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Abstract: This paper is concerned with an investigation of the feasible track-density potential of random- 

access magnetic-disk  storage where magnetic-head  positioning is essential. Primary emphasis is given to 

a novel, servo-access  concept  (closed-looped head-positioning  control  which  includes  the  record  member) 

for track  location and registration. This servo  concept  has been investigated as a means of making possible 

automatic tracking as well as  precision  positioning.  Inherent in such an access  control  technique is an 

enhanced suitability for interchangeable record  members.  Included in the discussion are design and per- 

formance results of an access model operated at 154 tracks per inch. 

Introduction 

In random-access mass storage,  a premium is placed on 
information availability. Thus, surface-area accessibility 
and  information storage  density are emphasized.  Storage 
density  is  the  product of the  bit density per  track  times 
the  track density on  the  recording surface.  Increases in 
track density have as much value  as equivalent  gains  in 
bit density in  improving  the  ratio of capacity  to access 
time. 

Special techniques to maximize track density form  the 
principal  subject matter of this  paper. In considering 
track-density limits when using  magnetic head position- 
ing devices, not only must  the problems associated with 
narrow  track recording be faced,  but  head  positioning 
and head-to-track registration must  be examined. 

A servo-access concept,  in  which  the feedback loop 
includes the storage surface, was chosen for study  be- 
cause of the inherent advantages this type of access con- 
trol offers. By providing self-adjusting head positioning, 
the normal  track-density limitation  arising  from  the 
buildup of numerous cascaded  dimensional  tolerances 
is minimized. Further, with the  surface included  in the 
control  loop, there is automatic compensation for  mount- 
ing alignment  tolerances  with  interchangeable or re- 
placeable  storage  members. This  latter memory feature 
may then be  considered without having to accept  a  re- 
duction  in  the  setting of the track-density  specification. 

The starting  point for establishing maximum track 
density is the minimum readback  track width, set by the 
required signal-to-noise ratio. (A nominal 4-mil read- 
back track width  represented  the lower limit for this 

parameter  in  the experimental  work reported  here.)  The 
track density then will be  some fraction of the limit set 
by this  recording  requirement, after accounting for  the 
accuracy of head-track registration. This investigation is 
directed to  the head positioning and registration prob- 
lem,  since this represents  a major  and  unique limitation 
to  the full exploitation of magnetic  recording  for  random- 
access storage. 

The overall system involves both  a  coarse and a fine 
positioning control  loop with automatic switching be- 
tween them. The  coarse  loop utilizes a linear position 
measuring  transducer, while the fine control  loop in- 
volves feedback from  permanent information  located 
on  the disk  storage  member. The fine-positioning  scheme 
is essentially  a  null-seeking control system; i.e., the sys- 
tem  input signal is  equal  to zero. The fine-positioning 
control system establishes the “following” characteristic 
of the access. This closed loop system is always in opera- 
tion when transferring  data  into or out of a  storage track. 

A track centers  spacing of 6.5 mils was selected for 
this  feasibility study, giving  154  tpi  (tracks  per  inch). 
This goal exceeds by  a factor of three to eight  the pres- 
ent  track density  specifications based on  conventional 
“open  loop”  mechanisms. For  the experimental setup a 
hydraulic servo valve was chosen to  control  the  motion 
of a  hydraulic  piston rigidly coupled to  the head assem- 
bly. It is possible with this access to move  a head as- 
sembly,  with an  accuracy of about kO.5 mils, to any 
given  track and achieve, as a characteristic access time, a 
speed of 59 milliseconds for a  travel of 1.3  inches. 
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