MULTI MEDI A DATA STORAGE DEVI CE FI ELD OF THE | NVENTI ON The present in Eﬁmbﬁ
rel atgs to data storage devices and nore particularly to a fornattlng
contfol technique for enhancing the device storage density by sel ecti’ng™a
linear density as a function of the typg of data being stored. BACKGROUND
OF THE I NVENTI ON Di sk drive data storage capabilities are being

conti nuously enhanced by both the ability to store data nore conpactly at

hi gher densities and by pro- gressively lowering the cost per megabyte.

Demand for storage conti nMYLTIMEDMAVDATAl SEORKGEWEVER of conputer
applications with nore substantial storage requirements and can be expected.

to experience an acceleration of growh as cost effectiveness increases
permt the use for further applications with high storage requirenents.
Anong the recording techni ques used to enhance the utilization of the mne-
dia storage surface, the nost common is zone recording wherein data is

stored in bands of concentric thF‘E'fﬁdﬁ‘ ﬁ]”fﬂ-qg ﬂ(ﬁ%ﬁccu”l ng at a constant
c

frequency. The innernost track o band or tra h the smal | est
di aneter is recorded

The present invention relates to data storage devices and more particularly
to a formatting and control technique for enhancing the device storageﬁdensi-ty
by selecting a linear density as a function of the type of data being stored.

BACKGROUND OF THE INVENTION

Disk drive data storage capabilities are being continuously enhanced by
both the ability to store data more compactly at higher densities and by pro-
gressively lowering thc cost per megabyte. Démand for storage continues to
grow with the introduction of computer applications with more substantial
storage requirements and can be expected to experience an acceleration of

growth as cost effectiveness increases permit the use for further applications
with high storage requirements.

Among the recording techniques used to enhance the utilization of the me-
dia storage surface, the most common is zone recording wherein déta is stored
in bands of concentric tracks with recording occurring at a constant frequency.
The innermost track of a band or track with the smallest diameter is recorded
at the maximum density and all other tracks on the surface or within the band
are recorded at less than the optimum linear density. Zone recording allows a
linear density defined by the innermost track of the band or zone which re-
duces the disparity between the recording density of the tracks and enhances

the the usable storage capacity of the disk or the disk drive of which it is a
part.

The zone recording may be further fine tuned by optimizing the frequency
or recording density for cach head disk interface with respect to each zone.
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data whi ch havgeh {f 654 H%n itj rs, du rding is used and also a higher leve]
sensitive to errors, éua féx%quma % duakrego & 8
of error recovery is applied. : '

SUMMARY OF THE INVENTION

The numerous techniques for optimizing the recording density on a media
surface, such as zone recording, optimizing the linear density of each individual
track or optimizing density for each combination of head and media; do not
address the further issue as to the error level that must be maintained with
respect to the data being recorded. Alphanumeric data requires the most error
free recording and usually being the most common data type, results in the
storage device or system being limited to a common low error rate such as one
crror in 10" bits or less. Other types of data such as images, video, speech or
FAX can tolerate much higher error rates and can also use different recovery
techniques. Thus to make the best use of a storage device or system, data
should be recorded at the maximum density that the particular type of data
tolerates while mecting the error rate standard for such data. Also the amount
of data stored within a sector or other formatted unit will be a function of the
type of error recovery used. While sophisticated and complex error correction

codes (ECC) are used to identify and correct alphanumeric data €rrors, most

There are numerous ways that can be selected to organize the storage of
various data types. Data types can be stored in random fashion; various data
lypes can be separated and stored in various zones or zone bit recording (ZBR)

may be used in random or Scparated ways. Still other format modes or vari-
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and al so a higher level of error recovery is applied. SUMVARY _OF TH
INVENTION It is an object of the present invention to affg |cOSﬂEH Hh’é BEEN
nore di sadvantages of the prior art. According to one asp WéPLTAU
i nvention there is disclosed a data stagrage device which
serially along a track on a storage nedia conprising transducer neans for”
witing data Qﬂxs&nmb’lm@bm@odm be impkmzated ot aspeifindidk drive eadthievd ehe
control | ogl c ”8{ ﬁndl ng dat a é’r@ and receiving data fromsaid
transducer g& IWEREOPTBE 4R s i ncl uding means for reading and
witing data at rrul tiple, selectable recordi ng frequencies at respectively -
varying |inear densities j ld track on said stora medi a, said control
| ogi ¢ means further incl uiaﬁh%l'a%$€gl?rga01qu H&@B&‘mﬂgon means for
determ ning an appropriate recording frequency for data to be witten
received by said control logic means fromat |east one frequency indicator,
associ ated with §8.d igatblocladiaeraraef arrigid diskydriepaalroberauitnil eirating wisans
for determ ni ng 88 RRBEAPEBE ?atErfﬁH&ﬁHPé’f i@'prt&Afin\enfen 2 Fiecondadchy. sal d
storage device. According to another aspect o I nvention there 1Is

di scl osed a neERHEILEEK WijarampiRartionpoha sigish digk divai a of a stdrage devi ce
whi ch operates at a substantially constant

DETAILED DESCRIPTION

Currently, all information stored on magnetic hard disk drives will satisfy
some minimum soft error rate (SER) and hard error rate (HER) criteria. A
. common hard disk magnetic drive SER specification is 10-'° (errors/bit). In '
dealing with traditional data, such as alphanumeric characters and symbols,
it is important to maintain such a low error rate. There is not the same re-
quirement to store non-traditional data, compressed or uncompressed image
or sound information, using the same low error rate, since any portioh of the
data that is degraded by error can be reconstructed by the use of techniques
such as smoothing. The problem is that selectable SER criteria that can

change the linear density at which data is stored in a hard disk drive.

Through long experience with magnetic recording it has been observed that
there exists a “6% Rule”. For every 6% linear density increase there is a cor-
responding increase in the soft error rate of roughly one decade. For example,
if the lincar density of a given rigid disk magnetic storage device was 50,000
bits/inch with an on track soft error rate of 1014, then increasing the linear
density by 12% to 56,000 bits/inch will yield an on-track soft error rate of ap-
proximately 10-2. Conversely, for cach decade increase of soft error rate that
can be tolerated by a class of data, the linear density at which the data is re-

corded may be increased 6%.

Consider next a hard disk drive with a fixed block architecture, eg. 512

bytes of customer data per sector. For a constant spindle speed, the clock rate
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ity during operation to provide matched error ra _ _
gglgcisywwitteg tg said storage media in discrete data records, and mhere[n
a.plurality of different types of data may be witten to sald_stor?ge
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g:fgc' ated w t i an add DT hade the smoothing applied to the decompressed signal in
frequency domain before the inverse DCT is performed. The smoothing (re-
construction) process will normally také place in the Input Qutput Processor
(IOP) or host system. The data types other than alphanumeric which utilize
reconstruction or smoothing techniques rather than an error correction code
thus free up additional data storage capacity. Accordingly,- the sector capacity
becomes that shown in the table plus the additional capacity realized through

the elimination of error correction codes.

; Table 1
Data Type SER Bytes/sector
Alphanumeric [Q-14 512
Medical images 10-10 635+
Other images 104 820 +
Video : 10-2 880 +
Specch 10-2 380 +
FAX 10~ 910+

If it is assumed that a disk drive has equal amounts of each of the data
types listed in table 1, the capacity increase can exceed 50%. This is in addi-
tion to the enhancement resulting from data compression that is applied to the
data before it is stored on the disk drive.
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22?e£:'t-$ng a cl ock freéuency for reading the addressed data record which
corresponds to the linear density at which said addressed data record is
recorded; and transmtting said addresséd data record to a host device -
requesting such addressed data record. According to yet another- aspect of
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invention. Fibe sofedl & thelign@tdiamele?CKData could also be stored according to the
inherent SER of the various heads. The head with the best (lowest) SER

would handle mostly alphanumerics, while the poorest head would handle
FAX.

In order to match acceptable data error rates with those offered by a de-
. Vvice, certain interface changes and enhancements will be required. It is desir-
able that those interface modifications be minimal in order to limit the impact
' on the system microcode and therefore encourage acceéptance and use of
matched error rate devices. For illustrative purposes, the Srﬁall Computer
Systems Interface (SCSI) will be used to highlight the interface requirements.

When a matched error rate device is installed Q‘n a system, it must be for-
matted to the usage requirements of that system. Device characteristics Sﬁch )
as capacity and block size are determined at format time. Once formatted,
both the device and operating system remember these characteristics and must,
henceforth, operate within their limits. Therefore, during normal operation, a
matched error rate device can not create capacity as a result of compression
nor alter its block size to accommodate data with a different error rate criteria.
At format time, a device could report its capacities for supporting different
error rates and the resultant changes in device capacity. This might consist of
a request to the device t6 calculate and return a capacity value for different
error rates at a specific block size as specified by the host. Once the desired
format for the device is determined, the host performs the format operation.
SCSI already provides the Mode Sense command and Mode Select command



di agram of portions of a rigid disk drive. DETAI LED DESCRI PTI ON

Currently, all information stored on magnetic hard disk drives will satisfy
some mnimum soft error rate (SER) and hard error rate (HER) criteria. A -
common hard di sk magnetic drive SER spegification is 10-10 (errors/bit). In,
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s a corresponding FYPTEiReCIgBF receverpreonabbomh pepdomimand@asiesiade.
For exanple, i it mioespannmalttipheesthindnds to a single device. Devices typically define the
various levels of recovery with the host able to select which level is l;;ed. Data
recovery levels range in complexity and -can- include reread(s), offtrack
reread(s), side track erasure followed by reread(s) and ECC application. On

one extreme the host may disable error detection or allow a device to manu- -
facture data when an error s detected. At the other extre'me, the device may
stop when an error is detected. SCS] supports thé Mode Select command
“Read ertc Error Recovery Page” which specifies the level of data error re-
covery to be used. For matched error rate operation, a device would issue this
command consistent with the desired level of error recovery need.ed.

A single device may support multiple er'ror recdvery procedure zones whic-h
may be associated with different signal to noise raiios across the diameter of
the disk. In order to facilitate attachment to existing SCSI operating systems
the device could be subdivided into separate zones. The device would be ad:
dressed as a SCS] target with each zone addressable as a separate logical unit
within that target. Each logical unit would have jts unique format and error
recovery parameters set by the Mode Select pages with values consistent with
the tyPe of data being stored on that logical unit. A SCSI device hides physical
mapping of logical block locations from the host. Therefore, a device is free
to map the zones as it chooses. This would allow physical zones to be defined

on the i -
basis of head characteristics, geometry, or even in a random fashion.

Fig. 1 is a block diagram illustrating the controller apparatus and circuitry
usc<.i to effect device control including the matched error rate function Of; a
device such as a rigid magnetic disk drive. The disk drive operatcs_ at a uni-
form angular velocity with the matched error rate function enabled by varying

the i el . .
¢ linecar density at which data IS recorded. Although reference is made to



' [ -rigid disk magnetic storage device was 50,000 bits/inch with an
8];1 ?r‘gl:\l:egoﬂgerror r at egof [err] then increasing the linear density by 1|2%
to 56,000 bits/inch will yield an on-track soft error rate of approxi matg y
10-.12. Conversely, for each decade increase of soft error rate that can be
tolerated by a class of data, the linear density at which the data is
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mation including the data type being sensed by drive mlcroprocessor 14,

Within the drive, the data type may be included in the control mformatnon
contained in the header portion of each sector or in a table which stores a data
type or clock frequency associated with each sector data portion. The control
functions exercised by microprocessor 14 over the writing and reading of data.
respectively to and from the media by the transducer head 18 includes the
read/write frequency selection to match the read/write frequency with the lin-
ear recording density associated with and mdlcated by the data type signal
sensed.

When a host system addresses data recorded on the media, the data stream
read from the media on line 20 includes a data type signal or signal that ena-
bles the data type to be ascertained to thereby indicate the linear density and
the clock speed required for reading the addressed data. This data type signal
enables the microprocessor 14 to select the clock frequency for transmission to
Read Phase Locked Loop 22 to synchronize read decoder 24.

Fig. 2 is a schematic diagram of a rigid disk drive showing the disk storage
media 6; an actuator 7 which supports and positions the suspension 7 and
transducer head 18; and the controller 9 which is the subject of Fig. I.

The storage technique including the matched error rate of the present in-
vention may be used in large systems or networks where numerous storage
devices or systems located in several W1de1y separated Iocatxons such as cities
across the country, serve multitudes of host devices which in turn store and
access cvery type and variety of data. Such a system would reahzc massive
savings and reduced equipment size if the storage density was optimized for

cach user of the system in accordance with the required error tolerance.



Conpressed data, for exanple data conpressed by nmeans of Discrete Cosine
Transform (DCT) have the snoothing applied to the deconpressed signal in
frequency domain before the inverse DCT is perfornmed. The snmoothing (re-
construction) process will normally take place in the Input Qutput
Processor (1 OP) or host system The datagtypes other than al phanuneric
which utilize reconstruction or snoothing techniques rather than an error -
correction code Howevery eey&lgneuﬂckntalbmh s@gk&n&?@f@%s&%@ﬁhﬂgﬁ{&gﬂ naly,

the sector capagj h in the table plus t
capacity reali zedddﬂﬁjg&gﬁzs Q]t ﬁ’i gﬁ]fjoeﬁrodfraéer F%ﬁaf@@ﬂﬂéctephmquadwhcrebgr r]

If it is assunedhe blorags Odpsklhdsr isumt thaki lesgteade tafmURtSicAbn %Pﬁi&oﬁéhrhﬂ%r fata

types listed in tabligsl C |ncre e.can exceed $%in
addi - tion to the enﬁgngsegﬁemn%%&?’g@u P o ‘ﬁ'QPérdc@ﬁﬁfbf ession that is

applied to the data before it is stored on the disk drive.
While the invention has been particularly shown and described with refer-
ence to a preferred embodiment, it will be understood by those skilled in the

art that various changes in form and details may be made therem without de-
parting from the spirit and scope of the invention.



5 There are nunerous ways to organi ze the storage of various data types.

Data typ in conpl etely random f ashi on; varrmgsS}q@aHAg[ggEN
can be sxﬂmﬁml m 'Jjg I‘ed in concentric zones or zone bjt-Tegepdh (ZBR)
can be used fn rando separated ways.,Data coul d be staLed_as—algg%eL+e%
of the inherent SER of the head/disk interface. For thin film heads, for
exanple, it is found that the signal to noise ratio is higher at the outer
di anmeter than at the inner diameter. Thus the SER will be smaller at the
outer dianeter than at the inner dianmetqgLApggmendi ng that al phanunerics
be stored at a higher linear density at the outer dianeter-and nore error
tol erant data such as FAX be stored at the inner dianeter. Data could al so
be stored accordin The head with
Phe best (1 onest) "SR elbfad R S Kobke AT LA PHBR SR T F s BREs oot
head woul d handImediBASOMPFiSiBg der to nat ch acceptable data error rates with
those offered by a de- vice, certain interface changes and enhancenents

will be required. It is desir- able that those interface nmodi fi cations be
mnimal in order to tramiducerhmeinspfactwriting data on and reading data from said stor-
age media;

read/write control logic means. for sending data to and receiving data
from said transducer means; ‘

said control logic means including multiple, selectable recording fre-

quencies for recording data at respectlvely varying linear densities in said track
on said storage media;

i frequency designating means accompanying data to be written received

by said control logic means for determining the selected recording frequency;
and

read frequency signal means recorded by said storage device for desig-
nating the frequency at which data being addressed is to be read.

2. The data storage device of claim ] wherein said frequency designating
means is an indication of the type of data and said contro] logic means selects

one of said multiple, selectable recording frequencies in response to the type
of data indicated.

3. The data storage device of claim 2 wherein the data recorded on said media
is in sequential data umts and said read frequency signal means includes a

signal indicative of the recording frequency of stored data on said media within
said data unit.
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on the syst ' her ef ore encourage acce nd use of

mat ched errgm“mgﬁimm‘\wm or illustrative purpose ,THSISH&TﬁhAS er
Systens | nt ace (SCHlI)swii1l be used to highlight the intmgpﬁ_ﬁe

requi renents. When a matched error rate device is ins stgm it

must be for- matted to the usage requiréhents of that system Device
characteristicg s capacity .and.bl ock .size are determ ned at format
time. Once for?#ét :@g,‘ﬁg%ﬁﬁ&ﬁﬁ%d WG of C!QH'B : Baewin srid speragendevice ibarrigitiese
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ng

a
devi ce could rgﬁﬁrt t% c%gaci-t,i es for supporti error rat"gs and
the resul tant CAEMGEYQT NFAYNRYEORapacity. This m ght consist of a request
to the device to calculate and return a capacity value for different error .
rates at a specgific block size as specified by the host. Once the desired
format for the delheaetkodief siritingedatatthen stostgeppediorofm stbeagt @lepRt which
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matched crror rate operation comprising

sensing the type of data record being received for recording on the me- -
dia;

selecting a clock frcqucncy for the write encoding device which deter-
mines the linear recording density as a function of the sensed data type;

writing the data record beirig received to the recording media; and

recording said data type in association with the recorded data record.

6. The method of writing data to a Storage media of claim 5 wherein said

substantially constant velocity comprises rotating a rigid disk magnetic media
at a constant rotational velocity.

7. The method of writing data to a storage media of claim 6 wherein the step
of recording said data type comprises encoding in the header portion of a disk

scctor the frequency at which data is recorded in a subsequent data sector
portion.

8. The method of reading data from a storage device including a storage media

whereon data is recorded at varying linear densities as a function of the type
data recorded comprising
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6 For mat DeV| trolling format paraneters. SCSI wou
requi re sinpl H %Ell“ ﬂ\ug\mhese commands to support qratched_error rate
devices. A pr at nmust be controlled du |TH§ 8HEETH

operations is the anmount and type of enjor recovery to| be emRgppy
recover a data er- ror. The host may exercisé error recovery—eertiol. _onja.

per conmand basis densing informption mbé:?@ﬁ%;ﬁpmgg'%g%grd%tﬂé&ﬁ}cﬁ%%}egg. e
t [ ev

o sel ct " uhi choicaS ' ant B HERS, Ckbichyhr dsis soopedisoroeordeeran saifty and

can include re™€d@{s), offtrack-reread(s), side track erasure followed by .

reread(s) and ECC application. On one extrene the host may disable error

detection or allow a device to manu- facture data when an error is
detected. At the ofSflEstinga clogk fregnenayeior ceadimy tk&EﬁMr%%evﬂdat?t@ r%rs({rg;w}il?lg%overy
det ect ed. SCSl¢gy Stol 18 1ivRde a ite C /
Page" which spcecﬁ??(g{séstrﬁ {f\ eve? d?ﬁ%@ftat g"?’l’n%? 3id a |§6‘5"’(?(‘%‘?“;/ datg wseorgsisdre- For
mat ched error Go#&h oyt ation, a device would issue this
transmitting said addressed data record to the host device requesting
such addressed data record.

9. The method of readmg data of claim 8 wherein said step of transmitting
said addressed data record includes an identification of the data typc

10. The method of reading data of claim 9 wherein s»id storage device is a rigid
disk drive with data stored in sectors on tracks disposed on the disk media and
said information indicative of the linear density at which data is recorded is
stored on an initial sector header portion and the data is stored in a subscquent

data portion of said sectors whereby said sensing step is effected by reading the
sector header portion.

ThlS She

MG



command consistent with the desired |evel of error recovery needed. A
single device may support nultiple error recovery procedure zones which may
be associated with different signal to noise ratios across the dianmeter of
the disk. In order to facilitate attachment to existing SCSI operating
systens, the device coul d be subdivided IZnto separate zones. The device
woul d be ad- dressed as a SCSI target with each zone addressable as a
separate logical unit within that target. Each |ogical unit would have its

uni que format and error rec r Sel ect pages
wi th val ues consi stent mﬁthRﬁﬁ£¥pgggﬁ§$b@&@ﬁgﬁgpgéGi?ﬁﬁgﬁggh that | ogica
unit. A SCSI device hides physical mapping of |ogical block locations from
the host. Therefore, a device is free L@ W zones as it chooses. This
BT -
b

woul d al | ow physical zones to be defi.n asi s of head
characteristics, geonetry, or even in a randomfashion. Fig. | is a block

diagramillustrati t | er p. ci.recultry.used to effect
device control i ncr_&ggl J%gragg@te%@%,cﬁcgaa[egraféﬁtg}fgtgc nglg éh lfgﬁw d%{adﬁéiod'ggsaﬁch
as a rigid magnerryngiligkamdénsiies Tinehalilsk ddtd sterapeqroatiers @t inarcasd the effee-

) B ! S s b Ea R S0 £ 06 bk oG SPADLRLL B ORO
rate tolerance associated with the various types of data being stored and the '
ability of non-alphanumeric data to be enhanced by reconstruction or
smoothing rather than by an error correction code. A data type signal in-
cluded with incoming data dictates the recording frequency and a control sig-
nal associated with the recorded data block is read when data is addressed to
appropriately adjust the clock frequar'x'cy for reading such addressed stored
data.

FIG. 2



7 linear density,, the actual alteration to the data recording density is
the vari- ation of the recording frequency which is increased or decreased
to'respectively increase or decrease the ambunt of data stored in a fixed
segirent of la disk drive rotating at a constant rotational velocity or a
fixed length of tape nedia noving at a constant |inear velocity. The
incomng data to be recorded or wittémto storage on line 10 is directed
to wite encoder 12 with control infor- mation including the data type
bei ng sensed by drive m croprocessor 14. Wthin the drive, the data type
may be included in-the control information contained in the héeader portion
of each sector or in a table which stores a data type or clock frequency
associated with each sector data portion. The control functions exercised
by m croprocessor 14 over the witing and reading of data respectively to
and fromthe nedia by the transducer head 18 includes the read/witey

frequency gelection to match the read/wite frequency wth the lin-")
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ar recording density associated with and indicated by the data type signal

ensed. Wien a host system addresses data recorded on the nedia, the data
stream.read fromthe nmedia on line 20 includes a data type signal or signa
that ena- bles the data type to be ascertained to thereby indicate the
linear density and the clock speed required for reading the addressed data.”
This data type signal enables the m cefprocessor 14 to select the clock
frequency for transm ssion to Read Phase Locked Loop 22 to synchronize read
decoder 24. Fig. 2 is a schematic diagramof a rigid disk drive show ng the
di sk storage nedia 6; an actuator 7 which supports and positions the
suspension 7 and transducer head 18; and the controller 9 which is the
subject of Fig. 1. The storage technique including the matched error rate
of the presept in- vention may be used in large systenms or networks where
nuner ous stofage JdeviCes Or SySte Focated it several w dely separated

| ocati ons, such as cities across thie country,]serve nmultitudes of host

devi ces mhic? i n_ormstorejand a@Pess every fype and variety of data. Such
a systemwou!d reali ssifve savings and.refuced equi pnentl8ize if the-
storage density wag@ 2 e F-of———= 4
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each user of the systemin accordance with the required error tolerance.
CLAI M5 1. A data storage device which stores data serially along a track
on a storage nedia conprising transducer neans for witing data on and
reading data fromsaid storage nedia; read/wite control |ogic neans for
sending data to and receiving data fromsaid transducer neans; said contro
| ogi ¢ means including nmeans for reading and witing data at multiple,

sel ectabl e recording frequencies at respggtively varying linear densities
in said track on said storage nedia, said control |ogic neans further
including: wite frequency determ-nation neans for determ ning an
appropriate recording frequency for data to be witten received by said
control logic neans fromat |east one frequency indicator associated with
said data; and read frequency signal determ nation neans for determ ning an
appropriate

DATA IN

CON '
DATA OUT TROLLER

I

FIG. 2
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frequency for reading data recorded by said storage deyiee—=—2 ——Fhe-dat
storage device of claim1l wherein said frequency indi cgtREPICKGEMENESHEST
said data is an indication of the type of data and sai ¢ cont ‘raglé glééggearps
sel ects one of said multiple, selectablej,recording frefuenet.es.” | YN X €8P0 n 5‘
to the type of data indicated. 3. The é f=—ci 2=l

ata storage dewee—ot=ci=ai-f-
wherein the data recorded on said nedia is in sequential data units and

sai d read Suchquieabyigee gnstiowteire LiSi Pateit05) 08595 whetdiv dies freg@hsy fi9ket within
determining an appropriate frequency froma signal indicative of the

recor di ng ®FRkgean ¢y thf maxbnen efsararatm theaiddesveol excotd hi selesiddvahad. 8 Artither 4.
The data storage device of claim3 wherein said storage device is arigid
magnet i ¢ diPRRO2ER dy sayehtiiny USePatpmirb i 90,453 swhereins ther fequencyt isaomamized sfm;:tavhs .
whi ch i ncl ud e r.sector portion and a data storage sector portion an
said read tf"f‘%cf%e‘t'%ﬁ?clj | Pha3COMRARS “é@nﬁ?)‘ﬁi%‘é"sﬁc@ﬂﬁﬁl“écﬂfethéﬁle&éslﬂséanarfages| yhal
recorded ig),sai r header portion..5. A nethod of writing data to a
st or age ne%t?%<§?6§‘ﬁz{’§ﬁ%?§§esd§\?i rggongccP]f g‘ﬁ@{;‘-’é‘ﬁ &¥pes 1of fata, pdvichn havgy digfer ing
const ant ' [ rati Qo provide. matched error rate operation,
wher ei n d\a{3 é)gﬁglte*}rn?ﬁ Eg %&gglg% ‘8@8}5 SHEORRHPAUVA Yy Fgefsetd&alﬁaepardﬂ%&%ﬂ and
Wher ei N aand also a higher level of error recovery is applied.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the invention there is disclosed a data storage device
which stores data serially along a track on a storage media comprising transducer means
for writing data on and reading data from said storage media; read/write control logic
means for sending data to and receiving data from said transducer means; said control
logic means including means for reading and writing data at multiple, selectable
recording frequencies at respectively varying linear densities in said track on said storage
media, said control logic means further including: write frequency determination means
for determining an appropriate recording frequency for data to be written received by
said control logic means from at least one frequency indicator associated with said data:
and read frequency signal determination means for determining an appropriate frequency
for reading data recorded by said storage device.

According to another aspect of the invention there is disclosed a method of writing
data to a storage media of a storage device which operates at a substantially constant
velocity during operation to provide matched error rate operation, wherein data is written
to said storage media in discrete data records, and wherein a plurality of different types
of data may be written to said storage media, each data record containing data of one of
said plurality of different types, said method comprising the steps of: receiving a data

record for recording on the storage media; sensing the type of data from an indicator



plurality of different types of data may be witten to sajt=storage—neeia——,

each data record containing data of one of said plurality,
types, said nethod conprising the steps of: receiving a da
recording on the storage nedia; sensing the type of data f
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associated with said data record being received for recor'dFrgeor—Hrc—Redrs

selecting a clock frequency for a wite encodi ng devi ce wh
linear recassodiatgd deitis sdigt dasa eecbrihbting re@fvedhfor seuvsditg dat fe

ich determ: nes a
tiRRa; WMdctihp% t he

data record being received to the recording nedia; and recording said data
type in aseloek feqeencyifonatwrite daceding device bhichgletermines edlinedr recofdiag Wehdigd of

witing data to a storage nedia of claimb5 wherein said substantially
constant V& aciupgtiono gprthe sensedrdata typea writiied thei data rragmdt heingreetiewedt toathe

const ant
nmedi a of

encodi ng in a header

tat |, | velocity. 7.  The nmethod of witing data to a storage
Lq%ﬁ&iﬁj:“%n%‘?é’r\é’éiaﬁg It’f ﬁé’féltﬂé prakk date dypedinagsasiationguit theygata cenapd ibsing

portion of a disk sector the frequency at which data

i s recor ded°F M subsequent data sector portion.

According to still another aspect of the invention there is disclosed a method of
reading data from a storage device including a storage media whereon data is recorded at
varying linear densities as a function of the type data recorded comprising sensing
information associated with an addressed data record to be read indicative of type of data
and the linear density at which the data record is recorded on said media; selecting a
clock frequency for reading the addressed data record which corresponds to the linear
density at which said_ addressed data record is recorded; and transmitting said addressed
data record to a host device requesting such addressed data record.

According to ;yet another aspect of the invention there is disclosed a control
apparatus for a recording device which stores data serially along a track on a recording
medium, said control apparatus comprising: means for receiving data records for
recording on said recording medium, each said data record containing data of a
respective one of a plurality of different data types; frequency selection means for
selecting a respective write frequency for each said data record from among a plurality of
write frequencies supported by said control apparatus, said write frequency being
dependent on the data type of the data contained in said data record; means, responsive
to said frequency selection means, for writing each said data record to said recording
medium at said respective selected write frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a rigid disk drive control circuit illustrating use of the

matched error rate function of the present invention. Fig. 2 is a schematic block

diagram of portions of a rigid disk drive.



8. A method of reading data froma storage device including a storage
nmedi a whereon data is recorded at varying linear densit I%Efﬁggf 1--0f
the type data recorded conprising sensing informati on agsoci

addressed data record to be read indicatiye of type of

density at which the data record is recorded on said ] 8¢
clock frequency for reading the addressed data record which corr
the linear density at which saipEzddI gpspHSERIPTIGNCT d i s recorded; and
transmtting said addressed data record to a host device requesting such
addr essed dat aCueeotlyl, ald.informagonrefonali onfmdgpadd harddakRr dfves lvllBaBisihesfi N
said step of transmtting said addressed data record includes an .

i denti fi cafisimus sefterrgnrate (§BB) and hard. et eates HER) opfterize adi dognmied Bardf ik ai m
9 wherein said storage device is a rigjid disk drive with data jsypred in
sectors onM@gBgticsdriye pERepeeification isi nglon@moas/bm)d émidenlingf withratadtional data,

indicative of the linear density at which data is recorded is stored on an
! such as alphanumerlc charactgrs and symbols, it is important to maintain such a low

error rate. There is not the same requirement to store non-traditional data, compressed
or uncompressed image or sound information, using the same low error rate, since any
portion of the data that is degraded by error can be reconstructed by the use of
techniques such as smoothing. The problem is that selectable SER criteria that can
change the linear density at which data is stored in a hard disk drive.

Through long experience with magnetic recording it has been observed that there
exists a "6% Rule". For every 6% linear density increase there is a corresponding
increase in the soft error rate of roughly one decade. For example, if the linear density
of a given rigid disk magnetic storage device was 50,000 bits/inch with an on track soft
error rate of 10-14, then increasing the linear density by 12% to 56,000 bits/inch will
yield an on-track soft error rate of approximately 10-12. Conversely, for each decade
increase of soft error rate that can be tolerated by a class of data, the linear density at
which the data is recorded may be increased 6%.

Consider next a hard disk drive with a fixed block architecture, eg. 512 bytes of

customer data per sector. For a constant spindle speed, the clock rate



initial sector header portion and the data is stored i subsequent data

portion of sai said sensing step is e
t he sector hea m mﬂﬂmmﬂ A control apparatus for
seruy alWl ysa n a recordin
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control apparatus conprising: means for receiving dat
recordi ng on said recording nedium each said data record contal ning

[ [ ' ; frequency
of a respective one of a plurality of dLAfmsent data types; _
sel ectioﬁ means for selecting a respective wite frequency for each said

r& frdndaiarsiogage dviceaivhich sobreswiath asefislBOHIBAE G2 ZUOPA G ded Y3 d
gg;?r (r):acgp ar at ys, sg)??:l wr@filte frequency being dependent on the Qa%a type of
the data cYHPRI$%& in said data record; neans, responsive to said frequency
sel ection neang, for witi each said data record to said recording rred:cum
at said respecttrﬁh}fgu%eélné@tnéggr\/\ﬂlflég flaa pueandyreading darhérovosuid storagepasdis:us o

' ' ' I, device is_a rotating magnetic disk drive
g![ glr ?gélaewgér%h@/wsr%dcogl 6P lic(»jgllcr:] eans for sending data to ang recegving data from said

transducer means;

said control logic means including means for reading and writing data at multiple,
selectable recording frequencies at respectively varying linear densities in said track on
said storage media, said control logic means further including:

write frequency determination means for determining an appropriate recording
frequency for data to be written received by said control logic means from at least one
frequency indicator associated with said data: and

read frequency signal determination means for determining an appropriate
Ffrequency for reading data recorded by said storage device.
2. The data storage device of claim 1 wherein said frequency indicator contained in
said data is an indication of the type of data and said control logic means selects one of
said multiple, selectable recording frequencies in response to the type of data indicated.
3. The data storage device of claim 2 wherein the data recorded on said media is in
sequential data units and said read frequency signal determination means includes means
for determining an appropriate frequency from a signal indicative of the recording
frequency of stored data on said media within said data unit.
4. The data storage device of claim 3 wherein said storage device is a rigid magnetic
disk storage device wherein data is stored on tracks in sectors which include a header
sector portion and a data storage sector portion and said read frequency signal means
comprises a frequency designating signal recorded in said sector header portion.
5. A method of writing data to a storage media of a storage device which operates at a
substantially constant velocity during operation to provide matched error rate operation,

wherein data is written to said storage media in discrete data records, and wherein a
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data of clIRiMRlE ahdiflerentdyne of dal Bay be ariten t9 rsang sHIgs Bedinceashdlatparegord

record incl udes an, i de trfrgatro 10. The .nmet hod . of

f.the data
St Byt oF cikroncdPes i mefhogi pERTSIOIey o

r eadi ng da‘tgad’? ng 48{3PH OfH &

wth data d in sectors on tracks disposed on the disk nedia and said
|nforrrat|on gl cative of the l'inear density at which data is recorded is
stored on an i S .ais stored in a
subsequent datrg&%{cl)rkr o(ﬁ‘ﬁio sar gé%ét?g{ng "m‘é?e glaggglrle sensing step is

effected by rageiing thd Bpeesit @fta HRAYGN iRGEAtbP Associated with said data record being

received for recording on the media;

selecting a clock frequency for a write encoding device which determines a linear
recording density as a function of the sensed data type;

writing the data record being received to the recording media; and

recording said data type in association with the data record being received.
6.  The method of writing data to a storage media of claim 5 wherein said substantially
constant velocity comprises rotating a rigid disk magnetic media at a constant rotational
velocity.
7.  The method of writing data to a storage media of claim 5 wherein the step of
recording said data type comprises encoding in a header portion of a disk sector the
frequency at which data is recorded in a subsequent data sector portion.
8. A method of reading data from a storage device including a storage media whereon
data is recorded at varying linear densities as a function of the type data recorded
comprising

sensing information associated with an addressed data record to be read indicative
of type of data and the linear density at which the data record is recorded on said media;

selecting a clock frequency for reading the addressed data record which
corresponds to the linear density at which said addressed data record is recorded; and

transmitting said addressed data record to a host device requesting such addressed
data record.
9.  The method of reading data of claim 8 wherein said step of transmitting said

addressed data record includes an identification of the data type.
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10. The method of reading data of claim 9 wherein said storage device is a rigid disk
drive with data stored in sectors on tracks disposed on the disk media and said
information indicative of the linear density at which data is recorded is stored on an
initial sector header portion and the data is stored in a subsequent data portion of said
sectors whereby said sensing step is effected by reading the sector header portion.
11. A control apparatus for a recording device which stores data serially along a track
on a recording medium, said control apparatus comprising:

means for receiving data records for recording on said recording medium, each
said data record containing data of a respective one of a plurality of different data types;

frequency selection means for selecting a respective write frequency for each said
data record from among a plurality of write frequencies supported by said control
apparatus, said write frequency being dependent on the data type of the data contained in
said data record;

means, responsive to said frequency selection means, for writing each said data
record to said recording medium at said respective selected write frequency.
12.  The control apparatus of claim 11, wherein said recording device is a rotating

magnetic disk drive storage device.



