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(54)  Method  and  error  correcting  code  (ECC)  apparatus  for  storing  predefined  information  with 
ECC  in  a  direct  access  storage  device 

(57)  Apparatus  and  methods  for  storing  predefined 
information  with  error  correcting  code  (ECC)  in  a  direct 
access  storage  device  (10)  are  provided.  Predeter- 
mined  information  is  identified  and  loaded  to  an  ECC 
generator  (66)  for  customer  data  to  be  read  and  written. 
The  identified  predetermined  information  includes  an 
address  for  customer  data  to  be  read  and  written.  The 
customer  data  is  written  and  loaded  in  parallel  to  the 
ECC  generator.  Then  the  generated  ECC  that  reflects 
the  pre-loaded  predetermined  information  is  written  at 
the  end  of  the  written  customer  data.  The  customer  data 
and  ECC  is  read  and  loaded  in  parallel  to  the  ECC  gen- 
erator.  Errors  in  the  predetermined  information  that  is 
not  written  to  the  disk  surface,  can  be  detected  from  the 
read  ECC. 
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Description 

Field  of  the  Invention 

The  present  invention  relates  to  a  direct  access 
storage  device  (DASD),  and  more  particularly  to  a  meth- 
od  and  apparatus  for  storing  predefined  information  with 
error  correcting  code  (ECC)  in  a  direct  access  storage 
device. 

Description  of  the  Prior  Art 

Disk  drive  units  incorporating  stacked,  commonly 
rotated  rigid  magnetic  disks  are  used  for  storage  of  data 
in  magnetic  form  on  the  disk  surfaces.  Data  is  recorded 
in  radially  spaced  data  information  tracks  arrayed  on  the 
surfaces  of  the  disks.  Transducer  heads  driven  in  a  path 
toward  and  away  from  the  drive  axis  write  data  to  the 
disks  and  read  data  from  the  disks. 

In  direct  access  storage  devices  (DASDs),  it  is  nec- 
essary  to  position  the  transducer  heads  over  data  tracks 
on  the  disk  surfaces  to  properly  record  and  retrieve  data. 
Typically  this  is  accomplished  by  providing  servo  infor- 
mation  on  one  or  more  disk  surfaces  for  reading  by  the 
transducer  heads.  In  a  fixed  block  architecture  (FBA) 
each  data  information  track  is  divided  into  a  predeter- 
mined  number  of  equal-sized  sectors.  Each  data  sector 
typically  has  an  identification  (ID)  field  associated  with 
it.  The  ID  field  contains  information  which  identifies  the 
data  sector,  and  other  information,  such  as  flags  to  in- 
dicate  defective  sectors.  Typically  an  addressing 
scheme  is  used  where  the  data  sectors  are  identified  to 
the  host  system  by  a  logical  block  number  (LBN).  The 
host  computer  sends  a  list  of  logical  block  numbers  to 
be  written  or  read.  The  disk  drive  controller  converts  the 
LBNs  into  zone,  cylinder,  head  and  sector  (ZCHS)  val- 
ues.  The  servo  system  seeks  to  the  desired  zone,  cyl- 
inder  and  head,  and  the  disk  drive  begins  reading  ID 
fields  until  a  match  is  found.  Once  the  appropriate  ID 
field  has  been  read,  the  disk  drive  then  reads  or  writes 
the  following  data  field. 

The  assignee  of  the  present  application  has  provid- 
ed  a  sector  format  that  eliminates  ID  fields,  referred  to 
as  the  No-ID  sector  format.  In  the  No-ID  sector  format, 
the  servo  system  is  used  to  locate  physical  sectors,  and 
a  defect  map  is  stored  in  solid  state  random  access 
memory  (RAM)  to  identify  logical  sectors.  The  disk  data 
controller  converts  logical  block  numbers  to  physical 
block  numbers.  The  servo  system  is  used  to  locate  the 
physical  sector,  based  upon  knowledge  of  the  track  for- 
mats  in  each  zone.  This  information  includes  the  loca- 
tions  of  any  data  field  splits  due  to  embedded  servo, 
which  are  also  stored  in  RAM.  Both  the  header  and  data 
field  split  information  are  stored  in  RAM,  not  on  the  disk. 

In  applications  where  data  is  written  onto  a  magnet- 
ic  medium  in  parallel  tracks  it  is  possible  to  write  one 
track  close  enough  to  an  adjacent  track  such  that  the 
data  on  the  adjacent  track  is  significantly  erased.  In  this 

situation  the  system  will  attempt  to  read  the  data  and 
the  remaining  data  track  may  not  be  under  the  head  for 
some  particular  read.  The  system  then  proceeds  to  a 
data  recovery  procedure  (DRP).  This  includes  rereads 

5  at  off-track  positions,  that  are  intended  to  find  the  re- 
maining  data  track,  so  a  read  can  be  successfully  com- 
pleted.  Since  there  is  no  knowledge  on  which  off-track 
direction  to  pick  first,  the  head  may  be  shifted  in  the 
wrong  direction.  As  a  result,  it  is  possible  for  an  magne- 

to  to-resistive  (MR)  head  to  be  positioned  over  the  edge  of 
the  adjacent  track  that  has  been  written  inwardly  toward 
the  track  of  interest.  Even  though  the  head  has  been 
shifted  off  a  ways,  it  can  still  read  the  Identification  field, 
and  then  read  the  adjacent  track  squeezed  information 

is  without  identifying  an  error.  When  this  happens  the  in- 
correct  data  block  will  be  returned  to  the  system  with  no 
error  flagged.  This  case  of  passing  incorrect  data  off  as 
the  correct  data  is  significantly  worse  than  a  Hard  Error, 
where  the  data  is  not  able  to  be  read.  This  type  of  error 

20  is  made  much  more  probable  with  a  write  wide  and  read 
narrow  scheme  using  magneto-resistive  (MR)  heads. 

One  solution  to  this  problem  is  to  append  ID  infor- 
mation  to  the  customer  data  block  that  identifies  the 
block.  This  ID  information  would  be  redundant  to  infor- 

ms  mation  the  system  already  has  about  the  customer  data 
block.  The  problem  with  this  solution  is  that  ID  fields  can 
occupy  up  to  1  0%  of  a  track,  disk  space  that  would  oth- 
erwise  be  used  to  store  customer  data. 

A  need  exists  to  protect  the  customer  from  receiving 
30  the  wrong  data  undetected,  in  all  cases.  It  is  desirable 

to  store  the  identification  type  information  with  the  data 
block  without  occupying  any  disk  space. 

Summary  of  the  Invention 
35 

A  principal  object  of  the  present  invention  is  to  pro- 
vide  an  improved  method  and  apparatus  for  storing  pre- 
defined  information  with  error  correcting  code  (ECC)  in 
a  direct  access  storage  device.  Other  objects  are  to  pro- 

40  vide  such  method  and  apparatus  for  storing  predefined 
information  with  ECC  substantially  without  negative  ef- 
fects,  and  that  overcome  many  of  the  disadvantages  of 
prior  art  arrangements. 

In  brief,  apparatus  and  methods  for  storing  prede- 
45  fined  information  with  error  correcting  code  (ECC)  in  a 

direct  access  storage  device  are  provided.  Predeter- 
mined  information  is  identified  and  loaded  to  an  ECC 
generator  for  customer  data  to  be  read  and  written.  The 
identified  predetermined  information  includes  an  ad- 

so  dress  for  customer  data  to  be  read  and  written.  The  cus- 
tomer  data  is  written  and  loaded  in  parallel  to  the  ECC 
generator.  Then  the  generated  ECC  that  reflects  the 
pre-loaded  predetermined  information  is  written  at  the 
end  of  the  written  customer  data.  The  customer  data  and 

55  ECC  is  read  and  loaded  in  parallel  to  the  ECC  generator. 
Errors  in  the  predetermined  information  that  is  not  writ- 
ten  to  the  disk  surface  can  be  detected  from  the  read 
ECC. 
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A  feature  of  the  invention  is  that  the  use  of  the  hid- 
den  bytes  of  predetermined  information  stored  with  the 
ECC  does  cost  any  loss  of  data  storage  capacity  of  the 
data  storage  disk  file. 

Brief  Description  of  the  Drawings 

The  present  invention  together  with  the  above  and 
other  objects  and  advantages  may  best  be  understood 
from  the  following  detailed  description  of  the  preferred 
embodiments  of  the  invention  illustrated  in  the  drawings, 
wherein: 

FIG.  1  is  a  schematic  and  block  diagram  of  a  data 
storage  disk  file  embodying  the  present  invention; 
FIG.  2  is  a  diagram  showing  the  accessing  mecha- 
nism  for  a  single  disk  surface  of  the  apparatus  of 
FIG.  1; 
FIG.  3  is  a  block  diagram  functional  representation 
illustrating  the  data  storage  disk  file  of  FIG.  1  ; 
FIGS.  4,  5  and  6  are  flow  charts  illustrating  the  pre- 
determined  information  reading,  writing  and  data 
recovery  methods  and  apparatus  of  the  invention; 
and 
FIG.  7  is  a  graph  illustrating  an  example  of  a  track 
format  used  with  the  present  invention. 

Detailed  Description  of  the  Preferred  Embodiments 

In  FIG.  1  there  is  shown  a  partly  schematic  block 
diagram  of  parts  of  a  data  storage  disk  file  10  including 
a  data  storage  medium  generally  designated  as  1  2  and 
an  interface  control  unit  generally  designated  as  14.  In 
the  preferred  embodiment  of  this  invention,  the  data 
storage  medium  1  2  is  embodied  in  a  rigid  magnetic  disk 
drive  unit  1  2,  although  other  mechanically  moving  mem- 
ory  configurations  may  be  used.  Unit  12  is  illustrated  in 
simplified  form  sufficient  for  an  understanding  of  the 
present  invention  because  the  utility  of  the  present  in- 
vention  is  not  limited  to  the  details  of  a  particular  drive 
unit  construction. 

Referring  nowto  FIGS.  1  and  2  of  the  drawings,  disk 
drive  unit  12  includes  a  stack  16  of  disks  18  having  at 
least  one  magnetic  surface  20.  The  disks  1  8  are  mount- 
ed  in  parallel  for  simultaneous  rotation  on  and  by  an  in- 
tegrated  spindle  and  motor  assembly  26.  Data  informa- 
tion  on  each  disk  1  8  are  read  and/or  written  to  by  a  cor- 
responding  transducer  head  28  movable  across  the  disk 
surface  20. 

Transducer  heads  28  are  mounted  on  flexure 
springs  30  carried  by  arms  32  ganged  together  for  si- 
multaneous  pivotal  movement  about  a  support  spindle 
34.  One  of  the  arms  32  includes  an  extension  36  driven 
in  a  pivotal  motion  by  a  head  drive  motor  38.  Although 
several  drive  arrangements  are  commonly  used,  the 
motor  38  can  include  a  voice  coil  motor  39  cooperating 
with  a  magnet  and  core  assembly  (not  seen)  operatively 
controlled  for  moving  the  transducer  heads  28  in  syn- 

chronism  in  a  radial  direction  in  order  to  position  the 
heads  in  registration  with  data  cylinders  to  be  followed. 
The  VCM  is  movable  within  a  fixed  magnetic  field,  and 
the  direction  and  velocity  is  controlled  by  the  current 

5  supplied.  The  various  components  of  the  disk  file  1  0  are 
controlled  in  operation  by  signals  generated  by  control 
unit  14  such  as  motor  control  signals  on  line  26A  and 
position  control  signals  on  line  38A. 

An  example  of  a  track  format  in  a  sector  servo  for- 
10  mat  file  is  shown  in  FIG.  7.  As  shown  in  FIG.  7,  the  servo 

pattern  includes  a  write-to-read  recovery  field  (W/R)  and 
a  servo  region.  Each  data  sector  0  to  n  includes  a  syn- 
chronization  field  (sync)  used  to  synchronize  the  read 
clock  with  the  read  data,  a  customer  data  field  and  an 

is  error  correcting  code  (ECC)  field  at  the  end  of  the  cus- 
tomer  data. 

Referring  now  to  FIG.  3,  there  is  shown  a  block  di- 
agram  functional  representation  of  the  disk  file  10  gen- 
erally  designated  as  50  for  carrying  out  the  predeter- 

20  mined  information  storage  with  the  ECC  methods  of  the 
invention.  Servo  information  and  customer  data  are 
read  by  the  R/W  heads  28  and  amplified  by  a  preampli- 
fier  (preamp)  52.  A  data  channel  54  uses  known  sam- 
pling  techniques  for  detecting  the  readback  signals  from 

25  the  disk  that  contain  the  customer  data.  An  embedded 
controller  56  includes  a  disk  controller  58  coupled  to  the 
data  channel  54  and  a  buffer  controller  60  that  is  coupled 
to  a  buffer  random  access  memory  (RAM)  62  and  is  cou- 
pled  to  a  host  interface  via  an  interface  controller  64.  An 

30  error  correcting  code  (ECC)  syndrome  generator  66  is 
coupled  between  the  disk  controller  58  and  buffer  con- 
troller  60.  An  interface  microprocessor  70  and  a  servo 
control  70  are  coupled  to  the  embedded  controller  56 
performing  interface  processor  functions.  The  servo 

35  control  70  performs  servo  control  functions  providing 
servo  positioning  control  signals  to  a  power  drivers  block 
72  coupled  to  the  VCM  39  and  the  spindle  motor  26. 

ECC  generator  66,  as  conventionally  used  in  disk 
files,  provides  an  error  detection  and  correction  function 

40  to  protect  the  integrity  of  the  customer  data  from  read- 
back  errors  that  are  inherent  in  disk  drives.  The  error 
detection  and  correction  function  is  accomplished  by  ap- 
pending  a  predefined  number  of  data  bytes  of  error  cor- 
recting  code  (ECC),  called  a  syndrome,  to  the  end  of  the 

45  customer  data  block  during  a  write  operation.  The  syn- 
drome  is  calculated  from  the  customer  data  being  writ- 
ten  by  passing  the  data  through  the  ECC  syndrome  gen- 
erator  66.  The  unique  syndrome  calculated  for  the  block 
of  customer  data  is  appended  to  the  end  of  that  data 

so  and  written  on  the  disk.  During  a  read  operation  the  cus- 
tomer  data  including  the  appended  ECC  syndrome 
bytes  being  read  from  the  disk  is  passed  through  the 
ECC  syndrome  generator  66.  The  ECC  syndrome  bytes 
are  used  to  detect  and  correct  errors  in  the  customer 

55  data  and  syndrome  that  may  have  occurred  during  the 
read  operation. 

The  power  of  the  ECC,  that  is  the  number  of  bytes 
the  ECC  can  protect  in  a  single  block  and  the  number 
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of  errors  the  ECC  can  safely  detect  and  correct,  is  di- 
rectly  related  to  the  number  of  syndrome  bytes  recorded 
with  the  customer  data  block.  Typically  the  number  of 
bytes  of  customer  data  an  ECC  can  protect  is  much  larg- 
er  than  the  actual  number  of  bytes  selected  for  the  cus- 
tomer  block  size. 

United  States  patent  4,494,234,  issued  January  15, 
1985,  United  States  patent  4,525,838,  issued  June  25, 
1985,  United  States  patent  4,703,485,  issued  October 
27,  1987,  and  United  States  patent  4,706,250,  issued 
November  1  0,  1  987,  to  Arvind  M.  Patel  and  assigned  to 
the  present  assignee,  disclose  systems  and  methods  for 
correcting  errors,  and  are  hereby  incorporated  by  refer- 
ence  as  if  fully  set  forth  herein. 

In  accordance  with  a  feature  of  the  invention,  avail- 
able  capability  in  the  ECC  is  utilized  to  store  predeter- 
mined  information  about  a  sector  without  requiring  the 
use  of  additional  diskstorage  space.  The  predetermined 
information  generally  is  used  to  protect  the  customer  da- 
ta  including  either  the  physical  address,  head,  cylinder 
and  sector  numbers  or  a  logical  block  address.  Both  of 
these  numbers  are  determined  and  available  before 
writing  or  reading  customer  data  to  a  particular  address 
on  the  disk.  The  available  ECC  function  on  the  disk  file 
10  is  used  to  store  predetermined  information  before 
both  a  write  operation  and  a  read  operation  for  the  pur- 
pose  of  verifying  the  predetermined  information  on  the 
read  operation,  to  avoid  otherwise  undetected  possible 
data  errors. 

In  accordance  with  the  invention,  predetermined  in- 
formation  known  in  advance  of  both  read  and  write  op- 
erations,  is  pre-loaded  to  the  ECC  syndrome  generator 
66  before  customer  data  is  written  and  read.  During  the 
write  operation  as  illustrated  and  described  with  respect 
to  FIG.  5,  the  predetermined  information  data  is  run 
through  the  ECC  generator  66  but  not  actually  written 
to  the  disk.  The  ECC  syndrome  appended  to  the  cus- 
tomer  data  and  written  to  the  disk  includes  hidden  bytes 
related  to  the  pre-loaded  predetermined  information  or 
reflects  the  fact  that  the  pre-loaded  data  was  run  through 
the  ECC  generator.  On  a  subsequent  read  operation  as 
illustrated  and  described  with  respect  to  FIG.  4,  again 
pre-loading  of  the  ECC  generator  66  with  the  predeter- 
mined  information  for  the  particular  data  block  causes 
one  of  two  conditions  to  occur. 

Firstly  and  most  likely,  the  data  pre-loaded  on  the 
read  operation  will  match  the  pre-loaded  data  from  the 
write  operation.  Typically  the  ECC  generator  66  will  de- 
tect  the  same  information  on  these  first  bytes  and  will 
flag  no  errors  in  the  pre-loaded  area. 

Secondly,  when  the  pre-loaded  read  data  does  not 
match  what  was  pre-loaded  during  the  write  operation, 
the  block's  syndrome  will  detect  that  the  pre-loaded  pre- 
determined  data  does  not  match  even  though  the  pre- 
loaded  predetermined  data  was  never  written  to  the 
disk.  During  this  error  condition,  the  ECC  generator  66 
performs  an  error  recovery  sequence  as  illustrated  and 
described  with  respect  to  FIG.  6. 

In  accordance  with  a  feature  of  the  invention,  the 
power  of  the  ECC  is  shared  for  storing  other  predeter- 
mined  information  with  minimal  impact  on  the  normal 
data  error  detection  and  correction  capability.  Since  the 

5  full  power  of  the  code  is  seldom  used,  then  sharing  the 
power  to  protect  other  aspects  has  little  impact  on  the 
original  function  of  the  ECC,  and  saves  bytes  of  redun- 
dancy  in  otherwise  used  systems.  The  only  technical 
cost  of  saving  hidden  bytes  of  predetermined  informa- 

10  tion  with  ECC  is  a  change  in  the  maximum  length  of  cus- 
tomer  data  in  a  sector  that  can  be  corrected  by  the  ECC. 
For  example,  with  a  maximum  of  747  customer  data 
bytes  allowed  in  a  sector,  the  use  of  hidden  data  can 
reduce  the  maximum  number  of  customer  data  bytes  by 

is  the  number  of  hidden  bytes;  however,  for  example,  only 
one  byte  of  hidden  data  may  be  required  for  the  desired 
predetermined  information.  Typically  customers  use  the 
standard  512  data  bytes,  or  520  or  528  data  bytes  so 
that  there  are  normally  over  200  unused  bytes  within  the 

20  ECC  coverage  capability. 
The  customer  data  and  syndrome  is  protected  by 

the  ECC  with  an  insignificant  change  in  the  probability 
of  miss-detection  or  miss-correction  resulting  from  the 
additional  predetermined  information  pre-loaded  to  the 

25  ECC.  By  pre-loading  the  ECC  syndrome  generator  with 
predetermined  information  including  other  selected  sys- 
tem  parameters,  it  is  possible  to  detect  errors  while 
reading  if  other  system  parameters  are  not  correctly  set. 
For  example,  the  predetermined  information  can  be 

30  used  to  verify  that  the  servo  system  is  reporting  the  cor- 
rect  sector  number  for  the  data  being  read.  Pre-loading 
the  predetermined  information  with  ECC  generation  ad- 
vantageously  is  used  with  the  No-ID  servo  format,  servo 
formats  including  identification  fields  and  servo  formats 

35  with  reduced  number  of  identification  fields.  As  another 
example,  if  three  bytes  of  system  parameters  are  not 
known  during  a  read,  that  were  used  in  the  generation 
of  written  ECC  syndromes,  then  by  loading  any  other 
data  into  these  three  bytes  before  a  read  operation  will 

40  cause  the  ECC  generator  66  on  the  fly  corrections  to 
generate  the  correct  values  of  these  bytes,  when  the 
customer  data  does  not  have  an  error.  If  there  is  a  data 
error  in  the  sector,  then  the  next  sector  would  give  the 
information. 

45  Pre-loading  the  ECC  syndrome  generator  with  pre- 
determined  information  can  be  used  for  linking  several 
blocks  of  data.  The  amount  of  data  that  can  be  covered 
by  a  given  error  detecting  code  is  limited.  If  larger  blocks 
of  data  are  desired,  several  blocks  can  be  linked  togeth- 

50  er  by  pre-loading  the  syndrome  of  one  block  into  the  syn- 
drome  generator  of  the  next  block.  Using  this  technique, 
it  is  possible  to  detect  if  a  block  read  did  not  belong  to 
the  series  of  blocks  being  linked.  This  application  of  the 
pre-loading  predetermined  information  to  the  ECC  gen- 

55  erator  provides  protection  for  logical  blocks  that  are 
composed  of  multiple  physical  blocks,  and  provides  a 
check  that  all  the  physical  blocks  were  updated  on  the 
write. 

4 
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Referring  to  FIG.  4,  there  is  shown  a  flow  chart  il- 
lustrating  sequential  steps  for  reading  customer  data  in- 
cluding  predetermined  information  stored  with  the  ECC 
in  accordance  with  the  invention.  Initially,  the  predeter- 
mined  information  including  a  variable  logical  block  ad- 
dress  (LBA)  is  set  to  a  first  LBA  to  be  read  as  indicated 
at  a  block  400.  Then  the  ECC  generator  66  is  cleared 
and  pre-loaded  with  the  predetermined  information  and 
the  value  LBA  as  indicated  at  a  block  402.  Next  the  phys- 
ical  location  of  the  LBA  is  determined  and  the  actuator 
and  disk  controller  58  is  setup  to  perform  a  read  at  that 
physical  location  as  indicated  at  a  block  404.  Customer 
data  from  disk  for  the  LBA  are  read  and  stored  in  the 
buffer  RAM  62  and  in  parallel  the  customer  data  bytes 
are  loaded  to  the  ECC  generator  66  as  indicated  at  a 
block  406. 

After  the  last  byte  of  the  LBA  has  been  stored  in  the 
buffer  RAM  62  and  the  last  checkbyte  has  been  loaded 
into  the  ECC  generator  66,  the  ECC  logic  is  used  to  de- 
tect  and  correct  read  errors  as  indicated  at  a  block  408. 
Next  it  is  determined  whether  the  ECC  generator  detect- 
ed  an  error  in  the  location  where  the  value  LBA  was  pre- 
loaded  to  the  ECC  generator  as  indicated  at  a  decision 
block  41  0.  When  an  error  in  the  location  for  the  pre-load- 
ed  predetermined  information  and  LBA  N  is  detected  at 
block  41  0,  then  the  sequential  operations  continue  with 
the  error  recovery  sequence  in  FIG.  6.  Otherwise,  when 
such  an  error  is  not  detected,  then  it  is  determined 
whether  all  LBAs  have  been  read  for  this  command  as 
indicated  at  a  decision  block  412.  If  all  LBAs  have  not 
been  read,  then  the  LBA  N  is  set  to  the  to  next  LBA  to 
be  read  as  indicated  at  a  block  414  and  the  sequential 
steps  return  to  block  402.  Otherwise  when  determined 
that  all  LBAs  have  been  read,  then  the  read  operation 
is  completed. 

Referring  to  FIG.  5,  there  is  shown  a  flow  chart  il- 
lustrating  sequential  steps  for  writing  customer  data  in- 
cluding  predetermined  information  stored  with  the  ECC 
in  accordance  with  the  invention.  Initially,  the  variable 
LBA  N  is  set  to  first  LBA  to  be  written  as  indicated  at  a 
block  500.  Then  the  ECC  generator  66  is  cleared  and 
pre-loaded  with  the  predetermined  information  and  the 
value  LBA  as  indicated  at  a  block  502.  Next  the  physical 
location  of  LBA  is  determined  and  the  actuator  and  disk 
controller  58  is  setup  to  perform  a  write  at  that  physical 
location  as  indicated  at  a  block  504.  Customer  data  from 
disk  for  the  LBA  are  written  and  in  parallel  the  customer 
data  bytes  are  loaded  to  the  ECC  generator  66  as  indi- 
cated  at  a  block  506. 

After  loading  the  last  byte  of  LBA  customer  data  into 
ECC  generator,  checkbytes  in  ECC  generator  are  add- 
ed  to  end  of  customer  data  and  written  to  the  disk  as 
indicated  at  a  block  508.  Next  it  is  determined  whether 
all  LBAs  have  been  written  for  this  command  as  indicat- 
ed  at  a  block  510.  When  LBAs  are  remaining  to  be  writ- 
ten  for  this  command,  then  the  current  LBA  is  set  to  next 
LBA  to  be  written  as  indicated  at  a  block  512.  Then  the 
sequential  steps  continue  returning  to  block  502.  Other- 

wise,  when  determined  that  all  LBAs  have  been  written; 
then  the  write  operation  is  completed. 

Referring  now  to  FIG.  6,  the  sequential  steps  for  er- 
ror  recovery  are  illustrated.  First,  it  is  determined  if  the 

5  ECC  error  detected  at  decision  block  410  in  FIG.  4,  is 
correctable  as  indicated  at  a  decision  block  600.  If  de- 
termined  that  the  ECC  error  is  correctable,  then  the  ECC 
generator  66  is  used  to  determine  the  actual  LBA  of  the 
sector  that  was  read  and  the  identified  value  is  stored 

10  as  indicated  at  a  block  602.  Otherwise,  when  deter- 
mined  that  the  ECC  error  is  not  correctable  at  block  600 
and  after  the  actual  LBA  is  stored  at  block  602,  then  an 
error  is  stored  indicating  the  wrong  LBA  N  was  returned 
from  a  read  as  indicated  at  a  block  604.  Then  re-reading 

is  of  the  desired  physical  location  is  attempted  as  indicated 
at  a  block  606  by  repeating  steps  402,  404,  406  and  408 
in  FIG.  4. 

Next  it  is  determined  if  the  ECC  generator  detected 
an  error  in  the  location  where  the  value  LBA  N  was  pre- 

20  loaded  to  the  ECC  generator  as  indicated  at  a  decision 
block  608.  When  determined  that  the  ECC  generator  de- 
tected  an  error  in  the  location  where  the  value  LBA  N 
was  pre-loaded  to  the  ECC  generator,  then  it  is  deter- 
mined  whether  the  predetermined  retry  level  has  been 

25  exceeded  as  indicated  at  a  decision  block  610.  When 
determined  that  the  ECC  generator  did  not  detect  an  er- 
ror  in  the  location  where  the  value  LBA  N  was  pre-load- 
ed  to  the  ECC  generator,  then  the  sequential  operations 
return  to  block  410  in  FIG.  4.  If  the  predetermined  retry 

30  level  has  not  been  exceeded,  then  the  sequential  steps 
are  repeated,  returning  to  the  decision  block  600.  Oth- 
erwise,  when  the  predetermined  retry  level  has  been  ex- 
ceeded,  then  the  sequential  steps  conclude  with  the 
generation  of  a  terminate  command  with  hard  error  in- 

35  dicating  correct  physical  block  could  not  be  found  as  in- 
dicated  at  a  block  612. 

Claims 

1  .  A  method  for  storing  predefined  information  with  er- 
ror  correcting  code  (ECC)  in  a  direct  access  storage 
device,  said  method  comprising  the  steps  of: 

identifying  predetermined  information, 
loading  said  identified  predetermined  informa- 
tion  to  an  ECC  generator  for  both  customer  da- 
ta  to  be  read  and  written; 
writing  said  customer  data  and  loading  in  par- 
allel  said  written  customer  data  to  said  ECC 
generator; 
writing  ECC  generated  from  said  predeter- 
mined  information  and  said  written  customer 
data  at  the  end  of  said  written  customer  data; 
and 
reading  said  customer  data  and  ECC  and  load- 
ing  in  parallel  said  read  customer  data  and  ECC 
to  said  ECC  generator. 

45 

50 

5 
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2.  A  method  as  recited  in  claim  1  wherein  said  step  of 
identifying  predetermined  information  includes  the 
step  of: 

identifying  an  address  for  both  customer  data 
to  be  read  and  written;  s 

3.  A  method  as  recited  in  claim  2  wherein  said  step  of 
identifying  predetermined  information  includes  the 
step  of: 

identifying  a  logical  block  address  (LBA)  and  10 
a  physical  address  of  the  customer  data  to  be  read 
and  written. 

4.  A  method  as  recited  in  claim  1  further  includes  the 
step  of  utilizing  said  read  ECC  to  detect  an  error  in  15 
said  predetermined  information  and  including  said 
address  of  the  customer  data  read. 

5.  Apparatus  for  storing  predefined  information  with 
error  correcting  code  (ECC)  in  a  direct  access  stor-  20 
age  device  comprising: 

means  for  identifying  predetermined  informa- 
tion, 
an  ECC  generator  coupled  to  said  predeter-  25 
mined  information  identifying  means,  said  ECC 
generator  receiving  said  identified  predeter- 
mined  information  for  both  customer  data  to  be 
read  and  written; 
means  for  writing  customer  data  and  for  loading  30 
in  parallel  written  customer  data  to  said  ECC 
generator; 
means  for  writing  ECC  generated  from  said 
predetermined  information  and  said  written 
customer  data  at  the  end  of  said  written  cus-  35 
tomer  data;  and 
means  for  reading  said  customer  data  and  ECC 
and  loading  in  parallel  said  read  customer  data 
and  ECC  to  said  ECC  generator. 

40 
6.  Apparatus  as  recited  in  claim  5  wherein  said  means 

for  identifying  said  identified  predetermined  infor- 
mation  includes  meas  for  identifying  an  address  for 
both  customer  data  to  be  read  and  written. 

45 
7.  Apparatus  as  recited  in  claim  5  further  including 

means  for  utilizing  said  read  ECC  to  detect  an  error 
in  said  predetermined  information  and  including 
said  address  of  the  read  customer  data,  and  where- 
in  said  utilizing  means  further  includes  means  for  so 
identifying  an  actual  address  pf  the  read  customer 
data. 

9.  A  direct  access  storage  device  comprising: 

at  least  one  disk  mounted  in  said  housing  for 
rotation  about  an  axis  and  having  at  least  one 
disk  surface  for  storing  data; 
transducer  means  mounted  for  movement 
across  said  disk  surface  for  reading  and  writing 
data  to  said  disk  surface; 
means  for  identifying  predetermined  informa- 
tion; 
an  ECC  generator  coupled  to  said  predeter- 
mined  information  identifying  means,  said  ECC 
generator  receiving  said  identified  predeter- 
mined  information  for  both  customer  data  to  be 
read  and  written; 
means  for  writing  customer  data  and  for  loading 
in  parallel  written  customer  data  to  said  ECC 
generator; 
means  for  writing  ECC  generated  from  said 
predetermined  information  and  said  written 
customer  data  at  the  end  of  said  written  cus- 
tomer  data; 
means  for  reading  said  customer  data  and  ECC 
and  loading  in  parallel  said  read  customer  data 
and  ECC  to  said  ECC  generator;  and 
means  for  utilizing  said  read  ECC  to  detect  an 
error  in  said  predetermined  information  of  the 
read  customer  data. 

1  0.  A  direct  access  storage  device  as  recited  in  claim  9 
wherein  said  means  for  identifying  said  identified 
predetermined  information  includes  meas  for  iden- 
tifying  an  address  for  both  customer  data  to  be  read 
and  written. 

8.  Apparatus  as  recited  in  claim  5,  6  or  7  further  in- 
cludes  means  for  re-reading  said  customer  data  55 
and  ECC  responsive  to  a  detected  error  in  said  ad- 
dress. 

6 
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