typically small in length so the double write
operation will be completed with essentially no overhead. ‘For longer strings,
a write cache would buffer the data until the drive can resume doubling the
data. '



control neans being operabl e to format said recording device to designate. a
first®portion of said recording nedia for normal data recording and a
second portion of said recording nedia for. redundant recor di ng of -data at a
miltiplicity of out of phase locations. /. Thc data recording device of
claim6 wherein a user conmand is operable to define the size of said first

and second porti ongygf iriaé EEcb%?r?ro@“cﬂﬁad‘@dbﬁ #fdf ﬁ‘s‘til?df 8¥plRtaiioh Biotd0V0%, -
reformat operat I&topgge o any a 1taatloii§%v%regel &%ou Vlu(t: ?ar ouet\rirgil lr:s c(:jaa taijzlitI > Irri %ﬁor ded,
in parallel tra Ffam YPP ghp ghis capacity.

: case this inventionroffers a strategic solutioii. From a power and spindle speed _
viewpoint, it is becoming more and more difficult to make significant advances
that translate into improved data throrighput performance. In some applica-
tions, the power required for high rotational velocities is prohibitive. Moreover
as spindle bearings are being designed to run faster and fit into smaller form
factors, bearing life is found to drop rapidly with rotational speed. :J'-Ience, this
invention providés a relatiirely simple solution to lowering latency wheén hard-

ware and power considerations are reaching apparent technical barriers.

Aiso, in many specific applications the standard requirements for extremely
low SER are not necessary. In particular, applications such as multimedia,
animated graphics, etc, where the output is pictures on a screen, the SER could _
be orders of magnitude higher 'sin_ce the eye is forgiving at that scale. Hence
it is possible to be much more aggressive regarding linear density (and optimize
the design point write to channel capability and RPM) so latency is improved
without impacting capacity.

Fig. 1 is a schematic representation of a recording media disk surface that
has been written using 100% redundancy includiﬁg sectors A through L re-
corded on one half of a track and duplicated by sectors Ar through Lr written
on the other half of the track with the redundant seciors separated by a 180
degrec phase shift. As shown in Fig. 2, each sector has a header portion which
includes identification of the media surface, track number, sector number,
format and coding information and a data portion in which the user data to
be stored is written.

Fig. 3 is a schematic showing of a disk data surface incorporating a mixed
format including tracks with the 100% redundant format wherein data stored
in sectors A through L is duplicated in sectors Ar through Lr on the other half
of the track. Other tracks include a normal format where sectors A through
X occupy the entire track. Thus the drive may be used totally in the normal
mode or totally in the redundant mode or one portion or zone can be formatted



repetitively pass a transducing | ocation conprising; a recording nedia; ~

t ranstluci ng neans positionable to wite data on and read data fromsaid
- medi a; neans for recording data on tracks of said nedia a plurality of
ti'mes at substantially uniformangul ar di spl acements; and neans for '
effectlng either single recording or nmul ffiple recording on a given track on

sai d nedi a.
for redundant recording while another zone is formatted for normal recording

as in Fig. 3. The trade off option between the high capacity of normal re-
cording and the high performance of redundant recording may be chosen by
the user. This ability prowdes a drive which can be customized to the user s
needs and can be changed to accommodate changing requirements.

The block diagram of Fig. 4 includes a microprocessor controller 14 which
exercises overall control of the disk drive-including spindlé motor c;ntrol logic
17 to reguiate the rotational speed of disk stack 13 and actuator servo control
logic 18 which positions the'iran_sducer_in alignment with a selected media
track and maintains track alignment. The angular position is sensed from the
signal from the servo head in drives where a dedicatéd éervp surface is used
or from the individual surface servo information within the sector header in
drives which use an embedded or sector servo system. Data to be written is
received at interface 9 from a hdst system on data bus 10 and processed by
channel control logic 11 which senses the type of data ‘and sets the parameters
as to single or dual recording and the recording density to optimize the overall
recordilng density and performance in accordancé »_vith the error tolerance of
the type of data beiﬂg recorded. For dual recording, the recording code
(encode/decode 1 or 2) is selected in accordance with the angular position of
the disk stack and encoded serial data is feceived by the channel 15 for trans-
mission to the transducer head 16 for recording on a media track on disk stack
13. If the single recording mode is to be used, the recording code is selected.
With the availability of dual encoding methods, the default code for a single
recording format can be selected at the time of manufacture to be the code
which is most effective for each fransducer-media surface combination. Thus
it is possible to further accommodate media and head variables such as heads

which are narrower or wider within the manufacturing tolerance.

When reading data stored on the media of disk stack 13, the serial data
received on channel is decoded using the code indicated by the angular posi-
tion, data type and selected default code in the environment of single record-
ing.



9. The data recording device of claim8 wherein said media is arigid
di sk pagnetic nedia and said neans for recording data includes neans for
twice recording data on a single track at first and second track | ocations
180 degrees out of phase fromone another. This is the replacenent sheet
Date: 1 Jul 1999 8

In direct access storage devices such as rigid magnetic disk drives, it has - _
been found that a 6% increase in the linear recording dpnsity results in a cor- .
.reSponding" order of magnitude (factor of 10) increase in the soft error rate -
(SER). Thus if-the soft error rate standard is 1012 and 100% redundancy is
used, the error rate in each of the recorded areas can be 10~ to maintain an
overall SER of 10-12, "The error rate of 106 is six order of mégn’itude less than
the 10-12 standard allowmg for a six times 6% or 36% increase in. the linear
recording densxty while mamtammg the same overall error rate. ;'

For a typical disk drive rota_tir_lg at 4500 RPM (6.66 milliseconds latency)
with a capacity of 1.2 GB assuming an on track error rate of 10~2, 100% re-
dundancy would result in a disk drive with 816 MB capacity with a latency
of 3.33 milliﬁeconds while maintaining the same error rate standard. Thus the
user must sacrifice some capacity, but not 50%, to cut the latency time in half.
If zone bit recording (ZBR) was used in this case with a capacity gain of 25%,
the storage capacity of such a drive would be over 1 GB. The alternative
would be to spin the spindle at 9000 RPM increasing the spindle power

i consumption by a factor of 4 and reducing the bearing life.



11 10. The data recording device of claim9 wherein said means for - =
recordi ng data causes datato be recorded at said first track location

is1 no a secorMHIMAREMINN o code” "5 ?ﬁiedaiﬁ°*? ?ﬁi?ﬁﬁﬁlmtf

claim 10 whereél nfaitd Mate witten at saigd first an | ocati ons
is recorded at a linear density that exceeds the dej data can

CLAIMS

1. A data recording device wherein data is recorded in parallel tracks that
repetitively pass a transducing location comprising t

a recording media;

transducing means positionable to write data on and read data from said
media; and- ' '

data recorded on said .device a multiplicity of times at out of phase lo-
cations, '
i i
said data having been recorded at each of the multiplicity of locations at a
density that exceeds the denéity at which the data can be read at an acceptable
level of errors,

whereby if an error occurs, the data can be read at the alternate recording
location and the error rate after reading at each of the multiplicity of data lo-
cations is with in said acceptable level of errors.

2. The data recording device of claim 1 wherein said recording device is
a magnetic disk drive and data is duplicated on the same track on said media.

3. The data recording device of claim 2 wherein data duplicated on the
same track 180 degrees out of phase from the initial recording location.



be read with an ‘acceptable | evel of errors, whereby if amsélreﬂtthB gplaced ho
data can be “ﬂm‘mmnate recording location and |t H

after readl nu mm‘“ | ocations is within the acc I| I

errors. *The dat & récolfdi ng device of claim8 further conprising a

contr ol means including a format functiong said format function operable to
designate a first portion of said recording nmedia for normal recording and .

a second’ portion ofg4saffte rdaca)reiﬂomjnmiéme bﬂrclaimmlmheruin maﬁﬁlldwed\/da{aeisn
data is recor dedm?%nal?y \r{rlglt%enpat a %'r% locatlon usmg E r}"'jll'st enco&mg system and is dupli~

cated by being written using a second encoding system. i -

5. The data recording device of claim 4 wherein said first and second en-
coding systems are different forms of run length limited codes. .

6. * A data recording device wherein data is recorded in parallel tracks that
repetitively pass a transducing location comprising

a recording media;

transducing means positionable to write data on and read data from said
media; and .

means for recording data on at least some of the tracks a first time using
a first code and a second time using a second code.

7. The data recording device of claim 6 wherein said first and second
codes are differing run length limited codes.

8. The data recording device of claim 7 wherein said first and second re-
cordings of said data are 180 degrees out of phase on said track.

9. The recording device of claim 8 wherein said means for recording re-
cords data at-a higher linear density than the density at which the data can
be read at an acceptable soft error level,



13. The data recording device of claim12 wherein said control neans is .

responS| ve to a user command to designate the size of cond
portions effected by a format operation. 14. A contrtmlmmmmujmu)ﬂn
data recordi ng device wherein data is recorded in paral Felctriacks en a
recording nmedia that repetitively pass alt ransdum ng | ocation, said data.

recordi ng device having a single data,t sduc data;
on one and only or@hesedy i ap GEATH RS, ftf'ea‘gagé cﬁf‘ %Ph& ﬁg"‘rﬁ%r% (waﬂ"
apparat us conpr {3hflgn and the error rate after reading at each of the locations is wnth said_ -

acceptable level of errors. | Sk 1

10. A data recording device wherein data is recorded in parallel tracks
that repetitively pass a transducing location comprising _

a recording media;

transducing means positionable to write data on and read data from said
media; )

means for recordfng data on tracks of said media a plurality of times at
substantially uniform angular displacements; and ' '

means for effecting either single recording or multiple recording on a given
track on said media. i

11. The data recording device of claim 10 wherein said media is a rigid
disk magnetic media and

said means for recording data includes means for twice recording data on
a single track at first and second track locations 180 degrees out of phase from
one another.

12. The data recording device of claim 11 wherein said means for recording
data causes data to be recorded at said first track location using a first run
length limited code and at said second track location using a second run length
limited code.

—_—
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means for positioning said data transducer to wite data PRl nq ead data

fromsaid nedia; ng data on said nedia a
tifes at out of p “mmmnmm |mu d means for recording d
the multiplicity ot locati dnssretording said data at a, den ds
the density at which the data can be readppat an accept abI e level of errors,

This is the replacenent sheet Date: 1 Jul 1999 -
13. The data recording device of claim 12 wherein said data written at said

first and second track locations is recorded at a linear density that exceeds the
density at which data can be read with an acceptable level of of errors, i -

whereby if an error occurs, the data can be read at the alternate recording
location and the error rate after reading at each of the locations is Wlthm the

acceptable level of errors.

14. The data reéordin'g device of claims 1 and 13 further comprising con-

" trol méans including a format function, Said format function 6perable to des-

ignate a first portion of said recording media for normal data recordmg and a

second portion of said recording media for redundant recordmg wherein data
is recorded at a multiplicity of out of phase locations.

15. The data recording device of claim 14 wherein said control means is
responsive to a user command to designate the size of said first and second

portions effected by a format operation.



12 whereby if an error occurs, the data can be read at the alternate
recording location and the error rate after reading at each of the
multiplicity of data locations is within said acceptable |evel of errors;

13

DISK DRIVE WITH REDUNDANT RECORDING

ABSTRACT

A magnetic disk drive includes redunda{nt data written at a pluraiify of out
of phase angular locations to reduce the latency and enhance perf(;fmance
during a read opération."~ The loss of recording capacity is reduced by increas-
ing the data density to achieve the same soft error rate standard required for
single recording. Dual recording also allows different re;:ording codes to be
used at the duplicated locations to thereby have the more highly stressed code
words occur at different locations in the data to further reduce the possibility
of an error. The redundant recording can be used in one portion of the media
and normal recording used in another media portion to enable sele:ction of the
recording technique in accordance with the type of data being stored. The size
of the normal and fedundant recording portions can be controlled by the for-
mat operation and the user of the disk drive can intervene to designate the size
of the redundant and normal media recording portions effected during the
format operation. '

FIG. 4



nmeans for accessing data recorded on said device a nultiplicity of tjmes by
" selectively accessing one of said nmultiplicity of out of phase |ocations,
said one of said multiplicity of out of phase |ocations being selected.
%~ based on latency tine required to access data stored at each of said
multiplicity of out of phase |ocations: and neans for effecting either .
“ single recording or multiple rechHing on a given track on said nedia..]5.
. The control apparatus for a data recording device of claim 14 wherein said
- ‘dat a :




recording device is a magnetic disk drive, and said nmeans for recording g
data a multiplicity of times records data a nmultiplicity of tines on the .
$ane track on said nedia. 16. The control apparatus for a data recording
device of claim 15 wherein said neans for recording data a nultiplicity of
ti mes duplicates data on the sane #/Back 180 degrees out of phase fromthe.

initial recording |ocation. 17. The control apparatus for a data -
recordi ng device of claim14 wherein said nmeans for_recording data a -
nul'tiplicity of times records data at¥h first Iocqs(N1L5ing a first -
- encodi ng - S._ = -
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sysrenland records said data at a second | ocation using a second encodlng
sy$tem said second encoding systembeing different fromsaid first C-
encodj ng system 18. The control apparatus for a data recordi ng device of
claim 14 further conprising control neans, said control neans being

operable to format said recording dgysce to designate a first portion of
sai d recording media for normal data recording and. a second portion of said
recording nmedia for redundant recording of data at a mul tiplicity of out of*
phase | ocations. This is the replacenent sheet =

-
-

7.
5 v
= n] v F
8. Ao -
e G
cc _
g 2|
<E L.
1= =
!.
5]
o
o0
5 !;3’5; - o
o s
N - w L
: o _J LéV‘Z- o oQ
E | Jad 8 S O
Z |aox (v [} o
= o
f 2 ~_O= b ( o e
5 %28 - © a D
(XY k poNa o O (=]
(ad = ] U
~ = =
— =] & Y]
O
L g
S88 R4
U =606 e
- PUU —=U
U oww <W
g Lo Zo
— ruWu &
=88 &8
> Z=Z2= =T =
™ X W i
il o Ef<xs S«
=) = o Tt =L
E = — U =00 T 0O
Z|Z ) ‘ I 11 & -
ol<g - . .
ujie o - Y




Dat e:

t hat

1 Jul 1999 12a 19. A control apparatus QRE&’MQFMEMESPEETS SG
~device wherein data is recorded in parallel tragk sqzmen@?*ﬁlﬁemﬁmﬁﬂbgged 3C,
repetitively pass a transducing location, JaMiCean{z)ol :pzeei. q to paged .12b
¥ Drawing(s) : pagad .= }:'*r"\ S
B Ahs strnct O Pagt ed ...
3 e FPag r’j - 10 paged .7
lF R‘_ +

D '™ el Ty -] -
SUMMARY OF THE INL‘?LB%}F ¥ RECEPT...In] N9

In addition, the user can choose (o operate the drive in single mode at full
capacity, redundant mode at reduced capacity, or in a combination mode with some single
and sorﬁe redundant modes within the same drive. This definition is determined when the
user prepares the drive during the formatting process and can be changed by reformatting
the drive to another configuration. |

According to one aspect of the present invention there is provided a data recording
device wherein data is recorded in paralle] tracks that repetitively pass a transducing
location comprising;

arecording media;

transducing means positionable to write data on and read data from said media,
said transducing means accessing data on one and only onc of said parallel tracks at a
time; |

_means for recording data on said device a multiplicity of times at out of phase
locations,
said means for recording data at each of the multiplicity of locations recording said data at
a density that exceeds the density at which the data can ‘c_:c"' read at an acceptable level of
errors,
whereby if an error oceurs, the data can be read at the alternatc recording location and the
error rate after reading at each of the multiplicity of data locations is within said
acceptable level of errors;

means for accessing data recorded on said device a multiplicity of times by
selectively accessing one of said multiplicity of out of phase locations,
said one of said multiplicity of out of phase locations being sclected based on latency time
required to access data stored at cach of said multiplicity of out of phasc locations: and
means for effecting either single recording or multiple recording on a givén track on said

media.

This is the rep\acememshoﬂ
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apparatus conprising: nmeans for positioning a data transducer to wite data
on and read data fromsaid nedia: neans for recording data on tracks of
said nedia a plurality of times at substantially uniform angul ar

di'spl acenents; and neans for effecting erither single recording or nultiple
recording on a given track on said nmedia. 20. The control apparatus for a
data recording device of claim19 wher 8 n sai d nmedia

. According to another aspect of the present invention there is provided a data
recording device wherein data is recorded in parallel tracks that repetitively pass a
transducing location comprising; |

a recording media;

transducing means positionable to write data on and read data from said media;
means for recording data on tracks of said media a plurality of times at substantially

. uniform angular displacements; and

means for cffecting either single recording or multiple recording on a given track
on said media.

According 1o still another aspect of the present invention there is provided a
control apparatus for a data recording device wherein data is recorded in parallel tracks on
a recording media that repetitively pass a transducing location, said data rccording device
having a single data transducer capable of accessing data on one and only one of said
parallel tracks at a time, said conwol apparatus comprising:

means for positioning said data transducer to write data on and read data from said
media; |

means for recording data on said media a multiplicity of times at out of
phaselocations, ,

said means for recording data at each of the multiplicity of locations recording
said data at a densily that exceeds the density at which the data can be rcad at an
acceptable level of errors,
whereby if an error occurs, the data can be read at the alternate recording location and the
error rate after reading at each of the multiplicity of data locations is within said
acceptable lcve] of crrors;

means for accessing data recorded on said device a multiplicity of times by
selectively accessing one of said multiplicity of out of phase [ocations, said one of said
multiplicity of out of phase locations being selected based on latency time required to

access data stored at each of said multiplicity of out of phasc locations: and
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Is arigid disk magnetic nedia and said neans for recording data includes
nmeans for twice recording data on a single track at first and second track
| ocations 180 degrees out of phase from one another. 21. The control
apparatus for a data recordi ng device of claim20 whercin said neans for
recordi ng data causes data to be recorded at said first track |ocation
using a first encoding nethod and at faid second track |ocation using a
second encodi ng net hod, said second encodi ng net hod being different from

said first ennodisng dRRREeithor single recording or multiple recording on a given track
on said media.

According to still another aspect of the present invention there is provided a
control apparatus for a data recording device wherein data is recorded in parallel tracks on
a recording media that repetitively pass a transducing location, said control apparatus
comprising:

means for positioning a data transducer 10 write data on and read data from said
media;

means for recording data on tracks of said media a plurality of times at
substantially uniform angular displacements; and |

means for effecling either single recording or multiple recording on a given track
on said media.

According to still another aspect of the present invention there is provided a data
recording device wherein data is recorded in parallel tracks that repetitively pass a
transducing location comprising;

a recording media;

transducing means positiogable to write data on and read data from said media;
and

means for recording data on at least some of the tracks a first time using a first
encoding method and a second time using a sccond cncoding method, said sccond
encoding method being different from said first encoding method.

According to still another aspect of the prescnt invention there is provided a
control apparatus for a data recording device wherein data is recorded in paralle] tracks on
a record media that repetitively pass a transducing location, said control apparatus
comprising

means for positioning a data transduccr to writc data on and read data from
said media; and

means for recording a data on at least some of the tracks a first time using a first

- encoding method and a second time using a second encoding method, said second

encoding method oeing different from said first encoding method. - e (eplaceme nt sheet
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22. The control apparatus for a data recordi ng device of claim 20 wherein
said data witten at said first and second track | ocations is recorded at a
| i near density that exceeds the density at which data can be read with an
acceptabl e I evel of errors, whereby if an error- occurs, the data can be
read at the alternate recording location and the error rate after reading
at each of the locations is within the acgeptable |evel of errors. 23.

The control apparatus for a data recording device of claim19 further
conprising formatting control neans including a format function, said
format function operable to designatc

BRIEF DESCRIPTION OF THE DliAWING

Fig. 1 is a schematic showing of a disk drive media surface wherein a track
has been redundantly recorded 180 degrees 6ut of phase. Fig. 2 shows a single
sector of a data track. Fig. 3 is a showing similar to Fig. 1 wherein a mixed
format of redundant and normal recording is used. Fig. 4 is a block diagram
of a disk drive control system including the redundant recording technique of
the present invention.

DETAILED DESCRIPTION

The disk drive industry trend is for specific user applications to require ever
increasing performance, which is satisfied by increasing spindle rotational ve-
locities and reducing access times. The need for improved access speed and
data rate performance places demands on specific form factor constraints such
as the spindle and actuator mass, powcr consumption and bearing life. At a
given form factor, the cost of improving these performance numbers by a sig-
nificant percentage is substantial. This invention is directed to solving the
problem of reducing lateacy in disk storage devices without increasing the ro-
tational speed of the devicé and with minimal impact on the storage capacity
and error rate performance.
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a first portion of said recording nedia for nornal re‘TTrd+ﬂg and. a second
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CLAIMS

1. A data recording device wherein data is rccorded in paralle] tracks that
repetitively pass a transducing lpcation comprising;

a recording media;

transducing means positionable to write data on and read data from said
media, said transducing means accessing data on one and only one of said paralle! tracks at a
time;

means for recording data on said device a muitiplicity of times at out of phase locations,
said means for recording data at each of the multiplicity of locations recording said data ata
density that exceeds the density at which thc data can be read al an acceptable level of errors,
whereby if an error occurs, the data can be read at the alternate recording location and the error
rate after reading at each of the muItiplicify of data locations is within said acceptable level of
CIIorS;

means for accessing data recorded on said device a multiplicity of times by selectively
accessing one of said multiplicity of qut of phase locations.
said one of said multiplicity of out of phase locations being selected based on latenéy time
required to access data stored at each of said multiplicity of out of Iphasc locations; and means for
effecting either single recording or multiple recording on a given track on said media.

2. The data recording device of clairﬂ 1 wherein said recording device is a2 magnetic |
disk drive and data is duplicated on thc same track on said media.

3. The data recording device of claim 2 wherein data duplicated on the same track

180 degrees out of phase from the initial recording location.
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12b recording media for redundant recording wherein data is recorded at
multiplicity of out of phase |ocations. 24. A dat-a-reeordi-ng—device

wherein data is recorded in parallel tracks that re bl
t ransduci ng | ocation conprising; a recording nedia; 1 im m&mims
, ands *

positionable to wite data on and read data from sai

10
4, The data recording device of claim 3 whercin the duplicated data is initially

written at a first location using a first encoding system and is duplicated by béing written using a
second encoding system, said sccond encoding system being different from said fixst encoding
system.

5. The data recording device of claim 4 wherein said first and second encoding
systems are different forms of run length limited codes.

6. The data recording device of claim | further comprising control means, said
control means being operable to format said recording device to designate a first portion of said
recording media for normal data recording and a second portion of said recording media for
redundant recording of data at a multiplicity of out of phase locations.

7. The data recording device of claim 6 wherein a user command is operable to
deline the size of said first and éecond portions of said recording media effected by a format or
reformat operation.

8. A data recording device wherein data is recorded in parallel rracks that
repetitivelf pass a transducing location comprising;

a recording media;

transducing means positionable to writc data on and read data from said media;
means for recording data on tracks of said media a plurality of times at substantially uniform -
angular displacements; and

means for effecting either single recording or multiple recording on a given track on said
media.

9. The data recording device of claim 8 wherein said media is a tigid disk magnetic
media and said means for recording data includes means for twice recording data on a single
lrack at first and second track locations 180 degrees out of phase from one another.
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nmeans for recording data on at |east sone of the tracks a first—time using

a-first encoding nmethod and a second tine using a second encodi t hod,

sai d second encodi ng net hod being different from \f\ IGﬂma“:g

-met hod. 25. A control apparatus for a data recofmm ein data
is recorded in parallel tracks on a record media thht tepetitively pass a

transduci ng | ocation, said control apparatus conprising neans for

positioning a data transducer to wille data on and read data from
) 10.  The data recording device of claim 9 wherein said means for recording data

causes data to be recorded at said first track location using a first run length limited code and at
said second track location using a second run length limited code.

11.  The data recording device of claim 10 wherein said data written at said first and
second track Jocations is recorded at a linear density that exceeds the density at which data can
be read with an acceptable level of errors, whereby if an error occurs, the data can be read at the
alternate recording location and the error rate after reading at each of the locations is within the
acceptable level of errors.

12.  The data recording device of claim & further comprising a control means
including a format function, said format function operable to designate a first portion of said
recording media for normal recording and a second portion of said recording media for
redundant recording wherein data is recorded at a multiplicity of out of phase locations.

13.  The data recording device of claim 12 wherein said control means is responsive to
a user command to designate the size of said first and second portions effected by a format
operation.

14. A control apparatus for a data recording device wherein data is recorded in
parallel tracks on a recording media that repetitively pass 4 Lrans_.ducing location, said data
recording device having a single data transducer capable of accessing data on one and only one
of said parallel tracks at a time, said control'apparatus comprising:

means for positioning said data transducer to write data on and read data from said
media;

means for recording data on said media a multiplicity of times at out of phasclocations,
said means for recording data at each of the multiplicity of locations recording said data at a
density that exceeds the deasity at which the data can be read atan acceptable lcvel of errors,
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said nedia; and neans for recording a data on at |east sone of the tracks a
first tinme using a first encodi ng nethod and a second tifeUSIi ng a second

encodi ng met hod, said second encodi ng met hod bei ng di f “““““\gl d
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whereby if an crror occurs, the data can be read at the alternate recording location and the error

rate after reading at each of the multiplicity of data locations is within said acceptable level of
errors;

mcans for accessing data recorded on said device a multiplicity of times by selectively
accessing one of said multiplicity of out of phase locations, said one ol said multiplicity of out of
phasc locations being selected based on latency time required to access data stored at each of
said multiplicity of out of phase locations: and

mcans for effecting either single recording or multiple recording on a given track on said
media. |

15.  The control apparatus for a data recording device of claim 14 wherein said data
recording device is a magnetic disk drive, and said means for recording data a multiplicity of
times records data a multiplicity of times on the same track onl said media.

16.  The control apparatus for a data recording device of claim 15 wherein said means
for recording data a multiplicity of times duplicates data én the same track 180 degrees out of
phase [rom the initial recording location.

17. The control apparatus for a data recording device of claim 14 wherein said means
for recording data a multiplicity of times records data at a first location using a first encoding
system and recofds said data at a second location usin g-a second encoding system, said sccond
encading system being different from said first encoding system.

18.  The control apparatus for a data reéording device of claim 14 further comprising
control ?neans. 'said control means being operable Lo format said recording device to designate a |
first portion of said iecording media for normal data 1;ecording and a second portion of said

recording media for redundant recording of data at 2 multiplicity of out of phasc locations.
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19. A control apparatus for a data recocding device wherein data is recorded in
paralle} tracks on a recording media that repetitively pass a transducing location. said control
apparatus comprising:

means for positioning a data transducet to write data on and rcad data from said media:

means for recording data on tracks of said media a plurality of times at substantially
uniform angular displacements; and

means for effecting cither single recording or multiple recording on a given track on said
media.

20.  The control apparatus for a data recording device of claim 19 wherein said media
isa rigi& disk magnetic media and said means for recording data includes means for twice
recording data on a single track at first and second track locations 180 degrees out of phase from
one another.

21.  The control apparatus for a data recording device of claim 20 wherein said

means for recording data causes data to be recorded at said first track location
using a first encoding method and at said second track location using a second encoding method,
said second encoding method being different from said first encoding method.

22.  The control apparatus for a data recording device of claim 20 wherein said data
written at said first and second track locations is recorded at a linear density that exceeds the
density at which data can be read with an acceptable level of errors, whereby if an error occurs,
the data can be read at the alfemate recording location aﬁ.d the error rate after reading at each of
the locations is within the acceptable level of errors.

23.  The control apparatus for a data recording device of claim 19 further comprising
formatting control means including a format function, said format function opcrable to designatc

a first portion of said recording media for normal recording and a second portion of said
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recording media for redundant recording wherein data is recorded at a multiplicity of out of

phase locations.

24. A datarecording device wherein data is recorded in parallel tracks that
repetitively pass a transducing location combrising;

a recording media;

transducing means positionable to write data on and read data from said media; and

means for recording data on at least some of the tracks a first time using a first encoding
method and a second time using a second encoding method, said second encoding method being
- different from said first encoding method.

25. A control apparatus for a data recording device wherein data is recorded in
parallel tracks on a record media that repetitively pass a transducing location, said control
apparatus comprising

means for positioning a data transducer to write data on and read data from
said media; and

means for recording a data on at least some of the tracks a first time using a first
encoding method and a second time using a second encoding method. said second encoding

method being different from said first encoding method.
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