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foi prent..so as to allow 10 - the nmenber to nove relative to a concentric
tr‘ack of arotating disk of the data storage equi pnment and also so as to
alil ow the nenber to be kept in alignnment with a selected track.
Ellect romechani cal devi ces such as rigid rotating nenory drives have been
diiscl osed wherein two basi c approaches have been taken in order to posi tion
‘data transducers radially relative to the rotating magnetic disk surface.
The first, high cosf, approach is to utilize a dedicated servo systemwith a
S€rvo head and a repRraYediDatg Jrensdyges Roshion Gentapkkystem foo Rotiating RiskData
per formance track-f Stdroge BquipmaAgducer positioning schene. The other. 20
mpre recent, |ow cost -approach is to utilize conpletely open | oop stepping
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defined tracksgw t hdtitS JNYEAGIONI relatest fcor pasithenmaontrol lsm‘aga & qukhcfcr&m
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cost open | oop approach requi renent th
enough 25 apart f'bs‘l.'c:ik% PP§{tign 5@66’8'1?7351”7‘ a5l metbod fori datp @mrom egyipment for

system i ncl udi ng neeRig @Herﬁ&&&fa@@@@ﬂcbﬂnénﬂﬁeﬁE@ﬁp&snS fF@k&ce@%ﬁ@trﬂéunf;ng
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product which, whil T"’E%tr?\%'vg chﬂﬁ‘ec8€€h%ﬂﬁ° sioEagesequipment: 3P 9t &0 Alfew
capacity of t hﬁ, nor theempeaber vremmetrs!atwetﬂo d bendeatti¢ ﬁrdchaif d Maﬁaqtdnskf of the

storage per bit stoggg ﬁt)réd}eecﬁﬁpmelllp%fgﬁb ﬂ:rgé’?é ag 9‘% ﬁ}be thOSt
as the earlier, nore, expensive storage unit ccording asp
of the invention, tAkgENend Withgisglegteshtracks -2- storage apparatus for

ehul at i ng an open loop stepper notor based disk drive, the apparatus '
conprising a frame and aEPecx‘r%mSetc cr?iggl gelv?é(e such a5 ngugi rotating memory drives have
i S - been disclosed wherem two basic approaches have been taken in .ordeér to
position data transducers radially relative to the rotating magnetic disk
surface. The first, high cost approach is to utilize a dedicated servo system

-with a servo head and a replicated servo surface on the disk to provide a

high performance -traék—fdllowihg transducer positioning scheme. The other.

' 20 = More recent, low cost approach is to utilize completely open loop stepping

' motor posiﬁoners_. which operate to place the transducers at arbitrarily

defined Tracks_ without any actual position information being fed back from

the disk to the head positioner. The main drawback of the prior art low cost

open loop approach is the requirémen'_r that the tracks be spaced far en_ougﬁ

25  apart to take into account all of the va_riat_idns of the system, including

mechanical tolerances in the Sfepping motdr actuator, thermal expansion of

the disk, and disk run-out. The result is a disk drive product which, while

effective as a low cost unit; lacks the data storage capacity of the more

expensive units, with the result fhat the cost of storage per bit stored of the

30 ~ low cost drives approaches the same cost as the earlier, more expensive
storage units.

According to a first qspécf of the invention, there is provided data
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0se posi gnal” 1'n respons
samplmg and holdmg the servo mformahon read from fhe servo sector for

each revolution of the disk, and correction signals generator means conn-

rovi ded,

ected to the sample and hold means for generating offset signals, the loop of

the closed loop servo being open during a track seeking mode of operation.

Preferably the loop is open or overidden dufing a track seeking
operation.

Usually: the data storage apparatus further comprises a bidirec-
tionally movable electromechanical mover mounted to the frame adjacent
to the disk; and a head mounting structure secured to the mover at one end
thereof for moving the head across the plurality of concentric data tracks,
the driver means comprising bidirectional driver _rﬁea_n_s connected to the
mover for movirig the structure to maiﬁfcin it within a selected data track
during reddin'g and/or writing operations and to move the structure from a
departure track to a destination track during track seeking operations;

In a preferred arrangement, a head positionh sensor, usually a trans-
ducer, is provided, providing a polyphase position signal in resporise to a

Lg



e § T -

Z2a- sensed actual position of the head relative to the frame, the hea
control ler neans*being connected to the head position sensor, the dr
meansand to an external source of track selection information for
fecording the present track position of the head for calculating a track
seeki ng command in 5 response to known headdposition and the track
sglgction information, and for 10 15 20 25 30 35 -3- commandi ng the head
t ™hove froma known de artu e track este |nat on track
during a track _seekﬁeﬁﬁecgﬁ%fr‘"ﬁ P??h“‘i’ﬂ/%})'?ﬁ‘rﬁ?ﬂfﬁ%g atiye ?‘hg‘en% ef?‘?@tc‘??é'é’&‘er
position spatial i moeerssingtonmexteditn fher handbaditicacsensor, abe:dheeratneans and to
followed by a sim ltﬂ'{ *ﬁ%l%ﬁ*ée' ?fﬁ@ﬁgb%tleQH%G§loﬂ 05 recor 'fﬁHrBresent
reverse direction acceleration an commandi ng adaptively~a stew ng
rote dependent upontresle pesitipphek dhe Htﬁﬂénfé?ﬂ't srlcyletingse rfre%rseelﬁasuchnaﬁond in
i nformation frem t heshsize t80&bivh tead Bbiitioh MAd IRS HdaR skIRtibh Affleringtib®,adHdEfdr
Conveni ently, The position transducer conprises: a scale having equally
spaced angular apertures thereon of equal width secured to either 10 the
frame or the structural elenents novable by the driver neans and a
generally U shaped structure having two parallel arns spaced apart for a

di stance slightly greater than the thickness of the scale and aligned and
mounted to the other of the franme so that the scale is free to. pass

bet ween t he- arﬁp the U shaped structure including a light source in one of
the arms 15 Tor passing light through the scale in the direction of the
other arm an array of photosensitive detectors and a

l'i ght-pattern-defining reticle placed between the detectors and the scale
in the other of the arms, the reticle defining windows for the detectors
whi ch are so spaced as to provide the pol yphose signal in quadrature as the
scal e noves between the arns. 20 Usually data track stabilization means
|nclud|ng t he jgover are prOV|ded for
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Usually data track stabilization means including the mover are provided for
stabilizing the head structure within ¢ range between the boundaries of each
data track; and wherein the fine position closed loop servo is time sampled
fine' position closed loop servo including the head controller means, the
single, data masked servo sector containing track centre line servo control
data therein readable once per disk revolution by the transducer head the
sample and hold circuit being connected to the head during passes over the
sector for holding control data read therefrom, and the correction signal
generator means being arranged to generate offset signals for application to
the driver means to promote and maintain track centre line alignment of the
head during reading and writing operations. =

Preferably, a position dependent closed loop servo is provided which
is connected to the head bosiﬁon sensor and to the driver m.eans for
operatively controlling the driver means to keep the head positoned within a
selected one of the data tracks during reading and/or writing operations, the
loop being open during track seeking operations until occurence of adaptive-
ly commanding slewing, the position dependent closed servo being normally



track, a first occuring marking signal, being radially offset in one
~direction fromtrack céntre line, and a second occurring-marking signal
being radially 20 offset in the other directjon fromtrack centre I|ine,
first sanple and hold nmeans. for sanpling and holdlng t he anplitude of the
first_ occurring marking signal with each revolution of the disk, second

sgnhpl e and hol d MeaQ$ar @,;g(% tude of the second
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axi g of rotation. from track’ce t ine, and a's ond occurring marking signal being radially

offset in the other direction from track centre line, first sample and hold
means for sampling and holding the amplitude of the first occurring marking _
- signal with each revolution of the disk, second sample and hold means for
sampling and holding the amplitude of the second occurring marking signal
- with- each revolution of the disk, and differential comparator means
25 connected to the first and second sample and hold means for comparing held
amplifudes and for generating a head position correcﬁbn signal proportional
to the difference in held amphtudes, and for applying the correchon sxgncl
- to the mover through fhe driver means. -

30 . - Preferably, the bidirectionally movable electromechanical maover is a

rotor, in particular, a bidirectional, pure torque generating electro-
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0 The coil segnments, may be wound sequentially on a noving bobbin from a .
sixgl e strand of wire. The coil" segnents are preferably arranged into a

i1 di sk and are connected to provide bidirectional, synmetrical torquée. -~
ot1i ng conpound nmay be used to encapsul ate the coil structure-and to 25

I de a very high resonant frequency and thus a capability to absorb _

vi bration energy fromthe rotatable nmenber. In a second aspect, the presepg;
i nvention data storage apparatus for emul ati ng an open-| oop stepper notor”
based di sk drive, the apparatus 30 i ncluding a rotatabl e data storage
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20 :
The coil segments, may be wound sequentially on a moving bobbin
from a single strand of wire. The coil segments are preferably arranged into
a thin disk and are connected to provide bidirectional, symmetrical torque.
Poﬂing compound may be used to encapsulate the coil structure and to
25 prov:de a very high resonant frequency and thus a cupublh'ry to absorb
vibration energy from the rotatable member.

In a second aspect, the present invention data storagé apparafué for

emulating an open-loop stepper motor 'based'-disk drive, the apparatus

30 including a rotatable data storage disk having a plurality of ‘concentre data
storage tracks capable of being recorded in substantially unrestricted data
format formed on the major surfaces fheréof, one of the major surfaces the

disk having a single data-masked servo sector . region containing track
centring servo information, a read and write head held in close proximity to

35 the surface of the disk by the gir-bearing effect, a head mounting structure
for positioning the head at one of the plurality of concentric data tracks
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orage apparatus foweassiul@arsegseavo apeirol dogp sieapp dnclodingrcdaesee gosition sensor
d ive, the nmethod CREBAd fed m{:&f)ﬁflhﬁﬂ%% fﬁé)'ﬂ%@mou\(n?'hgcgamék&'ed?&aseﬁgﬂgaﬂg :

sk rotatably m)unteql 1N a
pfurality of . radial position of the head relahve to said tracks, and coarse position
i
;
i

20  feedback control loop means connected to the driver means through the
summing circvit for controlling the driver means to keep the head positioned
within the selected one of said defined tracks during reoding and writing
operations; index detector means electromechanically coupled to the disk
for detecting each rotation thereof and generating an index signal; fine

25 position servo cbntrol'loop means including the single data-masked servo
sector region on the surfcce of the disk containing servo information
therein, sample and hold means connected to the head for sampling and

a5 admmadn e s -

holding the servo pnformuﬂon_ read in the servo sector for each revolution of
the disk, correction signal generator means connected to the sample and
30 hold means for generating offset sighals, and'_analog-fo-digital converter
" means connected to the correction signal generator means-for converting
said offset signals into digital values; and programmed d'igital micro-
processor means connected to the analbg-to-digital. converter means, the
index detector means, the coarse servo control loop means and a source of
-35 an externally supplied digital track selection command $ignol, including
clocked latch means, and dxgrfoi-fo-cnalog converter means drivingly conn-
ected to the driver means through the summing network for calculating and



concentric data tracks fornmed on the mmjor surf aces t hereof associated with

15. at least one data transducer head device arranged in, cl'ose. proximty
Q0 the disk surfaces, the disk being ovi ded on one of the mmjor surfaces »
“3}2 |

reof with a single data-nmasked serVd sector region; noving the head
I ce across the plurality of concentric data tracks by nmeans of a .
bidi rectionally rotatable el ectronechanical rotor journalled to the frame_

adj acent ta,pbmng?g d.gﬁhls headwaoﬁﬁwngcg.gm tfberhtee@&ivéiler\se&% f#f ofdap 18t her end”
t hereof; rotati maanger conpected to the
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transducer, the d fnﬁg’ and to an external source of track selection
i nf or mat i oﬁmrfeeﬁ?fyﬂl B PhE%P A posi ti on of the head device; calculating a
track seeking command 30 I n response to the known head position and the

track sel ectiony Q; Ghirat h%cfcqggapgﬁgfq tggfenlpﬁﬂdp{j&r{gévg Heqng(ﬁ c;ffnown
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prerecordlng track centre serv servo sector;
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head device by means of driver means connected to the rotor to maintain
the head within a selected data track during reading and/or writing
operations and to move the head from a departure track to a destination
track during track seeking operations; providing a polyphase signal res-
25 ponsive to position of the head device relative to the frame by means of a
head position. transducer; providing track selection information to head
controller ‘means conneci'ed to the head position transducer, the driver
means and to an external source of track selection information; recording
the track position of the head device; calculating a track seeking command
30 in response to the known head position and the track selection information;
commanding the head to move from a known departure traclk to a requested
destination track during a frac_k seeking operation by commanding at the
rotor a first head position spatial increment of maximum forward direction
acceleration followed by a similar head position spatial increment of
35 rmaximum reverse dii‘ecﬁon acceleration and then by commanding adaptively
a slewing rate dependent upon incremental head.position information from
the head position transducer until the destination track is reached; opera-



10 data read by the head during passes over the sector and generating a
of fset correction sjgnal; applying the offset signal to the driver neans
pronoet e and mai ntain track centre line alignment of the head during read
and/or writing operations; and overriding the fine p03|t|on servo | oop .
during track seeking operations. 15 In order. Ighat the invention. nmay be
m)yg readi |l y understood, an enbodi nent thereof will now be described, by
of exanpl e, tag t c [ S ch. .20
VAT DL SKATPLeL W st BN et B RAEATY e S ot et S
is an enlarged brokdm@da@mqfrahe cdapdl a’kasedNrmb aeade'@gends’bapmdhpg)rdpemhmfs a
rigid disk, illustyphig nﬁﬁr Mé’peﬁ@@r’iforcog t;%sﬂ.ér%l 80 ¢80p2 Bty 8 HoRhed e G6S
of the dISk 25 FIC%RF shaows series of timng 5vvave formdiagrans
related to the opefh® hesd gesitine fsyvssslegﬁr. and égrfbﬁs@"‘t% Hears [od tqverrtwhaakfhe

servo sector ignf Oraﬁrs@rpoéiﬂthloﬁﬁ fonkeﬁépgurepe'h d&@n track seeElr@lEﬁréhbﬁs a:md

"bl ock.schematic di rﬂﬂ‘ {Jgrt Oifh t h uitr y thefe?’ g é{rv %e s 1;

FIGURE 5 is an enl ?)ar S &Y (S’Ha‘f" e\f°B e °08%?'§§ e %I B]% e el

sensor assenbly of am 61 singlesndath Fiagkade sdrvo3SecFdiGOREa 6ddthl sisfacat of the disk;

graphica) 1L N2, CPBrRbdiaRty floakesufile Ll SERRORMISCTBY A e QUAE Sector
e e contr

-8a- FIGURE 7 shows t | agr ans S gener at ed
by the system of FIeasing the Haflﬂe‘yﬁbn%we hesd: adiacant the SHTfOF?sgiﬂ“EPIE‘Q and; bolding20

25 30 10 data read by the head during passes over the sector and generating an offset

correction signal; applying the offset signal to the driver means to promote
and maintain track centre line alighment of the head during reading and/or
writing operations; and oVerriding the fine position servo loop during track
seeking operations.
I15

In order that the invention may be more readily understood, an
embodiment. thereof will now be described, by way of example, with
reference to the qccompanymg drawmgs, in which:

20 " FIGURE | is a block diagram of a system embodying the invenfion§

-FIGURE 2 is an enlarged broken diagrammatic plan view of a wedge
shaped portion of a rigid disk, illustrating a servo sector pattern for inner '
and outer tracks of the disk; '

25 . .
FIGURE 3 shows a series of timing and waveform diagrams related to

the operation of the system in respohse to sensing the track servo sector
information depicted in Figure 2;

30' : " FIGURE 4 is a block schematic diagram’of part of the circuitry of
the sysfem of Figure I; |

FIGURE 5 is an enlarged part-sechoncl view of a coarse head
posmon sensor assembly of the sysfem of Flgure Is
35 - _
FIGURE 6 illustrqfes graphically the operational states of the sensor
assembly of Figure 5; -



35 - Referring now the the draw ngs, Figure 1 illustrates a hard disk
®nory system 10 enbodying the inventbgn wherein the dLSQ drive conprises ~
S)drive spindle 12 on which two magnef?® disks 14 and 16 of approximately
erght inch (20 cm in dianeter are nounted so as to rotate about the common -
is of the spindle at for exanple 50 Hz when driven by a suitable disk

drive notor 18 cg ed | nventi.onal .manner by pulleys and a drive .7,
belt 20 to the sgmﬁg ?2%*%‘%55?/5‘?%‘?%%6“&997%.& ethes capisg! stomelsur or '
mor e magnet genedirtsdsly thedsysiiesk ofiFigued blrsrespeaseas thovériseebf ERpré e or five
and one quarter inches (13.3 cm) may be used, although eight inches 10 (20
cm is presently preferred. The disks 14 and 16 may be formed fromthin
al umi ni um sheet having an oriented ferric oxide or other suitable nagnetic
coating on the major surfaces thereof. O course other kinds of data
storage devices, for exanple |aser etched disks or optical storage devices
may be used. An index marker 22 provided on the spindle (Figure 9) is used
15 to provide a tachoneter or index clock signal to control - servo '
operations in a manner to be descri bed bel ow. The index marker 22 al so
serves as a check to assure that the disks are rotating at the desired 50
Hz angul ar velocity. A head carriage assenbly or nounting structure 24
includgs a pure- 20 torque-generating rotor 26 to which head support beans
28 are nounted for radial novenent relative to the disks 14 and 16. The
rotor 26 will be described in greater detail hereafter in connection with
Figures 9 to 12. Reading and witing transducers or heads 30 are secured at
t he periphery of the support beans 28.- The heads 30 nay be of the type
which ride upon an 25 air bearing effect in accordance with what has cone
to be known in the art as Wnchester technol ogy. A coarse head position
contrqgls in the formof an electro-optical transducer includes a controlled
current light emtting diode source 32, a 30 scale 34 having a series' of
equal | y cl osed spaced microscopic radial lines, and an integrated circuit
phot o-sensitive reticle-masked array 36, which in conbination produce the
| i ght and dark pol yphase (e.g. quadrature) patterns depicted in Figure 6
and.are used to generate the sawtooth servo waveform depicted at Gin
Figure 7. _ ' o
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35



'35 There are five outputs fromthe photo sensitive array 36. Four of the@
out puts are quadratureé track position signals which are processed by two '
differential anplifiers 38 and 40. The fifth is a signal which indicates

*the location of the head 30 at track zero zerq (that is the radially

~out ernost ‘usabl e data track) and is anplified'and shaped by an anplifier

42. The quadrature signals fromthe differential anplifiers 38 and 40 are

stplied to 5 a posi Ribfutrihg 'YW i the S Urdwirled, CEiglFe Q'ﬂRlHtrhtéAfath disk
out puts of which are de |ct?d in_Fi

7 ai. B.and .C
position signal sef&M9 i 404 Sg‘gf’%@"% twwtw \%e@ﬂ“ ghecoﬂﬁ? ofifi¥g
by the switch det ecnmprlsnsrudrive4¢>mdllae1250nlwehlan two magnetid|disksi 14 anteltheofid

structure 28 rel at %#Fﬁ'r ; ‘l,},pa{tg‘?hég?t fy{]?ﬂgﬂ i) ihC4idhktdt 4ddem$ ﬁﬂeﬁ B 9%55'&%

pass t-hrough and i %ﬁas& ng fromthe source
the detector a$rayabst V\FPW'&WPE&HWI ¢ &Y Q;}'eml’rl?5gmh¢%dm§1}?5ea6 |
four data tracks nmitdwe diskiarpe mt@ausmdmxeétehlme adtiveitiondd mdrner by pulle9§

shown in Figure 6, are. f f .detgctor, w

radial ly mutually 6‘?‘? "BJ"‘%F @Jg‘tg‘?& ‘ﬁeég e o3 te&‘mE’P&“i“\F":hée g,fghy as
Wi ndow pair sees ffour Ophmsnmeemccﬂlskss aBd diskrdiamitdrs sienes fourteen (35¢5 emdl |
dark), last half | af’fer(

further paired togbl?ﬁeraagl agonéﬂ I&HJS t 2% m%}‘?e‘%é'ﬂjgi‘thgﬁglf ?lg‘aﬂ?lgn
bottom 20 riglt= IEQF?S%WWFQ;@% Theod lﬂﬁflﬁeﬂ”ériﬁl%y Pﬁﬁ?ﬁ‘%edc @"’E“nﬁhm
anplifier 38, and ﬂhmﬂimmt shet eaﬁtnngryd: br@énted gbﬁn@axiﬁs o%rcﬁhéhﬁntdbwmgh@tlé he

anplifier 40. In Fi A .equ and osj.tely p g reas
in the upper left %%glqgo%rtﬁg 'é’ﬁ{“d%"l’gag‘{%ﬁr{hﬁﬁ?‘ﬁs pro \9?‘&33 g&fﬁ "% Etd’i
defi ni ng one trackstoriggudeyi&s, Somesample lasert eteheg rdisks cardoptined stdimgecighlh:ehas
noved to the next SR ft
windows. In this sllgtﬁﬁgtgpggat h%ql %‘Ba n'fdl‘kér éi gﬁﬁlﬁdgodrqﬁight argkﬁﬁh{ﬁ%ﬁﬂ%k&
opposite, and the thpravides ta@qtn;taq Ohmqequlﬁsmutﬂ|°ﬁgtt9h§erﬂeweﬁ§!°&s n
track. Figure 6C shasmnéhto hetiéseribed belduc cThe\index muekérczd dsb servadusd Qﬁébk

20 F aur e 6A excopt firRil HiEabdl 46 RGN BB S0 3 Gl ViRl 5o

i s produced when the scale has moved stiil anot her half line width to the
fourth phase pattern, SArﬂéaércaEﬁaéé‘ﬁssEhﬁW 8r GRuRfihf StUchire Ul inbRided RAPEe-
reversal . 9p torque-generating rotor 26 to wh_ich head support beams 28 are mounted for
radial movement relative to the disks 14 and 16. The rotor 26 will be

descrlbed in greater detail ‘hereafter in connection with Figures 9 to 12.

Reading and writing transducers or heads 30 are secured at the periphery of

the support beams 28. The heads 30 may be of the type which ride upon an

25 air bearing effect in accordance with what has come to be known in the art

as Winchester technology.

‘A coarse head posit'ioh' control in the form of an electro-optieal
transducer includes a controlled current light emitting -diode source 32, a
30 scale 34 having a series of equally closed spaced microscopic radial lines,
and an integrated cireuit photo-sensitive reticle-masked array 36, which in
combination produce the light and dark polyphase (e.g; quadrature) patterns
depicted in Figure 6 and are used to generate the sawtooth servo waveform
depicted at G in Figure 7. o | |
35 : ' _— _ : :
.- There are five outputs from the photo sensitive array 36. Four of the’
~ outputs are quadrature track position signals which are processed by two



ector 46 is an analog signal which is supplied to a sumi ng network 48, .°
then via a | oop conpensation (daf@ ng) network 50, a bidirectional.

ving coil ‘notion driving anplifier 52 and ultimately to the armature of-
the rotor 26 via a bidirectional rotation driving |line 54. The anal og Nl
si gnal pr cifferential emplifiers 86 andrd§ueThe fiftejs e isignak adichcindigaten the he '

boundar | eShidiR uihénd S8 S5 8% Bikol MfaratiR %lagdom%eaet ector 36.

The 1ight rce 3 ower

g? b river
circuit SG’SQHFC‘F‘PtFnté'P e§:“d<3u‘r‘3 &H’P ?‘," F'@?f' &tr € devel oped
froma sixubdfoaieigiatrtrom the dxfferdammmpnfm aa a.aa 40Tdre sdppli?edtmd by one

by-the i e BAHEBH HeArte? MALGC bEthordt BRERE 4d S HieourBWH witPERE, 11 17 o0
repr oducedemd iy Rigure:T at| Brandi G, andRiseted Wt@nm ﬁé‘GQ‘GRSr%H‘%‘Ftr cuit 60

and sent g, tCoperiien 6f whichh Rehtraled by Beswilch\BéteBtdrharcatsiem 10 i's
connected for random access data stor age and retrieval 15 One di sk

surface 14 may be provided with a narrow, 200 byte w de sector 62, as shown .
di agr amat’i cal | {Thiersekiegss és fotafubté) witit the heakstrictare 28 velativer® ey 0 to track

f ded
oo RS, Srati ind sl MPRIEI'bIA gh Mo ERIRE nPGRE ST OFY
out er haI fbeemsmésmadfrpmaéh@s seitrgeot? tactheadetartop amaprd3bigl Withr the) the even

tracks, araétéht&es&agl sewyrm:owiatzr@ﬁ-eca; folie dsadiradiisay boastiked f of odd
tracks andg the % aIf of the even tracks. The sector bursts are read on

each revolPi585h Wigroling 4945889 and are used to provide a fine head position
servo | oop control signal to the rotor 26.in the formof an offset voltage

to urge the hegd %ﬂgl\rfrr]lrlﬁlﬁ’rlgﬁﬂegd] Thale Wgtfgmt Bﬁﬁéé@f]&ét%c{drr@g&’éw§ Réhidd ack. 25

Each rst is rea and passed VI a ciLrcult and an anplifier
64 to a pedR raéta&l&t!a\at@mﬁsqtrhyegr%%w b aphajfiafca mieraling: i Eaefes t her eof .
These anplwindéhe el Sedshfour SghapesSdf adh itledl Hiest menﬁe,vmmml(mmnd hol d

7o Cana”a ergn art s ke Zéﬂdf"a? B8 SRt il PR inoole B 08 el 2 BF et O
-vaI ue 30 ‘Tajredrtogethien gliagonallyyi tBhuscthetoptleft windoWhpaiiiandtthe bettiome i s .
proce tOw B e DYGViG LR Bivh Wit tRFeritist IRMIte ABSEHYT arhBLifieHaB, as the
I ntel ypeandotétllg bottom left and top right pairs are the inputs to the amplifier 40. In '
Figure 6A equal and oppositely phased light and dark areas in the upper left
and lower right detector 'pairs provide a null outpuf defining one track.
_ Figure 6B shows the p.a'ttern prodixeed when the scale has moved to the next
25 phase so that full lines are now seen in the top left windows. In this
situation the bottom léft and top right are equal and opposite, and the
amplifier 42 is at null point defining the next data track. Figure 6C shows
the pattern produced when the scale has moved yet another half line width
and the third phase pattern presented is the same as Figure 6A except for
30 phase reversal. The pattern shown in Figure 6D is produced when the scale
_has moved still another half line width to the fourth phase pattem, similar

to the Figure sB pattern except for phase reversal.

' The wave forms B and C of Figure 7 illustrate the output of the

35 position linearity switch detector 44. The output from the position signal
selector 46 is an analog signal which is supplied to a summing network 48,

and then via a loop compensation (damping) network 50, a bidirectional



‘whi ch- contains a 1K byte (kilo-byte) factory preprogrammed read only
grogram nmenory and a 128 byte random access scratchpad nmenory. 35
detector 78 detects the index mark 22 on the drive spindle 12 with each
r.evol ution. This index clock signal is passed through an anplifier 80 and
sent to tHe m croprocessor 76 to provide a dig'tal tachoneter to 12-
determi ne whether the disks are rotating at coéfrect speed and. to nark the

| d¢ation in time of the servo sector on the disk. The index ¢lock is also

et woen ¢ he. sampl e oue il oo, g Rl S1° 068 LAANSE) & SRCapMABE L
etween the sanpl e, and hold circyits n . 5.The_wav i qu
iusirar b opck P of e Nobbaln L oY 60 M v ot

: : progin ctiop tangud etot keepf tha chep iwithis ¢he ies
Wavef orm A depi ct s_ 1 e ad42deX. r o ct
whil e waveforns B gin‘% %étgeglé%]?ldtgﬁge# P?gﬁﬁos?%.ﬁe??ﬁénégb% 0{%&?§tg§rngd?§eeé%r%
opcgri g BUL st5 2 ' _e@lﬁ_fégi ;Ssz.hsmvﬁgm? %gfﬂl’l’?%edt RE & driyer %@a‘w@upg;
W ndow whi ch 1 NMredine it ight Neeal IHE céritolVayhd GVgixtne
control enabl e si gg@ltgﬁro thetﬁeavo fa%e %d mer 82 applied to the sanple
and hold circuits Abeotor i o deheGTA L™ di sc sector into two 100 byte
hal ves. Waveform F illustrates the waveform 15 anplitude of a first burst
A stored in the first s ' | ‘W@‘t# )Qé%@ he
anpl i tude of .the s,ec-ondfl‘ti)ga?&;t. g%%‘fﬁ?ﬁg@%‘%on ;ﬁarrp .eé%{ral&orf] eﬁ_@%ﬁe& '
circuit 70. Valdef ot Pvﬂé’aﬁ%tf’étqrﬁ@ bdq_tnwswemss dﬁﬂ°@ﬁeb%@n§86“’én§ﬂ i?% D
obt ai ned when ]E]pe 'Ilﬁ&dlaft%r,PthHO@éﬂryd@dédgm Vfohhaﬂﬁél dgaig%tﬂeamrea_rbythlaat?h
situation no offset value.is. ui red_ and, none SUu i ed. by the
i Cf opr ocessor 76 Tesow ik SElghd s 3P 3nd 8RRpiter oF STt opHBMLIAL HhieR tne
produced when t he $ystem 1§is eanneetedifoh rarsiogeaccesmdataistorage and rétwieval. whi ch
I ndi cates the head is not centrally disposed within the track but is close

to an edge of the track, 25 It will be a‘gﬁrepi ated by inspection of
Figure 2 that Bhe servoORediskssustpaenld may enpravided with &, narrof, 200 pyte yriden
of the disc are nusdetorsl) as showfdibgratdticail@nt iguki2st Eaéth dabie tRieks TroMm t

{racks 00, 0L 02 1 800,08 ROAPHURR' bikimphd ko $11] R iRkl Wit tnd bl
: " factory prerecorded frequency bursts, for example, a first oceuring burst Bl
on the radially outer half of the odd tracks and on the radially inner half of
‘20 the even tracks, and a second occuring burst B2 on the radiating inner half
' of odd tracks and the outer half of the even tracks. The sector bursts are
' réad_ on each revolution by the head 30 and are used to provide a fine head
position servo loog; control signal to the rotor 26 in the form of an offset
voltage to urge the head 30 into alignment with the centre line of the track.
25 Each burst is read in turn and passed via the circuit 58 and an amplifier 64
to a peak detector 66 for integration to provide 'the amplitude_s thereof.
These amplitudes are then sampled and held by respective sample and hold
circuits 68 and 70. The held v_alﬁes_ax_-e. compared by an analog data selector
72, a_nd a signed analog differet_ice is converted to an eight bit digital value
" 30 by an -'a_nalog-'to-digital con?érter 74. .The digital value is processed in a
digitgl system controller microprocessor 76, such as the Intel type 8048
which contains a 1K byte (kilo-byte) factory preprogrammed read only
program membry and a 128 byte r_andom aceess seratchpa_d memory,

35 _ .' A detector 78 detects the index mark 22 on the drive spindle 12 with
" each revolution. This index clock signal is passed through an amplifier 80
and sent to the microprocessor 76 to provide a digital tachometer to



¥

™SErvo purposes, it is necessary to cal.culate the percentage difference 30 =
fat ween burst anplitudes using the m croprocessor 76. This cal cul ation

tomatically provides an automatic gain control (AR signal for each °
ack, a signal which may be'applied'
other circuits for providing gain equdalization for recovered data. 35 ~
A disk drive interface circuit 88 receives control information fromthe °(,
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fromthe gpebéesbed dyes servoishnple timers 82 hehich ds aped te 2nable Hndvswibeh nf or mat i on
detailing é%Q‘gsva{ gfeega&%n(ﬁlé)%gémg@ chlteuﬁtg%s%ﬁdm?o' The m croprocessor 76

det erm nes rection to nove the head (seek) and then 5
calcudates a set of nunbers which are put out in a sequence dependent upon

a]g:t ;Jﬁl head pospHel ?ﬁvéf‘éh}n@%ﬂ bw%meméime-?p%mgofutdge ért?mfi»t el emegt S
o] e coarse posJ n S 0 r rol- :he di override
i reut try SBeR N0, 5Basf FERgurE T Yin R Yot gna BRaviial aFdte hesg T
depi ct ed dinenpasitioriserso EbhtroLt MavBfdrgpa depiqis tthe (ndex $ulsd814enémted Whi ch is
cl ocked b Is | paf | ; Ngs sor 76.
The di gi té{ﬂ Y- a%%%é%ﬁbg’rf@irﬁ %ﬁ%&%éﬁ?%ﬁ%ﬁéﬂﬁggﬁgg&%ﬁr ola type:
MC140t08, Bumst | and seeandcaecuring Barwthd gespeptively; gWaveform B depicss the f set
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the waveform produced when the first burst is much larger than the second

burst, which indicates the 'heat_'l is not centrally disposed within the track but

is close to an edge of the track.

25 It will' be appreciated by inspection of Figure 2 that the servo bursts
on the innermost tracks n-3, n-2, n-1 and n of the disc are much smaller in
amplitude than the bursts on the outermost tracks 00, 01, 02, 03, and 04.
Consequently, in order to caleulate a valid offset signal for fine position
servo purposes, it is necesSary' to cal_culate the percentage difference

30 between burst amplitudes using the microprocessbr 76. This calculation
automaticelly provides an automatic gain control (AGC) signal for each
track, a signal which may be applied to the data recovery cirecuit 60 or to
other circuits for providing gain equalization for recovered data.

35 A disk drive interface circuit 88 receives control information from
the host computer, ete. and supplies that information, including track seek _
data to the mieroprocessor 76. Data surface/head select information is sent

T

o the data recovery circuit .60 or to



which drive the two.w hdings A-B and B-C of the rotor. (See discussion of
Figure. 30 11, below). The operational anplifier 110 functions to nake the
character- istics of the driver 114 opposite 'ngd conpl ementary to the input
of the driver 112. An operatlonal anplifier receives two conpl enentary
coarse 35 servo loop control signals P and P fromthe position signal

setéctor 46. Th - | tye
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carriage assenbl y 28 automatlcal rns t e | nne Wg zone
response to a bi asC¥perteg 196 T%E‘F‘%s%l%%ﬁe . apalog poptiol yoltage ff‘?{%
rotor 25  26. the DAC 88. The summmg cireuit 48 in the implementation depicted in

Figure 4 ocecurs at the input of the driving amphfxer circuit 52 which is .
20 supplied with the analog offset volt_ages from the DAC 86 and the coarse
- servo loop voltages from the position signal selector 46.

. A
c;ii rectly to the inputs of two Darlington pair power drivers 112 and 114 ng//

- The bidirectional driving amplifier circuit 52 emulates the operation
of a differential output amplifier. To do this, the cireuit includes two
25 operational amplifiers 108 and 110 connected as shown in Figure 4. The
analog controls to the driving amplifier eireuit 52 oceur at the input of the
operational amplifiér"lo's, and thé. digital seek override controls are applied
directly to the inputs of two Défﬁngfon pair power drivers 112 and 114 which
drive the two windings A-B and B-C of the rotor. (See discussion of Figure
30 1, below). The operational amplifier 110 functions to make the character-
isties of the driver 114 opposite and complementary to the input of the driver

1n2. o

" An operational amplifier 116 _feceives two compiementary coarse

. 35 servo loop control signals P and § from the position signal selector 46.
These values are equal and opposne -and of minimum amphtude when the

head carriage 28 is in general ahg'nment within any given defined track. The



The i ndivi dual ci rcuit conponents.depicted in Figure .4 are connected as a
shown and wi || not be discussed further, since the vaiues and connections

e readily derived by those skilled in the art. 30 Referring again'to '
gure 1, and eight bit data word out fromthe m croprocessor 76 is
pplied to a data latch 84 which is clocked by the WRITE enable |ine WR of
the mcroprocessor 76. Each eight bit nunber held.in the latch 84 is b
convert ed Pmmmudaésgwdémdmymoaltgzmmeekn@lrdg faem thedigitaler 86. The
hi gh order t !Fgw rol line direct fromthe
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crossing otyper'&l,sm'oeqndvaléxan expect ed, then the staircase command resets to
zero before a maxi mumvalue is reached. If a track crossing is del ayed,

t hen tRe staircase reaches and holds its maxi num val ue until the
transiti on. ThedePeweriisuppl¥sswiteh 124 switcheson the-ippwes sumply2@oFihgal |y, a

short decehmpHtieP52S6rdP wheACiti @iuemmhy: réddivesSthre@ énabling Bignals: a
signal indicating presence of the required supply voltages, a READY control
signal from the microprocessor 76, which dehotes-that the disks 14, 16 are
90 Spinning at operating velocity, and an Drive Inhibit Line (DIL) signal. In the
- event of a loss of operating velocity, power supply potential, or in case of a
system reset, power is removed from the driver amplifier 52, and the head
carriage assembly 28 automatically returns to the inner lahding zone in
response to a bias spring 194 (Figure 9) which 6perates in default of the rotor
25 26.

The individual circuit coinponerits de_'picted in Figure 4 are connected
as shown ahd will not be dis'éuSsed further, s_ince the values and connections
are readily derived by those skilled in the art. |

30 _ B -
‘Referring again to Figure 1, and eight bit data word output from the
microprocessor 76 is supplied to a data latch 84 which is clocked by the
WRITE enable line WR of the microprocessor 76. Each eight bit number
held in the latch 84 is comierted to an analog value by the digital-to-analog
35 converter 86. The high order latched bit, along with another control line
direct from the microprocessor 76, is applied _direcﬂy to the driving
amplifier 52 so as to override the coarse position servo system (elements 24,



‘carriage assenbly 24 at the destination track should its velocity not th 3
heave reached zero. Figure 8A depicts the digital and anal og waveform a
utili.zed to command a track seek across e.g. 120 tracks. Figure 8B portrays

25 the velocity of the head carriage 24 relative Lo radial distance across
the 120 tracks. Wen the destination track has bdén reached, the system 10
enters a track extension control node. One | mpl ementation of this node is

t omsel ect 30 the appropri ate nonophase of the- quadrature signal and servo

over its full cycle38j 40, 48, d6, 54§50 dn‘rir@: tife ﬁhxmuwlfacbfﬁgdti‘iéckﬁ&dﬁééletga@g%
way the radial range,s rv | ..covers. a,. our, .tracks,.

onty i the event. ¢ Raer s e SEa beterahl 3 Snditned anesf o the Track ke
ot herwi se is exter ngPenptions gepredetarminedovsloridy slaving rate isuschiewed byckaurrent |
wi Il the coarse ser ywgmbeSSerf@WHith ahdEbhvartedStd dHal ﬂ&es@&ﬁe%or{v?ﬁeﬁ%%ﬁ
10 enters a reset nod ,e\;gg%ch resets the system and then returns the head 30
to the last sel8ct e&pﬁ‘  the s_“ﬂf@‘"ﬁi%‘?"ﬁ'&%ﬁ:e?%ﬁgme Hidalemgeimum peeelerative
modes of operation and tdaeaeratiwr?i step|finitionOportion)) ehes t@édt@e @glfv%qlb?ﬁ i ebmplet &1y
track seeking, enul gti ther di sk dri roducts. .and se . _
di agnosti cs. gl nt hegl%nr?ﬁdgf"i %attﬁg‘r{gg?ﬁgs éﬂ*"Y‘gJE“ﬁgg‘éd g}?t’ﬁ&ﬁﬁ?"lﬁ’ he maximum
applied, the nicropfeesieragion7epamand ds Femoveddust pefaresthendamriagp aassemblyei2d

with an internal cl eédsesitd Méves UTRereBfter ! fife Hafde s%?f&'f% &&%aﬁ&é&tﬁé&’&r@s&
t he proper vel omtyé@ﬁ Ing?( The head 30 is inttially, ocathe_ Inan
nonabrasi ve | anth ng®3Bh&reck by, § pregressivergnalog stairegsesvignal gyhiols is peset o) zero

commands a seek to with eachedetestedt traek cidssing.K Iﬂ)?l)is Memhéf b@arb?@&v%%pﬁ&%cﬂhgs
this outernpbst trac egd o) ' vefoormJ in_Fiqur.e,

i's obtained fromt hgt’"t“ghaﬁ‘?#s?d‘tgjflcEe“r‘fe 2%‘#&?%3%%% ?ﬁs’ag%‘?ﬂa%efdﬁh . UPRR the _"s‘%‘_m
ni cropr ocessor 78 t Héprmation; derived ¢ fremf ithe: toensducery 24vamitnespectiveatf ieshialg

and renenbering of f istanthmdous belof:ﬁyrofftﬂéﬁégimﬁirrﬁaéé%nﬁﬁg{ 241, 02, 03 and
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20 S _ _ _

Finally, a short deceleration step function may be applied to stop the
carriage assembly 24 at the destination track should its velocity not then
have reached zero. Figure 8A depicts the digital and analog waveform
utilized to command a track seek across e.g. 120 tracks. Figure 8B portrays
95 the velocity of the head :carriage 24 rélat_ive to radial distance across the
120 tracks. -

When the destination track has been reached, the system 10 enters a

track extension control mode. One implementation of this mode is to select

30 the appropriate monophase of the .quadrature signal and servo over its full

' cycle (i.e. a distance of plus or minus two tracks). In this way the radial
range of servo loop control covers a full four tracks, and only in the event

that the head structure 28 is. significantly jarred or otherwise is externally
~caused to move beyond plus or minus two tracks, will the coarse servo lose

35 control. Upon a loss of servo control the system 10 enters a reset mode

which resets the system and then returns the head 30 to the last selected
track.



20 the fine servo continuously and updates the offset, to take into
wccount position errors such as thernmal expansi on of the .di sks .14, 16 as
ternal anbient tenperatures rise. As already expl ained, the

croprocessor 76 receives seek conmaplds 25 digitally fromthe host
conmputer via the disk drive interface 88. The m croprocessor 76 maintains
head position data in a register which counts the tracks frominformti
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easily included, including those particularly adapted to a data format or
end use. Diagnostic routines may be contained _
During reading and writing operations, the microprocessor 76 - reads

20 the fine servo continuously and updates the offset, to take into account
position errors such as thermal expansion of the disks 14, 16 as internal
ambient temperatures rise.

As already explained, the microprocessor 76 receives seek commands
25  digitally from the host computer via the disk drive interface 88. The
microprocessor 76 maintains head position data in a register which counts
the tracks from information derived from the coarse position transducer 24.
The difference between the track at which the head is presently located and
the track sought, together with the signed value of the difference, which
30  indicates the direction of head movement re'quired to accomplish the seek,
is used to calculate the series of commands from the microprocessor 76 to
the rotor 26.

The emulation function of the microprocessor 76 enables the system

35 10 to emulate the characteristics of other disk drives, for example the SA
1000 eight inch (20 em) disk drive manufactured by Shugart Associates, a
XEROX Corporation subsidiary located in Sunnyvale, California. The SA

*



inthe read only nenory of the nicroprocessor 76 or they may be recorded o ]70
“ofe or nore of the tracks of the disk 14, and cal|{ed by the m croprocessor '
20. 76 as required. Referring nowto Figure 5 the transducer 24 is a

U- shaped assenbl'y conprising an upper nenber 132 which supports the _
phot odetector and reticle array 36, and a | ewer nenber 134 which is keyed
tq hold the LED 25 1light source 32 in vertical alignment with the
phetodet ect or 36. 1000 prodlct Wlilizies twoGidfecentreedidiwriba Vieads, and ahd micropdssor
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to achi eve the reqfPPretitive diskdrive. equinment ipay ke emulated hyhipegiakipeegrammingnd
134 away fromthe §f eieemiddBprocessst tgWays al i gnment of t he transducer 24
with respect to the scale 34 is achieved by rotating the nenbers 132 and
134 about. the ¥xis of the post 136. A | ocking screw nmechani sm.144 | ocks the
menbers 132 and 134 to The self stiagh®8isaffunctien o the anicsiprtecessor 76 hesshort .tedn
The structural conf tyl e ] | ' L gRIT, e
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fluid. A bottom scitheresd only memory of thé microprocessor 76 or they may be recorded

. - on one or more of the tracks of the disk 14, and called by the microprocessor

'2'0 76 as required.

Referring now to Figure 5, the transducer 24 is a U-shaped assembly
comprising an upper member 132 which supports the photodetector and
reticle aﬁ-ay 36, and a lower member 134 which is keyed to hold the LED

| '25' light source 32 in vertical alignment with the photodetector 36. The scale
34 is a glass member having equally spaced apart chrome microlines
deposited thereon. The scale 34 is precisely and securely attached to the
headsupport structure 28 at, for éxample,'the rotor 26. The transducer 24
is mounted on a post 136 embedded in the cast aluminium frame 100 which

30. securely supports all of the disk drive machinery. -

A feature of the system is that the transducer 24 is adjustable in two
dimensions with but one point of attachment to the frame 100. A vertical
“height setting serew 138 and lock washer 140 enable the members 132 ‘and 134
35 to be adjusted up and down, so that the photodetector can be adjusted to
within five thousandths of ineh (127um) of the scale 34 to achieve the
required resolution. A spring 142 biases the members 132 and 134 away from

the frame 100. |



secures a pulley, not illustrated, to the shaft, for the drive belt 20,
the notor 18. The rotor 26 deplcted in Figures 9, 10, 11 and 12
des a hub 172 (Figure 9) to which the head structure assenbly 28 is
pted. A flat coil 20 assenbly 174 ,ig secured by a bondi ng means such as
adfesi ve to the base of the hub 172. I'mmediately bel ow the coil assenbly
174 is a ferroceram c permanent magnet 176 which is fabricated as a unthLy

structure and téﬁeéw m@aﬁlorrth@t@nﬁ&fdeeu%tﬁ%sge@mo ehesealdigber  opposSEd
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assenbly 1%0&13? thef&ﬁlrg&@ﬁghﬁfﬁﬁmﬂ in Figures 10 and 11 there are. si.x-

coil w ndings and si'x correspondi ng separate magnetic segnents in the
magnets 176. An annular flux return plate 178 of | ow carbon steel forns a
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associ lit eSeRITSS %P@l“rypf’%&l“sf"laé%dﬂc@ﬁ sha rﬁ@ﬂﬁlq’r‘b"%% &P Fr%"ﬂt@eSS 40, 42.

and 56 depmeteedsin Figure 1 10 and also the wiring connection for the
heads 30. A main printed circuit board 198 carrying the rest of the
circuitry of Figure 1 is plugged into the board 196 by a plug 200. A
pl astic case.20Phergetes 2 ﬂﬂ’lﬂﬁé BaBigunes0%,al0el b end i1 dreludesad hubdgRe seal

thr oughout@agmcsb tb SwHi&fl the- Réhd Fudtiife bl es @ aouhted) Al flat1@odl | yi ng head
w nche% eras gt'n%ﬁ( iclrs] ré%ln?l% byAQ b%hémé Inlleta%g sue as adhesive to the base of
the hub 172.. Immediately below the coil assembly 174 is a ferroceramic
permanent magnet 176 which is fabricated as a unitary structure and then
magnetized into a series of adjécent even-number opposed field magnetie
segments in which the north and south poles alternate at the top and bottom
95 of the magnet 176. The number of separate segments in the magnet 176
corresponds to the number of coil windings in the coil assembly 174. Thus,
for example as shown in Figures 10 and 1l there are six coil windings and six
corresponding separate magnetic segments in the inagnet 176. An annular
flux return plate 178 of low carbon steel forms a base for the magnet 176. In
3o fabrication, a ceramiec blank is glued to the base plate 178 and then the
resultant structure is permanently magnetized. A fixed shaft 180 extends
from a ribbed portion of the frame 100. The hub 172 is journaled to the shaft
180 by ball bearing assemblies 182 and 184 which are initially held in place
during fabrication by an axial prestressed spring 186 and Spacéf 188, with
35 adhesive locking the bearings 182 and 184 to the hub 172.

o



15 fits into a recess of the frane, and fins 204 extending fromthe flan
ar* the base of the spindle 12 force air within the plastic enclosure 202 t /
pass :tthrough the filter. A breather filter 206 enables internal and -
external pressur es to equalize. 20 To dggel op bal anced torque,

herein defined as "pure torque", which mininiz | oadi ng of bearings 182
and 184 and enabl es very |nexpenS| ve bearings to be utilized, a coil

aswenbl y 174 has been d ngi 12
SEBLY 11 ghas been U5 BlgREeR A etk ion B BBk Sk Wil
in pI an view in Fi gﬂ#@xmldaniloal A standadf com ﬂwt% Pla@el%l!iﬂothﬁrb?ﬂdaegi‘ﬂﬂﬁee
continuous wire str, bl?%ssé}iﬁ"&é@‘&n’?é bét%hh Yo ithe ﬁh&lﬁﬁn&ﬂqg zUﬂéfo e dxﬁl&
coils 212, 214, and 216 are .connect gﬁ t her s.as N four
11 (A to B), ‘whil e 6B RAWEEIS FRmgyed 8° °§”Zg° SGeshy, sé°%‘oﬁ‘ﬁ¥\£e t""“‘e
together in serd es th&tépplate 192 to{limiti tangebfibend siructuref trawdl. t hree coils. It

will be appreciated that the rotor 26 nmust rotate in both directions. 30
Use of two sets of opposed geonetrically symetrical coils enables this

novenent through a si nplQthemelententy depictadein Bigure 8 ipglude for printedecifpuitibagrd
set to the other. bgghyigeh!capMesmne é!?éhlﬁg i egiatél NasSodlefedr @fifhy the optical

triangul ar bobbin, the thr;gzg ﬁﬁgeCt L on I"?sséahé% ldi,:@h@%%ﬁg 1t t%elglggs_

| eads connect ed exttEag
35  section inOFi gmﬂealé& the mppgoecnnmmty fnm e madss3lhcrbsna1hyprmed airenit

i gh and s fored JLamoto ARuAP hORGR of bicCoirdlifyCar PiedPE TP bluekéd 1he e

placed in a formn n epoxy potting c henuo ace

and pressed int oard1960by @ Plugi290m Anplastie cpse 9?7@%’* th &he Das
Adhesive is used tgrbiiaes ta'ﬂeaﬁtlight aeaewo ﬁom twhidt @s hu@xae?dz fo:Bwhutréuamewg

th tt d 224 t 174 1
e oLt g cOMPOUerion & i e eRT Yitbishsh velabhinlofl SAol B Rtk
vibration 5 16t hefitsiint® aamness atJthenfraine, amchfins 204.extending grom the Hpyge at the
i ncreasing the rrecl’!%ge dfcﬁ'l RA 3! Porgb &P%lﬁﬁﬁrﬁt@ p°1§§th° eh@l%hre-rm €& igass

assenbly 174 is con gure sQ_that adjacent col u
equal and opposit e Hhegighst hee§‘lﬂe!'-| ng breather, filt ?o?%@“%tbl |19tem}| F’"é‘g efge al

about. the axis of rppbssurésrtodquilige.r otor 26. If equal currents are present
in both sides of the coil assenbly 174 (A'to B and Cto B) the forces

produced cancel out, and no resultant torque is produced. During seeking,
in the .20 To develop balanced torque, herein defined as "pure torque", which

minimizes loading of bearings 182 and 184 and enables very inexpensive
bearings to be utilized, a coil assembly 174 has been developed comprising
six separate coil windings 212, 214, 216, 218, 220 and 222 each of which is
generally trlang'ular as shown in plan view in Figure 10 and all of which may
25 be wound from a single contmuous wire strand, as shown schematically in
Flgure 1. Three of the coils 212, 214, and 216 are connected together in
~ series as shown in Figure 1 (A to B), while the other three coils 218, 220 222
| are connected together in- serles (B to C) in opposite phase to the first three
coils. It will be appreciated that the rotor 26 must rotate in both directions.
30 Use of two sets of opposed geometncally symmetrical coils enables this
movement through a simple switching of the power supply from one winding
set to the other. Each coil segment may be wound upon a generally
triangular bobbin, the three connectlons A, B, C, established and then leads

- connected extending to the outs:de. Each segment, as shown in cross- .
35  section in Figure 12 is approximately nine turns across by 22 turns high and
is formed from 29 gauge coppe_r' wire. The coil assembly 174 is then placed
in a forming mould, and an epoxy pbtting compound 224 is then placed and
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vent of any position error or disturbance occuring while the system 10 |s
erating in the closed | oop track foll owing or sl-ewing nodes, ‘the current
15 the w nding becones inbal anced, and this condition ylelds a '
restoring torque which noves the heaﬁ£§tructure until a position yielding ~
equilibriumin current is again reached. Counterweights, not shown, are
added to the rotor hub 172 to place 20 the centre of mass of the head

structure pilsded ik gﬁmmum\ntbffohhetmmexﬁmyrma@ eqﬁ) t AIhesiveris 26. I n

s the T or 8P B R EIRE o a7 to S HH e Ay s HRORE o1 || eq
in the artcanpound f24ptoetormt tas assembiylT4m vesy bnghem’edmnmﬂplesmanal ly in a
wi de vari eﬁ&;ﬁn Saéﬁi@rew tald & gyagb,fngﬁ;e Irrde,ln R %ﬁ&ﬂ nts For

exanpl e, the optlcal transducer e et1ca

Al 't er Bt | \/@P?WIP? SAAHiNgin qhﬁf"!?ﬂﬁﬁf’l’“@?‘l"’ﬁe?ﬁ Bhergbpincaensing, HBe‘g’éF‘T/o sect.or
62 and r eadidalbdndwidthlofIthe @baes sefvolloep.di sk 14. The rotor 26 may be repl aced
with an electrical 30 detent, mcrostep providing stepping notor, and the
conbi nati on of such a stepping notor with the tinme sanpled fine servo | oop
will vastly i nfPheveoil asseinblylfidrie cbnﬁaxrredlsmmir@jmnmoﬁmiuéingmwal di sk

drive. Theprﬁ&ﬁé@edﬁ?&n&%{:@s‘fﬁ T?‘astora Oyahye taaae%%mg%@gﬁea"y

enbodi_ed rotating devi ces the system
enbodyf ng ‘lbf?é‘ 3he a?‘ﬁ\/%fn'fqtbﬂ tB% rokoE P6f o¥ W@Mﬁb@l%‘&tﬂ"&’r@t Bor exanple
in spect erotth&eﬁm!ttﬂé &loﬂrﬂsaﬁﬂngmm hbBEand TataB) ehe I&ded pratiugbl ¥ -
interactiv a t nvent i provi des
a low cost™C ose'dt’l %%)‘Fp{ﬁ elsra&\?@ ??rgpe Jg#éﬂ‘ﬁ/\% cﬁ“ﬁgnstg {08y I%tggcuracy of
mai nt ai ni reyeat of 20y esitionnherrar |on dastugmeqtocmmg ahilet thet syatem ddri$ ng r eadi ng
P ovi qes. L UeRRPA iy (66edtood ‘M“f&a‘“‘@%’*ﬁ‘%ﬁ' e oh
provi des

overr|cl edyigding WS@B%H@?”B%‘] cﬁau.? %E%ﬁ? RE tFGMe g track
seeki ng. Adzmch movesTphe\hedd stedctareTmhtil iaaqbohlt@h gﬂahnngaqdﬂilmium timr que pro-
duci ng posé&rfé?ﬁéﬁéﬂﬁ_r@ﬁ e@Or rotor is.provided for positioning the head 10

nmounti ng structure urther the present invention-conbines readily
avail able and in-

" Counterweights, not shown, are added to the rotor hub 172 to place

20  the centre of mass of the head structure 28 in alignment with the axis of

rotation of the rotor 26. In this way, no unbalanced forces pass through the
rotor bearings 182 and 184 as the rotor rotates about its axis.

It will be apparent to those skilled in the art that the present
25 mventlon may be embodied physmally in a wide variety of ways and with
many different elements and components. For example, the optical
transducer 24 may be implemented magnetically. Alternatively, transducer
information m_.ay' be provided in the servo sector 62 and read with each
rotation of the disk 14. The rotor 26 may be replaced with an electrieal
30  detent, microstep providing stepping motor, and the combination of such a
stepping motor with the time sampled fine servo loop will vastly improve
track centre line following performance in 'a disk drive. The servo loop
systems are advantageously, but not necesarily, embodied in rotating
magnetic disk storage devices. Of course, the system embodying the
35 invention may be used for servo applications, for example in spectro-
photometers and other machines characterized by highly interactive mech-
anical elements. |



expensi ve el ectrical and mechani cal conponents in a unique way to providg

am i nproved position control system whi ch occupi es a small physical spag
15 which requires only a nodest power supply, which is inexpensive to
manuf act ure and whi ch operates reliably over a long useful life. CLAI M5
1. -Data’ storage apparatus for enulating an Bden-1 oop stepper notor based

disk drive, the apparatus conprising a frame and a data storage disk
jo‘u-pnalled to the frame and rotatably drivable by notor neans_ at a proper
constant velocity, the @Thwie thevpregent pventiPR tppovifles gnladhieoslc clpsed loopy SRiyos

capalﬁl e of bei ngf r@&%dlﬁsbsté\?suhg&ﬁmbﬁvw tHé‘raegﬁﬁabﬁtoﬁdndmtﬁnf@rmiaﬁsdumd |
on the major surfaces,thereof and, bei ovi ded an

surfaces thereof whedd ip aigpyment "&FE rf'ﬁgﬁgla‘ éﬁv&ggg% a’?‘&ﬁf gﬁ“@n@&ﬁ?‘ﬁn&
track centring seredaidiflohseihg high data [tesckt depsidied and groudsaj&mrem&dbbeﬂme@e

- being providedgin S [ verki S ftidan -
control 10 s?ste%&% ﬁ‘)&ﬁgﬁ( SEL ﬁgtsgstieplgl"ﬁ%@s(?em ??ér?lﬁgﬁos?sver Irrrlt'alc}i“ns
drivingly connect edWWQ?%BQM@E‘F‘%H% seekinge for novi ng the head to

any one of the data tracks during a track seeki ng node of operation and for

mai n- taining the head within a give it ai.n It
mode of operation; and. 2139 AR b’BgﬂVth 68'5%@% %{‘oglgg 88 a@ﬁ é‘ﬂte %ﬁél%é ?ﬁoe;
driver for 15 orlacmgl pusitjorc dranskitbs rog tdter ds iprevided flor cpositioning:4he head
positioned withy the fine position closed |oop servo

i ncluding the 5| ngl &{3’(@&&1@&5-8 .servo sector region on the surface of the
di sk which contains track centring servo information therein, sanple and

hol d neans connect ed t o Fyptel et bﬁgeﬁﬁﬁmdnmnaa&nmwlrﬁgdnwavaﬂame and in-
information read fromthe ervo ev 0.

di sk, and correcti SﬁPE‘Fb"ﬁa é"rﬁi ég}echggﬁgp%o%&%g%tﬁe\ ? L%h% & Hb%lde
hol d neans for genendniprgvesy pqseﬁlorscglta@lssystm whielp oegupiesea éWBBeR?WIS@pSPééPwo '
bei ng open dur iy AutiéiR GeqRek | ohty P Yfoddst OB IsaPoly?: whickBis? ifdspeasee to
apparatus according to.c , further co iSI a]Eg Hfi FI rectionally
novabl e el ectronecﬁmué%ﬂt“%mwh’ﬁﬂrﬂ%@tﬁ%'g%gﬁ?%é@ 08 ISt he di sk
and a head nounting structure secured to the nover at one end thereof for
nmovi ng the head across the plurality of concentric data tracks; the driver

means conprising bidirectional driver nmeans connected to the nover for
novi ng t he structure to maintain |t W|th|n a selected data



30 track during reading and/or witing operations and to nove the _
ructure froma departure track to a destination track during track ’
wh

ki ng opera- tions; 3. Dat a storage apparatus according to d ainr2,

¢rein the nmover is 35 stabilized at a position related to each data
ack. 4. Dat a st orage appar atus %ordi ng to claim 2 or 3 wherein
the bidirectionally novabl e el ectronec i cal nover is a rotor. S. Dat a

st orage ap@_rﬁmi' according to claim4, wherein the rotor is 5
journall ed frame adj acent the disk and has an axis of rotation

parallel with the axis of the disk. 6. Dat a storage apparatus accordi ng
to claimd4jpr 5dee§’t8i'd§:et Jitfba?&lﬁ:@rfoeoémulhﬁﬁé éh BpER-IHp! b1RPRér miWitbEe tOr que
Ot A AR B oL Fp T o bre B ot S peer
| ocus defi jourgaded ¢o ttbe fm‘maand iratadgblyphirblablesby esstot heeand @t depropes, t he
rotor compfe oﬁétpﬂt vaiddi §t&t§? h%@ﬁ\?egl &Lgpn fg 5 %n.%é?{*ﬂén &f%pfﬂ%gé o

general |y annu ase an

net
ol at o5 havioepabls Oé\)mmmmeqa?mmﬁtwmﬂv wpsitietad datostormep fored f i ol d

nmagneti c SQaMHa fndjét Wbrifedest %r%hhd%ﬂn?%&hdé@'&soﬁétzﬁr'ﬂ%?ﬂﬁbrthe naj or
surfaces thereof 6'?ﬁene al.l.y ann g{dmjrot Cﬂﬁl e coil assenbl | aced and

closely spatEgcss therge QtSI'I‘EQ gyat sestey f"ﬁ’é%t: P9 t he base
and top pl atek, cérhangceivoamﬁmhﬂtwmmtlamloi@ ddte tsanveuearcieddudddee pl ural ity

Of 001 | abalielt fef {TRANELorRATRIIG 1 Gk Sulces 5/ U0ARG ARSI . L1e

coi |l s being alfigne acen mag netl ¢ seg |'east one
posi til®n ofsrsr'fsmatﬂ*@npwﬂ@m@oaygbrm'fymamrr@owmet edriverit meento deivinads of

opposed Wi @hﬁme&wtﬂé &&&Bauaerwadsaeﬁrr&t for GRbViNg kwa&&ﬂf@wsné af d
assenbly and a, nova kP %@t" er attachedq to the asse arranged to pass
€

rotatably tRf SHH *a%c %Ak seeking meds gf @Pawa'%gncgﬁor T¥hAre, the
nmenber bei nqinirg thechead whtyirs aigivénotraek lyripg 3s agintained Wosittvn mbdeouvfih one of

the series ﬁé r@o'&d ﬂ%s? fﬂw@}o&ﬂf&“@lée‘doﬁbé QSrv%Oé/JnﬁeQ%a'}Q fﬁ?%iv%? ggvenly to

t he novi ng axis of rota or age appar at us
accor &% ng vgertiveln eontipltingithe driver én bpen thegead pasitianediwithip cgivemed

rel ative t qrddig m@gn@tpasmdd BRA&d Tdop! &rd! SndliBinG 1HE &irkyI€ 'datdlindsRege of the
locus of ngg:?\rrées%c*or region on the surface of the dlsk which contains track centring
servo information therein, sample qnd hold means connected to the head for
sampling and holding the servo information read from the servo sector for
20 each revolution of the disk, and correction signals generator means conn-
ected to the sample and hold means for generating offset signals, the loop of

the closed loop servo beihg open during a track seeking mode of operation.

2. Data storage apparatus according to claim |, further comprising a
25 bidirectionally movable electromechanical mover mounted to the frame
adjacent to the disk; and a head mounting structure secured to the mover at
one end thereof for moving the head across the plurality of concentric data
tracks; the driver means comprising bidirectional - driver rheans connected
to the mover for moving the structure to maintain it within.a selected data
30 track during reading cnd]or writing operations and to move the structure
from a departure track to a destination track during track seeking opera-

tions;
3. Data storage apparatus according to Claim 2, wherein the mover is
35 stabilized at a position related to each data track:

_—
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8. Data st or age appar at us accor di ng to any one of claims 2 to 7

. cenprising head controller means connected to the nover driver means and
to an external source of track position and selgction information, for
¢ommandi ng the head to nove froma known departu track to a requested
destination track during a track seeking operation until the destination
track 11111111 111111-11122111221117122 * C L M S * i s reached. . 9.
Dt storage apparatus according to claim 8, conprising a head position
sensor providing agpol ym@éesfaﬂ@et bp.fhramnahcdram@ewoaaﬁntm 6 IERMRERIR the
actual position of cId)e head,rel ati.ve controller
nmeans bei ng connecPe

an external source of track selection information for recording the present
track position of tshe hepg,fs %ra&@'o&%%trw% erng% SRf! Egrﬁgfgmr}ﬂe'ﬁator is
response to known head ositron~an | ection informatio :
for 10 commangli ngieutaal} @ﬂefmeaﬁmmfafherﬂs%amﬁewqmmsw aetaticy porallel
request ed desti nat iwgth fHeadds SUfHeNisla track seeki ng operation by conmandi ng
at the nover a first head position spatial increment of maximum forward
direction acceleration followed by a simlar head position spati al

i ncrenent of maxi mém rewsrsefdngeaoppamnambemag torciaimd4 tanel vU';eremnMnarmhrg
adaptively 15 a e u ,%;E&q

head structure pos?%'?‘ I'n ??ﬂ%ﬁ?‘?@‘ﬁ% r%e ﬁ;‘?&ﬁé ggn&ggX P%lél&ﬁ%'?% Fotor
destinati on triack rgf%iatrrewnfm to ﬂm&cmeofqg@fabp@!mmgmadeer@ﬁgﬂewm

Claim 9, wherein strocfiRadefive 1R0fe! frameSoVEs 0 léc&lsadeffrn&ibsdtyéefor 6f1c cikaé A
st orage appar at us m .10, .wherein the,

r di
comprsear a soal ST gRhn 0 Gt RheT el SNk g P,
equal wi dth secured flox eetunertop hpdatie; angereraliyh ensulon permarien? Snagrett esereurted to

movable by the dri yeg apaﬁgs? EP DIl ol AR el G A dty

paral |l el arns space ance s greate

t hi ckness of tise sorpasedntield m@gf'snaegmmew t"‘d‘"ﬂ’héhet penth ognd euth apelesso

that the scale is flteendte d}aﬂi“e Hﬁ:cweﬁﬂf&&ﬁ ePdof, bERerHtl*}W@erﬁ-éW&bléecml
|ncI uding a light sour in o c} he ar s Ilcﬂ-orﬁa!?e% gn fhght thrm*gh t he

stal e ‘ assembly place osely space permanent” magnet
and the other of the base and top plates, the coil assembly containing the
'_SQme even number plurality of coils as there are magnet segments in the
20 Ppermanent magnet, the coils being aligned adjacent to the magnetic |
| segments at at least one position of rotation of the assembly and connected
‘into two series of opposed windings equidistantly and symmetrically located
about said assembly and a movable member attached to the assembly and
arranged to pass rotatably through at least one of the base plate and top
25  plate, the member being rotated along said locus by passage of current
through one of the series of windings,_'the fordue from the coils being

B B applied evenly to the moving member about its axis of rotation.

7. -+ Data storage appqrdtUs according to claim 6, wherein the rotor is
‘39 rotationally aligned relative to the magnet to linearize torque amplitude
over the range of the locus of movement.

8.  Data storage 'qpparatbs according to any one of claims 2 to 7
corhprising head controller means connected to the mover driver means and

35 1o an external source of frack position and selection information, for
' commanding the head to move from a known departure track to a requested

* destination track during a track seeking operation until the destination track

R
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in the direction of the other arm an array of photosensitive detectors
a light-pattern-defining reticle placed.between the detectors and the
aje in the other of the arns, the regig|e defining wi ndows for the
ejfectors which are so spaced as to provide the pol yphase signal in
guadrature as the scal e noves between the arns. 35 12. Data storage
apparatus according to claiml 1, wherein the scale is secured to the \ﬂ(
structural ,el e %s novabl e by the nover and the U-shaped * C L M S
SthCtUFEI%S%égkled to the frank at a single location of attachnent and is
adjustable with respect to the frane in tmo spatial dinensions. 13. Dat a

storage appar at g1gCa8EdYeN dppdpaftlY qfai %l,{m‘ 8, [Rmbristhy LNREad
ose oop

COprI’I Si ng a coarse posi t1on epen ent C servo connect ed to the
head posit .peﬁfeerfsesormevmts'gtqweo!uphqfermﬁémssim tmse#pam%? ¢ 9884 ol | i ng

g hte d[ Isvelr( a&?@%o&@:ok&ﬂﬁh&hﬁo&@éﬂt'ﬁ)@&?tiﬁéﬁhﬂétﬁheme%d%t@ﬁﬁ'ﬁlﬂédrr@gﬁs of the
at a rac ur i a r Ww.ltlng eratl ons e 0 €l Ng open
dur i ng 1 aBRGERPRETants Jof Sied ebition, SReTarbe. St mEE, 619 tecimnded

sl ewi ng. 1@xﬂetnol s@ate oft mgesedaq:mwnainierram(nm domge«:ardmlga’rha pds3entrvher ei n
the head CcQRidiObdstfioNTRN e RERY IF3FSc ‘?‘r‘%ﬁ'g‘%e hea ssm.r gﬁv' ng a

head posit | on data | nput connection on transducer,
bi nary dat &ePan¥ntq rowmbeqd, pesitiemand Hiediraglk ﬁqiecwraaiors@émmgnéémnd the

15f mu:;r O RbMBRIATNT mboelse Jr:a n?di\ié irdahc@ khéwmae&&r@l@eqeaau E&"aﬁ@léués'r&ﬂ f
informatio erlve e transduc he externa urce o
track sel egff Setiaty Brr“ﬁgH%WQ t&%ﬁ‘a %ﬁ%&:’er&gﬂ e PWg‘q“Q{"@hqfd?'?eect ly to
the driver muyens first headipésition sirgial dneneoient of mmmmsumfmnrdadmetfhm

accel eral | BcliBiHRALLAokd: [P o Isifflrs HRkUKhePRG! AbABE ABKerd 01 12! 1O

anal og converter connecte [ atc vertin ew ng commands
cl ocked i nfXiRum| r&ve*r#e@ﬁeeﬂan&lceyew'mda “Wrc"mflﬂ"i'ﬂgc’ deptivebhal og

val uesig 0 tahglepitsg Trd:ﬁ”dét%hﬁ@ﬂﬂ)borﬂtﬁ& asblyphase Sn%r\éﬁlehfhlmﬁﬂduéfbﬁe driver
means to sl ew, the ead oun tin ﬁ‘ tur at fﬂ "{%Oa%ﬁtﬁ ada |ve sl ewi ng
rate. 25 Peyhonppfor E?Padgm g’be c?Br‘(:ﬂ 0 K i%ims 9 to

14, -wher ei meadhedhead nounti ng structure Is a beam havi ng one end secured to

af

10. Data storage apparatus uccording to Claim 9, wherein the head
20 position sensor is a transducer.

1. Data sfora_gé apparatue according to claim 10, wherein the position
transducer comprises:' Q .scqle hdving equally spoeed angular apertures
thereon of equal width secured to either the frame or the structural

25  elements movable by the driver means and a generally U-shaped structure
having two parallel arms spaced apart for a distance slightly greater than
the thickness of the scale and aligned and mounted to the other of the frame
so that the scale is free to pass befw_een' the erms, the U-shaped structure
including a light source in one of the arms for passing light through the scale

30 in the direction of the other arm, an array of phbfosens_itive detectors and a
light-paﬂern-definihg reticle placed between the detectors and the scale in
the other of the arms, the reticle defining windows for the detectors which
are so spaced as to provide the polyphase signal in quadrature as the scale
moves between the arms, | :

35 |
12.  Data storage cpparafus according to clalm U, wherem the scale is
secured to the structural elements movable by the mover and the U-shaped
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s
tie head the other end being counterbal anced and secured to the nover for @
akcuately noving the heac} across the tracks. 30 16. Dat a storage —
apparatus according to claim 15, wherein t he2B€ad position sensor is
mechanically |inked to the beamand-is responsive to the position of the
hq'aad relative to the frame to provide two track position signals and their

| hverses in quadratyre. 35, 17. ta.storage apparatus accordi.ng to any
pieetdi hg cl ai m Whe#é'i"ﬁuf%é’ tecufrshiin e freme f’gaef"ﬁ% lonrof WF?'?’&%]’* IS
held in close proxiedjvstable witte respechto thesficgmetin twospatiigt dimeasionseear i ng
effect. 18. ‘Data storage apparatus according to any one of the

precedi ng cl ai nms Wnia:{ ein . the fine position closed | oop servo conprises a -
pair of prerecorded 3r adRateRI98 WPEFAiVS acserding taapy ane of claims §rtockcfyrther
defined track, ® fiddnbprisifg bidbarseopdsinieh deginabnDelobd Iagi @rly cBhdexdbd ith wae
direction fromt rac}+<e'§ it.cent re | |(g? ang .a second occurrl,gg mar Ki n%

si gnal bei ng radi al Ty RFLE" F90sPhEGINthe Fiver Team for speqtively cenlrelbngithe,
fl rst sanple and hodrivereneanst tor kespnthiei epdaprdithoediimiihin hesetogped onelof cthetduta
first occurring marg ' ' RaeH ' Of i .
sanpl e and hol d neairﬁgélfgoéirg*aa?rﬁa#r%h%nd h%ﬁ@g‘sﬁe‘ﬁgﬁg&bﬁ‘%&% %‘#ﬁh? ?\’gg'ggggﬁ
occurring mar ki ng - sTgFafeekingPresetionsyntil osgenenee efiadaptively evrmmeandattislewing.
dsa'offerential cdOpar at or nmeans connected to the first and second sanple and
hol d nmeans for conpgyin | d. | i tudes and fqr generati a ,head positiqgn
correction signal- p%pog?‘{'}gngﬁoﬁé% Pﬁ%"'af‘fs- °?‘é‘f’gW§eF‘? Figim g%aﬁﬂﬁ'?'ﬁ‘dg'é‘% h&ﬁg
for applying the coontrolleprmeingnedmpriseshe programméd onighoprbeesssr tievingedh@ad
15 19. Dat a st or Gagi1fPadtal MSuPEorHedt A frOmCiHd qul&sifo’r%thJcQF a binary
differen- tial conparator generates an autommtic gal n control signdl" for :
‘automatic- ally corfldt®lefsly fahdrereiyingamnd ghelding; theidsods seekingr eeromendd the
the. readi ng gges at immoprbcestab.d clbickingbtheOR@&rRin W@b&d&DngJlm}[hi Pésitian Tfoffiaieh Y
circuits o t S age equi pnent. 20. st or age appar at us
asccording to any pp%('?g’g%’ g'{f ?é?- ?ﬁ""\ﬁﬂﬁ’gihﬁ“éﬁﬁ%g@e- Fﬁt-eﬂ'l"‘aisf"eﬁcec ntrark aleqtions
are connected to ttHefarmation; padets icgnrdctpanfromt the ke diréctly ¢o e idriveg nmidags
of fset signals intgofl 'eE_ibEl?Ag ¥R 4 rolker means to command the acceleration increments

| in the trcck seeking operations and a dfgital' to. analog converter connected

20 to the latch for 'éonverﬂng slewing commands clocked into the latch into

analog values and for applying said analog values to the position dependent

closed loop servo to gommand the driver means to slew the head mounting
structure at the position-adaptive slewing rate.

25 I5. Data storage apparatus according to any one of élaims 9 to 14,
wherein the head mounting structure is a beam having one end secured to
the head the other end being counterbalanced and secured to the mover for

- A mtaanat s esae

arcuately moving the head across the tracks.

'30 6. Data storage apparatus according to claim 15, wherein the head . -
position sensor is mechanically linked to the beam and is responsive to the
posiﬂor_\ of the head relaﬁvé to the frame to provide two track position
sigﬁ_al's and their inverses in quadrature.

35 17. Data storage apparatus according to any preceding claim wherein the

transducer head is a reading and writing head held in close proximity to one
of the disks surfaces by an air bearing effect.

o




. ality of concentre data storager&@cks capabl e of being recorded in’
subgtantially unrestricted data for formed on the major 30 . surfaces
er eof, one of the major surfaces the disk having a single data- masked

P

Dat a storage apparatus for emul ati ng an open | oop stepper not or baseg -
3k drive, the apparatus including a'rotatable data storage di sk havi ng a

servo sector regl on cont ai ni n? track centri ng Sservo I nformation, a read \angl‘ .

write head8hel Pote stargge apparefysi aapording e oay ope of 1he PreredingsHolss ¢ he

ai r - bear i Qghepdih s fird ﬂb%ﬁibr{@l%ﬁd l&p%ﬁk&&&hﬁnﬁé&ra paii dfi prarabrade head at
one of theJ%Lurallt oncetrlc datatrac
0

du dat di ng and/ or
writing 38rdckomarkip cﬁ'l%" $ing (B saRMa sa9Ter A ég‘?’P dr@%’égd dé?"}'f%?‘r?ﬁ*t gvm thin

each traclsc&n@hg‘ efarkingi signd! eeifie addiblproftsetdls ére dirachorddrdmgradiack seeking

0per &1 0N3. B e, SAYLP TR R R ROTILRN AU M YRS oflr 1051 (1 0N

control conpri Si HO? connected to the
head rmunttl\mgtherrdmmlpe from fa«m!uaqrgrg/hng,vflmj samplé and Hofdbmegne ferr ack to a

Sor . an anfiod Aieang 0 B, VRl Bhdng Ao Skl 5101
uri ng VvV S Irs S | | ’
of 5 "l et P UPREIPD ofithe SlskofPoREd VBRI Sl oS daf FTERES or  about
hal f the oadihaldity sﬁanmhbﬁevﬁefhetdeeoﬁd acdcsr:agdndrynr@ sSgadndtiseait ar

| ner @‘j”t QJol”ﬁ 1 6t id Q%Eré&‘:% Qlf?ﬁ%H]SP &Ja‘?& :E]Het:f(éch d mounting

structure reac he vicln cte or cl osed

| oop genefiast gnd sepondraomple ch M'Wﬂ%f@p‘pﬂﬂgﬂrm ‘DEHé qmduﬁmmd ng

structuregd0 genererhB' & Hell8 ;SBsﬂ'iéHJ Ebfr@@f & siinat %?GSor't'%nélw% lthe agteal
increnmentsg fromgtra ktotrg l‘!‘a“% ot er track is reached, and for
&S A i ¥PP.

mai nt ai ni AGFEPRR RNRM SmRlity ing[he carastionisigngli g Mt a readi ng
and writi npvepehrdugl tiendriver edAsl Nng circuit connected to drive the driver
nmeangg coarse servo control |oop neans including coarse .position sensor
nmeans nechanlcally 15 | inked to the head nounting structure for sensing

t he radi all%posDateistarbge appdratus gesiording dotalaionil8, whersin theadidferenr se

posi L i on e dBARrBE geAlrat 08y %mfw@aﬁce&#réxos@m fF idgRémiRans thr ough

t he summ nﬂ circulrt for, c driver neans toQ keep t head

on
posi t i oned¥igoRfme! lf%“%%l’%%’ﬁ%*d“%ﬁ BF”dbeélcﬁ Q?é?lrﬁé?j’ef?‘éérkéh?jﬁ?qqﬂ@ r eadi ng
and Wi ti pgerapihsiof dasd diskasK opétativelpt Auibtingeddta .@lceeéﬁyoae@hwwal ly
couplN G By gk UnAiFAH! 11O o2

20. Data storage apparatus according to any preceding claim, wherein
analog-to-digital converter means are connected to the correction signal
generator means for converting the offset signals into digital values.

25
2l.  Data storage apparatus for emuldﬁng an open loop steppei' motor
based disk drive, the apparatus including a rotatable data storage disk
having a plurality of concentre data storage tracks capoble' of being
recorded -in substantially unrestricted data format formed on the major

30 surfaces thereof, one of the major surfaces the disk 'having_ a single data-
masked servo sector region containing track centring servo information, a
read and write head held in close proximity to the surface of the disk by the
air-bearing effect, a head mounting structure for positioning the head at one
of the plurality of concentric data tracks during data reading and/or writing

35 operations in substantially unrestricted data format withi_n each track and
for moving the head from track to track during hjqck seeking operations of

the equipment and a position control system, the. position control system
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F'Bt ation thereof and'generati ng an i ndex signal; fine position servo _
cpntrol |oop nmeans including the single data- masked servo sector region oM.
the surface of the disk ®ontaining servo |nforﬁui7| on therein, sarrpl e and\2
hpl d means connected to the head for sanpling and hol di ng the servo _

i hformation 25 read in the servo .sector for each revol ution of the disk,
cprrection signal generator neans connected to the sanple and hol d neans
fPe—Afjenerating of fset si and anal og;to-digital. converter ns .
cbnnected to the cofT &t déW&T PEA™Y %’bvr’" aﬁ%“'\eSf JC]JHVé!ﬁI sqiqynting
of fset signals int csfd:oguneafor\mbm:Hsty @odingrtbg hendnfrbndlioge ttedcknioca Qpreewdseﬂfer
means connected to g0y 1ddifed DRl Eopr@fqu&ﬁllinegomfrﬂ%ﬁ{ rH&QP%nst&&% Hm’ﬂ%?ﬁ‘ an

det ector neans, the coarse servo contro and a source
ekternal Iy suppli ecPPéngloeal sqrvackoelew@ek.@ﬁvmmfahu gi §redl spatind| mmrgent of

cl ocked latch mans-na:aﬁﬂmdlf@viaah wdi&cﬁ%ﬂ&ic@@leﬁ&*‘&%ﬁ Phe BBALRetOr \dbBOH Half the
cpnnected to the dr| ans % ? Es pgﬁletworkfor caLcuIatln%
Fd suppl yi ng a di gf aac‘i) § f'ﬁ’g vgisks apfl Y, F ye500d, Similar, dperameant of
der to nove the haeodnﬁmome\eerp& dd'echomnaceeledﬂimr uniile ther bedd mmuahng structure
py edet erni ned dest |,ga,gﬁégnﬂ;erq;; init@NoF. f1RE gééﬁghagﬁgg £98« agp&y{ f’osLJI nl%f’%g

position of f set si gnal to the driver neans ana
converter neans and@sEllyusonsteptlaeitx ’E"G"?Fé??&'%ﬂ I‘?ftfl'?e "P@ddnpwfmﬂfécmfﬂe

ajignment in tilge trvaigkinGte Inﬂﬁldi@ﬁdbdlﬁl ARFUrRE iMVshiall YAdTIP Bicbm@ASs from track to

I h t I
of control Li gt he 1500 (B " 2 AL dsBelech e Spr mpiafoigsage neod
appar atus for .emul a:tccngltaltyr witbin boefected puek duving ditaseddiigséndiwiriting bpera-
net hod conpri sing: ﬁ&katd E\gn@ﬁr}gcaﬂﬁlﬁgbnﬁ/e%k@& k4 Xﬂv@ ag@Eﬁﬁéll Peats gc{oﬂ(e fer

rbtatably nounted in u% avi ng a
olf concentric dataWH@kéW%r"’Fﬁﬂﬂ‘soﬁct mgrrﬁpgﬁesms{fm:se@mr@sﬂnﬂmechamccllv

soci ated witl§ at linkedttoahe rﬂaaanéamn@dsmwruhem $RYih erherraasagsslsman oF 3p€
oximty to the disk surfaceib t'he nmaj or

bei,n rovid
rfaces thereof wieRdardfiY i ed‘“é'e _s%é’é’tsﬁ gﬁC@Hd‘ fisefrel lohe
ad devi ce 4cross mémspbmbtddy fofthcodneert mhexansl athaodgha thes sbmmﬁngnﬁinm“t &or

o acent ot Lehﬁm‘ﬁ“ BUTAPRLAR G Moch MONeHAbSH i 13 JeiliEs
hereof; rotating toRe aﬂdd‘éﬁf"@é’ #racke sysingf regdinge andrriting: epersdionss t indexe
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rotation thereof and generating an index signal; fine position servo control
loop means including the single data-masked servo sector region on the
surface of the disk containing servo information therein, sample and hold

[

means connected to the head for sampling and holding the servo information

25 read in the servo sector for each revolution of the disk, correction signal
| generator means connected to the sample and hold means for generating
~ offset signals, and analog-to-digital converter means connected to the

: correchon signal generator means for converting said offset signals into
dlgl'ral values; and programmed dxgttql mlcroprocessor megans connected to

- 30 the analog-to-digital converter means, the index’ detector means, the coarse
' sérvo control loop means and a source of an externally supplied digital track
selection command signal, inclbding.clocked latch means, and digital-to--

analog converter means dri_vingly_connected' to the driver means through the
summing network for calculating and supplying a digital head positioning

35 signal to the driver means in order to move the head from a predetermined
departure track to'a predetermined. destination track, and for calculating

and applying a fine position offset signal to the driver means through the
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oRerations and to nove the head froma departure track to a destination

ack during track seeking operations; providing a pol yphase signal res- 20

onsive to position of the head device relative to the frame by neans of a =

gd position transducer; providing track selection information to head

pfitrol | er means connected to the heaglosition transducer, the driver

means and to an external source of track selection information; recordi ng_aa

the track posi L_i on of the head device; cal cul ating a track, seeking coman

25 inr .esgvsﬁg te-9ngieg qeRYsHiehEeansh 8 thessvmming: MRtwerk i malntaie then

i nf or mat | ORleadC MTEBMEE Nihel BRgriMRE 1n0 tHED Waack! QUFIrYy kédding @RBAt wEigingr ack to a

request ed destJ(.n.atJ n tgaclk d,% hg% a track 'seefkl{]r@ operati on by comrandi ng

at the rot RETGIPRS DFEREHYSY LT i BHOUPBET FHIVC CRUTBHEARP "% axi num f or war d.

direction acceleration followed by a siml|ar head position spatial

i ncr egent 30 gf].}gdnym: flar Is - ' by
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posi tion i¢Herstendos opperstvs far evadating entapen leanastsemarenotastbased sk

destinati ogrivd,ahk rhétholahfitisirP € Fetatihh \t?! dbnsint Melocityts iR Hbfager neans to

keep the hgialg RS H oned wthin ssel eP\t,Q‘Fd one of tt}g d%ta tracks during

readi ng an@POrrolFIePYn g ospisdatn Snlroms oF fhe e ipBenty 18R ATHREK @ coarse

posi ti on cplosdityl efoporsentric clahmdodakd foomed eonh esed muher surfacesr thesshfcer and to

the dyg ver oIEaRR PRI bi0 dbfieHERRIAE: BOS LD LPARGLE ik aiReI L OPen

duri né trac ;se_eil ng operati ons, anof. provrdi ng a finedposi tion cl osed

| oop servopféﬁm@tt*edh?cﬂ'imgfmqweFhﬂﬁhﬁmpwvﬁ%ﬁgqm?"ﬁaﬁﬁ‘ml@d servo

Sector on gurfiiled therebRGAIHOA sindfe AdtakmailelsBRRY SHANGH Fdgbdils ARVIngethkl Ne servo

control data jn the servo,sector. refadl n he dat th the head adj acent
et Songiriric dafp ok

the surfacRedsdRAFs AGrosiathRoPINTgHlY sof co i¢ &9 hOYHBEESIBT Bng passes

over the shkidirectiomallygestataiile rdectroroédhmtcat ot@c jovenalbadg el the afppingi Nng t he

of fset.sig Y - 1 . . DR ' entre line

ol 1 gnient “Sflaserd o e k' dla JEGY B hGB EBN Ty 1A Bhar dd IR

over ri di ngratating theheassdeviesbysaegos olodriverunesns aonaeqted dekhagotdsdeat i ons. 10

23. A neEinndaRCheHéad Gvitkin d silébtéd daffitrbelk Hhahg FEIMHG &idier whtidgi di ng a
nal §,in the servo segtor for each

ir of ded K_mapki
ot i nod |1 SRAESDY RS O TRyea T Pt BEEL, H9R0r HER KTPRK £0 aharsHngtion | y of f set

I n track during frack seeking -operations; providing a polyphase signal res-

20 ponsive to position of the head device relative to the frame by means of a
head position transducer; providing frack selection information to head '
controller means connected to the head position transducer, the driver
means and to an external source of trock sel_écﬁon informcﬂoh; recording
the track position of the head device; calculating a track seeking command

25 in response to the known head position and the track selection information;
commanding the head to move from a known departure track to a requested
destination track during a track seeking operation by commanding at the
rotor a first head position spatial increment of maximum forward direction
acceleration followed by a similar head position spatial increment of

30 maximum reverse direction acceleration and then by commanding adaptively
a slewing rate dependent upon incremental head position inforrhaﬁdn-from
the head position transducer until the destination track is reached; opera-
tively controlling the driver means to keep the head positioned within a
selected one of the data tracks during reading andfor writing operations

35 with a position dependent, coarse position closed loop servo cénnected to
the head position transducer and to the driver means and overriding the
coarse position loop to keep it open during track seeking operations; and
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opne direction fromthe track centre line, and providing a second occur
15 * marking signal radially offset in the other direction fromtrack
centre line; separately sanpling and holding the anplitudes of the firs
ahd second occurring marking signals; and co@p%\rr ng the hel'd anplitudes and
gener- ating t heref rom a head position correction signal proportional to
the difference in heldcﬁ? {udes of thiﬁ\nﬁokl ng signals, -and applying the
28 correction si ghaViding gofire Aosifionclp Briefya F?"qu"%F%éh%léis'VW Meanpe
track centre | : ne. ad a stﬁglﬁ‘?td&&ﬁi rﬁﬁskﬁﬂdseiﬂgo ts@clﬂirabﬁntfaaw(iu#d&é h&¥' the disk;
crrpr|5|ng utilizi np o a |t S enerate an
agt omatic gain con?&of'& 8-9 ﬁfgé "f‘gfre 'LTFOFFE{ Fﬂq ﬁ'f°a?mqﬁﬁgiﬁ'§?|ﬁﬁ*?ﬁ
afpl i t ude of recove'reedlnaa d<126 with Aherhemddjacerd‘r thensprfaceCisampling 2nd 2®iding

24 wherein thesst epdqh ree&batfhaﬂéard 86¥Ihd ebgswgvérhﬂe@éé%%na Rné*aﬁ Rt
posrtloned wrthlnaseles: eqd one of the data track urlng :
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sélecting an appro S f the:po ase

responsi ve signal p‘“ ﬁp‘gr vor%r}%mg’vg?cp He"?du% L%eDEP% pf’ﬁi?’@&?"’%@” dusing tragk
nmet hod accor di ng tM@grPPQIZOTlGZB 24 or 25 further conprising an enul ati on
step for enul afg ng operation of a disk drive having two adj acent read/wite
heads, the step co ISI e tric IIy assi gni.ng odd nunbered - .tracks to
correspond with t r »&gge b?‘?(?ﬁ%“ ng tR:Cloim|22t9d tyAiheE SAMPRSiAgs RIAWIding a
el ectrically assi grpding of isrereuordised @ehckr mkrangoﬂg‘«mg esmdse/w&hsetcr&clf& le@atsl

e ot os o Cenl St 60 87 bALEIG BIMD ocBrrine Aiving RS YafeDY o
appar at usi ncl udi ng enefdigntion fratﬂaﬂ”st tragly centire dirjep wnd girbedingoa tskeonkir agmerring
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urality of concentric dafa track SQ@ or surfaces thereof and at
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Iustrated I n- the co I ng draw,n

pS| tion of a data C{% ¥ns ‘2%’? N iia ggﬁ'ﬁ%t%‘f’éﬁg %55"8[}[&”% '°€ I"z?t it 5

h open-| oop st eppechffmr@p fadett dinyllitudes. of the marking signals, and applying the
20 correction signal to correct head position until it coincides with the’ track

centre line.
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24. A method according to claim 23 and further comprising utilizing the
comparison of held qmplifudes to generate an automatic gain control signal
25 ' for automatic control and regulation of amplitude of recovered data.

25. A me’rrrod' according to Claim 22, 23 or 24 wherein the step of

. .

operatively controlling the driver to keep the head positioned within a
selected one of the data tracks during read and/or write operations with a

30 position dependant, coarse position closed loop ‘servo includes the step of
.providing a track extension control rrio_de by selécﬁng gn appropriate
monophase of the polyphase position with responsive signal and servoing
over the full cycle thereof. ' '

35 © 26. A method according to Claim 22, 23, 24 or .25 further comprising an

emulation step for emulating operation of a disk drive having two adjacent
read/write heads, the step comprising electrically assigning odd numbered
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drive, substantially as herei nbggare described with reference to the_

gm panyi ng dsavm' ngs. 20 25 30 35

1s

20

25

30

35

tracks to correspond with tracks read by one of the emulated adjacent heods

and electrically assigning even numbered tracks to correspond with' tracks

read by the other of the emulated adjacent heads.

27.  Data storage apparatus for emulating an open-loop stepper motor
based disk drive, the appofotusincluding a frame a data storage disk
joqrnall_ed to the frame rotatably drivable by motor means at a constant
velocity and having a plurality of concentric data tracks on the major
surfaces thereof and at least one data transducer head device in close
proximity to the disk surfaces, substantially as hereinbefore described with
reference to and as illustrated in the accompanying drawings.

28. A method of controlling the position of a data transducer head of
data Storuge apparatus for emulating an open-loop stepper motor based disk
drive, substantially as hereinbefore described with reference to the accom-
panying drowings. '
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