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@  Two  servoing  functions,  both  operating  from  the  data 
reading  and  recording  transducer,  are  performed  in  a  high 
performance  movinghead  disc  drive.  One  servo  rapidly 
moves  the  head  from  its  current  track  to  any  other  track 
utilizing  absolute  track  identifying  addresses  recorded  in 
the  inter-sector  gap  between  data  sectors.  Once  located  on 
a  track,  the  other  servo  maintains  head  location  precisely 
over  the  center  of  that  track  while  data  is  being  read  or 
recorded  employing  track following  information  also  record- 
ed  in  the  inter-sector  gap.  The  resolution  of  transducer 
location  is  enhanced  by  secondary  use  of the  track  following 
information. 



In  a  typ ica l   p r io r   ar t   moving-head  disc  d r i v e ,   the  data  r e a d i n g  

and  r ecord ing   t r a n s d u c e r ,   h e r e i n a f t e r   r e f e r r e d   to  as  the  d a t a  

head  or  head,  is  moved  from  one  t rack  to  another   under  s e r v o  

cont ro l   to  ensure  tha t   the  data  head  will  stop  d i r e c t l y   o v e r  

the  t a r g e t   t rack  (e .g .   US  pa ten t   35  34  344).  Given  p r a c t i c a l  

a c c e l e r a t i o n   l i m i t a t i o n s ,   the  data  head  c a r r i e r   or  a c t u a t o r   i s  

t y p i c a l l y   a c c e l e r a t e d   at  the  maximum  level  pos s ib l e   unt i l   h a l f  

the  to ta l   d i s t a n c e   has  been  t r a v e l e d ,   then  d e c e l e r a t e d   unt i l   i t  

is  stopped  over  the  t a r g e t   t r ack .   An  open-loop  head  p o s i t i o n  

system  is  imprac t i ca l   because  e l e c t r i c a l   and  mechanical  p e r t u r b a -  

t ions   will  r e s u l t   in  o v e r - s h o o t   and  unde r - shoo t   of  the  t a r g e t  

t r a c k .  

The  a c c e l e r a t i o n ,   v e l o c i t y   and  p o s i t i o n   p r o f i l e s   of  such  a  con-  

ven t iona l   system  are  shown  in  Figure  1.  Combining  the  v e l o c i t y  

and  p o s i t i o n   curves ,   i t   is  c l ea r   tha t   the  v e l o c i t y   at  any  i n s t a n t  

in  time  is  p r o p o r t i o n a l   to  the  square   root  of  the  d i s t a n c e   yet  t o  

be  t r a v e l e d .   Such  p r o p o r t i o n a l i t y   is  the  p r i n c i p l e   of  many  con-  

ven t iona l   t rack  l o c a t i n g   servos  such  as  the  one  shown  in  Figure  2 .  

Such  servos  t y p i c a l l y   include  one  r e g i s t e r   for  c o n t a i n i n g   t h e  

t a r g e t   t rack  i n fo rma t ion   and  another   for  c o n t a i n i n g   cu r r en t   t r a c k  

l o c a t i o n ,   the  l a t t e r   being  updated  as  the  head  moves.  Update 

in fo rmat ion   is  ob ta ined   by  count ing  t rack  c ro s s ings   from  a  g l a s s  

encoder  or  d e d i c a t e d ,   cont inuous   servo  su r f ace .   The  i n f o r m a t i o n a l  

d i f f e r e n c e   between  these  two  r e g i s t e r s   r e p r e s e n t s   the  d i s t a n c e  

yet   to  be  t r a v e l e d   and  is  conver ted   to  an  analog  vol tage   which 

is  p r o p o r t i o n a l   to  the  d i s t a n c e   to  the  t a r g e t   t r ack .   The  d e s i r e d  

v e l o c i t y   of  the  c a r r i e r   is  ob ta ined   by  tak ing   the  square  root  o f  

the  analog  vol tage   which  is  then  compared  to  the  actual   v e l o c i t y  

to  der ive   a  c u r r e n t   p r o p o r t i o n a l   to  the  d i f f e r e n c e   between  t h e  

two  v e l o c i t i e s   for  d r iv ing   the  mo to r .  

For  the  convent iona l   t rack  l o c a t i n g   system  diagrammed  in  Figure  2 ,  

the  p o s i t i o n   t r a n s d u c e r   is  a  pulse  g e n e r a t o r   which  produces  a 

pulse  to  increment   or  decrement  the  up/down  counter   (or  c u r r e n t  



t rack  r e g i s t e r )   whenever  a  t rack  cen te r   is  c rossed .   Track  c e n t e r s  

are  ob ta ined   by  d e t e c t i n g   l ines   on  a  glass  encoder  a t t ached   t o  

the  s t r u c t u r e   for  moving  the  head,  or  by  d e t e c t i n g   s p e c i a l l y  

w r i t t e n   t racks   on  a  ded ica t ed   su r face   of  the  disc  pack  which  i s  

read  by  a  s e p a r a t e   servo  head.  However,  such  systems  r equ i re   a 

ded ica t ed   servo  su r face   or  p o s i t i o n   t r a n s d u c e r s   o ther   than  t h e  

data  head  i t s e l f .   Moreover,  such  systems  def ine  the  r e l a t i v e  

p o s i t i o n   of  the  servo  head  to  servo  t r a c k ,   not  of  the  data  head 

to  data  t r ack .   Other  p r io r   a r t   systems  use  encoders  on  the  head 

c a r r i a g e .   In  a d d i t i o n   to  expense,   however,  encoder  systems  d e f i n e  

the  r e l a t i v e   p o s i t i o n   of  the  c a s t i n g   to  head  c a r r i a g e ,   not  o f  

the  data  head  to  data  t r a c k .  

The  system  shown  in  U.S.  Patent   3  924  268  is  t yp ica l   of  more  r e c e n t  

p r io r   a r t   moving  head  disc  t rack  l o c a t i n g   systems.   It  d e s c r i b e s  

a  system,  having  t rack  fo l lowing   i n fo rma t ion   recorded  in  the  i n t e r -  

s e c t o r   gap  between  data  s e c t o r s   and  read  by  the  data  head,  which 

is  dependent  on  sens ing  the  v e l o c i t y   of  the  t r a n s d u c e r   c a r r i a g e s  

while  moving  to  another   t r ack .   In  th is   case  there   is  a  p r i m a r y  

and  a  low-mass  secondary  c a r r i a g e   for  suppor t i ng   and  t r a n s l a t i n g  

the  data  head.  The  p o s i t i o n   of  t r a n s d u c e r   c a r r i a g e s   is  d e t e r m i n e d  

with  r e spec t   to  a  r e f e r e n c e   plane  by  servo  c i r c u i t r y   which  i n -  

cludes  a  r e g i s t e r   for  s t o r i n g   a  commanded  t rack  p o s i t i o n ,   a 

counter   which  is  incremented  or  decremented  r e l a t i v e   to  the  r e -  

fe rence   plane  as  the  t r a n s d u c e r   moves  across  data  t racks   and  a 

comparator   for  comparing  the  con ten t s   of  the  counter   and  r e g i s t e r .  

The  low-mass  secondary  c a r r i a g e   to  which  the  head  is  a c t u a l l y  

coupled,   is  used  for  f a s t   response  movement  to  fo l low,   for  example ,  

the  rad ia l   runout  of  the  t r a c k ,   such  movement  t y p i c a l l y   b e i n g  

l imi t ed   to  a  s ing le   t rack  w i d t h .  

Conventional   t rack  fo l lowing   sys tems,   such  as  the  one  shown  in  

Figure  3,  employ  ra te   and  p o s i t i o n   feedback  in  a  c o n t i n u o u s  

n u l l - s e e k i n g   analog  servo  system.  The  ra te   i n fo rma t ion   is  o b t a i n e d  

from  a  v e l o c i t y   t r a n s d u c e r ,   and  the  p o s i t i o n   in fo rmat ion   from  - 

one  of  several   p o s s i b l e   t r a n s d u c e r s .  



P o s i t i o n   t r a n s d u c e r s   may  c o n s i s t   of  an  op t i ca l   or  magnetic  e n c o d e r  

a t t a ched   to  the  same  moving  s t r u c t u r e   as  the  head,  or  a  s e p a r a t e  

head  which  reads  magnetic  t r a n s i t i o n s   on  the  su r face   of  the  d i s c  

pack  ded ica ted   to  servo  i n fo rma t ion   (servo  s u r f a c e ) .   A  c o n t i n u o u s ,  

l i n e a r   v o l t a g e - v e r s u s - d i s t a n c e   signal   (with  zero  vol ts   at  t r a c k  

cen te r )   is  der ived  from  the  encoder  or  s e p a r a t e   head  o u t p u t .  

In  most  p r io r   art   t rack   fo l lowing   systems,   the  ob jec t   is  to  c e n t e r  

a  data  head  over  a  data  t rack  based  on  r e f e r e n c e   i n f o r m a t i o n  

der ived  from  servo  data  w r i t t e n   on  another   servo  s u r f a c e .   Thus ,  

these  systems  depend  on  the  s t a b i l i t y ,   f i d e l i t y   and  i n t e g r i t y  

of  the  mechanical   l inkages   between  the  r e f e r e n c e -   and  data  t r a c k s  

for  a s su r ing   tha t   the  data  head  are  over  data  t rack  c e n t e r s .   Such 

mechanical  l inkages   are  inadequa te   at  best   owing  to  m i s a l i g n m e n t s ,  

uncompensated  t empera tu re   c o e f f i c i e n t s   and  sp ind le   r u n o u t .  

A  t rack  l o c a t i n g   servo  c o n s t r u c t e d   according  to  the  p re sen t   i n v e n t i o n  

servos  on  the  p o s i t i o n   p r o f i l e   of  Figure  1  r a t he r   than  on  the  v e l o -  

c i ty   p r o f i l e .   Hence,  the  need  for  an  expensive   v e l o c i t y   t r a n s d u c e r  

is  e l i m i n a t e d .   Data  r e l a t i n g   to  the  c u r r e n t   t r a c k ,   the  t a r g e t , a n d  

maximum  a c t u a t o r   a c c e l e r a t i o n   and  d e c e l e r a t i o n   l e v e l s ,   is  p r o v i d e d  

to  a  m i c r o p r o c e s s o r   which  m a t h e m a t i c a l l y   gene ra te s   a  c h a r a c t e r i s t i c  

curve  of  p o s i t i o n - v e r s u s - t i m e .  

The  des i r ed   p o s i t i o n   is  compared  to  the  actual   p o s i t i o n .   The  e r r o r  

s ignal   r e p r e s e n t i n g   the  d i f f e r e n c e   between  the  actual   and  d e s i r e d  

p o s i t i o n   is  p rocessed   by  d i g i t a l   s ignal   p roces s ing   c i r c u i t r y   which 

de te rmines   the  l i n e a r   a c t u a t o r   motor  c u r r e n t ,   s ince  no  d i r e c t   v e -  

l o c i t y   feedback  is  u s e d .  

No  encoder  or  ded ica t ed   servo  head  and  su r f ace   is  r equ i red   in  t h e  

p r e sen t   i nven t ion   s ince  p o s i t i o n   in fo rmat ion   for  t rack  l o c a t i n g  

is  provided  by  the  data  head  reading  t rack  i d e n t i f y i n g   a d d r e s s e s  

recorded  on  the  data  s u r f a c e .   Track  i d e n t i f i c a t i o n   da ta ,   in  t h e  

form  of  coded  t rack  a d d r e s s e s ,   are  p r e - r e c o r d e d   on  the  s u r -  

faces  of  the  disc  in  the  gap  between  the  s ec to r s   of  data  on  each 



t rack  ( i n t e r - s e c t o r   gap  h e r e a f t e r ) .   The  t rack   addresses   a r e  

sampled  and  s to red   and  are  updated  as  each  i n t e r - s e c t o r   gap  i s  

read  by  the  data  head .  

For  t rack  f o l l o w i n g ,   again  no  remote  r e f e r e n c e   e x i s t s   s ince  m a g n e t i c  

t r a n s i t i o n s   de t ec t ed   by  the  data  head,  to  produce  a  t r a c k i n g - s i g n a l ,  

also  have  been  w r i t t e n   on  the  data  su r f ace .   These  t r a n s i t i o n s   a r e  

w r i t t e n   in  the  i n t e r - s e c t o r   gaps  but  s e p a r a t e   from  t rack  a d d r e s s e s .  

The  t r a c k i n g   s ignal   is  updated  by  reading  the  magnetic  t r a n s i t i o n s  

at  each  i n t e r - s e c t o r   gap.  Again,  the  v e l o c i t y   t r a n s d u c e r   has  been 

e l i m i n a t e d   and,  for  th is   mode,  r ep laced   by  analog  lead  networks  t o  

compensate  the  servo  loop.  In  a d d i t i o n ,   the  r e s o l u t i o n   of  data  head 

p o s i t i o n   is  enhanced  by  adding  da ta ,   der ived  from  the  t r a c k i n g  

signal   produced  by  the  t rack  fo l lowing   servo,   for  de te rmin ing   which 

side  of  and  the  d i s t a n c e   from  a  t r a c k ' s   cen te r   the  data  head  i s  

loca ted   to  the  coded  t rack  address   data  produced  by  the  t r a c k  

l o c a t i n g   s e r v o .  

The  m i c r o p r o c e s s o r   used  in  the  p r e sen t   i nven t ion   is  l oca ted   in  t h e  

disc  c o n t r o l l e r ,   and  o therwise   would  be  idle   while  the  drive  i s  

in  t rack  l o c a t i n g   mode.  Since  the  p resen t   i nven t ion   has  no  d e d i c a t e d  

servo  s u r f a c e ,   data  s to rage   c a p a c i t y   is  maximized.  The  p r e s e n t  

system  also  has  no  v e l o c i t y   t r a n s d u c e r s   or  decoders ,   thus  r e d u c i n g  

manufac tu r ing   c o s t .  

Figure  1  shows  the  a c c e l e r a t i o n ,   v e l o c i t y   and  p o s i t i o n   p r o f i l e s   f o r  

convent iona l   disc  drive  head  p o s i t i o n i n g   s y s t e m s .  

Figure  2  is  a  block  diagram  of  a  t yp ica l   t rack  l o c a t i n g   servo  used  

in  a  convent iona l   disc  dr ive  head  p o s i t i o n i n g   sy s t em.  

Figure  3  is  a  block  diagram  of  a  t yp ica l   t rack  fo l lowing   s e r v o  
used  in  a  conven t iona l   disc  drive  head  p o s i t i o n i n g   s y s t e m .  

Figure  4  i s   an  overa l l   block  diagram  of  a  moving-head  disc  d r i v e  

head  p o s i t i o n i n g   system  c o n s t r u c t e d   according   to  t h e  

p r e f e r r e d   embodiment  of  the  p resen t   i n v e n t i o n .  



Figure  5  is  a  block  diagram  of  the  s ignal   c o n d i t i o n e r   used  in  t h e  

head  p o s i t i o n i n g   system  of  Figure  4.  

Figure  6  is  a  block  diagram  of  the  t rack  fo l lowing   data  d e c o d e r  

used  in  the  head  p o s i t i o n i n g   system  of  Figure  4 .  

Figure  7  is  a  diagram  of  the  t rack  fo l lowing  and  t rack  address   d a t a  

as  recorded  in  the  i n t e r - s e c t o r   gap  of  a  disc  used  in  t h e  

head  p o s i t i o n i n g   system  of  Figure  4 .  

Figure  8  is  a  block  diagram  of  the  t rack  address  decoder  used  in  

the  head  p o s i t i o n i n g   system  of  Figure  4 .  

Figure  9  is  a  block  diagram  of  the  a c t u a t o r   drive  a m p l i f i e r   used  in  

the  head  p o s i t i o n i n g   system  of  Figure  4 

Figure  10  is  a  diagram  of  the  t r a c k i n g   s ignal   showing  the  p o i n t s  

thereon  co r r e spond ing   to  t rack  c e n t e r s ,   and  showing  p o i n t s  

thereon  at  which  the  recorded  t rack  addresses   change  code .  

Figure  11  is  a  diagram  of  the  t r a c k i n g   s ignal   of  Figure  10  showing 

points   thereon  at  which  the  extended  p r e c i s i o n   i n f o r m a t i o n  

c h a n g e s .  

Figures  12A-12C  are  flow  char ts   of  the  a lgor i thms   used  by  the  m i c r o -  

p roces so r   of  the  p o s i t i o n i n g   system  of  Figure  4  to  compute 

the  p o s i t i o n   p r o f i l e   according   to  the  p resen t   i n v e n t i o n .  

Figure  13A  is  a  c h a r a c t e r i s t i c   curve  of  p o s i t i o n - v e r s u s - t i m e   showing 

s e t t l i n g   time  over  t a r g e t   t rack   in  the  p o s i t i o n i n g   sys t em 
of  Figure  4  unco r r ec t ed   for  s t e a d y - s t a t e   t rack  l o c a t i n g   e r r o r .  

Figure  13B  is  a  c h a r a c t e r i s t i c   curve  of  p o s i t i o n - v e r s u s - t i m e   showing 

s e t t l i n g   time  over  t a r g e t   t rack  in  the  p o s i t i o n i n g   system  o f  

Figure  4  c o r r e c t e d   for  s t e a d y - s t a t e   t rack  l o c a t i n g   e r r o r .  

Refe r r ing   to  Figures  4  and  5,  the  disc  drive  servos  of  the  p r e s e n t  

inven t ion   comprise  m i c r o p r o c e s s o r   40,  s ignal   c o n d i t i o n e r   41,  t r a c k  

fo l lowing   data  decoder  42,  t rack  address   decoder  43,  a c t u a t o r   d r i v e  

a m p l i f i e r   44 ,  and data   heads  46a  and  46b  c a r r i e d   by  l i n e a r   a c t u a t o r   45.  

Magnetic  t r a n s i t i o n s ,   recorded  in  the  i n t e r - s e c t o r   gap  as  shown, 

for  example  at  71,  in  Figure  7,  are  de t ec t ed   by  data  head  46a  and 

46b  as  the  i n t e r - s e c t o r   gap  passes  beneath  them.  The  d i f f e r e n t i a l  

s i gna l s   produced  by  the  data  heads  are  ampl i f i ed   by  preamps  411a 

and  411b  and  one  of  the  s i g n a l s ,   as  s e l e c t e d   by  head  s e l e c t o r   s w i t c h  



412  in  response  to  a  head  s e l e c t   command  from  m i c r o p r o c e s s o r   50 ,  

is  t r a n s m i t t e d   to  t rack  fo l lowing  data  decoder  42  via  buf fe r   413 

and  f i l t e r   414.  

In  Figure  6,  t rack  fo l lowing  data  decoder  42  comprises  v o l t a g e -  

c o n t r o l l e d - g a i n   a m p l i f i e r   421  for  r e c e i v i n g   the  d i f f e r e n t i a l   head 

signal   from  s ignal   c o n d i t i o n e r   41,  s ignal   c o n v e r t e r   422  for  con-  

ve r t i ng   input   s ignal   from  a  d i f f e r e n t i a l   s ignal   to  a  s i n g l e - e n d e d  

s i g n a l ,   tha t   s i n g l e - e n d e d   s ignal   h e r e i n a f t e r   r e f e r r e d   to  as  t h e  

head  s i g n a l ,   and  pulse  d e t e c t o r   423  for  i n i t i a t i n g   time  base  424 

in  coope ra t i on   with  GAP  command  from  m i c r o p r o c e s s o r   40.  The  GAP 

command  is  t i m e d  t o  a c t i v a t e   time  base  424  c i r c u i t r y   to  process   t h e  

head  s ignal   at  and  during  the  time  the  i n t e r - s e c t o r   gap  p a s s e s  
beneath  the  data  head.  S y n c h r o n i z a t i o n   (sync)  pulse  d e t e c t o r   423 

de t ec t s   a  f i r s t   sync  pulse  der ived  from  magnetic  t r a n s i t i o n   74  on 

the  head  s i g n a l .   Peak  d e t e c t o r s   425  and  426,  the  input   to  which 

being  c o n t r o l l e d   by  time  base  424  via  switches   S  and  S2,  r e s p e c -  

t i v e l y ,   t r a n s m i t s   the  head  s ignal   to  summing  and  d i f f e r e n c e   n e t -  

works  427  and  429  in  response  to  control   s i gna l s   from  time  base  424.  

Summing  network  427  in  turn  c o n t r o l s   the  gain  of  a m p l i f i e r   421  v i a  

AGC  (au tomat ic   gain  c o n t r o l )   428  and  d i f f e r e n c e   network  429  t r a n s -  

mits  a  s i g n a l ,   h e r e i n a f t e r   r e f e r r e d   to  as  the  t r a c k i n g   s i g n a l ,   t o  

t rack  address   decoder  43  and  a c t u a t o r   drive  a m p l i f i e r   44.  

Refe r r ing   now  to  Figures  7  and  8,  coded  t rack   i d e n t i f y i n g   data  a r e  

recorded  in  the  form  of  magnetic  t r a n s i t i o n s   (or  lack  t h e r e o f )   a t  

r e g u l a r l y   spaced  i n t e r v a l s ,   de s igna t ed   W1 -  W  and  r e f e r r e d   t o  

h e r e a f t e r   as  address   i n t e r v a l s   73  in  the  i n t e r - s e c t o r   gap.  Window 

time  base  433  gene ra te s   "bi t   windows"  synchronous ly   timed  with  d i s c  

r o t a t i o n   speed  to  correspond  to  d e t e c t i o n   of  address  i n t e r v a l s   73 

by  one  of  the  data  heads,  46a  or  46b,  in  response  to  a  second  sync  

pulse  der ived  from  magnetic  t r a n s i t i o n   72.  T r a n s i t i o n   72,  a l s o  

recorded  in  the  i n t e r - s e c t o r   gap,  is  l oca ted   j u s t   ahead  in  s e q u e n c e ,  



of  the  coded  t rack  i d e n t i f y i n g   data.   Window  time  base  433  a u t o -  

m a t i c a l l y   t e rmina t e s   bi t   window  gene ra t ion   at  the  end  of  b i t   window 

Wn. 

The  presence  of  a  magnetic  t r a n s i t i o n   recorded  in  an  a d d r e s s  

i n t e r v a l   Wl -  Wn  causes  a  pulse  to  be  t r a n s m i t t e d   on  the  head 

s i g n a l .   That  pulse  is  i n t e r p r e t e d   by  m u l t i p l e x e r   434  at  a  "one" 

in  the  co r r e spond ing   b i t   window  genera ted   by  window  time  base  433.  

The  absence  of  a  magnetic  t r a n s i t i o n   in  an  address   i n t e r v a l   i s  

conve r se ly   i n t e r p r e t e d   as  a  "zero".   The  cumulat ive   r e s u l t   of  b i t  

window  data  is  a  coded  t rack  a d d r e s s .  

If  the  data  head  is  moving  to  another   t rack  and  c rosses   more  t h a n  

one  t rack  as  the  i n t e r - s e c t o r   gap  passes  beneath  i t ,   the  data  head 

will  sense  all  "ones"  common  to  all  t rack  addresses   sensed.   The 

decoded  t rack   add re s s ,   however,  can  be  reso lved   to +  1/2  t r a c k  

maximum  simply  by  using  the  address  coding  scheme  desc r ibed   l a t e r  

in  th i s   s p e c i f i c a t i o n   and  by  s u i t a b l y   l i m i t i n g   the  length  of  t h e  

t rack  address   code.  Thus,  t rack  addresses   should  be  l im i t ed   in  

length  so  tha t   the  head  t r a v e l s   over  par ts   of  no  more  than  two 

such  addresses   at  maximum  t r a n s l a t i o n   v e l o c i t y   of  the  head  and 

r o t a t i o n   speed  of  the  d i s c .  

According  to  Figure  8,  t rack  address   decoder  43  comprises  p u l s e  

d e t e c t o r   431,  f l i p   flop  432,  m u l t i p l e x e r   434,  window  time  base  433 

and  ana log - to   d i g i t a l   (A/D)  c o n v e r t e r   435.  Pulse  d e t e c t o r   431 

a c t u a t e s   window  time  base  433  upon  d e t e c t i o n   of  the  second  sync  

pulse  r e p r e s e n t i n g   magnetic  t r a n s i t i o n   72.  Flip  flop  432  is  set  by 

pulses  r e p r e s e n t i n g   magnetic  t r a n s i t i o n s   in  i n t e r v a l s   W1 -  Wn.  F l i p  

flop  432  is  r e s e t   by  window  time  base  433  at  the  end  of  each  d a t a  

window.  If  no  pulse  appears  in  a  data  window,  f l i p   f lop  432  r emains  

r e s e t .   Thus,  the  output   of  f l i p   flop  432  is  coded  address   d a t a ,  

h e r e i n a f t e r   r e f e r r e d   to  as  the  t rack  add re s s ,   uniquely   i d e n t i f y i n g  

earh  t r a c k ,   and  der ived  from  the  head  signal   for  the  time  p e r i o d  

during  which  the  i n t e r s e c t o r   gap  passes  beneath  the  data  head.  F l i p  



flop  434  ignores   the  t h i r d   sync  pulse  and  pulse  d e t e c t o r   431  i s  

i n s e n s i t i v e   to  i n t e rva l   p u l s e s .  

M u l t i p l e x e r   434  combines  the  t rack  address  data  from  f l i p   flop  432 

with  two  a d d i t i o n a l   b i t s   of  data  from  A/D  c o n v e r t e r   435  in  a c c o r -  

dance  with  the  t iming  of  b i t   windows  rece ived   from  window  t ime  

base  433  to  produce  an  extended  p r e c i s i o n   t rack  address   as  

exp la ined   l a t e r   in  th is   s p e c i f i c a t i o n   with  r e s p e c t   to  Table  I.  A/D 

c o n v e r t e r   435  produces  the  a d d i t i o n a l   data  from  the  t r a c k i n g  

s ignal   as  also  de sc r ibed   in  connec t ion   with  Table  I  l a t e r   in  t h i s  

s p e c i f i c a t i o n .  

Among  the  f e a t u r e s   of  the  p re sen t   i nven t ion   is  the  method  used  t o  

determine   data  head  l o c a t i o n   while  i t   is  moving  to  another   t r a c k .  

Track  addresses   are  w r i t t e n   in  the  i n t e r - s e c t o r   gap  as  shown  i n  

Figure  7  at  70  for  t r a c k s  Ø  -   7,  t o g e t h e r   with  t rack  f o l l o w i n g  

magnetic  t r a n s i t i o n s   shown  at  71  which  are  used  by  the  t r a c k  

fo l lowing   servo  de sc r ibed   e lsewhere  in  th i s   s p e c i f i c a t i o n .   As  t h e  

i n t e r - s e c t o r   gap  passes  beneath  the  data  head,  i t   de t ec t s   at  l e a s t  

one  t rack  address   for  p roces s ing   into  p o s i t i o n   i n fo rma t ion   by 

m i c r o p r o c e s s o r   40.  Since  a  t rack  address   is  a v a i l a b l e   only  a t  

i n t e r - s e c t o r   gaps,  t rack  fo l lowing   data  decoder  42  produces  t r a c k i n g  

signal   100  as  shown  in  Figure  10,  which  is  s i m i l a r   to  a  p o s i t i o n  

signal   produced  by  "sampling"  the  output   s ignal   of  a  servo  head 

d e t e c t i n g   t r a n s i t i o n s   on  a  ded ica t ed   servo  disc  s u r f a c e .  

In  Figure  10  V  in  the  t r a c k i n g   s ignal   r e s u l t i n g   from  the  data  head 

being  at  p o s i t i o n   X  at  the  time  an  i n t e r - s e c t o r   gap  passes  unde r  

the  head.  N  is  the  approximate  d i s t a n c e   over  which  uni t   d i s t a n c e  

code  address  "N"  in  read  by  the  data  head.  VMAX  is  the  maximum 

t r a c k i n g   s ignal   ampl i tude  produced  when  the  data  head  is  e x a c t l y  

between  two  data  t r a c k s .  

Refe r r ing   also  to  Figure  7,  each  magnetic  t r a n s i t i o n   at  71  i s  

cen te red   between  t racks   such  tha t   s l i g h t l y   less  than  o n e - h a l f   o f  



two  s e r i a l l y   d isposed  t r a n s i t i o n s   for  each  t rack  is  on  a  t r ack .   The 

o ther   ha l f   of  the  two  t r a n s i t i o n s   are  d isposed  approx imate ly   e q u a l l y  

to  each  side  of  each  t r ack .   Thus,  if  the  data  head  is  exac t l y   a t  

cen te r   t r a c k ,   the  t r a c k i n g   s ignal   ampli tude  is  zero;   if  the  data  head 

is  off   t rack  c e n t e r ,   the  t r a c k i n g   s ignal   ampli tude  i nc reases   toward  

+  VMAX  as  the  c en t e r   of  a  magnetic  t r a n s i t i o n   is  approached.   At 

+  VMAX'  the  data  head  i s   exac t ly   between  t r a c k s .  

At  high  head  v e l o c i t i e s   and  t rack  d e n s i t i e s ,   as  many  as  10  t r a c k s  

may  be  crossed  between  "samples"  taken  at  each  gap  in  the  p r e s e n t  

i nven t ion .   A  t rack  address   according   to  the  p resen t   i n v e n t i o n ,  

t h e r e f o r e ,   is  w r i t t e n   in  abso lu t e   form  and  fo rmat ted   to  min imize  

decoding  e r ro r s   if   the  data  head  is  i n s t a n t a n e o u s l y   p o s i t i o n e d  

between  t racks   when  the  i n t e r - s e c t o r   gap  passes  beneath  i t .  

Decoding  e r ro r s   are  l im i t ed   to +  1/2  t rack  in  the  p resen t   i n v e n t i o n  

by  wr i t i ng   the  t rack  addresses   in  a  uni t   d i s t a n c e   code.  Track  l o c a t i n g  

r e s o l u t i o n   is  improved  to  at  l e a s t  +   1/8  t rack  by  a d d i t i o n   of  two 

b i t s   of  t rack  l o c a t i n g   data  genera ted   from  p roces s ing   of  t r a c k  

fo l lowing   data  as  exp la ined   l a t e r   in  th i s   s p e c i f i c a t i o n .   Track  

addresses   in  the  p r e f e r r e d   embodiment  of  the  p resen t   inven t ion   a r e  

w r i t t e n   in  a  uni t   d i s t a n c e   code  known  as  the  Gray  code.  The  Gray  code 

is  desc r ibed   in  de ta i l   in  U.S.  Pa tent   2  632  058  which  is  i n c o r p o r a t e d  

by  r e f e r e n c e   as  if  set  for th   fu l ly   he re in .   In  a  uni t   d i s t a n c e   c o d e ,  

c o n s e c u t i v e   binary  numbers  d i f f e r   by  only  one  bi t   of  d i g i t a l   d a t a .  

The re fo re ,   the  addresses   of  ne ighbor ing   t racks   d i f f e r   by  only  one 

data  b i t .   Hence,  if  the  head  is  between  two  ad jacen t   t racks   and 

reads  a  part   of  the  address   of  both,  the  ambigui ty   is  l im i t ed   t o  

+  1/2  t r a c k .  

In  the  uni t   d i s t a n c e   code  add re s s ing   scheme  of  the  p resen t   i n v e n t i o n ,  

the  address  of  the  t rack  over  which  the  data  head  is  loca ted   i s  

read  as  the  i n t e r - s e c t o r   gap  passes  under  the  head.  Again,  t h i s  

address   could  be  as  much  as  1/2  t rack  in  e r r o r ,   simply  because  t h e  

same  address   is  produced  even  if  the  head  is  up  to  1/2  t rack  to  e i t h e r  



side  of  the  t rack  c en t e r .   However,  in  th is   i n v e n t i o n ,   the  r e s o l u t i o n  

of  data  head  p o s i t i o n   is  improved  by  using  the  t r a c k i n g   s i g n a l  

produced  by  t rack  fo l lowing   data  decoder  42  to  de termine   which  s i d e  

of  and  the  d i s t a n c e   from  t rack  cen te r   the  data  head  is  l oca t ed .   The 

t r a c k i n g   s ignal   is  p rocessed   by  A/D  c o n v e r t e r   435  to  provide  b i t s   A 

and  B  which  are  added  to  the  t rack  address   produced  by  the  t r a c k  

l o c a t i n g   servo.  A  s i n g l e ,   uni t   d i s t a n c e   code  having  g r e a t e r   p r e c i s i o n  

is  thus  p r o d u c e d .  

Refe r r ing   to  Figure  11,  the  A/D  c o n v e r t e r   435  outputs   two  b i t s  

accord ing   to  the  fo l lowing   c r i t e r i a :  

Bit  A  is  high  if  the  t rack   fo l lowing   p o s i t i o n   s ignal   is  n e g a t i v e .  

Bit  A  is  low  if   the  t rack  fo l lowing   p o s i t i o n   s ignal   is  p o s i t i v e .  

Bit  B is  high  if   the  magnitude  of  the  t rack   fo l lowing   p o s i t i o n  

s ignal   (V)  is  less  than  1/2  VMAX. 
Bit  B  is  low  if  the  magnitude  of  the  t rack  fo l lowing   p o s i t i o n  

signal   (V)  is  g r e a t e r   than  1/2  VMAX. 

Table  I  summarizes  the  r e s u l t i n g   sequence  of  i nc reased   p r e c i s i o n  

b i t s   of  t rack  l o c a t i n g   data  code  as  the  rad ia l   p o s i t i o n   of  t h e  

data  head  is  i n c r e a s e d .   It  should  be  noted  tha t   the  points   a t  
+  

VMAX  on  the  waveform  r e p r e s e n t   the  midpoint   between  t r a c k s ,   b u t  

also  the  points   at  which  the  t rack  address   code  c h a n g e s .  



The  sequence  is  i t s e l f   a  uni t   d i s t a n c e   code.  Thus,  the  p r e c i s i o n  

of  the  t rack  l o c a t i n g   servo  system  has  been  inc reased   to  at  l e a s t  
+  1/8  t r a c k .  

Re fe r r ing   now  to  Figure  9,  a c t u a t o r   drive  a m p l i f i e r   44  c o m p r i s e s  

odd/even  t rack  i n v e r t e r   441,  servo  compensation  network  4 4 2 ,  

d i g i t a l - t o - a n a l o g   (D/A)  c o n v e r t e r   443,  mode  s e l e c t o r   444  and  o u t p u t  

a m p l i f i e r   445.  Linear  a c t u a t o r   45  is  driven  by  output   a m p l i f i e r   445 

which  is  powered  by  the  t r a c k i n g   s ignal   or  a  t rack  l o c a t i n g   power 

s ignal   as  determined  by  mode  s e l e c t o r   444  in  response  to  a p p r o p r i a t e  

command  from  m i c r o p r o c e s s o r   40.  Compensated  e r r o r   s i g n a l s ,   r e -  

p r e s e n t i n g   the  d i f f e r e n c e   between  actual   head  p o s i t i o n   and  t h e  

computed  p o s i t i o n   p r o f i l e   for  a  given  t a r g e t   t r a c k ,   are  d e r i v e d  

by  m i c r o p r o c e s s o r   40  in  the  form  of  d i g i t a l   control   words  in  

accordance  with  the  a lgor i thm  shown  in  Figures  12A -  12C,  u t i l i z i n g  

t rack  addresses   de t ec t ed   by  the  data  head  as  it   moves  in  the  t r a c k  



l o c a t i n g   mode.  D i g i t a l - t o - a n a l o g   (D/A)  c o n v e r t e r   443  then  c o n v e r t s  

the  control   words  into  t rack  l o c a t i n g   power  s i g n a l s   for  d r i v i n g  

a c t u a t o r   45.  The  computed  p o s i t i o n   p r o f i l e   then  converges  on  t h e  

t a r g e t   t r a c k .  

Re fe r r ing   also  to  Figure  11,  t r a c k  0   c en t e r   is  i d e n t i f i e d   at  A 

on  the  signal  waveform.  S i m i l a r l y ,   t rack  1  c en t e r   is  i d e n t i f i e d   a t  

B,  t rack  2  cen te r   is  at  C,  and  so  on.  While  each  t rack  cen te r   i s  

at  zero,   the  slope  of  the  s ignal   is  of  oppos i t e   p o l a r i t y   for  a d j a c e n t  

t r a c k s ,   such  as  t r a c k s  φ   and  1,  and  the  slope  is  the  same  for  e v e r y  
other   t r a c k ,   such  as  t r a c k s  0   and  2.  Thus,  if   the  head  were  s l i g h t l y  

o f f - c e n t e r   to  the  l e f t   on  t rack  0,  the  p o l a r i t y   of  the  s i g n a l  

r equ i red   to  move  i t   back  to  cen te r   t rack   might  be,  for  e x a m p l e ,  

p o s i t i v e ,   hut  nega t ive   for  the  same  e r ro r   on  t rack  1.  T h e r e f o r e ,  

odd/even  t rack  i n v e r t e r   441  a r b i t r a r i l y   i n v e r t s   the  t r a c k i n g  

signal   for  every  o ther   t rack  so  tha t   the  head  moves  in  the  same 

d i r e c t i o n   r e l a t i v e   to  t rack  cen te r   for  every  t rack  in  response  t o  

the  t r a c k i n g   s i g n a l .  

Servo  compensation  network  442  comprises  lead  and  lag  networks  we l l  

known  to  those  s k i l l e d   in  system  technology  to  provide  loop  s t a b i l i t y ,  

noise  r educ t ion   and  r e s i s t a n c e   to  s t e a d y - s t a t e   forces   on  the  a c t u a t o r .  

These,  as  well  as  o ther   s p e c i f i c   c i r c u i t s   which  perform  the  f u n c t i o n s  

desc r ibed   in  Figures  4-6,  8  and  9  are  well  known  to  those  s k i l l e d  

in  the  a r t .   Since  such  c i r c u i t s   form  no  par t   of  the  p r e sen t   i n v e n t i o n ,  

they  are  not  d e t a i l e d   in  th is   s p e c i f i c a t i o n .  

The  t rack  fo l lowing   and  t rack  l o c a t i n g   servos  of  the  p r e s e n t  

inven t ion   re ly   on  a  sampled  servo  s ignal   r a t h e r   than  a  c o n t i n u o u s  

servo  s i g n a l .   For  tha t   reason  the  band-width  and  the  servo  l o o p  

gain  are  less  than  the  bandwidth  and  the  servo  loop  gain  of  a 

convent iona l   t rack  l o c a t i n g   system.  Thus,  the  t r a c k  l o c a t i n g   s e r v o  

o  the  p resen t   i nven t ion   i n h e r e n t l y   inc ludes   a  s t e a d y - s t a t e   e r r o r  
of  several   t r a c k s ,   where  c o n v e n t i o n a l  



systems  have  s t e a d y - s t a t e   e r ro r s   of  only  a  f r a c t i o n   of  a  t r ack .   To 

compensate  for  th is   large  e r r o r   and  reduce  s e t t l i n g   time  of  t h e  

a c t u a t o r   at  the  t a r g e t   t r a c k ,   m i c r o p r o c e s s o r   40  a c t u a l l y   computes  

a  p o s i t i v e   p r o f i l e   for  severa l   t racks   shor t   of  the  t a r g e t   t r a c k .  

The  p r o f i l e   genera ted   then  "jumps"  when  the  true  t a r g e t   is  f i n a l l y  

approached  as  shown  in  Figure  13B.  The  s t e a d y - s t a t e   e r r o r   i s  

c o n t r o l l e d ,   p r i m a r i l y   by  compensation  network  442.  

This  method  of  reducing  s e t t l i n g   time  r equ i r e s   tha t   shor t   t r a c k  

l o c a t i n g   seeks  be  cons ide red   as  spec ia l   cases  - i . e . ,   seeks  s h o r t e r  

than  the  s t e a d y - s t a t e   e r r o r .   Thus , fo r   shor t   seeks  in  the  p r e s e n t  

i n v e n t i o n ,   the  p o s i t i o n   p r o f i l e   is  e s s e n t i a l l y   set  equal  to  t h e  

t a r g e t   t r acks   for  the  e n t i r e   dura t ion   of  the  s e e k .  

Single  t rack  seeks  must  be  as  f a s t   as  p o s s i b l e   to  f a c i l i t a t e   r e p a i d  

t r a n s f e r   of  large  segments  of  data.   The re fo re ,   a  one  t rack  s eek  

is  performed  e n t i r e l y   "open  loop"  whereby  the  arm  is  a c c e l e r a t e d ,  

then  d e c e l e r a t e d ,   for  the  r equ i red   amounts  of  time  to  step  over  one 

t r ack .   The  t rack  fo l lowing   servo  is  then  i n i t i a t e d   i m m e d i a t e l y .  

A  complete  l i s t i n g   of  the  r ou t i ne s   and  s u b r o u t i n e s   of  i n s t r u c t i o n s ,  

i nc lud ing   all  c o n s t a n t s ,   employed  by  the  head  p o s i t i o n i n g   sys t em 

of  the  p r e sen t   i nven t ion   is  given  below.  











































































































































1.  Apparatus  for  c o n t r o l l i n g   the  movement  of  the  data  head  in  a 

moving-head  data  r eco rd ing   system,  c h a r a c t e r i z e d   by:  

signal   c o n d i t i o n e r   (41)  for  r e c e i v i n g   e l e c t r o n i c   s i gna l s   r e p r e -  

sen t ing   data  from  the  data  head  (46  a / b ) ,   said  data  i n c l u d i n g  

in fo rma t iona l   data  recorded  along  t racks   on  a  r eco rd ing   medium, 

and  t rack  fo l lowing   data  and  t rack  addresses   recorded  at  r e g u l a r  

i n t e r v a l s   in  the  i n f o r m a t i o n a l   data  along  the  t r a c k s ;  

t rack  fo l lowing   means  (42)  coupled  to  the  s ignal   c o n d i t i o n e r  

(41)  for  guiding  the  data  head  (46  a/b)  along  a  t rack  o f  

recorded  data  in  response  to  e l e c t r o n i c   s i gna l s   r e p r e s e n t i n g  

t rack  fo l lowing   data  rece ived   from  the  s ignal   c o n d i t i o n e r   ( 4 1 ) ;  

and 

track  l o c a t i n g   means  (43,  44,  45)  coupled  to  the  s ignal   c o n d i t i o n e r  

(41)  and  t rack  fo l lowing  means  (42)  for  moving  the  data  head  from 

one  data  t rack   to  another   in  response  to  the  e l e c t r o n i c   s i g n a l s  

r e p r e s e n t i n g   t rack   addresses   and  t rack  fo l lowing   data  r ece ived   from 

the  s ignal   c o n d i t i o n e r   ( 4 1 ) .  

2.  Apparatus  as  in  claim  1,  c h a r a c t e r i z e d   in  tha t   the  t rack  f o l l o w i n g  

means  (42)  inc ludes   means  for  producing  a d d i t i o n a l   t rack  l o c a t i n g  

data  from  the  e l e c t r o n i c   s i g n a l s   r e p r e s e n t i n g   t rack  f o l l o w i n g  

data  rece ived   from  the  s ignal   c o n d i t i o n e r   ( 4 1 ) .  

3.  Apparatus  as  in  claims  1  or  2,  c h a r a c t e r i z e d   in  tha t   the  i n f o r -  

mational  data  is  recorded  in  s e c t o r s   on  magnetic  r ecord ing   medium, 

and 

the  t rack  fo l lowing  data  and  t rack  addresses   are  recorded  in  t h e  

i n t e r - s e c t o r   gap  between  i n fo rma t iona l   data  s e c t o r s .  



4.  Apparatus  as  in  any  of  claimsl  through  3,  c h a r a c t e r i z e d   in  t h a t  

the  t rack  addresses   are  recorded  in  a  unit   d i s t a n c e   code  f o r m a t .  

5.  Apparatus  as  in  any  of  claims  1  through  4,  c h a r a c t e r i z e d   in  t h a t  

the  t rack  fo l lowing   data  for  each  t rack  comprises  two  m a g n e t i c  

t r a n s i t i o n s   s e r i a l l y   disposed  along  the  data  t rack   each  e x t e n d i n g  

from  approx imate ly   the  midpoint   of  the  t rack  to  a p p r o x i m a t e l y  

the  midpoint   of  the  d i s t a n c e   between  t r a c k s .  

6.  Apparatus  as  in  claim  4  or  5,  c h a r a c t e r i z e d   in  tha t   the  u n i t  

d i s t a n c e   code  format  is  a  Gray  code .  
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