*

CluPls ep

SétQ...,Q.;S., 02& 1 ERROR RECOVERY
DATA STORAGE SYSTEM AND METHOD

DESCRI PTI ON _ The present invention relates to a data storage
system having a wide wite elenent and a narrow read el enent. 5
Direct access storage devices (DASD) or disk drives, store i nformation
on concentric tracks of a rotatable magnetic recordlng di sk. A e

read/ wite head

record the desired information. Typically, the head is positioned on an
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ERROR RECOVERY DATA STORAGE SYSTEM AND METHOD

DESCRIPTION

The present invention relates to a data storage system having a

wide write element and a narrow read element.

Direct access storaée devices (DASD) or disk drives, store
information on concentric tracks of a rotatable magnetic recording disk.
A read/write head is moved from track to track in order to read and
record the desired information{" Typically, fhe head is positioned on an-
air bearing slider which flies above the surface of the disk as the disk
rotates. In some disk drives, the slider rides on a liguid film or
bearing on the disk. A head suspension assembly connects the slider to a
rotary or linear actuator which moves the head to different radizl

positions along the disk.

During operation of the DASD units; it is important that the head
stays positioned over the center of the track on which it is writing or
reading data. This has become increasingly difficult as the tracks have
become smaller in width and are spaced closer together in order to

increase the overall data density of the DASD. The head may be off

centre due to differences in thermal expansion of the different parts of -

the DASD, inaccuracies in the head position actuator, imperfect axial

rotation of the spindle motor which rotates the disk,.or any of a number .

of other factors. - Ce e T

One solution to the head mispositionihg_broblem is tc move the head
in incremental steps across the track and try to determine the actual
centre.of the track. The references which discuss this include
US4,485,418 issued MNovember 27, 1984; Eurdpean Patent Application 0220382
published June 5, 1987; IBM Technical Disclosure Bulletin, Vol. 35,
No.4B, p.303, Sept. 1992; IBM Technical DiSéiosure Bulletin, Vol.29,

No.2, p.586, July 1986.

Incomplete erasure of a previously recorded data track is another
problem which occurs due to mispositioning of the head. When a new data
field is written on a track, it overwrites the previous old data field.

However, if the head is not properly ce_.v;t__ree%_agbn the track, then z slice
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akr bearing slider which flies above the surface of the disk as the disk 10
rotates. In sone disk drives, the slider rides on aliquid filmor
beari ng on the disk. A head suspension assenbly connects the slider to a
rotary or linear actuator which noves the head to different radial
positions along the disk. . During operation of the DASD uni ts,
it is inportant that the head 15 stays peositioned over the center of the
track on which it is witing or readi ng data. This has becone
increasingly difficult as the tracks have becone smaller in width and
are spaced cl oser together in order to i ncrease the overall data
density of the DASBHI-9FHE!head may be off 2 centre due to differences in
t hermal expansion of the different parts of 20 .the DASD, inaccuracies in
t he head position actuator, inperfect axial rotation of the spindle
motor whi ch rotat & PRSI "B " ARY U O FHIRBEM S nev Gptaofined At mws.
One sol ution to tHé"teHd i 1u“pb‘?fht"igonl ng problemis to nove the head in
i ncrenental steps across the track and try to determ ne the actual 25
centre of the track. dddeappehar eneasivhimb pbsitiiss bdthStol 16l 1d6Q@ ase
US4, 485, 418 IssueQaMV@e@b&n tzz,aatl@&%cks E%pn@a%mal}’%eﬂada‘\%k& ?Etpl%g 0220382
0

publ i shed . June 1r§958e 1 d ch er 51 oo I Qosure, etll n,
No. 4B, p. 303, s§ Togs" %%Ef ¥ %9' og ur e f3 f FefidT tdrsuss,

No. 2, p.586, July t‘i"?)%éhe ¢dgs p* e“h e Yﬁ'('fbtrrrfﬂ é’t“’éd P ecWraia 3y &otous| y
recorded data tracdRt4raatavedr hébe vrite giesightemvibe edsd decurratedie drese bands on
m sposi ti oni ng of eitter séddof Wrenmlyavmiewndata field. fixehfled 5 Whid IrRugRUsA .
track, it overw i tessside Re@vinustalsg 166 sl 4,89d346 issuddOVBYEher 1, IOIBE head
i's not pl‘ Operl MOCQ@tJ @@dtlchnlsgv.he% lIeEﬁlqky 1‘; hf‘dh J§Aake(‘s§ appllcatlon 03-157805 .

published July 5, 1991; German patent application DE2654577 published

June 8, 1978; IBM Technical Disclosure Bulletin, Vol. 32, MNo. 10B, p. 90,

March 1990; IBM Technical Disclosure Bulletin, Vol. 28, MNo. 1, p. 203,

June 1985,

- 15 Magneto-resistive heads-have recently been used in DASD devices.
These heads contain separate write and read elements. The wide write
element is a transducer element which is optimized for writing. The
narrower read element is a magneto-resistive element which is optimized
for reading. The magneto-resistive head allows smaller and more closely

20 spaced data tracks to be written.and read, thereby increasing the overall
capacity of the DASD.

It has been discovered that because the magneto-resistive read
element is much narrower than the write element, there is & good chance
that a previously written field which has not been completely erased. may

25 be mistakenly read. The probability of reading an old data.field is
further increased by the need to hunt across the track width ir some
circumstances in order to successfully read a data field. This hunting .
only increases the chance that an olg unerased data field at the edge of
the track may be mistakenly read. The adaltlon of erase bands on either

30 side of the data track is not prcCtha due to the close spacing of the

tracks. The edge of a data track cannot be erased without alsc erasing a
portion of a neighboring data track.

What is needed is a DASD system and method which does not need
erase bands and which will not mistakenly read inéompletely erased
. F
35 previous data fields. s



SA9- 93; 021 2 of the old data may renmai n at

the edge of the new data field. This may cause errors in reading.
One approach to solving this problem has been to provide erase bands
between the data tracks. The head may have additional separate 5 erase
el enments on either side of the wite elenment in order to insure that

the edge of each newy witten field does not contain any data.
Alternatively, the wite element may be used to create the erase bands on
either side of a newy witten data field. Exanples of this include US
4,858, 048 issued August 15, 1989; US 4,771, 346 issued Septenber 13, 1988;
10 UsS 4, 644, 4215¥%§h%ﬁ February 17, 1987 3Japanese application 03- 157805
publlshed July 5, \1w3 ngmgqajgatem&whpp?uma@ﬁon DE2654577 publi shed

X method for reading data from a data track on a storage medium,
the method comprising the steps of positioning a read head at a first
location relative to the data tlack reading the data stored at the first
location; moving the read head to a second location relative to the data

5 track, the second location being a predetermined distance D from the

first location; reading the data stored at the second location; comparing
the data stored at the first and second locations; concluding that the
data read from the data track is correct if the comparision indicates

that the data stored at the first and second locations are identical.

10 " The present invention further provides a system for reading data
" from a data track bn_a storage medium, the system comprising means for
positioning a read head at a first location relative to the datz track;
means for reading the data stored at the first location; means for moving
the read head to a second location relative to the data track, the second
15 location being a predetermined distance D from the first location; means
for reading the data stored at the second lecation; means for comparing
the data stored at the first and second locations; means for concluding
that the data read from the data track is correct if the comparision
indicates that the data stored at the first and second locations are
20 identical.

In accordance with a preferred embodiment of the present invention,
" a data storage system comprises a rotatable magnetic disk having data

tracks of width W, a magneto-resistive head attached to an actuator
located over the data tracks, and a control unit connected to the head -

25 and actuator. If a data field is read with the head positioned within a
certain small spacing of the centre of the data track, the data is deemed
to be correct and is sent to the host system 70. If the data cannot be
read within this narrow band at the track centre, the head is moved in
incremental steps (both positive and negative) across the track. Once

30 the data is successfully read, the head is moved a distance D across the
track and the field is again read. If the data read at the two locations
is equal,.then the data is deemed to be correct and is sent to the host
system 70. The distance D is selected to be larger than the width of any
pPreviously unerased old data This ensures that the old data is never

35 read by mistake. In the preferred embodiment W/4.< D £ W2 and D is
optimally equal to approximately W/3.
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June 8, 1978; IBM Technical Disclosure Bulletin, Vol. 32, No. 10B, p. 90,
March 1990; |BM Technical D sclosure Bulletin, Vol. 28, No. 1, p. 203,

June 1985. 15 Magnet o-resi stive heads have recently been used in

DASD devi ces. These heads contain separate wite and read el enents. The

wde wite el ement is a transducer elenent which is optimzed for
.witing. The . narrower read elenent is a nmagneto-resistive el enent which-

is optimzed for reading. The nagneto-resistive head allows smaller and

nore closely 20 spaced data tracks to be witten and read, thereby

i ncreasing the overall capacity of the DASD. It has been

di scovered that B¥c&U4% the magneto-resistive read . elenent is much

narrower than the wite elenent, there is a good chance that a

previously witten field \/Xmi ch ?atg not been conpletely erased may 25 be
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10 ~ Fig. 5 .is a schematic diagram of three adjoining data tracks of ~ =
the present invention and illustrates the reading and writing of a track;
Figs. 6, 7, 8, 9, 10, and 11 are flow chart diagrams which

illustrate the operation of the system of the present invention.

Figs. 1 and 2 show schematic diagrams of a data storage system of
15 the present invention which is designated by the general reference number
10. System 10 comprises~a magnetic recording disk 12 which has a
magnetic recording layer and which has a plurality of concentric data
tracks 14. Disk 12 is attached to a spindle 16. Spindle 16 is connected

to a spindle motor 18 which is mounted to a chassis 20.

20 A read/write head 30 is positioned over disk 12. Head 30 is
attached to a suspension 32 which in turn is attached to an arm 34. Arm
34 is connected to a linear actuator 36 which moves head 30 to different
radial positions over disk 12. Actuator 36 may be a voice coil motor or
alternatively, the actuator 36 may be a rotary actuator. Actuator 36 is

25 also mounted to chassis 20.

A controller unit 50 provideé overall control to system 10.
Controller unit 50 typically contains a central processing unit (CPU) 52
and a memory (MEM) S4 along with other digital circuitry as is known in
the art. Memory 54 may comprise dynamic random access memory (DRAM) or

30 read only memory (ROH) integrated circuits. Controller unit 50 is
connected to an actuator control/drive unit 56 which in turn is conpected
to actuator 36. The controller unit 50 controls the movement of head 30
over disk 12. The controller unit 50 is connected to a read/write
channel 58 which in turn is connected to the head 30. The controller

35 unit 50 can send data to and receive data from the disk 12. Controller

unit 50 is connected to a spindle control/drive unit 60 which in turn is



SUMVARY OF | NVENTI ON According to one aspect of the present

i nvention there is provided a data storage system conprising: a data
storage nedi um having data tracks; a read elenent; a read neans connected
to the read el enent for causing the read elenent to read data froma data
track; a novenent means for noving the nediumrelative to the read el enent;
a positioning neans for noving the read elenent relative to the data
storage mediumto different positions across the width of the data tracks:
and a control neans connectéd to the positioning nmeans for controlling t he
novenent of the read-sterent such that two Ssuccessful reads are nade a

di stance D apart on the sane track, the control neans further including a
conpari son means for conparing the data read fromthe two reads to
determine if they nesctifets apipdle motor 182c dhe ¢prigotler andt Werlsaspeteelsofhet he
present invention doagtien s dpskovd.dedhaat Festhindofigr vhirhdiat erpstadivageo®ystrem .
conprising the stegstdf isMuieadgedato datkonaatlet anat £6.r Sdyspasiotha@iendll ONg t he

Wi dth of a data tragk.0fsd d8kahessi106aGR BR0IUND stopadbngiskhe, dataytrack at

t|1€ 5 request that dlgltal data be retrieved from the disk. The basic

operation of DASD units is well known in the art and is described in more
detail in_Magnetic Recording Handbook, C. Dennis Mee and Eric D. Daniel,
~ McGraw & Hill Book Company, 1990. '

Fig. 3 shows a schematic diagram of head 30 of Fig. 1. Head 30

10 comprises a slider element 100. Slider element 100 has an air bearing
surface 102 which faces the surface of disk 12. The surface 102 is
designed to create an air bearing between itself and the rotating disk 12
to allow the slider 100 to fly above the surface of the disk 12. &
read/write element 106 is attached to a side surface of slider 100. The

15 element 106 comprises an inductive write element 110 and a
magneto-resistive read element 112. The write.elemeng 110 is much wider
than the read element 112. The write element 110 and the read element 112
are connected to the read/write channel 58. The read/write element 106
may be similar to that described in US patent 3,908,194 assigned to

20 International Business Machines Corporation. The width (W) of the data
tracks 14 is approximately equal to the width of the write element 110

and is approximately equal to 300 microinches in a preferred embodiment.

Fig. 4 shows a schematic diagram of a data track 14 of disk 12.
Track 14 comprises blocks of magnetically recorded data. The blocks
25 includg a home address 150, a record zérq block 152, and a plurality of
~ record blocks 154. Each block is separéted‘by'a gap 156. The home
address 150 contains information on each track and the record zero block
152 contains information on the number and length of the records that
follow. .

30 Each record block 154 comprises a count field 170, an optional key
field 172 and a data field 174. The count field 170 contains data which
identifies the particular record and the lengths of the fields, the key
field 172 contains data on the type of information contained in the
following data field, and the data field 174 contains the actuszl data

35 which is to be stored. All of these fields are separated by gaps 176.
Each field also contains an error correction code (ECC) 180 and a

cyclical redundancy check (CRC) code 182. The codes are usad by the



first position;
first position;

the read head to a second position along the width of the data track,

determning if a successful data read has occurred at

storing the information read at the first position;

second position being a distance D from the first position; reading
data track at the second position; determning if a successful data
has occurred at. the second position; and determining if the data of

first read are equal to the data of the second read and transnmitting

data if they are

equal . According to still another aspect of t

t he
novi ng
t he
t he
read
“the
t he
he

present inventiongidigf@.i s provided a data sstorage system conprising: a
data storage nedi um having data tracks; a read elenent; a read neans
connected to the read.el enent for causing the read el enent to read data
from the data traskiroidefmonvi@n®mnto deeastsedfrors ovienmyetadénanisdp Um thelfigldve t o

the read el enent;

afd pRPSdel 408 BG rERAMS faOkoreAViadatdaecripdeh ef emdndoding

to the data track to Qe'nfi‘neﬁ Sheic RQ&yalng%gncﬁwkogsptheaw @It alagiertéwepadat
tracks; and a contr@ neans .connecte to
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Fig. 5 shows a schematic diagram of three adjoining data tracks of -

the ;ystem 10 and illustrates the problem of reading old data by mistake.
A centre track N is located between tracks N-1 and N+l. A dotted line
200 represents the ideal centre of track N. First, an old data field 202
is written on track N. The controller unit 50 sends digital data to the
read/write channel 58 whiéh converts it to an analog signal which drives
the write element 110. The write element 110 generates magnetic fields
which record the data as field 202 on the magnetic disk 12. Due to
mispositioning of the head, the field 202 is written slightly to the
right of the track centre line 200. Next, the old data field is to be
replaced with a new data field 204. Field 204 is written on track N.
However, the head is offset to the left of the centre line 200. A
significant portionof the old data field 202 remains unerased at the edge
of the new data field 204. Due to the narrow width of the read element
112,. there is a possibility that this old field 202 may be read and
mistaken for the new field 204. This would result in faulty data being
sent to the host system 70 70. The present invention solves this problem
by verifying that the data read is not from the old field.

Figs. 6-11 are flowchart diagrams which illustrate the operation

‘and method of system 10 of the present invention and is designated by the

general reference number 300. This method is implemented as stored
digital data in the controller unit 50 in the preferred embodiment.
Alternatively, the method could be implemented as discrete electronic
circuits. At step 302, system 10 reads & field of a data track of disk
12. The current position of the head for the first read attempt is known
as the zero offset position. In other words, the controller unit 50
moves the head 30 to a position where the controller unit 50 estimates
that the centre of the desired track is.located. This zero offset
position may or may not be at theé actual track centre 200. The read
element 112 senses the magnetically recorded data on the data track 14
and sends an analog signal to the read/write channel 58. The read/write
channel 58 converts the analog signal to a digital signal which is then

received by the controller unit 50.



pesitipning neans for causing the read el enent to be noved in alternating
positive and negative increnental distances away froman initial position
until a first successful read has been nade of the data, and for causing
the read element to be noved to a second position.a positive distance D
away fromthe position of the first successful read if the first.
successful read was nade at a positive increnental di stance and-causing the
read element to be noved to a second position a negative distance D away
fromthe position of the first successful read if the first successful
read was nade at a negative increnmental distance, such that a second
successful read i samB€2lat the second position, the control neans further

i ncl uding a conparison neans for conparing the data read fromthe first
position and the second position to determine if the re the sane.

In accordance with a ptefte® P& EntodiFEHP"01"*H'E Presnit "FHVERti on, a data
storage system cewpeissels dhivintasrurttabhéty eongiodkernavt A Paaterkinativs of

w dth W a nagnet @ec aideaicstddye ofeleed £ vl € & methopvizinh act welflomotoéatied over
the data tracks, apd arCQBtAsd vabnbdcceseaNnNaGécd: teptdoe theaskandcaeisuat or, | f.

a data field is; reag é’% hnd BEheAkRASI dik ABSdsyotdit 1 o 2 certain smal |
spaci ng of the tentre of the data track, the data is deemed to be correct

and is sent to the host system 70. | f the data cannot be read within this
narr ow If a successful read is not achieved, then the field is reread with

the head 30 positioned’at offset zero at step 308 and is checked for a
successful }ead.at step 310. If the read is sdcca§sfu1;*§hen the data is
sent at step 306. If the read is not successful, then the length of the

10 record is checked at step 312. The controller unit 50 has stored data on
the length of the count fields which are all the same'lenéth. 6nce'a
count field is read, the controller unit 50 will have information on the
lengths of the following key and data fields. If the particular field
length of the field which is to be read is less than or equal to Ll

15 bytes, the field is a short field, then at step 314 L1 values are set.
If the field length is greater than L1, then the operation goes to'step
316. At step 316 it is determined if the field length is greater than or
equal to L3 bytes. If so, the field is a long field and the'operation
goes to step 318, where L3 values are set and, if not, the field is a

20 medium field and the operation goes to step 320 where L2 values are set.

The reason for checking the length is that if the record is very
short, there is a possibility that the ervor correction code methods may
be able to correct the data even though the data was read from an

_.. undesired unerased old record. For a very short field, & lower .level of
‘25  error correction will be used. Also, the distance D that the head moves
across the track will vary depending on the field length. In a preferred
embodiment L1 equals 2048 bytes and L3 equals 6468 bytes. The following

table shows the values which will be set.



band at the track centre, the head is noved in increnmental steps (both
positive and negative) across the track. Once the data is successfully
read, the head is noved a distance D across the track and the field is
again read. If the data read at the two |locations is equal, then the data
I's deemed to be correct and is sent to the host system 70. The distance D
.is selected to be larger than the width of any previously-unerased ol d

data. This ensures that the old data is never read by mstake. 1In the
preferred enbodiment W4 [err] D W2 and Dis optinally equal to
approximately W 3. gag-93-021 SA% 93- 021
4 .
Field ECC imax s(1) D(1) s(2) D(2) 5(3) D(3) DF
Length Check
short | Type 3 ] 1s - 30 110 40 100 100
3 _
Hediun Type 3 15 - 30 90 40 75 100
2 ™ '
5 Long Type 3 15 - 30 - 40 - T
. ,

The ECC type varies depending upon the record length. For short
records a lower level type 1 ECC is used. For long records & higher
level type 2 ECC is used. These high and low level ECC are described in
US Patent 4,706,250 issued Movember 10, 1987 to A.M. Patel. The imax

10 wvalue is an integer value which governé the maximuﬁ'humber of offsets
positions in a positive or negatiQe direction in which the head can be
moved across a track. The D(1), D(2), D(3) and DF values are given in
micr&inches and represent the distance apart at which two successful
reads must be made in order to confirm the data. The values S{1), S(2),

15 S(3), give the distances, in terms of microinches, that the head will be
moved away-from the zero offset value. The use of these values will

become more apparent from the description below.

At step 322 the value i is set to one. The value i indexes the
offset positidn to which the head is moved relative to the zero offset. -
20 At a step 324, the head 30 is moved to offsat S(i); S{1) in this first
case. This is the distance which the head 30 is moved in & positive
direction relative to the zero offset and this distance is obtained from
the above table. The field is read at step 326 and at step 328 it is
determined if the read was successful.. If the read was successful, then
25 the data is sent at a step 330. If not: at.step 332 the head is mcved to
offset value negative S(i); negatiwve S(1) in this first case. The fizld
is read at step 334 and is checked at step 336. If the read is
successful, then the data is sent at stép 330 and if not, then the

operation moves to step A of Fig. 7.

30 The overall operation of the steps in Fig. 6 may ncw ke summarized

assuming the field wis not able te bhe resad at the zero offzar position.



An enbodi nent of the invention wll now be described, by way of
exanple only, with reference to the acconpanyi ng drawi ngs i n which:

Fi'g. 1 is a schematic diagramof a data storage system of the pr esent
invention; 5 Fig. 2 is atop viewof a portion of the system of
Fig. 1, Fig. 3 is a schematic diagramof a magneto-resistive
head of the . present invention; . Fig.. 4 s a schematic

di agram of a data track of the system of Fig. 1, 10 Fig. 5is a
schemati c di agram of three adjoining data tracks of t he present

i nvention and i'hﬂi%EQE?S the reading and witing of a track; N

Figs. 6, 7, 8, 9 and 11 are flow chart di agrans -which. illustrate
the operation of the systemof the present invention. Figs. 1

and 2 show schenbi Ge.dieaghad bofredi AL Ai5d10TAGE QYSEEM &f efther the 4r esent

i nvention which is.desj.gnated hy aldie; SgReLAl, b t-,&t;&rmdrauna% out evekO-

e L e faLy cording sk, 12 all e Dage 310 mlligrEL i €

Disk 12 is attachedd eb 2 isFrrdrE24%. hepis %‘dl gisy ?6“:"1 §"aé'0?’fﬁ'é(9f%‘dt zero. ttbe“a
spi ndl e notor 38 ashiddktiprel rropfiteids trerdastc ald fesenp (read popdition is needkdr ead/ Wit e
head 30 is positioned over disk 12. Head 30 is attached to a

suspensi on 32 which if, b ispat iaehed st @0. akMs@4. 208f M is inchedtsd
connected to a linear ag,_t E@e %z 3@ ﬁé’%ﬁ& QPY@%.nJlea‘i’f 30;t &egéefrféﬂ!u?[ﬂrﬁﬂ

radi al positions "dver nay be a voic not or or
b g 1 k .
alternativel y, t hréxe)b the r(,rﬁ):lmumg%lm er olié' of?sets 6)05 ons wea 6‘Iga y)&:een t en a is 25

al so nmounted to Cwagzgfrsat:?e moves to step X of Flg 10. If i is less than or equa to
10 imax, then at step 404 the head 30 is moved to offset to S(i). At step ..

406 and 408, the field is read and checked respectfully. If the read was
successful, then at step 410 the field length is checked. If the field
length is greater than or equal to L3, then the operation goes to step
412 and the data is sent to the host. If the field length is less than

15 L3, then the next step is B of Fig. 8. If the read at step 408 was not
successful, then the head 30 is moved to negative S(i) at step 414. The
field is read and checked at step 416 and 418, respectfully. If the read
is not successful, then the operation returns to step 400. If the read.
is successful, then at step 420 the length of the field is checked. If

20 the field length is greater than or egual to L3, then the data is sent to
the host at step 422. If the field length is less than L3, then the next
step is C of Fig. 3.

The overall operation of Fig. 7 may now be summarized. The head 30

is alternatively moved the same positive and negative distance away from

25 the zero offset position across the track in order to try and read the
record. The step distance is progressively increased. If a successful
read is achieved at a positive offset position and the field length is
less than L3, the operation goes to step B for & confirming read. If &
successful read is achieved at 2 negative offset position and the fielc

30 length is less than L3, the operation goes to step C for a confirming
read. If the field length is greater than or equal to L3, and a
successful read has been made, then the chance that the data read is frem
an incompletely erased old record is very small and the data is deemes to
be correct.

35 Alternatively, fields greater or egual to L3 may also have a
confirming read. In this case steps 410, 412, 420 and 422 may be

eliminated and steps 408 and 418, would lead directly to steps E_and'C,



A.controller unit 50 provides overall control to system 10. Control |l er
unit 50 typically contains a central processing unit (CPU) 52 and a

menory (MEM 54 along with other digital circuitry as is known in t he
art. Menory 54 may conprise dynam c random access nenory (DRAM or 30 read
only nmenory (ROM) integrated circuits. Controller unit 50 is - connected
to an actuator control/drive unit 56 which in-turn is connected to . '
actuator 36.° The controller unit 50 controls the novement of head 30

over disk 12. The controller unit 50 is connected to a read/wite

channel 58 whic 35

unit 50 can sen

gaig}bgrn is connected to $e head 30. The controller

data to and recei ve data

romthe disk 12. Controll er

unit 50 is connected to a spindle control/drive unit 60 which in turn is

SA9-93-021

10

15

20

25

30

35

respectively, if a successfulE;ead was made. Appropriate values for D

(such as 100 microinches) for L3 could be added to the table above.

Fig. 8 shows that step B leads to stgp 500. At sfep 500, the CRC
value of the record which has just been read at offset S(i) is stored as
a value CRC[S(i)]. At step 502 the head 30 is moved to offset S{i)+D(i).
D(i) is a distance selected to be greater than that of the width any

unerased previous old record. 1In a prefeffed embodiment,

W/4 £ D(i) £ W/2 and D is equal to approximately W/3, where W is equal to .

the width of the track. At steps 504 and'SOG the field is respectfully
read and checked. If the field was not read successfully, then the
operation goés to a step D of Fig. 7. If the record is successfully read,
then at step 510 the CRC value of the recordnread at s(i)+D(i) is stored
as a value CRC[.S{i)+D(i)]. At step 512 the CRC{S(i)+D(i)} value is

compared to the CRC[S(i)] value. 1f the values are equal, then it is

determined that this is a new record, not an old unerased record, and the

data is sent at step 514.

Fig. 9 shows step C leads to step 700. At step 700, the CRC value
of the record which has just been read at offsét -5(i) is stored as a
value CRC{-5(i)]. &t step 702 the head 30 is moved to offset -S{i)-D{i).
At steps 704 and 706 the field is respectfully read and checked. If the
field was not read successfully read, the operation goes to step E of
Fig. 7. If the field is successfully read, then at step 710 the CRC value
of the record read at -S(i)-D(i) is stored as value CRC[-S(i)-D(i)]. &t
step 712 the value CRC{-5(i)-D(i)] is compared to the value CRC[S(i)].
If the values are equal, then it is determined thaﬁ kﬁis is a.nédﬂ;éccrd

and is not an old unesrased record and the data is sent at step 714.

Therefore, if a first successful resd is'achieved a certain
distance S(i) beyond the centre of a track, a second verifying read of
the same data is attempted at least a distance D(i) away from the first
read. o

In Fig. 10, step X leads to step 800. .The head 30 is moved to
offset DF/2. The field is read and checked at steps 802 and 804,
respectively. If the record is not read successfully, then the operation
goes to step Z of Fig. 11. If the read is'sﬁccessful, then the CRC value
is stored as value CRC{DF/2)] at step 806. At step 808 the head 30 is
moved to offset -DF/2. At steps 810 and 8i2;_the field iz read and



connected to spindle notor 18. The controller unit 50 also controls the
rotation of disk 12. A host system 70 70, which is typically a conputer
system is connected to the controller unit 50. System 70 may send
digital data to controller unit 50 to be stored on disk 12, or may 5
request that digital data be retrieved fromthe disk. The basic .
operation of DASD units is well known in the art and is described in nore
detail in Magnetic Recordi ng Handbook, C. Dennis Mee and Eric D. Daniel,

MG aw & Hi || Book Conpany, 1990. Fig. 3 shows a schematic
di agram of head 38 B?HE 1. Head 30 10 Ctbnprises a slider el enment 100.
Slider elenent 100 has an air bear| ng surface 102 which faces the
surface of disk 1 T e surtt Q;% IS fie igned to create an air

bearing between iITEEFF S0 THE  ot'atihg o Jks 'i°§ read spesestoW £h@ Yri der 100
to fly above the °§Tfr'“f]z26é?°65f 7 ﬁéepd? gk Fi‘-‘z 11A IE the Eaeinisi tuscesr Bdbhread06 i s
attached to a si dkensthef @Eevadife i pipeed 400 lue TRY-0F2) ek stwn8lel 06t Goappri ses an
i nductive wite elemeatvaldOcreieF/a] is compagdetoothe ealst treg-oread ef enent 112.
The wite el enentvailidd at s equdCthati BRI data istda@nat Beepr €30 04 eFRpE, &12. The
wite elenment 11Q gggﬁg . eadi sl enent 112 - are connected to the

read/ wite channer he read/wite el enent 106 may be simlar to

t hat described in USIpatent 3,908, 194 assigned to 20 .-International

Busi ness Machi nes CorBBrBYTEIRP *LidsEraftdiih FEan 100Favt o8 Rgatderstoodt rHeks 14 i s
appr oxi nat el y equaimat.otichethpiodtriation stirding 2t etep|Xefentedl10n attemgtnik i s

approxi mat el y equade to0s:30&smlly oeqdcivestibly & proefritions enibodidEibted a

Fig. 4 shows g sebaokbin & ageamtc.a ©ad as tabacly Adief udi wka ¥2rst o o 17 aCK"

14 conprises bl ogkatgt pediel b%unx h&C Y Q%qsg'ﬁn nigm%r_ BEACKSn ZRe 'zg'r%' ude a

hone address 150, recq ord
bl ocks 154. Each°bi®8¢ R°Slg1°s’ep5a$alfee8°"g”m N df%’ﬁm ‘Fﬁé"“ﬁeorré’e“ the address 150

cont ai ns i nf or maPPBAIBH 9P ftrea(,zk“aﬁ’c? tIHe record zero bl ock 152
contains information on the nunber and | ength of the records that
foll ow. Fig. 11 shows step Z leading to a step 900 at which the head 30 is

15 moved back to the zero offset position. At steps 902 and 904 the field
is read and checked, respectively. If there is a successful read, then
the data is sent at step 906. If not, then an error message is sent to
the host system 70 at step 908. These last steps of Fig. 11 are
implemented when no successful read and verification of the record has

20 been achieved and the host system 70 must be notified that the desired

record cannot be accessed.

In summary, the present invention discloses a data storage system
which verifies that the data read is correct by comparing the data read
- at two positions a distance D apart. 1In a preferred embodiment, this is
25 done by comparing the CRC values of both data reads. However, the
invention could also be practiced by comparing other portions of the
fields, such as the error correction code. Alternatively, the fields may .

be compared in their entirety.

Other embodiments of the present invention are possible. For
30 example, instead of starting at offset zero, the head could be positioned
at an outer position initially and the moved incrementslly cleser to the
zero offset, alternating from side to side. Also, the exact value of D
may be adjusted depending upon the disk size or radial position of the
desired track. Additional re-read steps may also-be added so that a read

35 is attempted multiple times at each head position.



30 . Each record bl ock 154 conprises a count field 170, an opti onal

key field 172 and a data field 174. The count field 170 contains data
whi ch identifies the particular record and the |l engths of the fields,

t he key field 172 contains data on the type of information contained in
t he following data field, and the data field 174 contains the actual
data 35 which is to be stored. Al of these fields:are separated by gaps
176 Each field also contains an error correction code (ECC) 180 and a
cyclical redundancy check (CRC) code 182. The codes are used by the

SA9- 93- 021 6 controller unit 50 to detect

errors in the preceding, data in the field ,, and provide error correction.
A nore detail ed d%%crlption of such coding - -

although the present invention uses a variable data field length,
the invention can also be applied to fixed block systems. These systems
are known in the art and have data gields-which are sectored or fixed in

length. In such a case, the determination of the data field length may

5 not be necessary.



is given in Magnetic Recordi ng_Handbook, supra, Part 2, Chapter 8, page
1182. 5 Fig. 5 shows a schematl c di agram of three adj oi ni ng data

tracks of the system 10 am"mu"ﬁ("ﬂﬂummnf probl em of reading old. data
by m stake. A centre trac ween tr s mg&gﬂ;
dotted |ine \ 200 represents the i deal' cintte of tr{(ﬁi‘h ?{@FD an olad
data field 202 is witten on track- N. The controljer o

digital data to the 10 read/wite channel 58 which converts it to an

anal og signal which drives the wite elenment 110. The wite el enent 110

gener at es nmagneti c BPEPPE! whi ch record th& data as field 202 on the

magnetic disk 12. Due to m spositioni ng of the head, the field 202 is
witten slightly to the  right of the track centre |ine 200. Next, the
old data field is to be 15 replaced with &5 data field 204. Field 204
is witten on track N However, the head is offset to the left of the

centre line 200. A. a neh@nidri@adihg Porat {:0Aaf ddtheraktbndat torfdehedi R0 Zne
remai ns unerased aty.tie LAGF€sing thoktdpbesnew data field 204. Due to the
‘narrow width of the read el errent 112 ther& is a possibility- that thi s
old field 202 may be read and 0, g1 Zenfor the new field 204. - This
woul d result in fadPty ¥al%h® bréla NG 2?2t BEHE 185 HE HORE VSR tthhfare treck: The

present invention solves this probl em by. verifying that the data read

is not fromthe 8| defdigy ghe data stored at thFjfgsst Bcdthomre flowchart di.agranms . #:5i7

which illustrate the operation and. met hod of system 10 of the present
invention and i s desighahedelyndall@o 25secGRNES A 10k Qgﬁ‘:ﬁz@% &U@Q@J t?ﬁQp t:heThI S

met hod is inplenmentgd, aS, 6Ling a e o lpll s l{nlt 50 '
inthe preferred errg%d?%eﬁt% ¥hing tpgétﬁgt ?{/eﬁadg?t L% ﬁmgtg coul oo,

i npl enented as discrete el ect ronic’ circuits. At step 302, syst em 10
reads a field of ar8fing theadqtaghorgi<k the seqopd Iyppdicmgr rent position of the
head for the first read attenpt is known 30 as the zero offset position.

I n ot her words, theompeningaht @ataustiotedSd: the £iFDY @S H&audhﬁ:aeiu&@- to a position
where the controller unit 50 estimmtes

10 concluding that the data read from the data ‘track is correct if the

comparision 1nd1cates thut the data stored at the first and second

locations are identical.

2. A method as claimed in claim 1 wherein #/4< D < W/2, where W is the
width of the data track.

15 3. A method as clalmed ln claim 2 wherein D is substantially equal to
W/3, where W is the w1dth of the data track

4. A method as claimed in any preceding claim, wherein the ste p of
comparing comprises comparing portions of the data stored at the first
and second locations.

20 5. A method as claimed in any preceding claim, wherein the s:tep of
comparing comprises comparing the respective cyclic redundancy check

codes of the data stored at the first and second locations.

6. A method as claimed in any preceding claim, wherein the szcond

location is disposed a distance from the first location acceriing to the
25 length of the data to be read.

7. A system for reading data frem a data track on a storage nedium, the

system comprising

———
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that the centre of the desired track is located. This zero offset
p05|t|on may or may not be at the actual track centre 200. The read

el enent 112 senses the nagnetlc?MMHmﬂm u on the data track 14 35
and sends an analog signal tot ﬁ !' nel . ~lhe read/wite

channel 58 converts the anal og. si gnafl to & digital si gna T8 SHEE'BFP—\BE!{[LN '
received by the controller -unit 50. .SA9- MQED
7 At step 304, it is deterni ned whet her or Mot—the—ead—was
successful. This is determ ned by the controller unit 50 by checking the
ECC and CRC codessxf93-p@ field by nmethods which are well known in the
art. |If the read was successful, then.,at step 306 the data V\/m ch was 5

read fromthe disk'is sent to" the host system 70 70.
means for positioning a read head at a first location relative to the

data track;
means for reading the data stored at the first location;

means for moving the read head to a second location relative to the data
5 track, the second location being a predetermined distance D from the

first location; o L R
means for reading the data stored at the second location;
means for compafing_the data stored at the first and second .locations;

means for concluding that the data read from the data track is cofrect if
10 the comparision indicates that the data stored at the first and second

locations are identical.

8. A system as claimed in claim 7, whefein W/4< D < W/2, where W is the
width of the data track.

9. A system as claimed in claim 7, wherein D is substantially equal to
15 W/3, where W is the width of the data track.

10. A system as claimed in any of claims 7 to 9, wherein the meeans for
comparing comprises means for comparing portions of the data stored at

the first and second locations.

11. A system as claimed in any of claims 7 to 10, wheresin the means for
20 comparing comprises means for comparing the respective cyclic redundancy

check codes of the data stored at the first and second locations.

12. A system as claimed in any of claims 7 to 11, wherein the second
location is disposed a distance from the first location according to the
length of the data to be read.
25 13. A system as claimed in any of claims 7 to 12, wherein the mezns fcr
moving causes the read element to be moved in incremental distances away

from the first location in order to obtain a first succesful rezd.
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| f« a syccessful read is not achl eved, then the field is reread Wi
head 30 positioned at offset - ”’m’ and is ched E‘ﬂHAS BEEN
successful read at step 310. ”z, mglsuccessful t en EL _
sent at step 306. |If the read is‘not suc t hen t He length—et—ttre J. ‘
record is checked at step 312. The controller unit 50 has stored_data on
the length of the count fields.which are all the sane length. Once a

count field is read, the controller unit 50 will have information on the

| engths of the followi ng key and data fields. |If the particular field

| ength of the fiehgowbich is to be read is;d ess than or equal to LI 15
bytes, the field is a short field, then at step 314 L1 values are set.

If the field length is greater than LI, then the operation -goes to step
316. At step 31Qai ta isgsteetercndinedid k1dihasf vedrdid enRodiBrdnte graateer t han or
equal to L3 byt egccobding@o thb@udbeLlod ihSrefenk ONG; skl diiang théﬁﬁeaqpe%@emon

goes to step 318 wherebey val ues are set and, if not, the field is a 20
medium field . and ?sne operation goes to step 320 where L2 values are set.

The reason for checki ng the length is that if the record is very short,
there is a possiBF1 it jYSARES ChEne Hopnycof Fldes driocddduntibehodrsrivaye a be
able to correct whigegad¢mgnebiering houdth drieetedahan Wasmeaga o reafingrthe data. -
undesired unerased old record. For a very short field, a |ower level of 25

error correction 18\" Llsyg@m Ws Qdalmef‘l11$ Qny E\neeﬂhitcﬂlﬁeerL:{}\aEhetﬁgnsh?oqd MOVesS

across the track W'dlrlg %’;. ry..dependir gﬁq n_the | engt preferred
embodi ment LI eql&l’s 2048 bytes and L3 eq’uafs ’6"58%? bytes. The fol |l owi ng
tabl e shows the val ues whi ch will be set. . :

\\
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S(1) (1)
Check

100 100
30 90
-Type 3
The ECC type

8 Field ECC I max

5(2) ( 2) S(3) ( 3) e
Shor t Type 3 15 3@1!8 SHEET H4S éﬁNAD
1 Medium  Type 3 REPLACED
40 75 100 —P—5F—""10ng
15 . 30 40 o 2

vari es dependi ng upon the record length. For short

10
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STRACT

ERROR RECOVERY DATA STORAGE SYSTEM AND METHOD

A direct access storage device (DASD) system uses a read/write head
having a wide transducer write element and a narrow magneto-resistive
read element. In order to avoid mistakenly reading a incompletely erased
old data field, the system uses a verification procedure. The data is
read at two positions along the data track which are separated by a
radial-distance D. Tﬁis distante.b is selected to be greater than the
width-of any incompletely erased data zecozd If the data rééd'at the
two read positions is equal, then the data is-deemed to be correct and is

sent to a host system 70.

—_—
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redgrﬁ§§a | ower level type 1 ECCis used. For long records a higher

| evel type 2 ECC is used. These high and I ow | evel ECC are described in
US Patent 4,706, 250 i ssued Novenber 10, 1987 to A°M Patel. The imax 10
value is an integer value which governs the maxi mum nunber of offsets
positions in a positive or negative direction in which the head can be
noved across a track. The D(1), D(2), D(3) and DF val.ues -are given in

m croi nches and represent the distance apart at which two successful
reads nmust be nmade in order to confirmthe data. The values S(1), 5(2),
S(3), give the distances, in ternms of mcioinches, that the head wll be
moved away fromthe zero offset value. The use of these values wll
becone nore apparent fromthe description below. ~— = ° At step 322
the value i is s e. The value t i s the of f.set¢ZBosition to
whi ch the head ifjs noved CTROLVERIUNIE e zerojoffset. 40 At a step 324,
head 30 is noved t§ gf b 5(i); 5( ' hidefirst .f 8. This is the
di stance which tjhethaad

from L tlie aboveltable.
tep a Step [328 it is determned if the
f %@ read was guccessf88, then 25 The @ata is sent
at a step 330. e Nead i s noved [t ogpyp f THet val ue
negative S(i); ) in-th{BE se. The fli ebNTROL/ i read at
step 334 and is [cheRRI¥E& at |step 336. e rlead is shRivEssfl , then
the data is sent ' hhoves to
step Aof Fig. 7.

_ 30 and | ‘
( The owerakl of€ration of the steps in Fig.
may ncw be sunmarizzed. assu##dqggéggﬁiékd_mqiéggt abf® to b¢ read at the

zero offer position: - eE——sssss =
/8 g ) r20
L R TSI I AR RN NI

/ 0'/ fI Ecj

The field is read at
read was successful.

/
Wi 150) 156y (52 156 (/5% . (56 (54
HOME ADDRESS ||R@ RECORD RECORD ¢
e T I76 (72 180) U7 e
CounT |¢ | § KEY FIELD |G | DATA FIELD |G |R
FIELD |¢ ] ¢ clc|. ) 1élcl.
_ - !
(7o G50 ‘182 o ez Gra 1607 182

) i-s noved iM osifti ve ‘di$¥§I3Mwlrelative to



SA9- 93- 021 9 If the record can be read at a
single.-small step S(1) on either side of of fset zero, then the data is
deened to be correct and is sent out even t hough there was only one
successful read. However, if the field nust be read at a distance
greater than S(1) distance away fromoffset zero, then 5 an additional :
confirmng read at a-different head position is.needéd. .- = -l n Frg:-
7 step Aleads to step 400. At step 400, i is increnented by one. At
step 402, i is conpared to imax. |If i is greater than inax, t hen the
maxi mum nunber of offsets positions have al ready been taken and t he
operation noves to step X of Fig. 10. If i 5? |l ess than or equal to 10

i mx, then at step 404 the head 30 is noved & offset to S(i). At step
406 and 408, the field is read and checked respectfully. If the read was
successful, then at step 410 the field length is checked. |If the field

|l ength is greater than or equal to L3, then the operation goes to step
412 and the data is fﬁR& %? the host. If_the field Igngth is |ess than
T - K N-1 THACK N TRACK N + |

|

|

NEW | OLD

FIELD | FIELD
l -
I
l

204

.

WRITE ELEMENT

NEW DATA——»l_ WRITE ELEMENT

JREAD ELEMENT
© NN
[__ WRITE ELEMENT | 202

READ
OLD DATA

gLRS-II-)EATA : >
) :IREAD ELEMI_ENTH—_

200/] Uz l




15° L3, 'then the next stepis Bof Fig. 6. If the read at step 408 was not
successful, then the head 30 is noved to negative S(i) at step 414. The
field is read and checked at step 416 and 418, respectfully. If the read

is not successful, then the operation returns to step 400. If the read

is successful, then at step 420 the length of the field is checked. If 20
the field length is greater than or equal to L3, then the data is sent to
the host at step 422. If the field length is I ess than L3, then the next
step is Cof Fig. 9. The overall operation of Fig. 7 may now be
summari zed. the head 30 is alternatively noved the sane positive and
negative distance away from25 the zero offset position across the track
in order to try and read the record. The step distance is progressively
increased. If a successful read is achi e®8 at a positive of fset
position and the field length is (302l ess than L3, the operation goes to
step B for a confirmn successful read is achieved at a
negative offset positi le 30, length is less than L3, .the
operation goes to step rmng read. I'f the field Iength is ..
greater than or equal to L3, yand (404 successful read has been made, t hen
the chance that the N8 aSUQ:-84n""L0n1 ~an inconpletely erased old record
is very snmall and the uata.ﬁgA d to be correct. 35

Al ternatively,:fiel o efijual to L3 may al so have a - - confirmng

read. |In this case steps 41:X5312 3420 and 422 may be el imnated and
steps 408 and 418, mou—gzﬂgﬁpagrrﬁﬁtly to steps B and C, - .

4

1 q o8

RE-READ AT
OFFSET=g
SUCCESSFUL \YES
READ? _
' yNO (72 (6 38
FIELD LENGTH\ NO 1ELD LENGTH\ YES SET
< LI BYTES? > '< 213 BYTES? L3VALUES
NO
V \ @74 $320
SET L2
SET :
LI VALUES V-AL;’ES :
—-—— - - 4
Y gz 328 330
SETi=1 < SUCCESSFUL >YES
3 B e READ,, | SEND DATA
v &2 1O 332 !
MOVE HEAD TO MOVE HEAD TO
OFFSET=S (i) OFFSET =~5(j)
Y (326' Y @34
READ FIELD | READ FiELD
, - Vg%
SUCCESSFUL \ YES
300~ READ? _/ .
{No )

./-__._.,_ @ - N

— _;_.:



sad- 93- b21 10 respectively, if a

successful read was nmade. Appropriate values for D (such as 100
m croi nches) for L3 could be added to the table above. Fig. 8
shows that step B leads to step 500. At step 500, the CRC val ue of the
record which has just been read at offset S(i) is stored as 5 a value '
CCRC S(i)].. At step 502 the head 30 is noved to offset S(i)+D(i). D(i)-
is a distance selected to be greater than that of the width any
unerased previous old record. In a preferred enbodi nent, W4 [err]
D(i) [err] W2 and Dis equal to approximately W3, where [err] is equal
to.. the wdth of the track. At steps 504 and 506 the field is
respectfully 10 read and checked. |If the field was not read successfully,
t hen the operation goes to a step Dof Fg 7. If the record is
successful ly read, then at step 510 the val ue of the record read at
S(i)+D(i) is stored as a value CRC .S(i)+D(i1)]. At step 512 the
CRC[S(i)+D(i)] value is conpared to the CRC[S(i)] value. If the val ues
are equal, then it is 15 determned that this is a new record, not an old,
unerased record, and the dat azN s sent at ep 514.
| %\) (400 :
SET ) :
E =i+l -~ : .
\ @mw :
< >YES
i>imax? ®
| yNO (q04
MOVE HEAD TO @
OFFSET=5(i) '
: ) >
1 QWG \j QW”
READ FIELD MOVE HEAD TO
- OF FSET=-S (i)
SUCCESSFUL \NO
READ? READ FIELD
- |YES:
Y (#/0 i g4/8
FIELD LENGTH \NO SUCCESSFUL
( 2L3? > —~(B) ( ‘READ? PO
YES '
¥ 4/2 VYES @20
SEND DATA | <F1ELD LENGTM
L S 39 (:)
' YES
1 (422
SEND DATA




Figf 9'shom5 step Cleads to step 700.

the record which has just been read at offset -S
value CRC[-S(i)]. At step 702 the head 30 is noved to offset -S(i)-D(i). 20

At steps 704 and 706 the field is respectfully read and checked.
field was not read successfully read,

Fig. 7.

At step 700,

t he CRC
-S(i)

val ue of

is stored as a

If the

C t he operation goes to step E of
If the field is successfully read, then at step 710 the CRC val ue

of the record read at -S(i)-D(i) is stored as value CRC(-S(i)-D(i)]. At

step 712 the value CRC[-S(i)-D(i)]
If the values are equal,

then it

is conpared to the value CRC[ S(i)].
is deternmined that this is a new record

25

and is not an old unerased record and the data is sent at step 714.

Ther ef or e,

respectively.

if a first successful
S(i) beyond the centre of a track, a secon

goes to step Z of F!g.

35

noved to of fset

is stored as v
-D

read i.s a mgeved a certain
verifying read of

di stance
the sane

data is attenpted at |east a distance D(i) away fromthe first 30 read.
In Fig. 10, step X leads to step 800. The head 30 is noved to of f set
.DF/ 2. The field is read checked at steps

@o 802 a 304,
If the recg#d is not read successful then the operation
11y |f(sohe read i s successfuly, th&R% he CRC val ue

Ue PFr2l jat step 806.[ At gFgReB808 the head 30 is
E/ 2creAtsiSheps §810 and 812, |t még&d )1i S Wead and
MOVE HEAD TO MOVE HEAD TO
"OFFSET=" - OFFSET=
s{i)+D(i) -s(i)-D(i)
p 6o ' s
READ FIELD _ READ FIELD
l (06 l 706
SUCCESSFUL \NO ,@ SUCCESSFUL  \NO ;@
READ? ' READ? Y
YES YES
Y (510 | (710
STORE STORE .
CRCCS(i)+D(iN CRCL-S(i)-D(iN
Y §W2 Y (772

<c

RCLS(i)+D(i )JI\NO
=CRCLS(i)I?

CRCL-S(i )-D(i)3 \ no |
= CRCL-S(i)T

|YES " YES
Cad Y %d
SEND DATA - SEND DATA




SAS-93-b21 11 checked, respectively. If

the field is not read successfully, then the operation goes to step Z
of Fig. 11. If the field is successfully read, then the CRC value is
stored as value CRC[-DF/ 2] at step 814. At step 816, the val ue
CRCI[DF/ 2] is conpared to the value CRC[-DF/2]. If the 5 values are equal
then the data is sent at step 818, and if not, the - operation goes to
step Z The operation illustrated in Fig. 10 may now be
understood. If I > max, then the operation starting at step X is used.
An attenpt is made to successfully read the field at two positions
which are |l ocated a 10 distance DF (D Final) apart. This is done by noving
the head first to a position positive DF/2 and then to a position
negative DF/2 fromthe zero of fset pgggtion. If the confirmng read
cannot be made, then the operation goes to step Z of Fig. 11.
800 | I 808
MOVE HEAD TO MOVE HEAD TO
OFESET=DE/2 OFFSET =-DF/2
Iz I @0
READ FIELD READ FIELD
Yy x804 _. _ ‘r. §8/2 P .- -
SUCCESSFUL  \NO SUCCESSFUL \NO
< READ? > 220, < READ? ~2)
YES YES
{ \806 ' S8/4
STORE STORE
CRCIDF/21 . . CRCLC-DF/21
, _ v @s
CRCLDF/21= NO
CRCLC-DF/217?
- , lYES @8
_FIEDjU SEND DATA '

? &900

MOVE HEAD TO
OFFSET=¢

Y woz
READ FIELD

I 904 o6
SUCCESSFUL  \ YES . SEND DAT.

< READ? “i e R

D22 N VE VA | I

SEND ERROR . ' '

MESSAGE TO ]
SYSTEM

el

Frm 17

R
—= Lo




Fi g." '11 sho step Z leading to a st %( K§' ch—t+he WL@(EEMEM!SSW‘E
back to the en Eiaqed on A1 % Ebp t'e fi 4[JUN

read and checggmm Eﬁt ere REP Eﬂccessful Gi' 1935
data is sent not then an error nessage SeFEF——%

host system 70 at step 908 These | ast steps of Fig. 11 are |nplenented
when no successful read and verification of the record has 20 been achieved
and the host system 70 nust be notifiedjghat the desired record cannot
be accessed. In summary, the present invention discloses a data
storage system which verifies that the data read is correct by
conparing the data read at two positions a distance D apart. In a
preferred enbodinent, this is 25 done by conparing the CRC val ues of both
data reads. However, the invention could al so be practiced by
conparing other portions of the fields, such as the error correction
code. Alternatively, the fields ma be conggred intheir entirety.

Ot her enbodi mentﬁlé* OR REGPVERY: DATASTORAGE SYSTEM AND METHQID exanpl e,

i nstead of starting at offset zero, the head could be positioned at an
outer position initially and the noved increnmentally closer to the zero
offset, alternating fromside to side. Al so, the exact value of D may
be adjustedé%%% ndyfg upon the disk size or radial position of the

desired tra %ﬁﬁé tional re-read steps nay al so be added so that a read
35 is attenpted nmultiple times at each head position.

A direct access storage device (DASD) system uses a read/write head (30)
having a wide transducer write element and a narrow magneto-resistive read
element. In order to avoid mistakenly reading a incompletely erased old data field,
the system uses a verification procedure. The data is read at two positions along the
data track which are separated by a radial distance D. This distance D is selected to
be greater than the width of any incompletely erased data record. If the data read at
the two read positions is equal, then the data is deemed to be correct and is sent to a
host system (70).

FIG. 1



CLAIMS. 1. A data storage system conpri sing: a dat a [SREPRAGEMRRYT $ieeT
havi ng data tracks; a read el enent; a read negnhs co i@ .
the read el ement for causing the read elgnent to read datfapiQRiat 'dwralk 7
track; a novenent neans for noving the nediumrel at ilve—te—the-read "
el ement ; a positioning neans for noving the read el enent relative to
the data storage nediumto diSUMMARYpOFIINVENTEONoss the width of the
data tracks; and . a control neans connected to the pqQsitioning neans
for controlli %@W&m@%ﬁﬁpe%pf ftheoPrcse 1nYepHaR there df, Provided: aslata, steragss ul
reads are de a distance apart on the = same track, the control mean
urther | AUSERH SRR & U Nerissn Bef il LR AIAGAERY o AP IPBERS f AR he

wner oi n WEE RG] te\jpaY cfipfenl 1, SFg hé ropd AEpSE 6l afd Rl

;rﬂg syst et r&did! IMinbve B flefnsCfor SmEWRES YR HeiunY r@lSR tof fhe\WVedd eiidds; W1 S

positioning means for moving the read element relative to the data storage medium to
different positions across the width of the data tracks; and a control means connected to
the positioning means for controlling the movement of the read element such that two
successful reads are made a distance D apart on the same track, the control means further
including a comparison means for comparing the data read from the two reads to
determine if they are the same.

According to another aspect of the present invention there is provided a method for
a data storage system comprising the steps of: moving a read head to a first position
along the width of a data track of a data storage medium; reafding the data track at the
first position; determining if a successful data read has occurred at the first position;
storing the information read at the first position; moving the read head to a second
positidn along the width of the data track, the second position being a distance D from
the first position; reading the data track at the second position; determining if a
successful data read has occurred at the second position; and determining if the data of
the first read are equal to the data of the second read and transmitting the data if they are
equal.

According to still another aspect of the present invention there is provided a data
storage system comprising: a data storage medium having data tracks; a read element; a
read means connected to the read element for causing the read element to read data from
the data track; a movement means for rﬁoving the medium relative to the read element; a
positioning means for moving the read element relative to the data track to different

positions .across the width of the data tracks; and a control means connected to the




wi dth of. the data track. 4. The systemof claim1, wherein Lgég ENT
storage nedium has a magnetic recording layer. 5. The sysfemo
wherein the read el ement is a nmagneto-resgistive el ement. 6. Dg e___§ __________

EgtET

claim1, wherein the conparison nmeans conpares a selected p AT

data fromthe two successful reads. 7. The systemof claim 1, V\,her ein
t he conpar P9%iHONBSE MBeans rfpapausmgwéleaymd eleadent toobeimibvad yin (ahematmg)@esmire taind
two successful  reads. . ...The systemof claim 1, further conprising a
wite el erré‘ﬁgatE’GriH@'@F@&taﬂ distanses pway fiogh ﬁlhgmﬁﬂal?@lwm&\ﬂl fitgt quegessfal read
gpeat e o b Hodh e She G, 60 oSSR e S TS TR S g
read. position a positive distance D away from the position of the first successful read if the
first successful read was made at a positive incremental distance and causing the read
element to be moved to a second position a negative distance D away from the position
of the first successful read if the first successful read was made at a negative incremental
distance, such that a second successful read is made at the second position, the control
means further including a comparison means for comparing the data read from the first
position ﬁnd the second position to determine if they are the same.

In accordance with a preferred embodiment of the present invention, a data storage
system comprises a rotatable magnetic disk having data tracks of width W, a magneto-
resistive head attached to an actuator located over the data tracks, and a control unit
connected to the head and actuator. If a data field is read with the head positioned
within a certain small spacing of the centre of the data track, the data is deemed to be
correct and is sent to the host system 70. If the data cannot be read within this narrow
band at the track centre, the head is moved in incremental steps (both positive and
negative) across the track. Once the data is successfully read, the head is moved a
distance D across the track and the field is again read. If the data read at the two
locations is equal, then the data is deemed to be correct and is sent to the host system 70.
The distance D is selected to be larger than the width of any previously unerased old
data. This ensures that the old data is never read by mistake. In the preferred

embodiment W/4 = D = W/2 and D is optimally equal to approximately W/3.




10, The.systemof claim 1, wherein the control neans causes|tfheEpir

el enment to be noved in increnental distance away froman ifiti
in order to obtain a first successful remd. 11. The syst ate .0

wherein the distance D varies according to the nunber of i‘FeresRAfal ... .
di stances which the head el ement has been noved. 12. A nmethod for
storage system conprising the steps ofCLAIMS  npving a read head to a

first posi |on a n& the width of a . data track of a data storage nedi um
reading th ada?ar RIALE SYSIHD COMPIINGS s ¢ i on; determining if a

i or mat FLnd?‘t%s&%?ﬁ{fR% pRFGH Aok ol ™! TO0 L The read hoad toa

second positiop &B q1e width of the data track, the second position
e flrom

bei ng a distanc the first position; readi ng the data track
at the second pegidt mBshs connected Q@tﬂ% fEaH'dItﬁnélft far SHBERSHE Yeadl Rletent s rORS
occurred at the second position; and determning if the data of the

first reacuauﬁoggauahtattmckhe data of the second read and transnmitting the
data if they are equal.
a movement means for moving the medium relative to the read element;

a positioning means for moving the read element relative to the data storage
medium to different positions across the width of the data tracks; and

a control means connected to the positioning means for controlling the movement
of the read element such that two successful reads are made a distance D apart on the -
same track, the control means further including a comparison means for comparing the
data read from the two reads to determine if they are the same.
2. The system of claim 1, wherein W/4 = D = W/2, where W is the width of the
data track.
3. - The system of claim 1, wherein D is substantially equal to W/3, where W is the
width of the data track.
4. The system of claim 1, wherein the data storage medium has a magnetic recording
layer.
5. The system of claim 1, wherein the read element is a magneto-resistive element.
6. The system of claim 1, wherein the comparison means compares a selected portion
of the data from the two successful reads.
7. The system of claim 1, wherein the comparison means comﬁares the cyclical
redundancy check code of the two successful reads.
8. The system of claim 1, further comprising a write element connected to the
positioning means and having a width greater than the width of the read element.
9.  The system of claim 1, wherein the disténce D varies according to the length of the

data to be read.
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13.:. The .system of claim 12, wherein W4 [err] D [err] W2, i WEpiacMsTidrieEsT |
wi dth of the data track.
substantially equal to W3, where Wis tha w dth of the dattaid
The system of claim 12, wherein the data storage nmedi um has= ;
recording |ayer. 16. The systemof claim 12, wherein the read head is a
magnet o- r ed0st i\ wystertpt claim7l, wherein the contsol mea;smana@s thaaead nletnllwt stoabp of
determining_ if the data are _.equal is _conprised of conparing a selectel
portion of RYEdqig: cremental s LA Erom an ipigiglypositiorg in PRieT 49 bR F fiEstai m
12, wherei )| &I}g %Of determining if the data are equal is conprised of
conparing £RE ﬁ# 1 redundancy check code of the two reads. 19.

\-/r\nhgt ﬁySt emqf i Pheldr of V1510, WREreiP Y SUSIED vIAS &cm‘ceﬁgh 0 & Sy oee

incremental distances which the head element has been moved.
12. A method for a data storage system comprising the steps of:

moving a read head to a first position along the width of a data track of a data
storage medium;

reading the data track at the first position;

determining if a successful data read has occurred at the first position;

storing the information read at the first position;

moving the read head to a second position along the width of the data track, the
second position being a distance D from the first position;

reading the data track at the second position;

determining if a successful data read has occurred at the second position; and

determining if the data of the first read are equal to the data of the second read and
transmitting the data if they are equal.
13. The system of claim 12, wherein W/4 = D < W/2, where W is the width of the
data track.
14. The system of claim 12, wherein D is substantially equal to W/3, where W is the
width of the data track.
15. The system of claim 12, wherein the data storage medium has a magnetic recording
layer.
16. The system of claim 12, wherein the read head is a magneto-resistive element.
17. The system of claim 12, wherein the step of determining if the data are equal is
comprised of comparing a selected portion of the data from the two successful reads.
18. The system of claim 12, wherein the sfep of determining if the data are equal is

comprised of comparing the cyclical redundancy check code of the two reads.
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of a dat.a track. 20. The systemof claim 12, wherein the di st QREPLRCEMENTSHEET
according to the length of the data to be read. 21. The systf{em of i ‘RUG 1997
12, further conprising the step of novingsthe read head in i ngDaten 6

di stances away froman initial position in order to obtain a fifFsst

successful read. 22. The system of claim 21, wherein the distance D

vari es accdPdi ridietsystenechelainerl2owheteain thenread glemiing hama eeidihhlesshthah éhe sadthhad

has been noved 23.. A data storage system conpri sing: a data storage
medi um havioh@ 48 §a¢k-acks: a read el enent; a read means

connect ed t read el nt .f.or .causi the read el enent..to read dat

from the ddfa (it systent of Balls 1oy avHeeth B tisaned B aries Glbmaingcts B lensthaty e
to the rea X a positioning neans for noving the read el enent
relative tgh?ehéeﬁﬂgéapgr?ardack to different positions across the width of the

data trackgy ag‘ilsesgateg[ Bf eOfth' B ARBAS GRNGTE B {8 bPmARE WMl %R ARS

for causing th enent to
incremental distances away from an initial position in order to obtain a first successful

read.
22. The system of claim 21, wherein the distance D varies according to the number of
incremental distances which the read had has been moved.
23. A data storage system comprising:

a data storage medium having data tracks;

a read element;

a read means connected to the read element for causing the read element to read
data from the data track;

a movement means for moving the medium relative to the read element;

a positioning means for moving the read element relative to the data track to
different positions across the width of the data tracks; and

é control means connected to the positioning means for causing the read element to
be moved in alternating positive and negative incremental distances away from an initial
position until a first successful read has been made of the data, and for causing the read
element to be moved to a second position a positive distance D away from the position of
the first successful read if the first successful read was made at a positive incremental
distance and causing the read element to be moved to a second position a negative
distance D away from the position of the first successful read if the first successful read
was made at a negative incremental distance, such that a second successful read is made
at the second position, the control means further including a comparison means for
comparing the data read from the first position and the second position to determine if

they are the same.
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be noved in alternating positive and negative increnental gﬁgﬁéggzﬂg{?ﬁ ET
froman initial position until a first successful read hagj heen @ Ad ‘

the data, and for causing the read elemehit to be noved to {p-8&cord -

position a positive distance D away fromthe position of the Tirst

f ul if the first f ul d de at_a_positi
Ther emont a1 SR AT I, 33 TR A B DR, BBt Wi B Width of dbeond

position adﬁgragi ve distance D away fromthe position of the first
successf ul 8lf'f the first successful read was nade at a negative

| ner enent ahs di #halem SHERIh 3! wheRdl AR SHGAERRE Wi BYIS RIS, Wislde,

second position, control “méans g a coffpari

conpari ng heh datR dffgadgomthe first position and the second position to
determine if they are the sane.

REPLACEMEND6, SHEReT system 8f clafih 235 WhbRin fHe délaadtéﬁagémeﬂﬁ?f[ Bisa Whagndt®! febofding
[err] W2, where Wis the width of the data track.
layer. '
27. The system of claim 23, wherein the read element is magneto-resisﬁve element.
28. The system of claim 23, wherein the comparison means compares a selected
portion of the data read from the first and second positions.
29. The system of claim 23, wherein the comparison means compares the cyclical
redundancy check code of the two successful reads.
30. The system of claim 23, wherein the distance D varies according to the length of
the data to be read.
31. The system of claim 23, wherein the distance D varies according to the number of
incremental distances which the read element has been moved.

32. The system of claim 23, further comprising a write element connected to the

positioning means and having a width greater than the width of the read element.



mhereln Wis the width of the data track. 26. The syst em of BEaLm@
wherein the data storage nmedi um has a magnetic recording | ayer.
system of claim 23, wherein the read el enment is nagneto-resig
28. The system of claim 23, wherein the conparison neans co Ein
~selected portion of the data read fromthe first and second p03|t|ons
29. The system of claim 23, wherein the conparison neans conpares the
cyclical  redundancy check code of the o successful reads. 30. The
system of claim 23, wherein the distance D varies according to the length
of the data to be read. 31. The system of claim 23, wherein the distance
D varies according to the nunber of increnental distances which the read.
el ement has been noved. 32. The systemof claim 23, further conprising a
wite elenment connected to the positioning neans and having a width
greater than the width of the read el enent.

ERROR RECOVERY DATA STORAGE SYSTEM AND METHOD

ABSTRACT

A direct access storage device (DASD) system uses a read/write head G0
having a wide transducer write element and a narrow magneto-resistive read
element. In order to avoid mistakenly reading a incompletely erased old data field,
the system uses a verification procedure. The daté is read at two positions along the
data track which are separated by a radial distancé: D. This distance D is selected to
be greater than the width of any incompletely erased data record. If the data read at
the two read positions is equal, then the data is deemed to be correct and is sent to a

host system (70).

FIG. 1



