"THE COMBI NATI ON OF AN ALI GNMENT DI SK AND A MAGNETI C DI SK DRI VE APpSRERE'S
5 The present invention relates to the conbination of an

a ignment disk and a magnetic disk drive apparatus which enabl es high
precision tracking when a head carriage drive of the nagnetic disk driving
apparatus is positioned to a predeterm nedjposition along a track dianeter,
and 10 \particularly when a drive of a magnetic disk having a bit density
of more than 96 or 100 trackHEP@OMBINATION OF ANDAILIGNMENT, DOSK t o net hod
and apparatus for verifying a tracking error of the magnetic disk driving
apparatus. A prior art aligamens MAGRETEC eDDSKi DRIVE IAPPARBRTBS 59- 7142

di scl oses an exanple of the prior art alignnment disk. An index mark and a
track diametric positioning signal are recorded on the disk. The
positioning signal of the alignment disk is supplied to a magnetic disk
driving apparatus, reproduced by a 20 magneti c head and di spl ayed on an

osciloscope.. In this manner, the track dianetric p03|t|on|n I s attained.
However, thé& above pr| or e B e&rﬁ?é"ntm&'eéﬁlt%’eéfe&@t P2 é’lhl% “&F‘é’@glon
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48 PTI, but it cﬁ:i(ye of thel ma:b‘?xrec&itco d%.%‘i{‘”dprit\;l%gd %':Hﬁ%t 'i@ |§d§iﬁ3ﬁ§d’wn

t he magnetic di riving apparatuses of a higher b|t densit
to a predetermined position along a track dlameter and

o 10 particularly when e_drive pf_a magnetic disk having a bit
- density of more than 96 or 100 tracks per inch (TPI) is
positioned, and to method and apparatue for verifying a
tracking error of the magnetic disk driving apparatus.
A prior ert alignmenr disk is explained.

15 JP;B;59-7142 discloses anlexample of the prior art
alignment disk. An index merk and a track diametric
positioning Signal are recorded on the disk. The
positionlng 519nal of the alignment disk is supplied
to a magnetic disk driving apparatus, reproduced by a

20 magnetic head and displayed on an osciloscope.' In this
manner, the track diametric positioﬂing is attained.

However,'the above prior art alignment disk
does not have all or track diameter adjust signal, index
timihg adjust signal and azimuth adjust signal; which

25 are necessary fer data interchangeability. The adjustment
by the osciloscepe is of low resolution and assures the
data interchangeability between magnetic disk driving

apparatuses of a class of 48 PTI, but it is



I.e. 96 TPl or 100 TPI. Another exanple of the prior art alignnent 5 disk

is explained with reference to Fig. 1. An index timng adjust signal 21 is
provi ded on an outer track of an alignnent disk 1. :A track di aneter adjust
signal 36 is provided on a center track between an inner track and the
outer track. The signal 36 conprises a |arger. 10 dianeter signal 37-which

i s eccerkt rikand oke 2eshrer the fatat FORPA LRI ifve Rateferhetheli st anceWerr] =
0.1 mmand larger than a reference dianeter by 6/2 = 0.075 nm and, a

snal | er di BAIRILEF (RhFkBTHNLBE RPPArSSUSESe il i HHART Rl tteRsiby .
rotation 2 py the distance égrrL and 15 smaller than the reference dianeter
by 6/2. These®sighat2i39Tah dre detected by a so-called cat eye signal.
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and the adjaistafignabstaE8skeR, 0dUC G0 i anedh Pfuddes f§gal oggope. In

the index timng just, atime period T froman index tining detection

poi nt | DX tis theovd8d on a Sentér! tHalkk tdders S ndy i Sra@RSH#AEd, and
the position of the index detection sensor is adjusted such that the

the outer track. The signal 36 comprises a larger

10 diameter signal 37 Whiéh is eécentric'from a center of
rotation 2 by a predetefmined distance e= 0.1 mm and
larger than a reférence diémetef'by §/2 = 0.075 mm, and
a smaller diameter'Signal 38 which is also eccentric
from the éénter of rotation 2 by the distanée € and

15 smaller than the reference diaméter by 6/2. These signals
37 and 38.are deﬁectéd by a so-cailed cat eye éignal.

A CW (clockwise) signal 31 and a CCW (counter ciockwise)
signal 32 are provided on the inner.track as én azinuth
adjust signal 30f The same signalé are recorded on a

20 back side of.the alignment disk 1 so that two ﬁpper and ~
lower heads are tracked. | .

- In the tfacking_adjusthent.by using the
alignment diék, thé aiignment“disk i is loaded ;o.the
.magnetic diék driving appéiaﬁus, a head car:iage'is

.25 moved to a particular track of the disk, and the adjust
signals are reprpduced and displayed on the osciloscope.
In the_index timing adjust, a time period T

from an index timing detection point IDX to the index



t'i me period T is within a predeterm ned period. In the track dianmeter

adj ustnent, the stepping 5 notor is finely adjusted such that out put
ol t ages of the larger dianeter-signal 37 and the snaller dianeter signal
38 become sane. In the. azimuth adjustment3 the head inclination is-.adjusted
-such that a ratio of the four signals 31 and 32 is within a predeterm ned
range. {0 1 timing ByjustngighalabBdvésamegswred .diasid thee BARISAAN ni ng
adj ustment and the azinuth detection of the nmagnetic disk drivin a%Paratus
are attained. ¢Hvelverindes detertiPBnSanERTnds EﬁlﬁﬁéﬁﬁwiﬂFQHQRégeﬁ e
adj ustnment by the cat eye signal is lowand it is hard to . assure 15 the
dat a i nt er chankt®®iPe¥i08: Tt b€ WithingapreletermifechiRfT ity magnetic
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apparatus. Majpp.gap3esihaei8hoh s2h@justed SucH khat ROSHdE0) selj wsé error
of the carriage ?é) ;03|t|on|ng erfor of the carriage
four signals 31 and 32 is within a predetermined range.
10 By using the above alignment disk, the index
timing adjustment and the azimuth detection of the
magnetic disk driving apparatus are attained. However,
the resolution attained by the track diameter adjustment
by the cat eye signal is low and it is hard to assure
15 the data interchangeability of the driving apparatus the
high densiﬁy magnetic disk such as 96 TPI or 100 TPI.
Further, it is not possible to determine a
chucking error based on a format of the reproduced
signal.

p 20 The data interchangeability of the high density
magnetic disk driving apparatus explained. Becaﬁse a
plurality of magnetic disk driving apparatuses on which
magnetic disks are loaded and unloaded record and
reproduce data, there is an error (called an off-track)

25 between a predetermined track diametric position on the
disk and an actual position at which the magnetic head
- is positioned by the magnetic disk driving apparatus.

Major causes therefor are:



(3) Chucking error (eccentricity) caused when the magnetic disk is
chucked to the magnetic disk 5 driving apparatus (4)

Di fference in expansion and shrinkagg of the magnetic disk and the magnetic:s
di sk driving apparatus by tenperature and hum dity change As to the index

driving appa. P usceost kTORcadduRy Bzl B T MG D et v

driving appa- magnetic g appar at us'-é

t ol erance X of e 5 s Lel j d RR'Wgap width W
=165 um and an(%?asgiégééﬁafé?ﬁ %%Qéfg%figﬁﬁggﬁhgﬁ'- is approxi mately 50
pm The tolerpiire XchucRiHg berdirsi(eicRentd il )t R dL wihdEMBnél) to (4)
so that the total of the erfors of the itens (1) to (4) is-wthin 50 um in
order to assure the dagaetitedtbrngeakhlicked Honveinr mddieetic disk
expansi on/ shri nkage error by the tenperature 20 and humdity in the item
(4) is sard to reducérbetagseppbratuarge affect by a property of matter of
the material. The error itens (1) to (3) are analyzed. (1) The carri age
position adjust{4prrobiffepaneer dn expand ivirerridiesheatkayesl of celiei age

transni ssion system 25 are assenbled into the carriage. This error
closely relates to thagaesigbliéskndnd ddie magnetila dirslerdriwimgluce t he
error, the adjust tine nust be significantly |engthened. - 5-1

(2)  The carriage papparahhagbyr kempesatarse@ns) huridisty nghamger (STM
positioning error dqgstgopggglikggx timing and the azimuth, there
10 are also errors between two magnetic disk driving appa-
ratuses. _ | _
In the 96 TPI magnetic disk driving apparatus
a tolerance X of the off-track relates_to_a magnetic head
R/W gap width W = 165 um and an erase core width E.= 100
15 um, and X is approximately 50 um. The tolerance X = 50 um
is distributed into the errq:_items (1). to (4) so that
the total of the errors of the items (1) to (4) is within
50 um, in order to assure the data interchangeability.
However, the ekpansion/shrinkage error by the temperature
26 and humidity in the item (4) is hard to reduce because ";Q
of'a 1a£ge affect by a property of matter of the material.
The error items (1) to (3) are analyzed.
(1) The carriage position adjust error is an error
caused when the head and a carriage transmission system
25 are assembled into the.carriz: 2. This error closely
relates to the assemble and a.:ust time. In order to
reduce the error, the adjust time must be.sigﬁificaﬁtly

lengthened.



errors of parts of the STMand its drive system and a positioning error
due to precision errors of parts of 5 the STM drive force transm ssion
system However, in the drive of the high.density magnetic disk, the nmanu-
facturing precisions of the STM drive sygten1and transm ssi on systen1have

reached the_limts, and if the precision js_:to, be nore ipnprove the yield
i s reduged, 110 whi éRMwi I I h 39% R BRI RA EF5PH ggaF?Pﬁed Q Y
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As described abgyuegm) digd ﬁké@@éﬁ’srﬁ%&%ﬁﬁ%f#éé dr'%wavaﬁpaaat us,

the precision for the conponents iIs at t in order to assure

the data interghangeahid ids/ iRl W ﬂ*%neﬁa &nét sk disw nghappanat-uses
on which a plurality of disks are" and” unloaded, it is necessary

to inprove the fRceurSInN pﬁeﬁ@wrﬁﬁ mC@rma@gwe L-{;lgtéﬁsanancrease, or
to inprove the precision of the position adjustnent of the head carriage

driver. Those exadenisilci&ysten Kavdereachédcthe Dgmetsi chadcy fatte

reliability. In the prlor art apparatus, the positioning error
precision is to be more improved, the yleld is reduced,

10 which will lead to the cost increase and quallty
lnstablllty.

(3) Major causes of the chucking error are a
precision of parts of the chunck unit of the magnetic
disk, and a precision of parts oflthe chuncking unit of

15 the magnetic disk driving apparatus. The precision of
the parts in the high density magnetic disk driving
apparatus reached its limit, and if the precision is to
be improved, the yield is reduced which leads to the
increase of cost and the instability of quality.

o 20 As described above; in the high density

| magnetic disk driving apparatﬁs, the precision for the

components is at.their limits, and in order to assure
the data interchangeability between the magnetic disk
driving apparatuses on which a plurality of disks are
25 loaded and unloaded, it is necessary to improve the
precision of components which leads  to the cost increase,
. or to improve the precision of the position adjustment

of the head carriage driver. Those cause problems in



of the stepping notor, hysteresis error and accumul ated error of the

transm ssion system which are not to be 5 detected in the tracking

adj ustment to assure the data interchangeability, are not detected as a _
result, the off- track increase in the tracks other than the adjusted track
or in the innernost and outernost tracRs and the read/wite error occurs.

Further, the prior._art apparatus 10 cannot neasure the chucking erngr
bet ween tﬁgenﬁaﬂBFPEtHFéggdFF?Fﬁée&EHaP&Fu§e&h§bﬁﬁétﬁagnetic recor di ng

[ dth ff-t K i eases by the eccentricity due to the chucking
crror and the trackify tEPr B LBECAFL. SPPAFELHR. obPecPOSt tEABLPRcERET

error and the tracking _

Gf v ot r coEALhS, qreBIRETRotae, THRKESEERTE! SbR RO bE Ry akhs, N1 O

structure. Accor prés rnventi on i in

conbi nat i gprap Bki qnaeeyaasgggaggnasga@aat,i ghibRKag ixs#caega{sat us, said

appar atus havi ng nmagnetic..h means for recordi ng and reproduci ng

data ®n aadtéceauainngnet teatrengdaagudimbntatBeadsGaer tAgeahes carrying
t he magneti c head nmeans, and drive neans having a stepping notor for

driving thstéeabangeabajttyel arevaotodekactegnasi & féﬁ@ldlhﬁhéédkhﬂ?so as
toradially cross a 25 plurality of tracks of the magnetic recording
medi um strackl igareasedinkthei tyatkadebheratbanntbadadljestedstirdckagnet i c
di sk Qrive'agparatus and utilized for maintaining data interchangeablllty
of said dPEkiBrFhe iAppermest, angdi qutermogti graeks andkthecl uding: (a) a
magneti gégglggngngggg?Eéégg¥;?g %ufther, the prior art appafatus
10 cannot measure the_chﬁcking e;for between the magnetic disk W,
driving apparatus and the magnetic recording medium, and
the off-track'increases by the eccentricity due to the
chucking error and the'trécking efror océurs.
It is an objéct of the présent invention fo.
15 6vercome the above referred to problems in the prior art
structure.
According to the present invention there is
provided in combination an alignment disk and a magnetic
disk drive apparatus, said apparatus having magnetic head
20 means for recording and reproducing data on and from a /
'magnetic'recérding disk, a head carriage for éarrying the
magnetic head means, and drive means having a stepping
motor for driving the head carriage:relative-tq the
magnetic recording medium so as to radially cross a
25 plurality of tracks of the magnetic recording medium, said
alignment disk being loadable and unloadable to said
magnetic disk drive apparatus and utilized for maintaining

data interchangeability of said disk drive apparatus, said



plurality of tracks; (b) a set of track dianeter adjust signal pairs 5
recorded on a predeterm ned nunber of tracks of said alignnment disk, the
tzotal nunber of tracks in the plurality of tracks being equal to or |arger
i n nunmber than the nunber of, phases of thg stepping notor, the
predet er mi ned nunber of tracks respective?y corresponding to at |east the

10 phgses of ;said st L.n tqr, a set of track di.ameter adjust signal
pairs being Pé&SPBEHtoﬁgghtgggguﬁﬁhghe vicinity of at |east one of an

i nnernost track and an(a)t ar maghetiac@isknue@inmsmegbert havingagk di amet er

adj ust signal.,1l Rair gving an inner track signal and an outer
track signalp%? 8% ?§5°?n%g% k%ﬁd outward froma centre of .a‘track, said
i nner and outer track $bgnal sekephgtzasck: dhemgtey addusti fiGPatnPaAdsSspaced

?ngg ;Pgn;[ggﬁggFﬁgt%g@%ﬁb?@ﬁﬁtbhﬁ%ﬁbﬂtWﬁﬁﬂér28f tracks of f?ﬁhd set of
i.gnal pairs _being arranged_ s [

rotation axi &8ld@nueny 9?%%7 Wﬁ§r§8§a§nn§W§ﬁﬁtogngraﬁgggipoﬁgSf¥é§%%#§§gﬁent

oftthe Pead mﬁa&tfhksnb@imgeéqhaﬂntnedrtﬂarbecainbauQEer tbeactbhe by a

ratio of a pair t _Si I ectiyvel a

predeternineEugP%%kggigﬁﬁE%ﬁgg Eé%hg%égbgé cﬁkgﬁ?ﬁgtﬁﬁngfgg% gﬁﬁgfdtrack

signal of a owmber ofadragksrespestivelyscorzespanding $pod&jleastnihe

o of S o g B e e
of pairs of SGIREC Signals Wr&@wféﬁnﬁ&(f)’aﬁ& &r tﬁafhsﬁ'ns%g’ﬁgl !sni Lat Ihgs
vicinity of wfieining BElatandast enoelf Enadonesipsitn¢dack engh anhe
relaflve nnv%ﬂgggrﬁgééﬂg%ggayjégaans bet ween the inner and

~ (c) said set of track diameter adjust signal

15 pairs each having an inner track signal and an outer track
signal extending inward and outward from a cenfre of a
track, said inner and outer track signals being
substantially equal in width and spaced along the track
with a distance therebetween;

20 said set of track diameter adjust signal pairs
being arranged symmetrically around a rotation axis of said
disk;

whereby an amount and directiomr of displacement
of the head means from a predetermined track can be

25 detected by a ratio of a pair of output signal values

\_ respectively read from the predetermined'track by the head
means by tracing the inner and outer track signal of a set
of track diameter adjust signal pairs disposed on the
predetermined track, thereby enabling detection of an

30 accumulated error of said drive means of the stepping motor
from a difference in ratios of pairs of output signals of
sets of track diameter adjust signals in the vicinity of
‘the innermost and outermost tracks obtained through the
relative movement of the head means between the inner and

35 outer tracks. _

| The present invention will now be described in
‘greater detail by way of example with reference to the
accompanying drawings, wherein:-



35 outer tracks. The present invention will now be described in greater
detail by way of exanple with reference to the acconpanyi ng draw ngs,

wher ei n: - 8 Fig. 1 shows a front view of a priorsart alignnent disk,
Fig. 2 shows a front view of an enbodigent of an alignnent disk of the
present invention, Fi g. shows a signal wite apparatzizfor

5
t he al i gnnment dlsk,Eﬁgg.%4s§g%@s afggkipgggbvgfvBe?E?FfﬁgFQgnet|c di i

driving apparatus, } I'sS a characteristic Cchar rating a 10

posi ti oni R4igpmentofigkst eppi ng notor, Fig. 6 shows arrangenent of adj ust
SIh gnalts in E_he alhl gtm_gnlt zdt»shbtwgf at E&oﬂ?t}?%?&h b&\\ll\ﬁﬂt étﬂﬁodE{nﬁnt_?o'fs a?at _
characteristic chart .illustrating an off-trac en the stepping notor is
assenbleda'ﬁQBmFﬁ% E%SL ﬁ&QE§F18g&P§PtdFPVFH§ SPparatus, Fig. 8 shows a
bl ock5di agr am of onFignbGdishemts af sighaidckirigevappbiratusofoapheat us for

t he magnet,i ' drqs\LhNg apparatus in accordance with the present
invention%igpggggg'gﬁ%hgo show waveforns of ‘adjust signals 20 r epr oduced
fromthe alignnment &igk, 4 shows a perspective view of a magnetic

disk driving apparatus, : _ _ - .
Fig. 5 is a characteristic chart-illustrating a
10 positioning-error .of a stepping motor, . '
Fig. 6 shows arrangement of adjust signals in the
alignment disk?%f the preseht"invention,
Fig. 7 is a characteristic chart illustrating an
off-track wheh-the stepping motor is assembled into the ;')
15 magnetic disk driving apparatus; _ - S
Fig. 8 shows a block diagram of one embodiment of
a tracking verification apparatus for the magnetic disk
driving apparatus in accordance with the present invention,
Figs. 9 and 10 show waveforms of adjust signals
20 reproduced from the alignment disk,



3

Fig. 11'shows an exanple of display on a CRT of the adjust signal
reproduced fromthe alignnment disk, Figs. 12 to 14 show ot her exanpl es of
i splay on the CRT of the adjust signal_rgpﬁoduced fromthe 5 alignment
di sk, and Fig. 15 shows a flow chart of a tracking adjust nethod of the

t i ti . On badi | t.di t 10 ti
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the 26th 25 track T25 ofibge ad udf 1 Widdy SAGKS Ghahbifed! bENEROLIdLSK 1.

a track dianeter adjust signal 1 ncluding a palir of 1nner signal an

.outer signal L&neﬁhendk@goglEﬁ@ﬂ%@@ﬁgﬂIg%gﬂhfﬂ}hg&@&@&ﬂ%fggghtQﬁecenter of

the track are recorded. The 4 - pairs (8 pairs 1nt pr esent
enbodi ment )s ofalli gnméAt agdiskst aziggnal 10 are arranged on the center of the
track T25 symetrically with respect to the rotation axis 2 of the disk 1.

A tinming signal 21 is arFaggeds shows ia\dEow i SRt S9F Ust tBA8REhg28 R8¢t he
center of the adjust signal track T 25 at a position corresponding to0 a
predet er m ned netirod aft theapriesest tinvdrtidai ection point (1DX) 22. An
azinuth adjust signal 30 including preferabty a pair of - 10 - 1 CwW
signal 31 recorded by a signal wite head 65 inclined by predeterm ned
angles a and a' clockw se with respect
One embodiment of the alignment disk for the
10 magneﬁic disk driving apparatus is explained with refer-
enée to Fig. 2.
The alignment disk shown in Fig. 2 has, for
example, 40 tracks, only six of which are shown in Fig. 2
for a saké of simplification. On the center of the 26th
25 track T;5 of the adjust signal tracks of the alignment
disk 1, a track diameter adjust signal including a
pair of_inner signal 11 and outer signal 12 extending
alternately inward and outward from the center of the
N track are :ecorded.. The 4 --96 pairs (8 pairs in the
20 present embbdiment) of diameter adjust signal 10 are
arranged on the center of the track T25 symmetrically
with resped; to the rotation axis 2 of the disk 1. A
timing signal 21 is arranged, as an index timing adjust
signal 20, on the center of the adjust signal track T25-
25 at a position correspondiné to a predetermined time T

after an index timing detection point (IDX) 22. 2n

azimuth adjust signal 30 including preferably a pair of



to aradial line [err] extending fromthe rotation axis 2 and a pair of CCW
signals 32 recorded by a signal wite 5 head 65 inclined by the angle a and
a' counterclockwise with respect to the line ., are arranged on the center *
of the adjust signal track [err]. *h@oaz nmuth adjust signal may include
only one CWsignal and one CCWsignal each inclined by the sanme angl e~a or

a'. The14 tow ¥idkhl (Sl ireébedeaebgna sigadilnemiteazidad s ndinslinegl s 30
are arranged alternately to the track dianmeter adjust signal pairs. The

i ndex tim ny Prostdtanmined angheshoadpdst'sicoakwime he ttepsaspety
arranged on other tracks than the track diameter adjust signal track. 15
The di aret ero adjzelisl ghihe &rexabadinge drded the totatrianksaxds ch are equal
to or larger than the number of phases a stepping motor for driving the
head carri & aarphimodf oCWhétgnadsr éepmestordedatbyl @astigneel prasee of t he
steppi ng notor_ assuming that the stepping 20 notor in the present

enbodi ment heed fefuriptbieed byrtheapppde ¢ gnd jodi eowttarcikackii et er

adj ust signal - are recorded on each of three.tracks in addition to the track
[err] for .é%strhﬂréesmet %@ htheolhngnd 28k8 Brzangepi@n e |CentRr [err]. 25
Furt her, %Pt pairs, of track dianeter “adjust _signal are recorded on at

| east one(ﬂ tﬁﬂ?t?@&*%tc$b%§a%otFﬁS OEQQPND§PQJ%%ﬂ@Qﬂﬂj§4ﬁP§ nernnst

track. In th t enb t, th ded on th !
rack T artha i SRAERATSTRECPEe R SLERa LS Sl cEiapaL |

I denti cal . é%ﬁ”fhcf&né@'ﬁytﬁﬁefééﬁé a%%i%nd thqu 24%414 to 96

10 (8 in the present embodiment) azimuth adjust signals 30 <
‘are arranged alternately to the track diameter edtht
signal pairs. The index timing signal and the azimuth
adjust signal may be separately arranged on other tracks
than the track diameter adjust signal'track. |

15 ' " The diameter adjust'eignals“are also fecorded
on the tracks which are equal to or larger than the
number of phases @I a'Steppihg motor for driving the head
carriage, and each of which COrrespénds-to aﬁ least one
phase of the stepping motor assuming that the stepping

20 motor in the present embodiment has feﬁr'phases, for
examble} eight palrs of track dlameter adjust 51gna1 are
recorded on each of three tracks in addition to the track
.TZS' for example, the 17th, 20th and 23rd tracks T16’

T19 and Tyge S ' - o

25 . Eurthef, eight pairs of track diameter adjust
signal are recorded on at least one of the tracks close

to the outermost track and the innermost track. In

the present embodiment, they are recorded on the first



26th and 40th tracks [err] and [err] are 5 shown although the track
di aneter adjust signals are also recorded on the tracks T16, T22 and T37.
Rig. 2 shows a front surface of “the alignnent disk 1. The sanme signals are
recorded on a rear surface. The signal s-akk Tecorded on the alignnent disk
10 1 by a signal wite apparatus 40 shown in Fig. 3. As shown in Fig. 3,
‘the sigdgal Writeachplyarnd fbecdfphi doack Ty enere LharstepRing BAEPYi ng
magnet i-c heads 44, a guide 42 for _noving the carriage 43 radially of the
al i gnment di skPhas@sdarecidaptieadpd) notor 45 for 15 rotating the disk 1
and a m croscope 49 for deteqting position of _a center of _a spingle_45a of
L4

the DD motor 45 and a cehPeFigF #/ROMFaFhT EHStmgiREPRA heblisTds. 24HR/
i ok 1T e mountetRoAng0 Pk’ B0t it 2Fxb S 2URES nEshaRFEm 46,
fotation 45 ofibHR BhLASPER Fher Sra apdipn Attty €L, Sheopis
Spaced 55 fronfeheraERrer shY SRMERs. Tumr dom A Tk L and on i ch the

track diameter adjust sigpal is s&%g}ggﬁ“{%%&rﬁgésﬁ%@@a@f‘l _ és&ﬂﬁ?gﬂsﬂeed

while the read/wite gap C nt ér _ 1's wat ched t “the
M Cr O o 2aisk 13C0RRe? 3aRdC RIS Nk d GALIFALR SRPaCREALT sddRabs .
positioned to the track center Ta. en, the track dianeter adjust signal,
i ndex o The signals are recorded on the alignment disk

10 1 by a signal write apparatus 40 shown in Fig. 3. As
shown in Fig. 3, the signal write apparatus 40 comprises
a table 41, a carriage 43 carrying magnetic heads 44,
a guide.42 for moving the carriage 43 radially of the
alignment disk 1, a direct drive (DD) motor 45 for
15 rotating the disk 1 and a microscope 49 for detecting
position of a center of a spindle 45a of the DD motor 45
and a center of a R/W gap of the magnetic heads 44.
The signals are written into the alignment'
disk 1 in the following manner. The disk 1 is mounted on
— 20 the DD motor 5 through a disk mount mechanism 46, and
the microscope 43 is moved fadially of the disk and the
center of rotation 45; of the DD motor 45 is detected by
watching the_microscope. Then, the magnetic head 44 is
moved to the center Ta of the track which is spaced
25 from the Center of rotation 45a by a distance L and on
which the track diameter adjust signal is to be written.
The heﬁd 44 is positioned while the read/write gap

center 44a of the head 44 is watched through the micro-



timng signal and the azinmuth adjust signal are witten 5 on the track
center Ta of the disk 1 by applying these signals to the heads 44 froma
signal generator (not shown) in an operation panel 51. Construction and .
operation-of the magnetic disk driwvipg apparatus adjusted and verified by
the alignment 10 disk 1 are explained with reference to Fig. 4. The -
magnet j C "dgeS49l %u@&um.:t&l@---fé&@/w:peég%ag 8énebrasdiregt drive (DD)..
nptor-63 by a collet 62 and-rotated by the DD notor at a constant speed.
The carri pgaig8oweidChoC dnd & ddle d@gretitahead 59 is novable radially of
15 the track by the STM 55, and the-head 59 is positioned to a target
track by the carri agherl tthe anfack adihtiepspdadgudat 8ignaand ihden fhe

magnetic disk 54.-. The head positioning mechanismis expl ai ned. The STM
55 fixed timanghsigmal( aeid Hrevwgziharigesdjustresighadnagegiveitterst epwi se
by a control signal supplied froman I/Ocircuit 108.. Thus, the carriage

58 i s bi near thentredkalcerntexr rEa lob5thdirdiigh 2 byeepphglingwthgsed around a
pully 57. Accordingly, the magneti.c head 59 nounted on the carriage- 58 is
| i nearly sbgedlst épnithe fteadscohbtfnm pateshgaslrgdherhyoof (o nagnetic --
di sk 54. By setting the pitch to a track pitch, the magnetic head 59 is

posi t i one@hewn) hdnt gaclepemationiadare¥e2ti on which is the direction of the

rotati on of the magnetic disk 54 is_detected by an index timng _.
photo-enitter 60 an&CRSHTRELQR ARG operaion pfothesPagsetdf didk ors of

t he positioni error by such . : -
P drivg g apparééus adfhsted and verified by the alignment

10 disk 1 are explained'With reference to Fig. 4. The — .
magnétic disk 54 is chucked to a rotary-bearing 64 of
a direct drive (DD) motor 63 by a collet 62 and rotated
by the DD motor at a constant speed. The carriagé 58
which carries the magneticfﬁeaa.SQ is moQéble-radiélly of
15 the track by the STM 55, and the head 59 is poéitibhed
' to a target track by the carriage 58 to record and
reproduce data on and from the.ﬁagnetic disk 54.-- The
head positioning mechanism is explained. The STM 55
" fixed to a chassis (not shown) changes its rotation angle
20 stepwise by a control signal supplied from an I,/0 circﬁit ~
108. Thus, the carriage 58 isflinearli moved along a
rail 65 through a'stéel_Beit'wrapped around a @tily 57.
Accordingly, the magneﬁic head 59 mounted on the carriage—
58 is linearly moved stepwise at a cbnstant'piﬁch
25 radially of the magneﬁié aiék'si.- By settiné fhe pitch'
to a-track pitch, fhe magnetic head 59 is positioned to -
the track. The index direction which is the direction
of the rotation of the magnetic disk 54 is detected

by an index timing photo-emitter 60 and an index timing



ﬁagnetic head positioning nmechanismare; (1) a positioning error of the
STM55 and a 5 hysteresis error which depends on a | oad, (2) an

accunul ated error of the STM drive force flBamsm ssi on system whi ch depends
on circularity of the pulley. 57, thickness of the steel belt 56 and manner
of wrappi ngy 1gh to-sedsor @Ucking error representing eccentricity between
t he cenfer of gisk and the center of the rotation axis of the notor,
caused when the magneti c ggj | %&%ﬁ i 4 4) A rgma
standard di stance in thefggﬁ%gﬁﬂf§§'ﬁﬁ%ectioﬁﬁggléﬁeeﬁfgﬁ %gtﬁgg% 8pper and
| oner magnet i Cmﬁ%@%ic'r%é@?dsiq{ﬂdﬁrﬁj écidnide s+epping nmotor 55 is
explained with reference to Fig. 5. Assum ng that the nunber of tracks is
40, the outernost t(gck iss positEicims ¥ror OO e $T@e 5Bnghgvat track is
nunbered as "39". A distance between the center of the designated track
and the nagBet hyshtex@si$ ierroapdnic eiependdecoposi Load,ng error of the
stepping notor as shown in Fig. 5. It has been known that an error curve
appears at a period2jorr &an 2Zrccupiiekied) exrdheofiuvbher ST ghavesfokcehe

st eppi ng notor (four phases in the present enbodi nent), and anount of
errors of the trassmiissicne systemhvisiech depends saneirdhnéaphéyeofOthe 2
and 3 of the stepping notor are represented by O X, A and [err],
respectively. pulley 5f, thickness |9f otk rsteelidbelri h6 and paonreromifng
error of - o

wrapping, .
10 (3) chucking error representing éccentricity between
- the center of a disk and the center of the rotation axis

of the motor, caused when the magnetic disk 54 is chucked,
and | ' |
(4) - an error ffom a standard distance in the radial
15 direétion of the disk between upper and lower magnetic
heads.

The positioning error of the étepping motor 55
is explained with reference to Fig. 5. Assuming that the
number of tracks is 40, the outefmost track is numbered as

U 20 "00" and the innerﬁost track is numbered as "39". A
. distance between the center of the designated track and
the magnetic head 59 is represented as the positioning
error of the stepping motor as shown in Fig. 5. It has
been known that an error curve appears at a period corre-
25 sponding to the number of phases 6f the stepping motor
(four phases in the presenf embodiment), and amount of
errors of the tracks in the same phase is alﬁost same.

The phases 0, 1, 2 and 3 of the stepping motor are

represented by O, X, A and [J, respectively.



the STM 55, the adjust signal track centers [err] T22 and T25 of Fig. 2 are

arranged t

shown in Fig. 6, respectively. Fig.”7

o correspond to the vicinity of the outernost track, the phases
of the stepping 5 notor 55 and the vifénity of the.innernost track, as

s 9. 6 res . nous an off-irack det ect ed uhen
magneti i ok drivi ndagparh oe Soiiniye s SebSEtSRER BREbRoR fort ne

positioninghgrgg g%'t

t rransm ssi

change. wne,adaual 1ol 06 sligaclo G G dAeud ledMobELLPohE LBEcRECSON!

rmost track and the

enbodi nent
i nner nost

STM . . .t he | th
Uhe 52 35| MR ML AL MR BB Bl L Tt Frea y

dre arrafg

the vicinity o e out

hows an off-track detected when the

: : ld GuEIHmdsH ' of £t c i g.
T e | mea e o e g e o e b Fhec e BRE e

of f-tragk
enbodi nent
and [err]

is discrimnate
marked with 0 in Fi gFig.i mdistaiws tdre df Hetksack abtebtédiewhdhughesi gnal s are

recor ded.

i nvention

_ _ ose two tracks
mBtere 58f ahlde thieackTifity Jf tddidrermost £BE&cR! €88Nkhown

, the adjust signal 20 track center is set in the tracks [err]
oh th.saqer@@@aaﬁﬁmhag& 1 in the present enbodinent) so that it

fromthe positioning error of the STM55. The tracks

25 One enbodient of a tracking verification apparatus
for the nag§iMt 56 tHavingr ithenghaeariatnis tic ashhownaineFigt h5t ke present

is explained with reference to Fig. 8. As shown in Fig. 8, the

t racki ng vassembiedodnto the magnetic disk driving apparatus. The

10

15

‘tracks and the off-track in one of the tracks T

20

curve shows a combination of the positioning error of the
STM 55 and the accumulated error of the transmission
system. In general, the accumulated error does not finely.
change. The adjust signal track centers (T, and Tj?-in'
the present embodiment) are arrénged in the vicinity of .
the outermost track and the innermost track of the
alignment disk, and a gradient of the curve of Fig. 7 is
linear-approximated from the off-tracks in those two

167 T1g-
T,, and T,;. In the present embodiment, the adjust signal

track center is set in the tracks Tl and T of the same

37
phase (phase 1 in the present embodiment) so that it is

- discriminated from the positioning error of the STM 55.

The tracks marked with 0 in Fig. 7 indicate the tracks

25

on which the adjust signals are recorded.

' One embod. “2znt of a tracking verification

- apparatus for the magnetic disk driving apparatus in

accordance with the present invention is explained with
reference to Fig. 8.

As shown in Fig. 8, the tracking verification

&/

/

s



1 apparatus conprises a magnetic di sk driving apparatus 102, a rectifier
103, a filter 104, an A/D converter 105, I/Ocircuits 106 and 108 and a
personal conputer 107. The personal conp r_ 107 has a CRT 108 and a

keyboard 109, 5 and aJso has a CPU, a and a RAM (not shown). The

o el CooPaRUEC PRS00t s poreete .

havi ng i{ he adj ust “sign azl m a

timng 10 adi gskeskpgl,! %%r,d%d&gﬁt%&g%@,r HGtD [ 6FetEet 0B E ool e

magneti c di sk driving apparatus 1 ontrol signal 1s supplied tot

head carriage gﬂ&?&ggf%@ dorlotshea,at eag?'r%%dggprc&ﬁ%&{@rnygmgt | Bhdi sk

driving apparatus romthe person 107 through the 1/0

circuit 15 10852¥gg§ahp%ﬁabh%ﬂ heKeywal CRPA G dAdtatbeypagpat igghead

is nmoved to th rence -outernost track. Then, the magnetic head is noved

to a predet gr mhRadalikacha@n at b®rg! i0HMtarl Sk RO2 [yt Nghédir) adj ust
signal s recorded thereon. The adjust signal is reproduced fromthat track

20 by the magnetic headThed agpara i\l (Fily § 08 cop¥rabés age thet Sohlogiag
ri ppl e conponent by the rectifier 103, and the high frequency ripple '
conponent is emafneat.ed by the filter 104. The output of the filter 104 is
converted to a digital signal by the A/D converter 105, and the 25 digital
data is witten into the Theraligrmante dislschdiacomputhe toackhiédagprteme
I/Ocircuit 106. Then, the off- track, index timng and azinmuth etc. are
cal cul at ed basedjustt isdotale stzamuth radiiestesigyal TRed ndpdeki E1MaAT is

- 1o 10 adjust signal-recorded on predetermined tracks is loaded
N~ tb the magnetic disk driving apparatus 102. A control
| signal is supplied to the head carriage drive apparatus or
the stepping motor of the magnetic disk driving.apparatus
102 from the personal computer 107 through the I/O circuit
15 108 by manipulating the keyboard 109 so that the mégnetic
head is moved to the reference outermost track. Then,
the magnetic head is moved to a predetermined track on
the alignment disk LOZ having the adjust signals recorded
théreon. The adjust signal is reprbduced from that track
S 20 by the magnetic head and it is.converted to a DC voltage
containing a ripple component by the recﬁifier 103, and
the high fréquency ripple component is eliminated by the
fiiter 104. The oﬁtput of the filter 104 is cohverted
to a digital signal by the A/D converter 105, and the
25 digital data is written into the memory of the personal
computer 167 througﬁ the I/0 circuit 106. Tben, the off-
. track, index timing and azimuth etc. are calculated based

on the data stored in the memory. The magnetic head is



.
1 then noved to an inner predeterm ned track of the align- nent disk 1 and:
the sanme process is carried out. The data are also read fromthe renaining
predeterm ned tracks in the same nmanner, and the direction of novenent is .
changed 5 so that the nmagnetic head.i ggmved fromthe i.nner track to the
outer track, and the sane process is repeated. After the data have begn

read and praas g ddred en Pigder beeakBedmi naektraldie JEerdNa]1 P wer

di splays on the CRT the error or deviation in the radial direction between

10 the uppRin@EhidPVEran®oRes i SafiBagsochas Hs0RaRT i Futdf e FMa
hysteresis.error due.to the direction of rotation of the STM _chucking,

error and agfdnalss efesd roronf théerenaliiaihgs predersraiinetheaiation to
adj ust and verify the magnetic 15 disk driving apparatus by using the

al i gnment ditsk slame magpher pesind YHhgelldreetdbnlo pewemény iadjsldngednal s
reproduced by scanning the track No. 25 corresponding to the adjust signal
track cént eso Tdatbythdanagmeticchiaddisandvedt foromdhel dmeed riamdie filter
104 of Fig. 8 are 20 shown in Fig. 9, .in which (a) shows a signal '
reproduced sy the opper teack, (&hdshbassame processt ds repgatiedor the
upper head, (c) shows a signal reproduced by the | ower head, and (d) shows
a filter oftfher sthmadatayrhave beqmr raaddansy proicessead [foRphetrrede-
correspond to output values of 25 the A/ D converter 105 fetched into the
conput er 10Rrmimed Hragks i B¢ npeEFPBRrlhEPRRE e Cd@PLaRHQR ¥ on the

D oo £+ on G S8 o7 ASHER 55 TREERL TSALYS SO b iheen

10 the upper'and-lower maghétié heads,:positiéning error of W,
the STM, hYstefésis'effof due to the direction of rotation
of the STM, chucking errér ana accﬁﬁulated error of the
transmission system. |

| The 6perétidn to édjus£ and verify the magnetic

15 disk dfiving apparatus by uSihg ﬁhe alignment disk 1l is
explained. Waveforms of 1/8 period of adjust signals
reproduéed by scanning the track No. 25 corresponding to
the adjﬁst signal track center T25 by the magnetic head,
and outpu£ waveforms from the filter 104 of Fig. 8 are

20 shown in Fig. 9, in which (a) shows a signal reproduced by
'thé upper head; (b) shdws a filter output signai'for the
upper head, (c¢) éhowé a signal réproducéd by_thé lower head;
énd (a)'shows a filter'output éigﬁal for the lower head.
Symbols Ty Té, v#UA etc. cérréspond to output values of

25 the A/D converter 105 fetched into the computer 107.

(1) A pésitionihg error between a radial position'
on the predetermined ffack and the lower (or upper).head

is determined in proportion to a ratio V (or

RLA/VRLB



1 [err]/[err]) that is, a ratio of a magnitude [err] (or [err]) of the
I nner track signal of the track dianmeter adjust signal 10 and a magnitude
YRLB (or VRUB) of the outer traek signal 12. 5. (2) The index timng
i's verified by detecting a tinme differénded [®err] (or [err]) between a rise
time point of the reproduced index timng adjust signal 21 detected by the
| over (or ubpe¥pghélgyahd BRaEndex 8 Fatd U afe@ MATRIHE® NV ppta (OX) 22
This ti.me difference indjcates a 10 position _of the nagnetic_head in the

rotational di rbggabnosf thRelBNSE Framkt Fd andre tndd S dsia oL amRteRdex
timng is adjusted and,verified _sych that ,the ti difference is_wthin a
prede?ernineé 3#35ﬁﬁbﬁégPFhei .an)a mﬂ&?%iﬁaﬁn Esmﬁﬁfii;UE%i?ﬁeﬁh%y
determ ning 15 8 ra%io #ernélgiré5 (or [err]/[err]) that is, aratio of a
magni t ude [er rY ¢hr *FBFF] FLBPethe“cw signal 31 of the azi nuth adj ust

signal 30 tected t he, L ower, (ot . ) N .and ' . VelLB (or

[err]) of the CCW é?gnal @gﬁ. 5ﬁleé" F&#ﬁ&%%f,’ & S’Zet el?}I%% ﬂgﬁﬁéﬁgg%%fegof t he
magnetic 20 h Zi gl MY gap. oMer or
upper magneti g@ﬁ%%\éﬁ%?% ?h?% gﬁ gp%v\%gl geértgjrledetema R[nl\é%g?tgl@éeré(??%% %gsed
on this ratio. u Ru t g+ [ L 54 ' he
radi al directi%%@o?egﬁga?§ggk?hgﬁg f%ﬁggﬁfégiﬁﬁﬁ éﬁ%ﬁ%%r?%ﬁ%%??gﬂeﬁgb%he
i ndex timng dineclondr B¢ Lpperdi HEae Hndith i8lddst ceimDg | detdgtaghmut h
direction are sinultaneously carried out. Fig. 10 shows waveforns of the

track dianetertime-pd8nt (IDX) 22. This time difference indicates a

‘ 10 position of the magnetic head in the rotational direction
— of the disk from the reference position. The index timing
is adjusted and verified such that the time difference
is within a predetermined allowable time T.

(3) The azimuth angle is verified by determining

15 a ratio Vv {or Vv ), that is, a ratio of a

sua’Veus
) of the CW signal 31 of the

ora’VorLn

magnitude Vora (or VeUA

azimuth adjust signal 30 detected by the lower (or upper)

eB °F Voup

This ratio indicates the azimuth angle of the magnetic

head and a magnitude V ) of the CCW signal 32.
U 20 head. Whether the azimuth angle of the R/W gap of the
lower or upper magnetic head is within an allowable range
or not is verified based on this ratio.
| Thus, the adjustment and verification of.
precision in the radial direction of the track, the
25 adjuétment and verification in the index timing directioﬁ,
and the adjustment and verification in the azimuth
directiqn are simultaneously carried out.

Fig. 10 shows waveforms of the track diameter



1 adjust signal reproduced by the nmagnetic head 59 on the track No. 1
([err]) in the vicinity of the outernost track, and filtered by the filter
.104 of Fig. 8. In Fig. 10, (a) shows a waveformreproduced by the upper 5 .
head, and (b) shows a waveformreproeduged by the |ower ,head. Sight pairs of
track diameter adjust signal for one circle of track are shown in Fig. 10.
(1) Alneadjvslitus idind 0 rrefdoducedclhy t thekmagngeict headngoeionor betwgen a
radi al position on the prede- 10 termned track and the | ower (or upper)
head i s rephesexiaek Mo [ e r{T[)erifl fleer¥iBinity o¥ the oute¥mosty] [err]
where ([err])i and ([err])i (or ([err])] and ([err])j) are magnitudes of
the inner track,siagdalfidrbdrent bRUMe afitlltér d0deoft Fagk Si.gnain [err] (or
[err]) of each of the 15 eight pairs of the adjust signals, and Wis the
R Wgap of Fige Afgneld)c shants 50 . waweownr vepondugel byatkecappes det er mi ned
in the same manner, and the off-track error due to the positioning error of
the steppi A§afot @nd (k) Bhaws &ivaefermarepradugedubyulthecdoseror for the
20 noventh.fron1Lhe inner track to the outer track or from.the outer
track to t A83fnneSighdcPaifyy Qfhctrack Plameresr agiustesigpal £0F | over

heads of tg%err% e’ oh:‘eq%ack _-ainge_ shown in Fig. 10.

(1) A mean value AL (or AU) in each track of
positioning zrror between a radial'position on the prede-

10 termined track and the lower (or upper) head is represented

by
AL = %% . g jﬁ_.(vﬁLA)i -‘(VRLB)i
. i=1 2 (VRLA)i_ + (VRLB)i
el .o ¥, Vromg - (Vrums
e g j=

1 2 Ymumyj + (VmuB)j

)j and (VRUB

LA {or Vv

where (Vo .)i and (VRLB)i (or (V )j) are

RUA

- magnitudes of the inner track signal V ) and

R RUA
) of each of the

the outer ‘track signal VRLB (or VRUB
15 eight pairs of the adjust signals, and W is the R/W gap
~of the magnetic head 59. Thé'error on each track can be
determined in the same manﬁer, and the off-track error |
due to the positioning error of the steppihg motor,
the hysteresis error and the accummulated error for the
20 movement from the inner track to'the'éuﬁer track or from

the outer track to the inner track, and the assembly

error of the upper and lower heads of the magnetic head



1 can be verified and adj usted. (2) The accunul ated error can be linearly
approxi- mated as; [err] when [err] are of the same sign (both + or -), or
g larger one of [err] -[err] 5 -and [erT]1l® ferr] when (A37 A25) and (A25
- A are of the opposite signs (one is + and the other is -), where
[err],[err]yand,leqL] 8 FAQYH Wi Ay edet ween the radial position on
the trac a%d ?ﬁé héagg%n the_tracks:*b. 1 ([ERR]), No. 25 ([err]) and No.

37 (T37) 10 which (ghe ObphactamuINdd &t as e 11hea STV BBprokys,
t he accunul ated error can be displayed and verified. (3) The chucki ng

error S which phatbRea@GCenlri ¢ @onpenst @ﬂr@r-ﬁgﬁﬁeﬂn&hem he magnakieCof
di sk is chucked is represeﬁﬂéd bﬁ-(for t he ¥ bwer ead) [er?% [err] [err]
[err] [err] 15theesame aign mwiﬁhrﬂ)dr(ﬁx,(¢Era]1at§§eroh¢i¢fi$A52e—r&2id
of the eight pairs of track diameter adjust signals on one circle™of tr ék
Those errors areddil Isayemldnwrfem O]II’#O-B bf -} henpelsgpat sodmparer off thieg.
8 as shown in Fig. 117 20 anondsS [err] to [err] represent the
error between ppposddiealsigrs t(ve dirs ttheangd atlke aptheheisieall, chucking error
and hysteresis error etc. in the tracks No. 16 (T16), No. 19 ([err]), No.

22 ([err]) and No. 35 ([ athepe qurqzs[¢n¢1A37 ap@-position errors

between the radial position on the track and the head
in the tracks No. 1 (T,;), No. 25 (T,5) and No. 37 (T,.)
10 which are of the same excitation phase of the STn 55.
~ Thus, the accumulated error can be displayed and verified.
(3) The ghucking error S which is the eccentric
component error caused when the magnetic disk is chucked

'is represented by.ffor the lower head)

s = W .1‘((VRLA“:' - (VRLB’%)
2 (MVpgalt # Vere! 7 max
- (pa) ‘-VRLB.’.%) |
(Vpral? + (Vppplld min |
U 15 where (VRLA)i/(VRLB)i or: (VRUA)j/(VRUB)j) is the ratio

of the eight éairs of track diameter adjust signalé on
one circle of track. |
Those errors are displayed oﬁ the CRT 108 of
the pérsonal computer of Fig. 8 as sho%n in Fig, ll;
20 | Diamonds a4 to aa répreSent the error between.
the radial position on the track and the head, chucking
error and hysteresis error etc. in the tracké No. 16 (Tls)'



1 represent the errors produced when the | ower head scans the rear side
(side 0) of the alignnment disk 1, and a -a8 represent the errors produced
when the upper head scans the front side (side 1) of the disk 1. The side 5.
[err](or[err]) in each track is represented by plotting the eight val ues
([err] Yi/([err]) i or ([err])j/([eFr??}f I n each dianond, the left side
[err]represents the error produced when_the head is noved i nward, andet he
ri ght sEderFPFﬁFQ"é:pr%rﬁ%rQ% Rreduced odderdthreRorre head issamsved 10
outward. Accordingly, the hysteresis error_is represented _ by a vertical
axi s | engt khg geaxr §ige [&i9e Dhiett Hhg. 2hagnmengedisks L raddid he side
[err]. The chucking error is Hggresented bg one haLf'Ien th of the sjide
[err] or slaae'[érar%eprﬁfte’}%o‘? FTRET | BROSEFSH Br&du WeReL heathper

Fapr caont cSBY2a B AR S IR WERHOor] | 951 EAR: 326Bndrno 15F e anonds
front sbdeandotndaedr St dash o FEBFRLEne ot 8Y MloskiraThd, 70, o
be gf asped o0k (AU | (Vana'S Bial 185 Uroand A humnds (&R B orrp
A sum of th&aﬁﬁ%ﬁﬂ“@ﬂéﬁl E‘%i&@dztaﬁeéfééénEFdEﬁ% QQ%bEj%&dﬁﬂégdis
represented by a- rectangle [err],lwhefe 2 err] represénts a maxi mum
track radi ghePO%hle MR iy ndvddeikward] M 884StABOYA gAR %@%éﬁ%ﬂ?1 and

[err] and [err] represent the accumulated errors for “the oute st track
T1, the traejprédentsd the dfref PEédtéé@kwhehr the head is moved
10 outward. Accordingly, the hysteresis_error is represented *;J

by a vertical axis length H of a side £ conneéting the

3
side'll and the side %,. The chucking error is represented
by one half length of the side % or side 22- The radial
direction error produced when the upper heéd and the lower

15 head of the magnetié head 59 are aééembled is represented
by a difference between vertical axis lehgths of the
diamonds 2, and ag for the same track (for example, track
No. 16 (Tle)) on the front side and the rear sidé of the
disk 1.

20 fhe'variafion'of_the positioning errors for
the respective excitation phases of the STM can be grasped
from the ve:tiqal_axis positions of the_diamoﬁds ay = a,.

A sumsof the accumulated error and the track radial
position error is represente§_by_a restangle ag, where

25 L¢ represents a maximum track radia. position error in
the four tracks shown on the right, and 2, and Ly

represent the accumulated errors for the outermost

track Tl' the track T25 and the innermost track T37,-



-21- 1 and [err] and [err] correspond to one of ([err]- [err]) and ([err]
-[err]) A sumof [err] -[err] represents a sumof the track radi a
direction positioning errars of -the magnefic disk driving apparatus
determned by the alignnent disk 5 1. Based On this sum whether the

B ovatile rhngtr pofnt aks bEOTEEAPRPRGES MRS, OF Mgy derkash #8net i di sk
deter minat | on [a567 yb1 hpor Kafmi RE16 40 Spiheo SRRRE AL o7y 14 Hithe
azi mit b angl o WECbTHBNBH| Gy TP o PSR Ay S e TR QPRI e
| nvent{on | s kT SERVTRA EpbErgeap, Kesntlh PR (51 fonddfe PRESET

magnet o hogd £9 | 8agBaCEnDYnE e SEPRHALHEY Wn B U d8PustAELL DEE!

56. In order.po mai ntain the. ta |ﬁter5 C Ity w _I'mport ant
to the magnetigndi 8kadOcHirYhBE aRPRYFEAppariditrid raCkiinthi® fiegluil edwaBine

alignment disk 1 having the tfack diameter adjust signal 10 recorded on the
predeterm ned £136K &8Nh8t tan! 8adedtedritRdINGLL dirgkgulrdvhgorppparatus
102, the track dianeter adjust. signal 10 is'read by the nmagnetic head 25
59, the steppimggnetbe 8isksdrinthy agipariadmhsd d¢ o theacker bfilad, dthectisan

P or Qto position the magnetic head to nmaintain the data :
i nterchangeabiofty, oanhé migpethe dieslertriingtnigrapEredrss. important in

10 suppressing the error within the allowable range. |
~ The verification_results for the index timing
and_the.azimuth angle may be numerically or graphicallf
displayed és required. ._ | '
The tracking method of the magnetic disk
' 15 driving apparatﬁs of the present invention is ekplained.
In Fig. 4, the carriage 58.which carries the magnetic
head 59 is moved by the stepping motor 55 through the
'steel belt 56. In order to maintain the data inter-
-changeability which is important to the magnetic disk
Y 20 driving apparatus, the tracking is required. The
alignment disk 1 having the track diamgfe: adjust ;ignal
10 recorded on the predetermined track center is loaded
to Ehe magnetic disk driving apparatus 102, the track
diameter adjust signal 10 is read by the magnetic head
.25..59, the stepping motor 55 is finely adjusted to the
traék radial direction.P or Q to position the magnetic

head to maintain the data interchangeability of the

magnetic disk driving apparatus.



- 22 - A nmethod for adjusting the off-track by the tracking of the
present enbodi nent is explained with reference to Figs. 12, 13 and 14. A
tracking verifi- cation apparatus (see Fig. 8) which measures the off-track «
5 between the alignnment disk 1 hawu ngpthe track.di ameter adjust signal 10
recorded on the tracks corresponding to the excitation phases of. the -

st eppi ng notor 55 ( X a | ent
enmbodi gent) [err], f%qu??ﬁﬁfgr ?bkarﬁg%%ersﬁl]qﬁ;rﬁﬁ %%%%ﬂ?ﬁ@% S used to

10 displ éé]@u%fo*r‘réﬁlé ?f:'ebﬂﬁtr RubRlimehtt r@@ﬂhiﬁ@a%tas shown in

Figs. 12 - 14. Ammaxinmumoff-track 110 on one track produced when the head

is moved froFatdgce nasrmggckltzq tlbe aiet arg 11 ac ke ek fepteside (side 0)
of the disk is represented 15 by *, and a m ninumoff-track on one track

produced whewidheapsagatasmuee Figm tghe waiild mddnicked othEeoEpAgEatkack is
represented by A maxi numoff-track 112a on one.track produced when the

‘head | $ Mbegvéépnmhseal hganehtadd sko It havde riHeickr ack t dbakesersi de (side
1) of 20 the disk is represented by o, and a m ni mumoff-track on one
track prodadipaswhebghar headecsrdedecnf e ttmaks erotrespgondingetonner
track is represented by . "The stepping notor. is-finely adjusted radially
of the trdthe sexchbatior phasesnodf fthier adleddi®yy owotid®Ra55 s (4+phaset he 25

al | owabl e range |0b (+ 20 umfor 96 TPI, and +15 pmfor 135 TPI). A nethod
for adj ustex@ltafel@mf Steapkngymprt@rt rla!cmfwg msml: Lemb@dmentbur -phase

adj ust S|gpal I S
167 19, T22 and T25, and the magnetlc head is used to

10 display the off-track of the respectlve tracks on the ;J
CRT as shown in Figs. 12 - 14.

A maximum off-track 110 ch_ohe track prodhced
when the head is moved from the inhefvféack to £he”cuter
track on the front side (side 0) of the disk is represented

15 by e, and a minimhm off-track on one track“produced Qhen
the head is moved from the outer "rack .to the inner
track is represented by . A mas :aum off-track 1L2a on
one track produced when the head is moved from the inner

'track to the outer, track on the rear 51de (51de 1) of

20 the dlsk is represented by o, and a m1n1mum off-track on
one track produced when the head is moved from the outer
track to the inner tfack is fepreéented by e. .The..
atepping motor is finely adjusted'radially of the track
sb thaf'the'maXimhm off-track lloa cf 112a is Wiﬁhih the

25 allowable range 10b (+ 20 um for 96 TPI, and +15 um for
135 TPI). _

A method for adjusting the off-track bylthe

tracking method using the four-phase adjust signal is



- 23 -1 explained with reference to Fi.g. 13. The off-track in Fig. 3 is
. represented in the sanme manner as that of Fig. 12 but a nean value 117 of
ihe off-tracks for all tracks is repregeggeq in Fig. 13. The nean value is
5 obtained by averaging AL and AU for thé~tracks [err], [err] [err] and

. W h ' ff- k 0 h ' L
Finel g st BAPLEFRY Yoot (I T7SGE (60 SEET1 nb> hoaR0apRE. FEToKo e
icinit ft de- 10 _t | { | disk 1t
bring the. mP A of £ ERESHEHAE 20 (e | KeaE afhakecad; HRATRE DSl

TR e and e, 12 1 & Hedd S IRUL1§ OEAInLOBLELL BEREN Fok 3T | o1

than 20 um an He I oni'ng precrsron of netic head 1's i nproved.

12 SASBLAL AT 001 131 Byl g et hod

is explained wt eferen the trac I amet er

adj ust si gBal St Al By AkSrdfind aleand, AbeEsE eﬂgnge_eﬁelg,a& wel kp.as at

| east one of the I nnerndst and outernost tracks T 16" 0£%0 are
used, and themeaynlge 117 of the off-tracks for the tracks [err], [err],
[err], [err],[@%] and4%rr] is calculated and displayed. If the nmaxi num

of f-track exceeds 20 pmwHdie & npmarimamt Of £+8rackekyxceddss2ed umditdld y of
the track to set the nean value 117 to the vicinity of the 25

pr edet er m ned stfeppdi e mictornfig htimdélynadhtstedkradiellyi of thhe rmoaakum
off-track within 20 pm In accordance with the present enbodi nent, the
posi tioning precissEtorthe nean meafieei Llhetd the whkcinisykofi rdleuginafahe
i nner- nost and outernost tracks is inproved and the reliabilit{).

- 10 termined track center of the alignment disk 1 to bring

— the maximum off-track within 20 um. 1In accordance with
the present embodiment, the off-tracks qf the magnetic
heed for all tracks is smaller than 20 um and the
positioning precision of the magnetic head is improved.

15 A method for adjusting the off-track by other
tracking method is explained with reference to Fig. 14.

In Fig. 14, the track diameter adjust signals.
on the tracks TlG’ T19’ T22 and T25 as well as at least
- one of the innermost and outermost tracks T37 and TOl
\_~ 20 are used, and the mean value 117 of the off-tracks for
the tracks TOl’ Tio* T19"T22' Tos and T37 is calculated
and displayed. If the maximum off-track exceeds 20 um,
the stepping motor is finely-adjusted radially of the
track to set the mean value 117 to the vicinity_of the
25 predetermined track center of the alignment disk 1 to
bring the maximum off-track within 20 um. .In_accordance
with the pfesent embodiment, the positioning pfecision
of the magnetic head for all tracks including the inner-

most and outermost tracks is improved and the reliability



- 24 - 1 is inmproved. |If the maxi mumoff-track exceeds the all owable
range, whether it is mainly due to the error of the stepping notor or the
error in the assenbly work is determ ned by checking the chucking error,
radial direction 5 error between th&4upper and | ower heads and hysteresis
error etc. displayed on the CRT, and so the error in the next assenbliy can
be brodghtiswimpnevweade alIHvihe anashgam JRESLrARk BREGEES ey is i nphdved.
A {1l ow chart of -the tracking nethod,  of .the 10 gr sent enbodi nent is_

expl ai ned dALOWakH®L ARG ¢ heysit) fisamaiBhyofge the tRS GHROR Wsk 1 is

oaneo 10 ATBIRSLAS At )RR A SR 1 e
o 1o kel Lo dR A R IR AL R E0E, KIRA AR SR o
re scluoiEdH Pouiet e otaet b e 1T ChRad de BT EE S (ation
ead the ERT SR MIPLAGed (S8 1nB"PRET Bot Bof RS TREY, TR TOVL) 1
conpl o1 od "IRT (S [l g PEORghe s L el B HneR e and i1
the deci siggphd S ¥ ﬁfgaﬁgg@@§§%pigcgﬁ5§obgdq step 212 where the head is
sought to the innernost track 9. _
A flow chart of the tracking method of the
10 present embodiment is explained with reference to Fig. 15.
In a step 200, the alignment disk 1 is loaded
to the magnetic disk driving apparatus 102. In a step
202, the head is sought to the track No. 00 (To).' In a
~Step 204, thé stepping motor 55 is set to seek the head
15 inward. 1In a step 206, the carriage 58 which carries
the magnetic head 59 is sought to the target track. 1In
a step 208, the adjust signal is reproduced by the
magnetic head.
The'steps 206 and 208 are sequentially repeated
20 to the tracks corresponding to the excitation phases of
the stepping motor (Tlé' Ty9s Ty, and Tyg in the present
embodiment) to read the data. In a step 210, whether
the seeking from the outer track to the inner track and -
from the inner track to the outer track has been completed
25 for the tragks T16' Tig, T,, and T,5 Or not is checked,
and if the decision is NO, the process proceeds to a

step 212 where the head is sought to the innermost

track T39.



125- 1 In a step 214, the stepping notor 55 is set to seek the
head outward. In a step 206, the carriage 58 is sought to the target track
and the data is read. In this manner, thedracks T25, T22, T19 .and T16 are
sequentially 5 sought and the data are read. ‘\Wen the seeking in. the

inward and putward direct)ogsgagd bhg refe 3¢ i Al foy &d lsd agks
are coqgjefgd, t he off-tr%c %n he térget trS%%lF?edisplayed on ?he'CRT

108 in & step L6k agheRubdi BubvEed.121and L3epl®@06,N thestirAlfye Wether
the maxi num of f-track exceeds the all owabl e range or not is checked, and if

it exceeds, itsdggtSebayRd. thtgblietraxkmamdoivhe Gatle eecassisd I helml tiniwbl e
range (approximately 20 pmfor the 5-inch 96 TPl alignnent disk), the
posi tioning i mashes) edhaotthekst g 15T gf,f racnd €.hr auphtsedudniahby
al l owabl e range. The predeterm ned Pracké T %&nd T % the 1 37
vicinity of5thsowgherandt theadktandreheeadner nost track nay be sought and
the data thereof may be read and dis- played as shown in Fig. 14. The
hysteresis error 20 posWhennthg eeekingf imhd&heTNinwand #ndliowiaxdh error
bet ween .t he upper and | ower heads, accunmul ated error and the chucking error
may be di spl ay@irestiananand thg. readipg sdcdhdasatanifar 1kl preaeRs are
enbodi nent, whether the-off-track is |arge due to the positipnggf 2% eréor
of the.steppi ngorpietedndthreChfstenck SNethe tagiost txackes LigRlave
chucking error S, accunul ated,error or radial direction error t ween, t he
upper and IomE?nhEBEscBgniﬁ &QtérﬁFﬁ@d?igufﬁrﬁ?ﬂWQxﬁﬂnéiﬁﬁy fg ?ﬂ%r%ééd.
10 In a step 218, whether the maximum off-track exceeds the
N allowable range or not is checked, and if it exceeds, it
is displayed. 1If the maximum off-track exceeds the_
allowable range (approximately +20 ym for the 5-inch 96 TPI
alignmeht disk), the positioning is adjusted so that the
15 off-track is brought within the allowable range.

The predetermined tracks T; and T,, in the
vicihity of the outermost track and the innermost track
may be sought and the data thereof may be read and dis-
played as shown in Fig. 14. The hysteresis error

20 positioning error of the STM, radial direction error
between the upper and lower heads, accumulated error and
the chucking error may be displayed as shown in Fig, 11.
In accordance with the present embodiment,
. | whethér the off-track is large due to the positioning
| 25 error of the stepping motor and the hysteresis error, or
it is due to the chucking error S, accumulated error or

radial direction error between the upper and lower_heads

can be determined, and the productivity is improved.



¥
- 26 - The result of verification of the index timng and the azirmuth angle
may al so be displayed. In accordance with the present invention, (1)
precision of positioning 5 - (2) positioning error of the stepping
notor, hysteresis error and accunul-at28l error of ,the transm ssion system
and (3) chucking error of the magnetic disk and radial deviation between
the | owkr head and tfheuppsulitead cmerilfideetioo |@ftthel indesptapédgoRst he
CRT. Accordingly, by verifying a product, part by part, such as a nmagnetic
di sk drivi agdapber agamuith amgdle mMay @lad deordisplagedonponent s has reached
the limt and which is designed takLng the required precision of each
conponent into accoudl RECQrERNCE Ithe presenpuinventdfier, the
al | owabl e range_or required precision of the positioning error of the head
carriage drive(bhit P¥egdsdom ofd HiEMminmgnetic di sk drive apparatus.
By adjusting the drive w th necessary and sufficient precision, unnecessary
and was?eful 262)adj BFAAGONIRG EXLIK QF HRP t HeePP LRI CRPHPEY, reliability

and stabiljty are inproved. |f_ the maxji mum off-track exceed the. all owabl e
Fange,  t hehEREERPAY SoPFEPTAANG REFUILA LAY ST70% OF (AR EHARABLESLEP of

t he stepping thor r,adi al direction error between the upper and | ower
heads 25 3% ﬁgéuﬁﬂpated error etc. are checked based on the display on

e o a3} ERURRIBE el U Ind e SESSAPLY, BrACERRLGy oLl e
deviation between the lower head and the upper head can

10 be colleCtivély displayed on the CRT. Accordingly, by g}
verifying a pronCt, pért by.parf, sucﬁ as a magnetic disk
driﬁing apparatus in which the precision of the components
has reached the limit and which is designed taking the
required precision of each component into account in a

15 probability distribution manner, the allowable range.or
required precision of the positioning efror of the head
darriage drive unit is determined fér each magnetic disk
drive apparatus.. By adjusting the drive with necessary
and sufficient precision, unnecessary and wasteful

20. adjusting time is saved and the productivity, reliébility
and stability are improved. If the maximum off-tfack
exceed thé ailohéble ranéé, the chucking error ahd the
hysteresis error, positioning error of the sﬁepping motor,
radial direction error beﬁween the upper énd lower heads

25 and accumulated error etc. are'checked based on the
display on-thé CRT sé that the component in trouble or

the assembly process in trouble is determined. By

adjusting the component in trouble in the next éssembly,



27 the productivity and reliability are inproved. In addition to the

adj ustment and verification in the radial direction of the track, the

adj ustnent and verification in the direction of index timng, that is, the
5 direction of rotation of the magnetic,4isk, by the use of the index
timng adjust signal, and the adjustnent and verification in the direction

of the RLW 93ihd RelddRid A ) droP 439 4B 1, et Signal can be
e an

nunerical ly done, hi gh preci sion adjustfrent and verification are 10
attained, and the reli aty ldddi tfioin e vhedAdiitnientdiand GerdF iAo U | S
i nproved. Attention is drawn to our Patent Application Nos. 8926033 and
8926034 (seritte Neslid) iredtfiomb £ theh tratk,eyhec ladjeistment @ndhave been
di vi ded out of the present 15 appl i cation. *» C L M S * 28

CLAI MS: - 1. verifidatiggnhim dtheordizectiiop odhiindiesk tdmdng, mddpadt ils,dithe
drive apparatus, said apparatus havi ng magneti c head nmeans for recording

and repr SduciHgentiion i metatden of ihghavanetdcoddisly &Ysthey usey @£

carriage for carrying the nmagnetjc head neans, and drive neans having a
st eppi ng not dhe FRagx Eiming edjust Slanadge and Fhe @diysmenta @it i ¢

recording ne%e“r@?i%aaéigno irnaqgha}al ld‘.’ir%rcc%: o of the R/W gép inclination by

the use of the azimuth adjust signal can be numerically
done, and high precision adjustmeﬁt and verifiéation are
10 attainéd, and the.reliability for the high density disk
drive apparatus is improved.
Attention is drawn to our Patent Application Nos.
8926033 and 8926034 (serial Nos. 2,225,150 and 2,226,179
respectively) which have been @ivided out of the present

15 application.



plurality of tracks of the magnetic recording nedium said 10 al i gnnment
'lﬂlﬂ”“ﬂilnﬁu“ﬂm bl e and unl oadable to said magnetic disk drive apparatus
mai nt ai ni ng data interchangeability of said disk drive
appar atug, %aid al i gnnment di sk including: (a) a magnetic di sk medi um nmenber
having a 15 plurality of tracks; (b)28 set of track dianeter adjust_
signal pairs recorded on a predetern1ned nunber of tracks of said alhgnnent
di sk, theCLAIMB:nunber of tracks in the plurality of tracks being equal to

or larger in nunber than the 20 nunber of phases of the stepping notor,

t he predeterm ned nunber of tracks resgectlvely correspondi ng to at |east
t he phased-of sai d {Pepprhinabicr, ag a %QB?eFFansﬁlﬁﬁﬁtérmﬁaPﬁ§%03|gnal

pairs beleﬂskeaeidedapﬁaaatﬁapksaﬂdtapparstﬁstuaoin magﬁétiénﬁeaﬁ an
i nnernost _track_an r npst d set of track

il et or moplS, 287 rarordirg Shd TRabPaNCERS; AREr (5P AR SRR 8Lt o out r
track55|gmagnetiendqurdﬁnardiahd auheaddcarnmagecﬁorreanfyﬁngrahé sai d

i nner andmggasﬁiarﬁezﬁsanagﬁé > BRangri0e pabhs'ABviAb! ¥ Sfupbing v dih and

spaced al on e trac st ance t erebet ween; sal track
di anet er BAFe%t £oF gABLvERg, Shechaad FrERbRoe  Rakatrivel £9 th8und a rotation
axi s of smagnéti; réBording mediumWs6r abyténradDaliyastlodsrgcti on of

0B ecergite &l hepRoplolER Se! EAR RafhEREL FULBEE: by Bhateh, "gata! oot o0
10 alignment disk being loadable and unloadable to said
magnetic disk drive apparatus and utilized for maintaining
data interchangeability of said disk drive apparatus, said W,
alignment disk including: ' :
- (a) a magnetic disk medium member having a
15 plurality of tracks:;
_ _' (b) a set of track diameter adjust signal pairs
recorded on a predetermined number of tracks of said
alignment disk, the total number of tracks in the plurality
of tracks being equal to or larger in number than the
20 number of phases of the stepping motor, the predetermined
number of tracks respectively corresponding to at least the
phases of said stepping motor, a set of track diameter
adjust signal pairs being recorded on a track in the
vicinity of at least one of an innermost track and an
25 outermost track:; and (-,
(c) said set of track diameter adjust signal
pairs each having ah inner track signal and an outer track
signal extending inward and outward from a centre of a
track, said inner and outer track signals being
30 substantially equal in width and spaced along the track
with a distance therebetween;
' said set of track diameter adjust signal pairs
being arrange symmetrically around a rotation axis of said
disk:; '
35 whereby an amount and direction of displacement
of the head means from a predetermined track can be
detected by a ratio of a pair of output signal values



]
29 respectively read fromthe predeterm ned track bm'm me by
fjracing the inner and outer track signal of a set o , m %ngmadj ust
gignal pairs disposed on t.he predeterm ned track, théreby tenablisng '
detection of an 5 accunul ated error of sa#® drive neans of the stepping
notor froma difference in ratios of pairs of output signals of sets of

track diamet EPSREFYIVedvgrgrd froph&he prepefesmingd txacknbyt thedhead

out er nost tr gelkhsOByAitradihGr enah ihher’ ahat bute?OtedRR! s@hnkiieolfead sarans
bet ween the i Qﬁ 10 ouyter _trac I.nation accordi ng

nir a %s. 2. 1 , Tge conb

to claiml, RfherERF o PREEeT: PRING 281908 LsPEAZF £ISPRELE:PPNEPE positi on
of sai d magnetredelteadiimeds trackhe thierebyi enabflidigsketetatioanoifsaar r anged on
atrack at s Lty a .d 4l 1 L pu ' (.

det cot ed upof crpivlateld Srbitor deld Bilte Hebhl BE bl Srephihg; mokar, .,
timng det ecEroR poldffezpncenin; ra¥insagifupeizsgnfl ougputdsignals) efst one

cl ockw se si gatls o#dt3alckCaealeites aagielt E2gndekeshl Rel VELiRELOB Ol a
read/ wite g%g of, said n%gneglc %0 hea% wegggﬁls re orged on tB&n entre of
one track by *RendGRETMOSke 23 QUTRIMQSE, & nPREBLIBRG FREPYIRWDE with
respect ot areldditdivel mosementndifndher headameéanst beitereaxithe infért antior m
the clog “‘Ssu%hgnikac d by a magnetic head having the predetermned angle
anticlockwi se to formthe anticl ockw se signal. 5 3. The

conbi nati on according to claim1l1l or 2, wherein said set of track dianeter

adj ust signab pairs arenaf cangefation according to claim 1, wherein an
| index timing adjust signal for detecting a position of said
\_/ - magnetic head mens in the direction of disk rotation is
arranged on a track at such a position that said index
15 timing adjust signal is detected upon the lapse of a
predetermined time after detection of an index timing
~ detection point, and an azimuth adjust signal including at
least one clockwise signal and anticlockwise signal for
detecting inclination of a read/write gap of said magnetic
20 head means is recorded on the centre of one track by a
magnetic head having a predetermined angle clockwise with
respect ot a radial line extending from said rotation a=xis

—) ¢

-y T



oth sides of said allgnnent di sk. 4. The conbi nati on accordi ng £
Wiﬂ”’ﬂﬂm t he 10 I nner and outer track signals of each of said
er adjust signal pairs have the sane size in both the DX

C|rcunferenfla7 and radial directions. 5. The conbi nati on of an -
allgnnent di sk and a 15 magnet i c di skaglri vi ng ‘apparatus, constructed
substantially as herein described with reference to and as |IIustrated;1n

Flgures 2 10445 £ofrmt RAc26ASERAI KNS igNAM, NGhd by a magnetic head haVing
the predetermined angle anticlockwise to form the

anticlockwise signal.

5 3. _ The combination according to claim 1 or 2, wherein
said set of track diameter adjust signal pairs are arranged

on both sides of said alignment disk.

4. - The combination according to claim 1, wherein the
10 inner and outer track signals of eaChfof said set of track ‘o
diameter adjust signal pairs have the same size ‘in both the

circumferential and radial directions.

5.  The combination of an alignment disk and a
15 magnetic disk driving apparatus, constructed substantially
as herein described with reference to and as illustrated in

Figures 2 to 15 of the accompanying drawings.




