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Head Positioning Systemfol' High Density Disk File 

By R. K. Oswald 

Increa sing areal data density in disk file s require s increa sed track density 
a s well as increa sed longitudinal bit density if a competitive "cost-capacity" 
figure of merit is to be achieved. Obtaining an acceptable reliabihty and 
error rate in a product environment has required that the maximum static and 
dynamic radial po sitioning error s not exceed 20% to 25% of the track width. 
Introduction of a track following servo in the 3330 file ha s permitted a nominal 
200 tracks per inch radial density while maintaining about the same percentage 
position error achieved by the mechanically de tented 2314 at 100 tracks per 
inch. Although it is the fir st application of a track following servo to an IBM 
disk file product, the track positioning method used in the 3330 cannot provide 
the positioning tolerance required for extension to significantly higher track 
densitie s. 

As shown in Fig. 1, one of th~ 20 disk sudaces in the 3330 contains onlyposi
tion information for the servo, and positioning the servo head on this surface 
aligns the other 19 data heads of the cylinder. The static and dynamic position 
tolerances between the data ,heads of a cylinder and their corresponding data 
tracks on the disks are the factor in this system which lirnits its extension 
to higher track densitie s. The major source s of mi spositioning tolerance s 
are listed in Table 1. These cumulative tolerances can be overcome by includ
ing the servo position information directly on each data surface and reading it 
with the same head elelnent used to read the data. Separation of servo po sition 
information and data is then accomplished by time division multiplexing, i. e. , 
placing the position information in small sectors equally spaced around the 
data tracks. This positioning method ha s come to be known a s a II sectorized 
track following servo ll • Some of the de sign considerations in its implementa
tion will be explored in detail. 

A basic question concerning a sectorized head positioning servo is how Inany 
sector s are required to obtain satisfactory perform.ance. Since an electro
m-agnetic actuator is inherently a type 2 positioning system, static accuracy 
is not a representative performance criterion. The dynamic position error 
source s are ba sically periodic at the rotational repetition rate of the spindle, 
and fa st acee ssing require s good step re sponse. Therefore, a good servo 
performance criterion is the ITlagnitude of the position servo loop gain at the 
disk runout frequency when the compensation is chosen for good daITlping. 
For an example, a typical open loop transfer function for the position servo 
if sampling (sectors) are not used is 

(1) 
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where Wc is the unity loop gain radian frequency •. If wI' = disk rotational 
velocity = (wc/5.5), then jr+G(s=jwr ) 1=10.1, which implies that the 
position error due to runout will be red,uced by about a factor of 10 by closed 
loop operation of the servo. If, however, the position information is located 
only in N equally spaced 'sectors occupying a. total of 5% Or less of.the disk 
surface, then the open loop tJ:'ansfer' fll~ction b.:comes ~. [i/,' [:i\ (-

( 'ZTr"C)' / ;\.\,.,),~".('(' 
J - e Nw,(, ;;;).. i-- (2) i '\'" f 
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where Ts is the transfer function for azerO o:t:der sample andhold. If 
wr = (wc/ 5 • 5), the phase margin of G'is'-ab~~t~(5.5/N)~~1'8·Oo·i~ss than the 
phase margin of G. Since G has a phase margin of 55° and about 45° is a 
minimum for de sirable transient re sponse, if (5. 5/N) ':: 180 = 10, N = 99. 

For a longitudinal recor.ding density of 10K bits per inch and a 5 inch track 
radius, 99 sectors WOUld" re,sult in 384 bytes per sector. Correspondingly, 
with 5% of the total disk area allotted to position servo information and 99 
sector s, each servo sector would be 15.8 millinch long. However, data blocks 
of • 95 ,:~ 384 = 364 bytes are too short for good efficiency; block lengths of 

.512 or 1024 bytes would be much better, especially when error correction 
codes are considered. A 15 millinch servo sector is also difficult to work 
with because after the space required for a reliable sector mark or sync field 
is subtracted, there is little length remaining for a position signal encoding 
that has both good accuracy and noise immunity. For these reasons reducing 
the number of sectors from 99 by a factor even as small as 3 would be very 
desirable if it were possible to concurrently maintain good servo loop dynamics. 
Several a;spects of the overall positioning system which are relevant to the 
effect of sampling on servo dynamics can be examined by means of block dia
g:-.ams. 

Fig. 2 illustrates the positioning servo system with a continuous position 
signal; the open loop transfcl' function is G and closed loop XI--r!XT = G/(l +C~ 
Sectorizing the position, signal adds a sample and hold function to the forward 
path a s indicated in Fig. 3; the open loop transfer function is then G' = GT s 
and closed loop XH/XT = GT s/(l-1-GT J. Viewed in the time domain, the limita
tion of the sectorized servo loop is lack of head position information during the 
time interval between sectors. If a source of wide band head position infornla
tion were available during thl s time inte rval, it could greatly improve loop 
dynamic s even if it were referenced to the ba se plate rather than the data track. 
Such a signal can be obt~ined by integrating the carriage velocity signal available 
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from the tachometer used in the track accessing servo, provided the integrator 
is re set to zero at each sector so that its dc drift will not be accumula ted. 
This configuration is de scribed by Fig. 4. If the integrator gain is properly 
calibrated, the open loop transfer function is G and closed loop XH/X T = 
GT s/(l+G). With this integr,ator gain, Fig. 4 Can be algebraicly rearranged to 
the equivalent but moreea sily interpreted form of Fig. 4'. 

Comparison ()f Figs. 2 and 41 clearly shows that the loop transfer functions and 
thus loop dynamic s of the sectorized system ar_e the same as those of a contin
uous system, and e££ectivelyonly the-command or track position signal is 
sampled. In order to directly compare the corre sponding time re sponse s, 
the systems of Figs. 2, 3, and 4' were simulated using the open loop transfer 
function G of equation (1) with Wc = 1, wr = (wc/5. 5), and N = 33 and 99. Their 
response to a unit st,ep and a unit sinusoid of frequency wr are shown in Figs. 
5, 6, and 7. 

From the se figure s it can be ,seen that the position error in following runout 
for a 33 sector servo with supplementary position signal is about 16% as oppo sed 
to 9% for a continuous sy-stem, and 24% and 20% for 33 and 99 sector servos 
respectively when suppleme,ntal-y position signal is not used. 

In summary, present disk file head positioning sel'VOS cannot provide sufficient 
accuracy for increased radial tt'ack density because of rnechanical tolerances 

. between the servo head and data heads and servo disk and data disks which 
are outside the servo loop. These tolerances can be put inside the servo loop 
and thus effectively minimized by using a sectorizcd track following servo 
which ha s po sition information in sector s on each of the data surface s. When 
supplementary position signal from the carriage tachometer is included in the 
sectorized servo, satisfactory performance can be obtained with as few as 
about 30 sector s on each surface. 

, RKO:po 

J 8 M CONFIDENTIA!. 



FIG.i. 

i. SPINDLE ECCENT~/C1TY 
2. SPINDLE. II/" r 

. . 
;]'T L '0 I ·s· 4 

SERVO SuRFA CE 

S. -r- B L.OCf":' TiLT (IN Pt.J9NE. Olr:: /tee ESS) 

4. T- S Loc..'~ T /L.T (..L TO PI-flNfi. OF f)Cc. ESS) 
5. . ff t:=f}f) /J'Dv 0 S T /ilJ r=Ni IJ cc u re. FJ c 'I <:;/ .. S r,q B IL I rY 

~_. (;. DIS K liN [) en!? R IlJG.E. VJBRf.}7/DN 
7. lell1 PER.n-rUR.c (J)I FF[;;R EN TII)L EX PIJNS/ON) 
8. B E/}~ ING -WfI'f WSf}R 

. IBM CONFtDENTlAL 



IlL UI95 

TR AC K 
POSITION 

. H E.A D 
POSITION 

+ ELECTRIC ilL r-.. GAIN AND ~ 
I1F3CHfiNIC~L 

~T - {VI ECH AN IC/U. lCOfVIPENSIITION ELECTRI CAL XH 
.. 

-

y-.- ELEC7121CIJ L 
f---- SftfVI PLE 

~ 
-GItIN liND· I-""' MECI:!..IlN lC.I}L 

XT 
/'1 ECHfJ N Ie /fL -+ HOL,D COM PEN :sftTI(JN ELECTRIC/fi-

X" 

FIG 3. SECTOI2I-?:ED SERVO 

+ ELECTf!ICf}L r-- Sf}M PLE 

'f.. - . MECHllflltlfL + HOLD ~ GfllN fiND MEClillfllCI'IL 
T· ~ 

. COM PEN SifT/ON ELeCTRIC 4L 'I. ~ TI1CIIOM ErE'R t- RESETIfBLE + . 
rNT£GRftTOR 

FI(i; 1: SECT012I'Z:£D 5E.R.YO) SUPPL£frJ~Nr/}eV PtJSITION SIGNIf.L 

SRMPL..E ~ ELee r R.I t!.19 L. 
~ 

(DfflN /}N[) 
~ 

I1Ecl/llN /CIfL 

'/..r ~HOL..D MEC,HANIC,4L COMPeNshnfJN IEI-ECr/2/cI4L . XH . - ~ 

FIG. ~/. EQu/VfiLlENT l2ePl?ES£NTRTltJN Fo/<. FIG.4 

'B M CONFiDENTlAl 

H 



I TL 0 J9 S 

~+---~?-------~----~----~~~~===-~-----------

~+-~----------------------------------~-----------

0 
0 1- 2 3 4- S 6 7 8 -.:t: -6 iJltt 

X 
I 

:J: I-
x~ 

t t 
lD 

""..:.('1 
.,. 1-' 

~ O~~--~~----~------~~r---~~------------~---
10 2.5 30 

to 
~ N~------------------------------~~----~~-------I I' 

FI G. 5 RES PO N S E FOR S Y S T E: M 0 F FIG. 2. 

IBM CONFIDENTlAl 



ITlOl97 

t 
::t 

>< 

~+-~~--------------------------------~---------------

0 
0 1 2- 3 1--C~ s 6 7 8 

--x 
x 

f 
.::I: f-
xC 

t t 
It'> 

"" '" .... 1- " ,-
'\ ,. , , 

'\ .-
'\ / 

'\ , 
V"-'l-.tt) N",33 
'\ 

-6-
\) 0 

" 30 $ '1,0 IS 2.0 , , 
(j"T-XH)/I::.C)9 '~ 

, , , ,. 
I' ,-, 

I' ... I' -l' 
" -, , . " " ' .. .. .. ... 

11) 
.... .. --a .-' I' 

" N 
I I' 

FIG,6 RI5SPONSE FOR SYSTEM oF' FIG.3 

IBM CONflDENTI.~t 
ii: 



· ITL 0198 

t 

~+---~~------~----~----~~~~~--~--------

~~~--------------------------------------------

o+---~-----+----~----+---~~---+----~----+--

"'? 
x 

f 
.:r;: I-

><0 

t t 

o 2 3 6 7 8 

v, 
~ ~+---------~~--~~----------------------------... 1-" 

If) 

~ N.+-------------------------------~------_r------
I I 

FIG.7 RESPONSE FOR SYSTEM OF FI6.1-')N::!33 

I B.M CONFIDENTIAL 


