- - . 2226179 "AN ALI GNMENT DI SK FOR MAGNETI C DI SK \V
APPARATUS AND METHOD AND APPARATUS FOR VERI FYI NG TRACKI NG ERROR 2%6 1 7 9
MAGNETI C DI SK DRIVIyG APPARATUS. " The present invention relates to an
alignment disk for a magnetic disk driving apparatus which enabl es high
preci sion tracking when a head carriage drive of the nmagnetic disk driving
apparatug/i s posi 'AN&d.IGHMENT PISHeFORTMAGNEFISI DISK DRINGNE APRARATUS

di aneter, and part AYD METHORhANDa ARPARATHS HORaYRRIFY INGs FRASKING ZRROR
density of nore than 9609&r THEO MAGNETI Co &L SKnPRIVING) APPARSIUS-Oned, and to
met hod and apparatus To0r veriiying acKi ng error € magnetic di sk
driving apparatus. 10 A prior art alignnent disk is explained.
JP-B- 59-7142 discloses an exanple of the pricor art alignnent disk. An

i ndex mark and a.track dianetric positioning signal are recorded on the

di sk. The positioning sighal pekseht dnventioh dedlates RN el ignment
magneti ¢ di sk 15driving apparatus, reproduced by a nagnetic head and

di spl ayed on andibski foscapmaghetibki 8iskndetiyvinke appariatdisamitidic enables
positioning is attained. However, the above prior art alignnment disk does
not - have all ofhighckrdciasdéonr tadckingsmwipeal 2 Meaddeartridgy adjivstosi gna
and azi nuth adjust signal, which are necessary for data interchangeability.
The adj ust nent Bhetmagnstirodéspedrdving gpparashsg iisn pasd tionadsta e data

i nt erchangeahi ity _between magnetic¢ di sk driving apparatuses of a_ class of
48 PTI, but i% P¥eédetermined position along a track diameter, and

.particularly when a drive of a magnetic disk having a
i bit density of more than 96 or 100 tracks per inch (TPI)
is positioned, and to method and apparatus for verifying
a tracking error of the magnetic disk driving apparatus.
10 A prior art alignment disk is explained. JP-B-
59-7142 discloses an example of the prior art aiignment
disk. An index mark and a track diame;ric positioning
signal are recorded on the disk. The positioning signal
of the alignment disk is supplied to & magnetic disk
15 driving apparaﬁus, reproduced by a magnetic head and
\_ ‘displayed on an osciloscope. In this manner, the track
diametric positioning is attained.’
Howeﬁer,-the above'pridr art alignment disk
. does not have all of track diameter adjust signal,
20 index timing adjust signal and azimuth adjust signal,
which are necessary for data interchanéeability.- The
. adjustment by the osciloscope is of low resolution and
assures the data interchangeability between magnetic

disk driving apparatuses.of a class of 48 PTI, but it is



- 2 -1 hard to assure the data conpatibility between the nmagnetic disk
driving apparatuses of a higher bit density, i.e. 96 TPl or 100 TPI.

Anot her exanple of the prior art alignnent 5 disk is explzai med with ¢
reference to Fig. 1. An index timng adjust signal 21 is provided on an

outer tjack,pi &9 ﬁééﬁf@EEheda§%a|comﬁdﬂﬁﬂﬁiﬁ%f”ﬂgﬁWééﬁﬂEﬁé signal .36 is

prOV|ded on a center track between an’inner 'track and the outer traslkk. The

si gnal 36 Wtﬁ@saﬁskaagﬂuﬁe appaFRtRs s GHla ?zzagﬁazefbi@ &&@@fwl ¢ from
a center of rotation 2 by a predetern1ned di stance [err] 0.1 mm and

| ar ger thap.&. referencerdiopetrexr.by 6/2 ='0.075 mm and a snaller di anet er
signal 38 which is also eccentric fronlthe center of rotation 2 by the

di stance [err] and lBnsthékeextivplet b mhfecparicr dirtrailigriye®t 2. These
signals 37 and 38 are detected by a so-called cat eye signal. A CW

(cl ockvs sedisk ghsl eSplaided @0 Vh( reference dek\Hize) lsi grfal Xex e provi ded
on the inner track as an azinuth adjust signal 30. The sane signals are
recorded obimirg adjuktssignal 2heisl pyovddeddicrk an smtemttrank upber and
| ower heads are tracked. In the tracking adjustnment by using the alignnent
di sk, the niybhgrrentsdiski d.| oddéFack diemetprtadiwiticignal i .
apparatus, a head carriage is. 25 noved to a particular track of the di sk,

and. t he adt®iPreyifedsonre FEeptedusadcknPeimanmm Al Inem RS |#388ope. | n

the index timng adjust,_ a tlne period T froman index timn g det ection
poi nt |[»(§th%€tgﬁdgﬁgck. -The signal 36 comprlses‘g large

10 diameter signil B?WWchh is eccentric from a center of
rotation 2 by_a_prédétermined distance ¢='0.1 mm and v
larger than a reference diameter by §/2 = 0.075 mm, and

_a-smaller;diameter,éignal 38 which is also. eccentric
from the center of fotation 2 by the distance ¢ and

15 smaller than the reference diameter by §/2. These signals
37 and 38 are detected by a so-called qat eye signal.

A CW (clockwise) signal 31 and a C{IW (counter clockwise)
signal 32 are provided on the inner track as an azimuth
adjust signal 30. The same signals are recorded on.a

20 sack side of the alignment disk ‘1 so that two upper .and \)
lower heads aré tracked.

. In the tracking adjusiment by using the
alignment disk, the alignment disk 1 is loaded to..the
magnetic disk driving apparatus, a head carriage is. -

25 moved to a particular track of the disk, and. the adjust

,signals.are reproduced and displayed on the osciloscope.
In the index timing adjust, a time.periodwT

from an index timing detection point IDX to the index



31 timng adjust. signal 21 is neasured, and .the position of the index
detection sensor is adjusted such that the tine period Tis within a

pt edeterm ned péried. In the track diaﬂe%el adj ust nent, the stepping 5
not or is finely adj usted such. that outpu voltages.of the | arger dianeter

' I~ d the smaller.d I becone : h h
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signal is lowand it i st,ar ‘i‘xet Q¢ 18 sl ddie é?ﬂ ngchaﬂ:_gg_’a@%é#ig of

the driving apparatus the high density magnetic s such as 100

TPI. Further, mbtokS i80kiRRIY tahg&s(%éaets&fdﬂ &zt qﬂ&?g{g%ﬁ% 31 Hedased on a

format of the reproduced signal. angeablllty

of the high densi l&rﬁ&&nﬁtﬂaﬁxe@e%k scirgﬁaln@ﬁw AHES Ml Bl ethaoeasse a
plurality of magnetic disk driving apparatuses on which magnetic disks are

| oaded and unkagdad B8cbedonrd saier.oduse thd azimale 45 werdn®) €l | ed an
of f-track) 25 between a predeterm ned track dianetric position on the disk
and an act ual hpadi finediaatdloncist &€ jueges isndieathat a ratio of the
four signals 31 and 32 is within a predetermined range.
10 - By using thé 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*ﬁthé data interchangeability of the driving apparatus the
high density magnetic disk such as 96 TPI or 100 TPI.

' Further, it is not possiﬁle to determine a
chucking error based on a format d£=the reproduced -
signal.

N 20 - The data interchangeability of the high density

' magnetic disk driving apparatus explained. Because a
plurality of magnetic disk dfiving-apparatuses on which
magnetic disks are loaded and unloaded record and
reproduce data, there'is-an.error.(called an off-track)

25 Dbetween a predetermined track diametric position on the

- disk and.an actual position at which the magngtic head

is-pdsitioned“by the magnetic disk driving apparatus.

Major causes therefor are:



is positioned by the magnetic disk driving apparatus. Mjor .causes therefor
are: -+ - 4 -1 (D) Position adjust error of the.carriage (2)
“Positioning error of the carriage (3)4 _Chucking error' (ecgentricity)
caused when the magnetic disk is chucked to the magnetic disk 5

dri ving ppar at s (4)poe LL{LET £RGGS LN EXBANSEOR,AN S caGE of the

magneti ¢ di sk a t he magne drrving apparatus by “tenperat ure ahd

hum dity change¥€E ng%%f?iéﬁﬁé%t%g}eg GEdtﬁQecgékqﬁ , there 10 are also

errors between C rrving appa- ratusés. In the 96 TP

magneti c di sk %WI ngcmﬁ%v@:rﬁ%%ol[(g&g ﬁ@ﬁgc%:yt)h%aﬁfsfeat %%d:t%} tes to a

magneti ¢ head gap errf a an~érase core w = 100

r 15 [err], and X is mapioxicndesy 5§ sAuckBE tel ehang@ghetiR0diti] 1S
distributed into the error itens (1) to (4) so that the total of the errors

of the igens (1) to (dpivinavappardugm in order to assure the data
i nterchangeability. However, the expansion/shrinkage error by the

tenperature 20 (4nd IpiEfétrente® iheekpensidh hadhaheinkagedese dircause of a
| arge affect by a property of matter of the material. The error itens (1)
.to (3) are anal yzed. mdgnetidediskrandethesinagaetidj diskedrdiving an error
apparatus by temperature and humidity change
As to the index timing and the azimuth, there.
10 are also errors between two ﬁégnetic disk ériving appa-
ratuses.
In the 96 TPI magnetic disk driving apparatus
a tolerance x;oi-the,off-track relates to a magnetic head
R/W.gap width W =165 um and an erase core width E. = 100
15 uym, and X is apprbximately 50 um. The tolerance X = 50 um
is-distributed into the error items (l) to (4) so that
the total of the errors of the items (1) to (4) is within
50 ym, in order to assure the data interchangeability.
However, the expansion/shrinkage error by the temperature
20 " and humidity in.the item (4) is hard to reduce because - “/
of a large 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 inﬁo the carriage. -This error closely
-relates to the assemble and adjust time. In order to

reduce the error, the adjust time must be significantly

lengthened.



~

caused when the head and a carriage transm ssion system 25 are assenbl ed
into the carriage. 'This error closely relates to the assenble and adj ust
tirme. In order to.reduce the error, the adjust time nust be significantly
| engt hened. 51 (2) . The carriage positioning error is caused by a
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t he chucking errdr are a precision par unck unit t he

magnetic di gk, +gadgdMPeael Frdle RAEnsmiisdith N sdveE, 1on the

magnetic disk driving apparatus. The precision of the parts in the hi gh

density nmagnet kfedhsk vl b RAARAYHAIdEhIRAChRGdEid Ididk, ke i hahhe
precision is to be inproved, the yield is reduced which |eads to the

increase of coghceieihke pregisiidns wofthHadm Yy dilre system ands described
above, in the high density magnetic disk driving apparatus, the precision
for the transmission system have reached the limits, and if the
pPrecision is to be more improved, the yield is reduced,
10 which will lead to the cost increase and quality
instability.
~ -.(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 of the chuncking unit of
r-15“ the magnetic disk driving apparatus. The precision of
the parts in the high density magnetic disk driving-
apparatﬁs reached its limit, and if the precision is tq
"be improved, the yield is réducedehich leads to the
‘increase of cost and the'instability_of quality,
TN 20 - ' - As described above, in the high density .
| magnetic disk driving apparatus, the precision for the
compOnents is at theif 1imit§, 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



conponents is at their limts, and in order to assure the data |,

I nterchangeability between the magnetic disk driving apparatuses on which a
plurality of disks are 25 |oaded and unloaded, it is'necessary to inprove
the precision of conponents which |leadsg to the cost increase, or to

i nprove the precision of the position adjustnent of the head carriage..
driver. ThAge fisfadbilgies ficiedey ndaruiagiming, ef ficiency ands
reliability. Inthe prior "art apparatus, the positioning error of the

st eppi ng notor, hystd ehe fficr gl fesaradu,editd 'psEidriEng rédisdit ssi on
system which are to be detected 5 in the tracking adjustnent to assure
the data iof et asgsmhing tmotaar e hiyd teimdseicd azrmor aandsadduymidetend f - track
increase in'the tracks.other than the adjusted track or in the innernost
and out er rastor ref kthenrtr ansmissipnrsysten s othigh iaxe to-be dateated pri or
art apparatus cannot 10  neasure the chucking error between the magnetic

di sk dri vi¥y thetracking adiustigpeite aesurelithe dafam and the off-track:

i ncreases by the eccentricity due to the chucking error and the tracking

error occufitterchangaabilify . AT MehAPITEA Ih R MV Eo W et cone
first aspdbted (i epdi o e frigte freRer (oo e fipéedrteeds, © °
tracking eifofy Vgld f{ Gidlkd Und SREDERd St Hdoilt | ifa ARATALLE /b ALd'd! Ng
error occurs. 'Further, the prior art apparatus cannot
10 measure the chucking error between thé magnetic disk
driving appératus and the magnetic reéording medium, and
the off-track increases by the eccentricity due to the
chucking error and the tracking error occurs.‘-:
It is an object of the present invention to
15 overcome the above referred to problems in the prior art
structure. |
According to a first aspect of the present:
invention there is pfovided apparatus for tracking error
verification for a magnetic disk drive apparatus including
20 magnetic head means for recording and :eproduciﬁg data on \_)
and from a magnetic recording disk, a head carriage for
cafrying'said.magﬁetic head means, and drive means having a
stepping motor for méving the head carriage relative to the
magnetic recording disk so as to radially cross a plurality
25 of tracks of the magnetic recording disk, said magnetic
disk drive apparatus positioning said magnetic head means
radially of a.pre?e;ermine@Jt:ackuby reading withcsaid head

means an adjust signalsre¢orded on an alignment disk, said



¢
20 magneti c head. means for recording and reproduci ng data on and froma
magnetic recordi ng di sk, a head carriage for carrying said magnetic head
ngans, and drive neans Having a stepping notor for noving the head carriage
relative to the magnetic recording disk so7as to radially cross a plurality
25 of Aracks_ of the nggnebic recordi ng di sk, said magnetic disk drive
appar at s posttignment saf sk nbgirg | toadakil et serddinle3daple Hremesatdi ned
track by reading with id head nmeans an adj ust_signal recorded on an
al i gnnment  di s'Ra,‘gq%%F%c éfﬁkaq‘?’gmpﬂ?%‘k“%ei%i‘? ﬁﬂ%ﬂfl"@*‘f‘b LK BroRAR e
-fromsaid magnetic. disk drjve apparajus, said alignment disk having .a
plurality of nf‘éfijsg*%c? d#ﬂ%c’}égpf‘ﬁ?a%‘f%f?g ot ?f‘f%&ﬁ%c %’rﬁs%ttﬁ%aﬁ one
second track, e, adj S/ | | 5 e r ' | ust
signal pairs Er“?é(j;(izlo? e %%te%'g%a%?éﬁ%l%%1 i@}éoéd !?étgf%%kg%@c%ﬁ;ed%
pluralitysof Jigst &fEKScRCADEmEOLR! adfudt SAGHRT pdli Y MRSt e

nunber of phases of the stepping notor and whith respectively correspond to

at |east the @halseseOoths 3pTurdlitytGPPEEstOELdcks hetisetipNird 106K i anet er
adj ust signal pairs also being recorded on the at |east one second track,

the at | east fiwstetpacksrbeingeeumgal ctatier lardgdre im ciumber ofhan tlest one
of an innernost track ‘and an outernost track, said set of track dianeter

adj ust si gnalnyebes eficohases ofivihg stepping notek sudrdhicind an outer
track signal extending inward and outward froma centre of a track such
that widths ofespectivelyferreseend rtekatilprst therppasrs of said

10 stepping motor, the set of track diameter adjnst signal
~ pairs also being_recorded on the at least one.second track,
the at least one second track being located in the vicinity
of at least one of an ;nnermost_track_andﬁan_oute:mostd
track, said set qf_track_diameter adjust signal pairs each
15 having. an inner track signal and an outer track signal
extending inward and outward from a centre of_a track such
that widths of the inner and outer track signals along the
pérpendicular directions to the track are substantially
equal and the inner track signal and the outer_t:ackugignal
\_ 20 of each of the track diameter adjust signa; pairs_are
spaced apart with a distance along the tack therebetween;
said apparatus including: |
_(a)_contrpl means_for cont;qll;ng_said:dyive
- means so as to move saié head_carriage_relgtive to sa;d_
25 alignmeht disk so_that said head means trace§ the_get qf
track diameter adjust signal pairs rg¢prded on at least the
. Plurality of first tracks and at least one second track;

. and



v

per pendi cul ar directions to the track are substantially equal and the inner
track signal and the outer track signal 20 of each of. the track di anmeter
adj ust signal pairs are spaced apart with a distance al ong.thé, tack v
t her ebet ween; said apparatus includingg (a) control neans for controlling
said drive nmeans so as to nove said head carriage relative to said 25

alignment disk so tlggh saiduigedoReaBank! 268Schieulatinl bitdGkadicameter
adj ust signal pairs recorded on at |east the plurality of first tracks and

at | east gne eegomdsklaekadaidom aSpllyralakgubit pesittanalfl erreascul ating
at | east one error selected froma plurality of positional errors in
accordancénwabboadaabeohithaaksdmanitEraaujdiamemgnahduasmssigadlby sai d
head neans and outputting the error as. 5 an output of the verification
appar at uspadaedreadicbvasedd headsmeaosuandgontnnstiog &heceraorngsa ratio

of a pair of output S|%nal val ues resp ectlvel¥ read by the head neans by
traci Ag | ARePUkRHtoQfther XeF1EigASion, pPRAT A LYS: SPiFrﬁéﬁcﬁﬂ&ﬁéP@r adj ust

i Poct i bam é?nraleggp%e?reﬁt mgRngy FoRega LrRLRELPIOR FRELE 92k RAIZNBINS for
cai d ari vESrRRKC SaphpT. vALp RS FRNRbRE 8 o reaEi PRy he Bl ReRRRo BTyl
gg{;?ngg ggg?r f%gﬂ?k %g?ggétg? %%EEROE;bﬁgﬁﬁ b2 sall?BRChrAYrddk S|gnals
diameter adjust signal pairs read bY?Said head means to
10 thereby obtain an ‘amount and direction of displacement of ‘
the head means from the track, and means for calculating in ~
" addition an accumulated error (as hereinbefore defiried) of
said drive means of the stepping motor from a difference of
ratios of ‘pairs of'outpgt'signal'ValueS'of sets of track
15 = diameter adjust"signals:obtained'by tracing the steps of
track diameter adjust signal pairs recorded on the
- plurality of first tracks aﬁd'at“least one second track.
According to a second aspect of the present
" invention there is provided a method of tracking error-
20 verification for a magnetic disk drive apparatus including - \J
‘magnetic head means for recording and reproducing data: on
and from a magnetic recording disk, a head carriage for
cafryihg'said'magﬁetic head means, and drive means having a
stepping motor for moving the head carriage relative to the
25 magnetic recording disk so as to radially cross a plurality -
of tracks of the magnetic recording disk, said magnetic
disk'dfive apparatus positioning said magnetic'héad'means

radially of a predetermined track by reading with said head



track dianmeter.adj.ust signal pairs recorded on the plurality of first
tracks and at | east’ one second track. According to a second aspect of the
present invention thhere*is provided a nethod of tracking error 20
verification for a magnetic disk drive appeyatus including nmagnetic head
means fex recording and reproducing data on ‘and froma nmagnetic recording
di sk, asead mddns age dDJusrsIGHal Stecot@ed edn Carh el grmerst dsk (r sabd
means having a stepping notor for noving the head carriage relative to the
25 magnet i caXigromeht gdiisk kbeingsloadablie atd yand cssleadabile | fxgm o$atd acks
of the magnetic recordi ng disk, said magnetic di sk drive apparatus

posi tioni ng seagnekimcdisk duivecapraratus | §aid aligeprrtrddsiedhayiRg dy

reading with said head 9. means an adjust sjgnal  recorded on an
ali gnnent di SRIULRIHEY| PFEEREKS %‘I&c%‘é‘i“#@gl%aﬂﬁ‘b’r'%lﬁyaﬂé &'ﬁ'%%d‘éﬁ?‘ék?r om

L d o disk dri . . . : .

§?‘ e Z?E%f?? 'ngmfm S37t, She: geaene; Priof, LERE B e TN M Aty Y
rack, the adju | | | f | i '

bai 15 recor ach St cofneeptR atindber Fpdfhet) 1AMt BAPIE fcBEMMT of ON0

first tracks Qelidopopnb pOuPhyleyose EirptrbpickBanchd pIurREl Lol oBhases

of the stepping notor an respectively correspond to at |east the
phases of sai fhf&@pefaakavsein%taeuéﬁttefofrﬁsi«gdfamtﬁamadi-uemaﬁi thel

pairs al so being recorded on the at | east one second track, the at | east
one second traaitbéei 6f phaeséedof nthéesveppihhgymotor and which
. 10 respectively correspond to at least the phases of said
~ stepping motor, the set of track diameter adjust signal
pairs:also being recorded.on-the at least one second track,
the at least one second track being located in the vicinity
of at least one of an innermost track and anNoutermést
15 - track, said set of track diameter adjust signal pai:s_gach
having an inner track signal and an outer. track signal
extending inward and outward from a centre of a track in a
manner that widths of the inner and outer tracks signéls
along the perpendicular directions to the track are
\_/ 20 substantially equal and the inner track signal and the
outer track signal of each of the track diameter adjust
signal pairs are spaced apart with a distance along the
track therebetween; said method including the stgszofz
(a) controlling said drive means so as to move
25 said head carriage relative to said alignment disk so that .
said head means traces. the set of t:éck diameter adjust

signal pairs recorded on at least_the_plurality_pf first

tracks and at least one second track; and_



of at |east one of an innernost track and an outernost 15 ,track, said set
of track dianeter adjust signal pairs each having an inner “track signal and
an outer.track signal. extending inward and outward froma .centre of a v
track in a manner that widths of the inper and outer tracks signals al ong

t he perpendicular directions to the track are. 20 substantially equal and

the inner track. signgh) adghddiifa @@l and Aokt uEEaNg G4 SEETt DondCetF oK

di anmeter adjust signalpairs are spaced apart with a distance along the
track thergbeiomsrdance drifeh helse | S6t UsE ngradie diamstet  adfstosigmali ng

said drive neans so as to nove 25 said head carriage relative to said
al i gnnent pghifiks Straded byisaihddliead ansans Aceaid healeulatingaghddi anet er
adj ust signal pairs recorded on at least the plurality of first tracks and
at | east ometpetbing tstel; ingtuding Oa (step 0 £ calculpbing cat patieefa
positional error in accoerdance with the set of track di aneter adjust signal
pai rs 8 r acePHT of coWERMt eigRal suplues | TesReFRLVehy BRRALbY F’gést ep
0 U0 1 s Bl B EHELIAT Bk Bnd o PR o nBRELR, S1OgRL Y Vo0
ol oo f ok hLORGHEE AEL e ML LBk BBLbRALACERCRAL) e
Chu o PR S0 o8 HEELL Sbralid SRASCRUTUL 1daovobnblBebond gEac |1 on
her ei nbef 0§ €¢d+88¢)obtain an amount and direction of displacement
10 of the head means from the track, and a step of calculating
in addition an abéumulated error (as hereinbefore defined) ~
of a drive force transmission system of: the stepping motor
in accordance with ratios of pairs of output signal values
obtained by trécing'the_setS'of-track diameter adjust
15 signal pairs recorded on the plurality of first tracks and
at -least one second track.
The prééent'inéention will now be described in
greater detail by way of example with reference to the
accompanying drawings, wherein:-
20 o Fig. 1 shows a front view of a prior art . . '\;
alignment disk,
Fig. 2 shows a front view of an embodiment of an
alignment disk of the present invention,
Fig. 3 shoﬁs a signal write apparatus for the
25 alignment disk,
Fig. 4 shows a perspective view of a magnetic
' disk driving apparatus, |

Fig. 5 is a characteristic ‘chart illustrating a



of a drive force transm ssion systemof the stepping notor in accordance
with ratios of pairs of output signal values obtained by tracing the sets
of track di aneter adjust 15 signal pairs recorded on the plurality of
first tracks and at | east one second tracky The present invention will now
be descr+bed in greater detail .by way of exanple with reference to the
acconpaibyi ng pdsdvwiiogs ngMearreim of A stepping motoki,g. 1 shows a front view
of a prior art alignment disk; Fig. 2 shows a front. view of an enbodi nent
of an alignment disk offitche fprsbomst armangement Bifgadjusitowdgaadisgdial thei t e
apparatus for the 25 al i gnnment di sk, Fig. 4 shows a perspective view of a
magnet i ¢ di sRldgnment &dsw sfudheripresents inventigaeri stic chart
illustrating a positioning.error of a stepping notor, Fig. 6 shows

arrangenment of adjust $ighal’s ish & Panscierdstis shagt tldustEading an

inventiog, Fi 71S har acteri.sti g chart illustrati

: 5 f-t k
when theste %ifﬁé:rﬁ&(gr"ﬁ\eé‘ o PP ING: B8 AgRESER .‘-’gi&ﬁ%% e
appar atus, Fid.3+3R0 tﬁﬁ%ﬁ%’ %gjr%rpag,‘tu one enbodi nent of a tracking
agparat us tor the gn F°C Sai-sK

verification driving apparatus in

accordance with the pregent g mreRld Ab1blk diagram of ohledembdadféntl oENOW

wavefornms of adjust signals -
a tracking verification apparatus for the magnetic disk

driving apparatus in accordance with the present invention,
10 -~ - Figs. § and 10 show waveforms of adjust signals

reproduced from the alignment disk,



reproduced fromthe alignnment disk, Fig. 11 shows an exanpl e of display
on a CRT of the adjust signal reproduced fromthe alignment disk, Figs. 12
to 14 show ot her exanples of display gahthe CRT of the adjyst S|gnal

reproduced fromthe 5 allgnnent di sk, "and Fig. 15 shows a flom1chart of a

;Ir ?Sﬁlrrgﬂt agji git f (r)ant P(hlrg §D #‘rggneé‘?%eglhsé%ﬁlgé: g%fagga% at us | S exp aT ntﬂ’ew th
refer- enceof:]q%PFi gad:f)\f t]_'hgi égnggﬁk'oghﬁﬁdsgg%'t?lé:'aql% ddx exanpl e,

40 tracks are’s
simplification. geniﬁrtef 1hengh! Bt%ért Aenpidy s tdisgrhyist
signal tracks of the a ?gnnent disk 1, a track dianeter adjust S|gnal

i ncl udi ng g paife Qrt r@@ftﬁégaapué% 3Rdnalt Yeptriodtdedl Fro el ng
alternately 1nward and outward fromthé center of the track are recor ded.

The 4 - gNSgEadﬁmégkpaﬁgﬁ | anthe 20 present enbodi nent) of dianeter adjust
signal 10 are arranged on the center of the track T25 symetrically with

respect to the rotatipigaxis5 shotwst ke fdiosk chark tdfrangreakialg 2ddjsst
arranged, as an index timng adjust signal 20, on the center of the adjust
si gnal traaketitsd 26f atha ppesentniaventipondi ng to a predeternmined time T
after an index timng detection point (IDX) 22. An azi nmut h adjust signal 30
i ncluding preferably a pair of :

- One embodiment of the  alignment disk for the
10 magnetic disk driving apparatus is explained with refer- - v
~ence 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 sake of simplification. On the center of the 26th
25 track Tpg5 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
track are recorded. The 4 - 96 pairs (8 pairs in the W
20 present embéaiment) of diameter adjust signal 10 are
‘arranged on the center of_thé track T25 symmetrically
with respect 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 corresponding to a predetermined time T
after an index timing detection point (IDX) 22.- An

azimuth adjust signal 30 including preferably a pair of



1 CWsignal 31 recorded by a signal wite head 65 inclined by
predeterm ned angl és a and'a' clockwise with respect to a radial line [err]
extending fromthe,rotation axis 2 and_atgaLr of CCWsignals 32 recorded by
a signal wite 5 head 65 inclined by theTangle a and a' countercl ockw se’

mﬁthfféspegi.%g%FQE%%QfGBiefééogg%ﬁ ﬁ&rgggg n%gy |n§%5§%%h g&iﬂk%§§%é?;naf

signal §sa e azinu ust=si onl'y one

and one CQ/VSi}Qf'%rﬁgéEehMﬁ%&eQnaieﬁh@ AAEP oANGh BRIl el wi th1 b i8-00 10

(8 in. the present enbodinent) azifuth adjust signals 30 are arran

alternately tocd g £480K1 01 PABT &7 eREbHAL NG ¥28In RAL TotHR8 @B 4 21 Ng
signal and the azinuth adjust signal nmay be separately arranged. on ot her

tracks than thend réckadiapBtecwagdigihlsi gnakecbaaled a signal wrht&
di ameter adjust signals are also recorded on the tracks which are equal to

or larger tSarhédad 65nbeclihe@phbgeshel angikeppand @0t eounerdlioskwg dde
head carri age, and each of which corresponds to at | east one phase of the
st eppi ng not orwiiss urespgetthatot tkeslippi Bg Afte. arwhagedn onhahe esartter

enbodi ment has four phases, for exanple, eight pairs of track dianeter

adj ust si gnal @f ethecadjlstosigash btackr & ghr atke aziaudit iadjust t he track
T25, for exanple, the 17th, 20th and 23rd tracks T16, and [err]. 25
Further, eightsignal maytinckudeapnlsrongj GYt séogadl aadeonec & ignag

| east one of the tracks close to the outernost track and the innernost
track. In - each inclined by the same angle o or -a'. The 4 to 96

10 (8 in the present embodiment) azimuth adjust signals 30.
— . are arrangedlalternately to the track diameter adjust
signai pairs. The index timing signal and the azimuth
adjust-signal.may be separately arranged on other tracks
than_the track diameter adjust signal track. -~ .

s . - The diameter adjust signals are also recorded
anthe tracks which are equal to or 1arger than the
number of.phaseé-of a stepping motor for driving the head

- carriage, and,each.of which corresponds to at least one
" phase of the stepping motoruaséuming that the stepping
\,/ 20 motor in the prgsent_embodiment has four phases, for
example, eight-pairs of track diameter adjust signal are
recorded on each of,threeftraékS'in addition to the track
T25' for example, the 17th, 20th and 23rd tracks TlG'
T19 and T22 .
25 - . Further, 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



the present enbodi nent, they: are recorded on the first 1 track T and
the 38th track T37 where the stepping notor phases are identical. In Fig.
2, only the first, second, third, 20t 26th and 40th tracks [err] and
[err] are 5 shown although the track diameter adjust'signals are also

£Cor deg th K d [ o h - ur f Af th
i gnmoht BFeRR1 ToTRB, £RE S UL Tar dined oS PrabBlheTHERBELS 11

' I l4i t disk 10 .1 hy a si | writ t
30 shown 1 FPRFEY S50 BB R e T e ol gnal wri 1o apparatus 4o

conprises a table 41,Inaiﬁ_gr.r izaggﬁh%_g‘?{%%%ﬂgﬁgggggg,ﬁ%peeﬂ%réé}, égtggi de 42

for noving the carriage radi alrgnnment disk 1, a direct drive

(DD) not or 24bnf 130tqt aiiadkd ke digk Ipandpa merosgggerd9d hep detecting
posi tion oféghcg%tde?o(%ﬂ ?gﬁnd% 453 of 2he BD no2dr 45 add a %ent er of a

R/'W gaps of sh6@nMaatloughN &Mes thhck! i ey Sa%j@st\'r'éléﬁﬂlé nheet Beso
alignment disk 1 in thé follow ng manner. The disk 1 iS nounted on 20 the

DD notor SréBbeded anditdle. mwi% Aéiadal\g- {he ‘mcroscope 49 is
noved radially of the disk and the nt of rotafion 45a of the DD notor

45 is detected by watdki.nQ@ ihows o dasmpe. sUbfacetbe thgnalignheat 44 is
moved to the center Ta of the track which is spaced 25 fromthe center of
rotation 48askyla diThteasame. sdgphadks vdre lredmrdedcandaameaer sadifase .si gnal
is to be witten. _
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 rotatiné 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 49 is moved radially of the disk and the
‘center of rotation 45a of the DD motor 45 is detected by
- watching the microscope. Then, the magnétic'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 toﬁbe'written.
The head 44 is positioned while the read/write gap

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



. -
The head 44 is.positioned while the read/ wite gap center 44a of the head

44 is watched through the nicro- 1 scope 49 such that the read/wite gap
center 44a is positioned to the track ce _Ta. Then, the track dianeter
adj ust signal, index timng signal and the azirmuth adjust signal are

L0 the hoadt 45PPBNEY SEGRArPainER: SF ACHAE R0 liP CPIF oS Ton panel
adj usted and VBPPETAESRY EReCHF GAREH CRORRCEaT ar e oxpl ainod Wi ih

of & direct drive (DD mBABArohoh, “EREK ALeeb BT SRl TAMA Y SERO ¢
movabl o radial Fyisf918 0FRE PPacRas, SrRaih aReR SUn TR ofrERen >0 1S
posi tioned §0 éntéﬁﬂertrEEﬁCEehieEhQaC@'fr age 8K q rb‘[?i:garrﬁ}:nlgﬁ%g‘ e gslice

- data on and fromthe magnetic di sk 54. The head posi nechani smis

expl ained. Thg; gl 85¢hi X8 h@alsCRas Fron( ROl iFHRIN g SIANA8S: | Lifog Ot at i on
angle 20 stepw Se by a control signal suppliedfrom™an I/Ocircuit 108.

Thus, -the carghagg)SQnianlbg@@ghﬁoﬁp ¢éhedl ®1q a rail 65 through a steel
belt wapped around a pully 57. Accordingly, the nmagnetic head 59 nounted

on the carriage 58 is |igeastyuvenioft ahdpwpetatiion e dimimgyieti @5disk
radially of the magnetic disk 54. By setting the pitch .

driving apparatus adjusted and verified by the alignment
10 aisk.l are explained with reference to Fig. 4. The .
magnetic 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-cons#ant speed. . The carriage 58
which carries the magnetic head 59 is movéble'radially of
15 the track by the STM 55, and the head 59 is positioned
Hto.a-target'track by the carriage 58 to record and:
‘reproduce data on and from the magnetic.disk'54. Thé
. head positioning mechanism is expléined. The STM 55
~fixed to a chassis (not shown) changes its rotation angle
'stepwise by:a.cohtrél signal supplied from-an I/0 circuit
-108. Thus,the carriage 58 is linearly moved_élong a
rail 65 through a steel belt wrapped around a'pully'57.
Accordingly, the magnetic head 59 mounted on the carriage
58 is linearly moved stepwise at a constant pitch
25 radially of the magnetic disk 54. By setting the pitch
to a track pitch, the 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



to a track pitch, the magnetic head 59 is positioned to the:track. The

I ndex direction which is the direction of the 'rotation.of "the nmagnetic

disk 54 is detected by an index timng photo-emtter 60 anqd an index timng «
phot o-sensor 61. Factors of the positiggal error by such a nagnetic head

posi tioning mechanismare; (1) a drive neans positioning error of the.STM

55 5 angdhatRislesises B8 ror whi ch depends on-a load, (2) an error o¥ the
STM drive force transm ssion system which depends on C|rcular|ty of the

pull ey 57, thicknes$aGrtorge o &he posd tdengly eFERTe PYof Y afpi ng, sai d

error hermagnbtﬂnghdeﬁl@eeﬁtidﬂmmgaamnmuhaemda@t!or 10 (3) ;
chucking error repr nti C rici e _cent k an
the center of the rgﬁgtlogﬁgg%%%&%thggéggngg% usg oﬁhgﬁet ﬁQGﬂ i c disk

54 i sSchuskdda hys$teresd smegmor awhicdhd deépendsceoncer doadn t he radl al 15

direction of the di gl )beveaaoiPiar e.edswvah%g%yce heafsmiEi8 on
posi tioning error of the steﬁplng notor 55 is explained with reference to

Fig. 5. AS¥SteRgvYhish on” Glrcudard tys ofg thenpuddeyr st track is

gurrber ed miaﬁnessoaif admé téteelnmﬁmaasts ramchame&uas&ewep@ing?ﬁ"saidA
| St ance

501 o r opPEESR, Y201, B8 1otk Aetaid 38 TP BPHmBiaeBl hgoRucor as shown
in Flg. 5. It has bd&n ichweking error representing eccentricity
. 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) a magnetic head distance error in the radial - s
15 direction of the disk between upper and lower magnetic '
heads.
The positioning error of the stepping motor 55 is
explained with reference to Fig. 5. Assuming that the
number of tracks is 40, the outermost track is numbered as
20 00" and the innermost track is numbered as "39". A
distance between the centre of the designated track and the
magnetic head 59 is represented as the pos1tioning error of
the stepping motor as shown in Fig. 5. It has been known
that an error curve appears at a period corresponding to
25 the number of phases of the stepping motor (four phases in
the present embodiment), and amount of errors of the tracks W,
in the same phase is almost same. The phases 0, 1, 2 and 3
of the stepping motor are represented by O, X, A and 0,
respectively.



that an error eurwe appears at a period corresponding to 25 t he nunber of
phases of the stepping.notor (four phases in the present enbodinent), and
armount of errors$ of; the'tracks in the saw® phase is al nost sanme. The
phases 0, 1, 2 and 3 of the stepping notor are represented by [err], X
[err andl[err], respedni@sdpr to gdetermine the |positieoning detreoni of t he
positi okikng error of the STM 55, the adjust signal track centers [err] T
and T  of Fi §he2STMe Sqnr Shgeadiystosdangindnark rentiextniTy, df, g heT, 4,

out ernost track, the phases of the stepping 5 notor 55 and the vicinity of
the innernost TppadRd FsssREWEIBn Bi @res anragjgad it gerraspom stevkhen

of f-track detected.when the STM 55 having the characteristic shown in Fig.
5 is assenbl eHlFﬁPtithnﬁg‘ﬁePPﬁeéﬁWtdrqr\ﬂ% dFmrhares e the cskSRPERG WS
a conbination o 'tgsépos' ioning err.or of_ the STM 55 and the accumul at ed

t
error of the PPERE SPBIRI & EACINLEY Sfertle WMETRAS I ZAYH A FhA¥Rs

not finely changﬁ. T?e ad%ust s%%ﬁgl track centers (Tl and T37 in the
pr esent enbodtfte f?'a & &F 8ﬁ§§a Cr¥the vicinity of 15 the outernost track

of Fig. 715 11 near- appPo8 mdt SHOHROR 128 T ATn A Aoh e B e acks
enbo ment, e el Bt e gnSr o6 AN CaNS: TOlb T’} Bk orr]
and ferr] of 458eABIBAPLAE €RAARAghtLd RSN HAViAY A RNUs 50 phat 1!
10 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 fineiy
_c_hange7 hThg_adjust_signal”t:ack'qenters_(?l and Té7 in
the present embodiment) are'arranged:in_the_vicipity of
15 the outermost track and the innermost track of the
al;gnment disk, and a gradient of the curve of Fig. 7 is
linear-approximated from the off-tracks in those two
tracks and the off-track in one of the tracks T g, Tyq
Tos and;Tzs.' In the present embodiment, the adjust signal

\_ 20 track center is set in the tracks T, and T,. of the same

1 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
on which the adjusﬁ_signals are reco:ded..

25 _ One embodiment.of a tracking verification
apparatuS-for the magnetic.disk_d:iving apparatus in
-accordance with the present invention is explained with

reference to Fig. .8.

As shown in Fig. 8, the tracking verification



discrimnated fromthe positioning error of the STM55. The.tracks marked
with O in Fig. 7 indicate the tracks on which the adjust signals are

recorded. 25 _
for the magnetic disk driving apparatus in accordance wi.th the present

i ivention-i

tracki ng ver

One enbodi nenygof a tracking verification apparatus «

ﬁpéeﬁaeéom{:wségfsrﬁaeﬁettetha'skB;aAsriﬂgO%aa&a%& foz-the

cation 1 apparatuis conprises a magnetic disk drivisag

apparatus 10%-ec{fcbifies, 183fidthbil tou,1a4, fgg AoRveaear t1gys 1050 | / O

circuits 106 and 108 and a personal conputer

The personal conputer

107 has a GRIrd®Bt8ntoe &83bpesdah@a perabhadl Tompater Q. a 1AV and a

RAM (not shown).

The apparatus of Fig. 8 operates in the follow ng nmanner.

The al i gnmgpér skl lcbiyub@rt ho7t haskadcarTeles agjdust keiy@podrd Aot h
adj ust signal and . [
tracks i3 lamdlesléo hhe avQPU,i a HOMKkadd a BaMappatatshowiNZ. A contro
signal is supplied to the head carriage drive apparatus or the stepping
not or - of t he magneti cThes&apparatng afpf@igt.ud dp2rates time fhe sholdlowdonput er
107 through the 1/Ocircuit 15 108 by mani pul ati.ng the keyboard 109 so
that the neegmtexr. head is noved to the reference outernost track. Then, the
magnetic head is noved to a predeterm ned track on the alignnent disk 102

havi ng t he

adj ust

fromthat track

10

15

adjust

adjust

i ndex timng 10 adjust signal recorded on predeterm ned

si gFaesatégpmnens @hekednhaviagadhes trsick sfiame ety oduced
signal, azimuth adjust signal and index timing

signal recorded on predetermfnéd tracks is loaded

<

to the magnetic disk driving aﬁparétus 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/0 circuit
108 by manipulating the:keyboard 109 so that the magnetic
head is moved to the reference outermost track. Then,

the magnetic head is moved to a predetermined track on

‘the alignment disk 102 havihg'the adjust signals recorded

' thereon. The adjust signal is reproduéed from that track

20

by the magnetic head and it is converted to a DC voltage"

‘containing a ripple component by the rectifier 103, and

“the high frequency ripple coﬁponéht is eliminated by the

‘filter 104. The output of the filte:’104 is converted

25

to a digital signal by the A/D converter 105, and the
digital data is written into the memory of the personal
computer 107_tﬁrough'the I/0 circuit 106. .Then, the off-
track;*index timing and azimuth etc. are caléulated based

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



20 by the magnetie head and it is converted to a DC voltage containing a
ri ppl e conponent by the rectifier 103, and the high frequency ripple

conponent is eliminated-by the filter _1 _The output of the filter 104 is
converted to a dlglfal S|gnal by the A D converter 105, and the 25 di gi tal

datarl's vyt eted oL, 0o0Rr ynRl. ! BeBgtaanahoAOTRULE 0TI IO, Lhe

/O C|r I'm ng and azi nmu are
cal cul ated bazegl og eldaﬁa 640" gk he TeTRLY QRAL ¢ LAt

- 19 - 1 then aneﬁEF Inner pre ePérm ned trag%ggfﬁahe al i gn-_ ment
di sk 1 and t %réagfsarPQSQSE SmCehb! edndihi nin® rddet edinfl rdlh &laRAUL 11,0 the

remai ni ng predetermned tracks in the sane nner, and the direction of

movement iS chRodesme RAAnhBA| LHE FRENALEcRIBA bF TRMREhSHONd Rhdrywd
track to the outer track, and the same process is repeated. After the data

have been g eago aﬂﬂaereﬁes%&Rgrnéaict heagr edemokeaniciesh tthacinndherpesisonal
conput er displays on the the error or deviation in the radial direction

bet ween 10 t hgo ugher oatdr! execk yagnat kthehease, provessodisngepaateds the
STM hysteresis error due to the direction of rotation of the STM chucking
error and accafiuéat eeedata havéhbebnaresids aindn peystessedr fow peiatpede-o
adj ust and verify the magnetic 15 disk driving apparatus by using the
al i gnment  di skefmisedxpracksd. thdapetspmalobomp&q@aﬂdi$pﬁax&ﬂQmtthﬁgnals
reproduced by scanning the track No. 25 correspondin
CRT the error or deviation in the radia dlrectlon between
10. the upper and lower magnetic heads, positioning error of
the STM, hysteresis error due to the direction of rotation
of the STM, chucking error and accumulated error of the
transmission system.
The operation to adjust and verify'the magnetic
15 disk driving apﬁaratus by using the alignment disk lis
explalned. Waveforms of 1/8 period of adjust signals
reproduced by scanning the track No. 25 corresponding to
-the adjust signal track center T25 by the magnetic head,
.and output waveforms from the filter 104 of Fig. 8 are
\/ 20 shown. in Fig. 9, in which (a) shows a signal reproduced by
the upper head, (b) shows a filter output signal for the
upper'head, (c) shows a signal reproduced by the lower head,
‘and (d) shows a filter output signal for the lower head.

Symbols Tl"TZ' v etc. correspond to output values of

RUA
25 the &/D converter 105 fetched into the computer 107.
(1) . A positioning error between a radial position
on the predetermined track and the lower (or upper) head

is determined in proportion to a ratio VRLA/VRLB (or



the adjust signal track center T25 by the magnetic head, and output

waveforms fromthe filter 104 of Fig. 8 are 20 shown in Frg. 9, in which

(a) shows a signal reproduced by the upper head, (b) shows a filter out put ,
signal for the upper head, (c) shows st gnal reproduced b? t he | ower head,
apd (d) shows a filter output signal for the lower head. Symbols [err], etc.
correspénthgAdUW n &hads 16 25 Tatio O a granieedae 084 gt €08d i nt Gt he
conmput er 107. gl) A positioning error between a radial position on the

pr edet er mi Megga? r 2k thed ¥men Srdck ¢ Qﬁﬁkﬂ?ftﬁkﬁiﬁ%ﬁ%ﬁn APREETI n f
roportion_tq a ratlo er er that is, aratio of a
Ir[:nglr[])i t ude ?/éﬂ : 1(9} a&'??(req ﬁ‘fﬁ-ﬁmﬁ% ‘éugma@’éf Vet t PRCEDBI anet er

adj ust S|gga 10 and a_nma nlt#i [err] (or [err]) of the outer track signal

12. 5 B5PT YFREN $49R3 iatg is verified by detect}ng a time ueed

t t L
"ndex +Pring adRlst arnamasl RiiEhd {3 Se%’%fefm%%y (%é’t%.?ﬁide 'regd:?ﬁd an
250 posi t Fom gebgﬁe%“ge”%ﬁqh%a&(z’%%e o o ot e SOEREoPE S ok

a 10 position o he magnet |ona t he di sk

fromthe fﬁﬁ@f%g@goddaéd'madéﬂ“il gﬁ% ten%#%ﬁ?&L?%ag%ﬁ t¥§rb I ed such

that the tine d erence isS wthin trne (3)

The azi mut I&hén§b€>e*r5 (\s&r ippRE )Pl il M Girddex acifih§ d&Lettish [err]),
that is, a ratio of

time p01nt (IDX) 22. This time difference 1nd1cates a
10 position of the magnetic head in the rotational direction
of the disk ffom 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 Vg ./Varn (OF Vgua/Veun), that is, a ratio of a

magnitude V. . (or Vg.,) of the CW signal 31 of the

6UA
azimuth adjust signal 30 detected by the lower (or upper)

s (°F Vaup

This ratio indicates the 'azimuth angle of the magnetic

head and a magnitude V ) of the CCW signal 32.
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 ddjustment and verification of
Precision in the radial direction of the track, the
25 adjustment and verification in the index timing direction,
and the adjﬁstment and verification in the azimuth
direction are simultaneously carried out. - °

' Fig. 10 shows waveforms of the track diameter



magni tude [err] (or [err]) of the CWsignal 31 of the azinuth adjust signal
30 detected by the 1ower (or upper) head and a nagnitude [err] (or [err])
of the CCWsignal 32. This ratio indicatgg the azinuth angle of the
magneti ¢ 20 head. Whether the azinuth angle of the R*Wgap of the | ower or

upper” WQF'Qdﬁlﬁ@@ s gialiNirRpd ARl deVady) acHA Nt I@thé &a VEsi bhed based
on thisagatio. Thus, the adjustnent and verification of precision in the
radi al directige @fraldke No.aak,(mt.he 2D tindljwid ity a0l #1986 i bheath88ti N the

i ndex timng direction, and the]adjustnent and verification in the azinuth
direction aretgagul,t andoFilltedad ird the . £l thr 1006 efsFiqyegor ngnof the
track dianeter 1 adjust signal reproduced. by the magneti c head 59 on
the track No. Fig(T2p,i Naltheshows @ wawsfdihe megmsdusdd thyckhe angpérl t er ed
by the filter 104 of Fig. 8. In. Fig. 10, (a) shows a waveform reproduced
by the uppér Bealdgadndar(dy)( Ishostsowes waweficafnorrepepiwckd doly byhe hdowexer
head. Sight pairs of track dianeter adjust signal for one circle of track
are shown in Begd.108ight pajinsemf \track Alignetev))adijustcsignatkior
positioning error between a radial position on the prede- 10 term ned track
and the | ower Ongr caggde) ofeiddack s SN I®r rd0where [err] and [err]

or [err] and [err] .are_magnitudes of the inner track signal_ [err or

£

[err] and : (1) A mean value AL (or AU) in each frack of
positioning error between a radial position on the prede-

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

- by -
_1 8% w Yrwyi - Yrm)i
Ab=g -t 7% Vermy:
i=1 ("RLAYL + ('RLB)i
o1 .8 w Yruayy - (Vrumyj
AU——B—'): o i —
j=1 ("RUA)J + ("RUB) j
where (VRLA)i and (VRLB)i (ox ;VRUA)j and (VRUB)J)_are
magnitudes of the inner track signal VRLA (or_VRUA)_and
_/ the outer track signal Vare (or_VRUB) of each of the

15 " eight pairs of the adjust signals, and'w is-theuR/w gap
of the magnetic head 59. Thé error.on. each tragk can be
determined in the same manner, and the off-track error
due to the positioning error of the stepping motor,
the hysteresis error and the accummulated error for the

20 movement from the inner track to the outer track or from
the.outer-track-to the inner,track, and the aésemblya

error of the upper and lower heads of the magnetic head



the outer track signal VRLB (or VRUB ) of each of the 15 eight pairs of
the adjust signals, and Wis the RRWgap of the magnetic, héad 59. The error
on.each track can be determned inT anme manner, and the off-track error
due to the positioning error of the stepping notor, the hysteresis error

and' t hejacgynybavedigiedr ahdr ddimstegovenent fromthe inner track ta the
outer track or fromthe outer track to the inner track, and the assendly.

error of the upper andel asumidaftedlerddter regnaié CLiveedrly dppgeRribe
verified and adjusted. (2) The accunul ated error can be linearly approxi-
mat ed as; mheed] aswhda [7€H‘]A e[ndr_l'{eafr(]Aﬁ]e- 5)t km;&ahz? ignAiboa-he+ocﬁr -),
or a |larger one of [erP] 5 &nd [err] en Terr] an ?err{ are of the
opposi t e "sithes sgowe siignt (pedht He an tek, iax -3, lawgee ¢rerdf |Apd fedp lare
position errors between the radial position on the track and ?he head in

t he trabksang. hngr) ,Alrho.wh@ ((Fapy) arfhNo.amsy (43g)~ 18, WhRER afetbf the
same excitation phase of the STM55. Thus, the accumul ated error can be

di spl ayed SRBOFtEf sdgns dprne e AR e SFRRT S HTkh is the eccentric
conponent error caused when the nmagnetic disk is chucked is represented by
(for the |ower head)V@EE 445 Agherand by e PRFIFIPR €REOFStio of the

el ght pairy Oheen?the AT fditlon dlA e OO £h8CtRehehl?eX:
- in the tracks No. 1 (Ti), No. 25 (Tzs) and No. 37 (T37)
10 which are of the same excitation phase of the STM 55.
Thus,.the accumulated error canlbe displayed and veéifieda' o/ '
(3) The chucking error S which is the eccentric
component error caused when the magnetic disk is chucked

is represented by (for the lower head)

f ’ . .
25 = W ‘(‘Vm’? _ WRLB)%)
2 1 Vera!t * Wres!?/ pax

) ((VRLA)i - (VRLB)i‘>
min

(VRLA)i'+ (VRLB)i

)

15 where (VRLA)i/(VRLB)i br'(VhUA)j/(VRUB

of the eight pairs of track diameter adjust signals on .

}j) is the ratio . U

one circle of track..
- Those errors are displayed on the CRT 108 of
the'pérsonal computer of Fig. 8 as shown in Fig.'}l.:
20 S Diamonds_al to ag reptesent the error between
the radial position on the track and the head, chucking
error and hysteresis error etc. in the tracks:No; 16 (Tls)'

No. lQr(Tlg), No.. 22 (Tzz) and No. 35 (Tzs)._al - 2y



Those errors are displayed on the CRT 108 of the personal computer of Fig.
8 as shown in Fig. 11,, 20 Dianbnds a to a. represent the error
bet ween the radiral position on the tragkf%pq t he head, chucking error and
hysteresis error et¢. in the tracks No. (T16), No. 19 [err], No. 22

00T 200 P, i ond o SR S AR RachEss ich Lhe o
PSS L L e o o 15 YRS aDE s, ey o <1 O
BT Faem 29 Dk PO MG O Nn SRS YEhaBhon ke, £ha, S8R hETS"
0, a0 i € Hlad CREPREPLE 4068818 800000
represent ed by a ngy¥ Fﬂ&qa'ir?ﬁa'?cﬂ %&gééghz% }c:r;]gpfégén{:éérﬂ:gpﬁ%'ﬂ@?ég“%htehe

side [err] and % he si [er error 1sr esen by “one

hal f | ength ofeidit S r ory Sj e1{lor The I agli directi oppe
produced when etlhe u‘;‘}pﬁ‘ﬁaﬁdw ?’h%ﬁ&g 9% E@e%%g??m@t]ﬁrggnet Fg %%gg 59

are assenbl ed diancHd ehy bty sidh f{ or posLeHEhYECBhYCEFEER| pR¥latickanyt hs
of the dianonds [err] and [err] for the sane track (for exanple, track No.

16 (T16)) on tikerd e heaik iandndved rwasdfdeand the gighktlside 2 ,

The variation of the positioning errors for the respective exci t afi on
phases of the réfitecentize tdreasparbr produced when the head is moved:

10 outward. "Accordingly, the hysteresis error iS“represented

o/ .

by a vertical axis length H of a side %. connecting the

3
Side'zl'and the ‘side %,. The chucking error is represented
by one half length of the side %1 or side-zz;'-The radial
direction error7produced when the upper head and the lower

15 - head of the magnetic head 59 are assembled is represented
by a difference between vertical axis lengths of the
diamonds al aﬁd"a5 for the same track (for example, track
No. 16-(T16)) on-the'front.side and the rear side of the
disk 1. - »

The variation of the positioning errors for
‘the respective excitation phases of the STM can be grasped
from the vertical axis positions of the diamonds a; - a,.
A sum-of the accumulated error and ‘the track radial
position ‘error is represented by a rectangle ag,'where

25 26“representsra-maximum track radial position error in

" the four tracks shown on  the right,'andi24 and 25 '
represent the accumulated errors for the outermost '

track Ti,'the track T,. and the innermost track T37)“

25



fromthe vertical axis positions of the dianonds [err] A sumof the

accunul ated error, and the track radial position error is represented by a
rectangl e a9, where 25 [err] represeplgs _a maxi mum track radial position .
error in the four tracks shown on the right, and [err] and [err] represent .

th |_at f k , Ath k ~. and

he [ nndrmigtd ey obs (Lot Faont B8 (B51 L Aoad BB 1 o onbcir
d . ' h k radi

i rection Kaad AR ort i off the TaBct CECaTaR CH FVPRE SRrR s

det er mi ned dph s N EY et fn Spodi £18ASAY ERrbRES oRUEhMEHIRK sLhe

position adjustnent of the head carriage driVve apparatus I's W

al lowabl e ieR0e q¥ivinly iibdia €igd cd st ol ndliepyarheon 1dgnnicht magnet! ¢ disk
driving apparatus is to be verified, the use of [err] and [err] for the

determ 1sat ilan iBased Yori MGHAE afim ] 'wHOth6HPERESPLEELEBA QBKRs tieht Bft he
al l owabl e range. The verification results for the index timng and the

azi nuth andhe madeammmgeativerappapatual iy Wishiayeteaallegabied.
- The tracking nethod of the magnetic disk 15 driving apparatus of the
present i nramgeoror maxmai el détrefmined, tWkenaarhfigh B8nehlitgh carries
the magnetic head 59 is noved by the steppi ng notor 55 through the steel
belt 56. | magnghiq dial drivindicapparatusecis thahgeuwbrifipduhitble use
important to the magnetic disk 20 driving apparatus, the tracking is
requir ed. ofh&4-an 25 for the determination is very 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 graphically
displayed as reguired.
The tracking method of the magnetic disk
15 driving apparatus of the present invention is explained.
In Fig. 4, the carriage 58 which carries the magnetic
‘head 59 is moved by the stepping motor 55 through the .
steel belt.56. 1In order to maintain the data inter-
changeability which is important to the magnetic disk
20 driving apparatus, the tracking is required. The L o’
alignment disk 1 having the track diameter adjust signal
10 recorded on the predetermined track center is loaded
to the 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 -
track radial direction P or Q to position the magnetic

head to maintain the data interchangeability of the

magnetic disk driving-apparatus;



al i gnnment. disk 1 having the track di ameter adjust signal 10 recorded on the
predeterm ned track center is |oaded to the magnetic disk driving apparatus
102, the track dianeter’ adjust signal 1Qg¢s_read by the nagnetic head 25
59, the stepplng motor 55 is finely adjusted to the track radial direction

Por Q. &p05|t|on thegn%ggﬂg ég?“géj%ﬁ?%ﬁg} Al L OEedR) ek bx Fhod for

|nterchang ablllty of t he nagn g appar at us.
dj ust th
bl ai ned w t REAGHErEE S e e d Al iadiind" f B SRAN LTS,
apparatus (Segdpeg ,@ekwégi Rasly 0914 Nen@liq | K KealfiNgoPeL g ! | gNTENL
the trac

di sk 1 having adj ust "si gnal 10 recorded”on the tracks

cor r espondi ng da@ ;ihe a@gazta?édém(s@@%efg ofg ¥ Rgn St PR A8 PBE OLh850 E£=-RRASR

excitation stepping notor in the present enbodinment) [err] and [err]

and the magnepetwardd the WSGrinenkd diiﬁplﬁyhameéhéreﬁgcnf dihfetegpective
tracks on the CRT as shown in Figs. . A maxi mum off-track 110 on one

track producedasueyt tdigrado s:éﬂbmbd ram ﬁm@ traeks t e6gkespohlienguter
track on the front side (side 0) of the disk is represented 15 by *, and a

m ni mum of f - t ek edtidst ilom ghayes use dtivd et é el g adotsr nbsed4+phaskhe
outer track to the inner. track is represented by o. A maxi numoff-track
112a on one t e yartddire extegpdmg o tendin sthevexesentn enbodimentirack to
t he outer track on the rear side (side 1) of
Ti67 Ti9r Toa and Togs and the magnetic head is used to
10 display the off-track of the respective tracks.on the
'~ .CRT as-shown in Figs. 12 - 14.

. A maximum off-track 110 on one track produced
when the head is moved from the inner track to the outer
track on the front side (side 0) of the disk is represented

15. by e, and a minimum off-track on one track.produced when
the head is moved from the outer track .to the inner .
track is represented by o. A maximum off-track l1ll2a on
one track produced when the head is moved from the inner
track to the outer track on the fear'side (side 1) . of

A 20 the disk is represented by o, and a minimum off-track on’
one track produced when the head is moved from the outer
track to. the inner track is represented by e. The
stepping motor is finely adjusted radially of the track
.80 that the maximum off-track 1ll0a or 112a-is within the

25 allowable range 10b (+ 20 um for 96 TPI, and +15 um for
I35 TPI) . | _

- A method for adjusting the off-track by the

tracking method using the four-phase adjust signal is



20 the disk is represented by o, and a mninmumoff-track on one track
produced when the head is noved fromthe outer track to.thé inner track is
represented by [err]. The stepping not,gr is finely adjusted radially of the .
track so that the maxi numoff-track’l “or 112a is within the 25

e Ll b et 2301 bkl e )
of -t hack Fadei 9. i# Hebrasansad o Hhe (U8 ARARRORE AL Tl Fi g 15
P, 13 o FE o B o meRns Vet GF Bhe, SEPREEpeRe TAGHLL ) 1o

t he traCkSF%ég§Flg% gégg serfilh [&LT §g¥%1§;th§h€gﬁ%ghrygépé§ﬁ ck exceeds

20 [err], pi ng - motor 1S fine uSt ed track to

t th ] ! - VI -CAI A -JIN o] ¢ 3 I negs t Kk
Contor Bf CRSarE b A A g oy R B e vt 20

[err]. In gccondange Wi th the present enbodinment, the off-tracks of the
magnetic hed@ for ald3tracks is smaller than 20 [err] and the positioning

preci sion of ‘the magweld ¢HAGdSimiR OFLIerdSk exceeds 20AuRE! he@ for
adjusting the off-track by other tracking nethod is explained with

ref erence seeppdnglfotcr Eisg-fﬂd?el'% hed § isekd draaeh el yadifuthesitgadlks on the
tracks [err] an as well as at |east
to set the mean value 117 to the vicinity of the prede-
10 termined track center of the alignment disk 1 to bring
the maximum off-track within 20 um. In accordance with
“the present embodiment, the off-tracks of the magnetic
head for all tracks is smaller than 20 pm and' the
positioning preéision of the magnetic head is improved.
1s- A method'foriadjuSting the off-track by other’
tracking method is expléined-with reference to Fig. 14.
In Fig. 14, the track diameter adjust signals

‘on the tracks T. . and T.. as well as at least

16* T197 T2 25

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 Ty , Tyqv Tygv Typr Tps and Ty 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 6ff-track within 20 um. In accordance
with the present embodiment, the positidning precision
of the magnetic head for all tracks-including*ﬁhé'iﬁher-

most and outermost tracks is improved and the reliability



one of the innernobst and outernost tracks [err] and [err] 20 are used, and
t he nean value 117 of , the off-tracks for the tracks [err] and T37 is
cal cul ated and di spl ayed. |f the maxi mug-pff-track exceeds 20 [err], the
stepping motor is finely adjusted radially of the track to set the nean

val ue”117, tp tiie Mhsrobdy. of £ h&@SmaﬁiﬁQﬁtsﬂLeegc raﬁgsgﬁ %Tl eof the

alignnmelty disk 1 to bring the maxi numoff-track wt

accordance W tdl IdWapl&seange Thvide fREE, ithesPRaihl9nBaae BbEEhe @&r@&: bze
magnetic head for all tracks including the inner- nost and outernopst tracks

is inproved anthé hetempimpihotyr or-tRé erdori ini gReoMgdembllly, WhekmMaX MUM
of f-track exceeds the allowable range, whether it is mainly due to the

error of the Sietgrminedtlsy chet¢lkingrthe chutkingsaepdbry waakails ddekerdioned
by checking the chucking error, radial direction 5 error between the upper
and | ower HbadsrznmiH@EWeemstEeemppereand tlowpt aieddsnahliehgRterandsso t he
error in the next assenbly can be brought within the all owabl e range. Thus,
t he productl\neqrdn;étgwcﬁmﬁpl¢Y¢danchhetCBT,thndtsackhagenebhodnothehe 10
present enbodinment is explained with reference to Fig. 15.  In a step 200,
the al i gnnent nexk assembhbadean the theowalhevithiinskher alilnyabdgarangs -102.
In a step 202, the head is sought to the track No. 00 [err]. In a step
204, the stexnﬁhﬁfﬁnﬁhﬁ E%PQ%C%%Y1F$ igckmPFevadad 15 inward. .. In a step

206, the carrlage 58 which_carr
A flow chart of the tracklng method of the

10 pPresent embodiment is explained with reference to Fig. 15..
In a step 200, the alignment disk 1 is loaded
to the magnetic disk driving apparatﬁs 102. In a step
202, the head is sought to.the track No. 00_(T0). In a
step 204, the stepping motor 55 is set to seek the head
15 inward. In a step 206, the carriage 58 which carries
the magnetic head 59 is sought to the target track. 1In
.a.steﬁ,zoa, the adjust signal is reproduced by the
magnetic head.
The steps 206 and 208 are sequentially repeated
N2 20 to the tracks.gorresponding to the excitation phases of
. the stepping motor (Tls' Tlg; T22 and TZS in the present
: embodiment) to read the data.. In a step 210, whether
the seekiné-from-the‘oqter track to the inner track and
from the inner track to the outer track has been completed
25 for the_trackszlG, Tlg,_T22_and.T25lor not is checked,
~and if the decision is NO, the process proceeds to.a
step 212 where the head is sought to the-innefmost

traqk,T39.



the magnetic head 59 is sought to the target track. In a step 208, the
adj ust signal is reproduced by the nmagnetic head. The steps 206 and 208 are
sequentially repeated 20 to the tra_c??c_orrespondi ng to the excitation
phases of the stepping notor [err] an err] in the present enbodinent) to

read the data. In a step 210 . whether the seeking fromdhe outer track to
the inn track and ff%n?tﬁég?n%@?'t ?ggksggppﬂ.ggog}ogprt Pt;(;l?'%%efbe'é% or
conpl eted 25 . I CKS,.i ] apd_LeLr r RQt i ckedho and if
t he deci si O%eerl{_% nf%ée&lpé);%%&égéébr'o%rele ss{t%%a]zgftgép% c%r{'seilr}ga%( gg%elasd S
sought to t | Joshet £ e . sl S ep- : & he
st eppi ng m)étﬂ&glrd e{-IES se? %%fégékﬁ?hgkhggé g&tewgra .a J'Isnn %aﬁ'ep %gthl he
carri age 5%&&1&&”%&&58@5*@&“ ptrack andnhe datg-d s tddnipis :
manner, the tracks [err] and [eRP] are’sedfential ¥ 5 sought and the data
are readg WiyHt earieekh@0datat Aeel pagd and outward directions and the
reading of the data for all tracks are conpleted, the off-track on the
target track is displityed thet S8ekRhgl@f tRedinWia®id AHR utwah in Figs.
12 and 13. 10 In a step 218, whether the maxi mum off-track exceeds the
al | owabl e r&éingetionwtand theckeddingdoff the Qatacdor idll txHceks aanssl. | f
the maxi mum of f-track exceeds the all owabl e range (approximately 20 [err]
for the 5-icunplSHeld the gpfifntrdckkdn the pasigetontiragk dsadisglaied t hat
t he

on the CRT 108 in a step 216 as shown in Figs. 12 and 13.

10 In a step 218, whether the maximum off-track exceeds the

allowable range or not is checked, and if it exceeds, it - g
is displayed.’ If the maximum off-track exceeds the
allowable range (approximately +20 um for the 5-inch 96 TPI
'ialignment disk), the positioning.is adjusted so that the
15 off-track is brought within the allowable range.
The predetermined tracks Tl and T37-in the
vicinity of the outermost track and the innermost track
may be sought and the data thereof may be read and dis-
p;ayed as shown in Fig. 14. The hysteresis error
20 positioning error of the STM, radial direction error : v/

betﬁeen'the upper and lower heads, accumulated error and
the chuckiﬁg error may be displayed as shown in Fig. 1l.
In accordance with the present embodiment;
whether the off-track is large due to the positibni‘ng=
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.



15 off-track is brought within the allowable range.' The predeternined
tracks [err] and [err] in the vicinity of the outernost track and the
iannernost track may. be sought and the dapa thereof may be read and dis-
pl ayed as shown in Fig. 14. The hysteresis error 20- positioning error of

the STM radial directi orherf@subet veefetheidBRebnaBE¢ tBCH NMR30%imin
accunmul ated error and the chucking error may be displayed as shown |n€%|g.

11. In accor dan® thdé hazheuth esedle eibpdalBat beWagkpeayele of f-track is
| arge due to the positioning 25 error of the stepping notor and the

hysteresis error, or it Is aceortdanbe whthkthg presend, iatewtiloai,ed error
or radi al direction error between the upper -and | ower heads can be

det erm ned; and thel)roderecisigniefi ppsbtidning The result of verification
of the index timng and the azinuth angle nmay al so be displayed. In
accordanceSwith th&)premﬁltmmgoﬁxr(m)of phecsseppinfy mosiori,oni ng 5

(2) positioning error of ‘the stepping notor, hysteresis error and

accunul at ed ehtfiteyiesin exxer nﬁ%@u@ﬂcwglemdam:rm) of thecltirag sovised cof

t he magnetic di sk and radial deviation between the | ower head and the upper
head can 10 b&S¥HtectdWely di splayed on the CRT. Accordingly, by verifying

a product, part by,part, .,such as a magnetic, di sk driving, apparatus |n whi ch
t he precision of t (xnﬁﬂﬁﬁﬁ&%gh%gr? aEﬁeHh?hEagPﬁFﬁca%&s%h Fé i gned

taking the deviation between the lower head and the upper head can
10 be collectlvely dlsplayed on the CRT. Accordlngly, by
~ verifying a product, part by part, such as;a ﬁagnetic disk
driying_appa;atus in which the precision of the components
has reachéd the limit and which is designed taking the
- required precision of each component into écgbﬁnﬁfin a
15 probability dist:ibution'manner, the allowable range or
required precision of the positioning eiror of the head
carriage drive unit is determined for each magnetic disk
drive apparatus. By adjusting the drive with necessary
and sufficient precision, unnecessary and wasteful
U 20 adjusting time is saved and thé productivity, reliability
and stability are improved. If the maximum off-track
~ exceed. the allowable‘range, the chucking error and the
hysteresis error, positioning error of the stepping motor,
radial direction error between the upper and lower heads
25 and accumulated error etc._are.checked_based on the
display on the CRT so that the component in troublé or
the assembly process in trouble is determined; By

adjusting the component in trouble in the next assembly,



required precision of each conponent into account in a 15 probability

di stribution manner, the allowable range or required precision of the
positioning error of the head carriage drive unit is deternined for each
magnetic disk drive apparatus. By adjusgqd ng the drive with necessary and
sufficient precision,.unnecessary and wasteful 20 adjusting tine is gaved
and the productiVi jabid i : id e jd@proved. If the

maxi num ott?gt &%lc dt}e‘%(‘%ie‘;ei?# ﬁéeﬂéalﬁ[%lm ' els-%i;éai;n)gae%-é- t%“g‘;c ‘ﬁécaﬁ ng error and the
hysteresis error, pogi tdqyi+¥bE ¢t dduStnRitid EhdBieX i ficdk 8dn disi ection
error between the upper and | ower heads 25 and.accumul ated error etc. are

checked baned raafdle dlirsgdeiororos Nend FRiraxek ! hetie tadj wotmeemendnd n t roubl e or
the assenbly process in trouble i.s determ ned. By adjusting.the conponent

in troubl eerifieaticon iassehbldirectiIth tdfe jndekictimdng, arhbt el$abthety are
i mproved. In addition to the adjustnent and-verification in the radial

di r ects on difredteian auk rotatiog of Mdwe maghetid fdisk, dv i the eseliefcti on of
index timng, that is, the 5 -direction of rotation of the magnetic di sk,
by the us&h& index kiming Adipstjsignal grand e adiuskPeRt P8 and

oo e S0 Ll BB Bl T B et

b e e e o | R SR Spof Al A BOSuRLEABM iy for the
done, and high'precision adjustmenf ahd verification are
10 attained, and the reliability for the "high déhsity disk
drive apparafus”is iﬁpfbﬁed; | o
Attention is drawn to our Patent Application No.
8703534 (Serial No. 2,187,878) from which this Application
has been dividéd.éﬁd'also our Patent Application No.
15 8926033 (Serial No. 2,225,150) which is also a divisional

application of parent application 8703534.

L
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Attention is drawn to our Patent Application No. 8703534 (Seri al

No.
2,187,878) from which, this Application has been diviaﬂ“ - at ent
Application No. "'15. 8926033 (Serial No. 2,225, 150) lln'm‘.ulnﬂﬁmm“r
di vi si onal application of parent applicat@n 8703534. * C°CLAIMS: - 1."
Apparatus. for tracking error verification for a magnetic disk drive

appar at &8 i natLRIMS): fagnetic head means for recordi ng and reproduci ng data
on and froma nagnetic 5 recording disk, a head carriage for carrying said
magneti c head neans, and drive neans having a stepping notor for noving the
head carriage relative to the magnetic recording disk so as to radially
cross a pluratity of tripRaratus HEormtFreking ceBwel el Elcation feydetic

di sk drive 10 apparat us, positioni ng said nmagnetic head neans radiallg;(ﬁ

a pr ege;er i rf%g’lfﬁ‘ Pisk AT VR RIS ] ding magneic dead Jreg
' di sk id ali di sk bei | oadab]l . and
%—ﬁfgradibl o f r ST TR 70 Rt oo ava 2R 4 raf ' e B
. 5 , ¢ , , . ot q
navi 19 @ 45 xBRELALYaphic! T 8kged VUL o Sl et pind ' odid Shadddels o0
diameter ad Yalod! flahs PS PERE Uil ACThE o IoCfbitig Mt edd I
Tty o cks being eq

st
tracks, the plura Irst tra . é? to or larger in number
than the 20 peWiRe tRé REAECSafFidde FEEPPIVE €Ot Bie AdgNEtid réshedingel y
correspond to at |east the phases of said stepping notor, the set of track
di aneter adj usiskigBaas to radially cross a plurality of tracks of the

_ magnetic recording-disk,_said_maghetic disk drive
~ 10 apparatus positioning saidlmagnetic head means radially of
a predetermined track by reading with said head means an
‘adjust signal recorded on an alignment disk, said align@ent
disk'being loadable to and unloadable from said magnetic
.disk drive apparatus, said alignment disk having a
15 plurality of tracks including a plurality of_fi:st tracks
and at least one second track, thg adjust signal including
a set of track diameter adjust signal pairs recorded on
9ach of the plurality of first tracks, the plurality of
o/ first tracks being equal to or larger in number than the
20 number of phases of the.stepping motor and which
respectively correspond to at least the phases of said
- stepping motor, the set of track diameter adjust signal
pairs also being recorded on the at least pne second
tracks, the at least one second track being located in the
25. vicinity of at least one of an innermost track and an

outermost track, said set of track diameter adjust signal

pairs each having an inner track signal and an outer track



pai r ' orded on the at |east one second tracks, the at | east
pne, ﬂ 4L Emng | ocated in the 25 vicinity of at [ east one of an
i nnernost” an outernost track, said set of track diareter adjust
signal pairs each having an inner tracyasignal and an outer track si gnal
eﬁtendlng |ngard and outward froma centre of a track such that w dths of
the I nner _an uter track siagnalss o] p ndi diheegt i ons o t he
track areS gﬁggaﬁf%ﬁpp§ngqaggagﬁda?heggﬁhggdt?ggﬁ gi%ﬁgﬁggngkt%e 5 outer
track si 0pghoRl sGAGNcAb! HEakh@CheliABPRheRdbHa! obicdRakrBRk S1gha18paced
apart mnt a di stance along the track therebetween; said apparatus

i ncl udi nggq 68y ¢AB! perpBRAdeuiar @arbeeibhagteaithedtiraekmages so as to nove
said head carriage relative to said 10 alignnment disk so that said head
neans trag@pstlAtIal19f equiagk addakhiec infdrutirackgsdgnpdi andr &her ded on at

| east the-_p!urallty of first tracks and at |east one second.track-; and

(b) csl cubateentreeks signalalbfuleachngfatthee &zacks diapesear adjusd ected from
a plurality of positional errors in accordance with a set of track diameter
adj ust s:c gmﬁhapapa?mead'ebysmd RPagtrwith andistrepee eerendhe ror as an
out put of the verification apparatus, said calcyl ation nmeans includin

nmeans f or txackuthereheiwesn:o sgid; apperajus, néiﬁaﬁﬂi‘signal val ues °

respectively read by the head neans by tracing.inner. and { r._track
signal's of said set (&) Fpﬁfodi'm%&ﬁ FEPEC &n%ﬁgagor%tgggeby sai d head
nmeans to

means so as to move said head”cérfiagé-relative'tolsaid
10 alignment disk so that said head means traces the set of .\)
track diameter adjust signal pairs recorded on at least the -
pluralify of first tracks and at least one Second'trackf
and |
(b) calculation means for calculating at least
15 one error selected from a plurality of positional errors in
aCcordance with a set of track diameter adjust signal pairs
 £ead by said head-means énd outputting the error as an
output of'the'verification apparatus; said calculation-
means including means for calculéting a ratio of a pair of
20 6ut§ﬁ£'signal values respectively read by the head means by </
tracing inner and outer track signals of said set of track
diameter adjust signal pairs read by said head means to
théfeby obtain an amount and direction of displacement of
the head means from the track, and means for calculating in
25 addition an accumulated error (as hereinbefore defined) of
said drive means of the stepping motor from a difference of-
" ‘ratios of pairs of output signal values of sets of track

' diameter adjust signals obtained by tracing the sets of



t hereby obtain an anount and direction of displacene : ans
fromthe track, and nmeans for calculating in 25 adxﬂllm"umnlummat ed.
error (as hereinbefore defined) of said drive neans of* t he 5t ebpishg *not or
froma difference of ratios of pairs of aBt®ut signal values of sets of
track di,ameter adjust signals obtained by tracing the sets of 33 track
di anet eggy'ad] wrtack @iamgtdir adjest dddgnal tpad e wegordedobonf ithet tracks and
at | east one second track. 2. Apparatus for tracking error

veri ficati on plexaldityy dfo filrstmtirackse @aid) adaileéasdiniong second itreiclides 5
means for controlling said drive neans such that .said head neans traces the
set of track dianeter adjust signal pairs of each of the at |east one
second track and one of the first tracks, the second track and the one
first track &rrespondiARPATAIS HAF Jiracking @fFan §hiitd ' and 10

wh ' id I ti i,ncl yd - | qul_at i f h

of the secon®GGaRATNFR HEHh Y MeReift B3 Sometsd VIRAE dratiess o
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val ues. 3.. . pparatus for tracking error verification according to
claim1l, wherdgs neach Gb£fHd WUt MRt idid Wstsorte aitadipland e |df Rghesai d
drive neans in a nmanner that 20 said head carriage is noved fromthe
outer track tfirddte tracks, the second track and the one first track

corresponding to a same phase of the stepping motor, and

—

10 wherein said calculation means includes means for
.calculating for each of the second track and the one first
track an average value of ratios of pairs of output signals
of the set of track diameter adjust signal pairs recorded
.respectively thereon and means for calculating the

15 accumulated error (as hereinbefore defined) in accordance
with the average values.

- 3. . Apparatus for tracking error verification
\_/ . according to claim 1, wherein said cqntrol means includes

means for controlling said drive means in a manner that

'20 said head carriage is moved from the outer track to the
inner track.and from. the inner track to the outer track so
as to enable said head means to at least trace the set of
track diametef adjust signal pairs of each of the plurality
of first tracks, and wherein said calculation means also

25 includes means £orucalcﬁlating_£or each pf_the'first

tracks an average value of ratios of pairs of output



[ omthe inner track to the outer track so as to enable
sBiﬁlIlu nm ““ at least trace the set of track diametef adjust signal
c s0

p L eac «the plurality, of first tracks, and wherein said
cal cul ati on nmeans al so 25 i ncl udesngaps for calculating for each of the
first tracks an average value of ratios of pairs of output 34 sigpal s of

the set cgi# 6’faﬁ'?é%eé%#%ré&?'@%g@%ﬁaa&fkgsrﬁaé'f&né’i paipyt signal

bei ng obtarhe y tracing the set o me adjust signal pairs of

each of thee fpd s léACkStp@dsIGREE HOingbKth théed by CradEngeens S

positioning error and a hysteresis error depending on the direction of
drive of sat bfakracigedismetesr dafast \eignahepaies age eathiest ¥he
Apparatus for tracking error verification according to claim1, wherein
sai d contfixdstrecracksc| anidsnddns fenncalculabing od|dniveanelnisi ve nmeans in
a manner that said head carriage is noved at least either fromthe outer
tracks t o positioring rexronrand om hyisterests (epeer (deperding cpnt thek so as
to enabl e_said head neans to at |east trace the set of track diameter

adj ust si¢iEgchien oHfdelyp af said eaETHRGR o nt§cePrdance withktheand
wherein said calculftion,neans al so includes neans for calculating for each
of the fiFERTIIU VR YFSaverage val ue of ratios of pairs of output signals
of the set of track dianeter adjust- signals pairs, the pairs of output

si gnal s bei ng obtai ned 20 by tracing the set of track dianeter adjust

signal pajrs of Apparatus for tracking error verification
according to claim 1, wherein said control means includes
10 means for controlling said drive means in a manner that -
'said head carriage is moved at least either from the outer
track to the inner track or from the inner track to-the
outer track so as to enable said head means to at least
trace the set of track diameter adjust signal pairs of -each
15 of the plurality of first tracks, and wherein said _
calculation means also includes means for calculating fo:x
each of the first tracks an average value of ratios-of.
paifs of output signals of the set of track diameter adjust
‘'signals pairs, the pairs of output signals being obtained W/
20 by tracing the set of track diameter adjust signal pairs of
each of the first tracks, and means for calculating a -
‘drive means positioning error in accordance with the

average values.

5. ' Apparatus for tracking error verification
25 accordin§ to claim 1, wherein said control means includes

' means for controlling said drive means such that said head



each of the first tracks, and neans for cal cul ati ngmml”"'"

positioning error in accordance with the average va mﬁ""ﬁﬁ‘ﬁ
Apparatus for tracking efror verification 25 according tlo M aiSm %,
wherein said control means includes neansédor controlling said drive neans
such that said head carriage is noved Tromthe outer track to the inner

track angd fromiigqbnogr mbag ekomt PReOMLEEt £26KK S0  Bhet PnRERPLBasRI d
head nmeans to rac% e set of track dianeter adjust signal pairs of each

of at |east gne Qi'ohhet@' YhAakkt ¥raékSto thesbutenckpaérdsbhasatol ensblene
second track for each novenment of said carriage fromthe outer track to the
i nner track safdf headtheahsneo tracé thet setoofetrachkcdiametiemhadguatsaid
cal cul ati on neans includes neans for calculating for each novenent of said
head carri agsignain p@irst bé eachrofratkleasthenenaér theapkuzadityonft he
inner track to the outer track an average value of ratios of pairs of
out put sbgnafirst trmackst apd Fh&cﬂtdlaﬁﬁteﬂnadﬁﬁgﬁnélEﬁakaﬁsteéﬁhalned by
tracing the set of track-di ameter adjust signal pairs of each é %
one of the pmavemeny of said FPF§#aQPa§E§ma BetﬂBtﬁf Frack tRethec ﬂBeFrack
and neans for calcul atin ition,a hys |s e rar nding on the
direction of tgpFcapH §§gﬂ EQFr Hﬁﬁrlﬁrﬁﬁ% % ﬁrtﬁﬁaggergﬁ val ues.
6. rat o] [ a rding to claim
Qﬁarsgﬁtggﬁdng§%§b?§gﬁgé he¥hk Rh fhhgg ﬁ €62

1, wherein s _ udes neans or con |ng said drive"
means such tRpgh 53aiiR§2%or each movement of said head carriage from

. 10 the outer track to the inner track and from the inner track

~ to the outer track an average value of ratios of pairs of
-output-signals.of-the set of track diameter adjust signal
pairs obtained by tracing the set of track diameter .adjust
signal pairs of each of at least one of the plurality of

15 - first tracks and the at least one second track and means
for calculating in additicn a hysteresis error depending on -

the direction of drive of said carriage in accordance with

the average values.

N 6. . . - _ Apparatus for tracking error verification.

20 - according to claim 1, wherein said control means includes
means for controlling said'drive-means such that said head
means traces the set of_track,diaméter-adjust signal pairs
of at least one of the plurality of first tracks and the at
least one second.track,,and wherein said calculation means

25 includes means for calculating in addition an eccentricity
error .of the alignment disk in accordance with~:atiosq

obtained by tracing the set of track diameter adjust signal



“l\“t set of track diameter adjust signal pairs of at |east one
“mlﬂmt“m“u“ of first tracks and the at |east' ome second track, and
einn %ai 8 cal cul ati on neans 25 i ncl udes means for ‘calculating in

addition an eccentricity error of thg alignnent disk in accordance with

rati os. obtained by tracing the set Of track dianeter adjust signal_..

pairs of _the at lgast;one_of the plLu i 2 B LISkt | ' gast one

second ??éfﬁ.g% %Se at eaﬁtpﬁ? tﬁg'?gé %¥3§é*%§§e§Fo%§%§?i??gg %ongﬂ )
accor di gia! 0+ A0¥a8RCORE LOEoRACEREERY Clalms 1 L0 6, - 5 wherein said
al i gnnment-di sk turther has an-index timng adjust signal for detecting a
position of said magnetic head neans in the direction of disk rotation and
an azimuth adjust signal for detecting an inclination of-a read/ wite gap
of the gmgnetic hgpgavasias Eegocdadkdngabrropsiepni€ichtiOn the plurality
of first tracks the at |east one second track, and wherein said control
means i actufi@ingetosahgr onénvfokthengreaédidgi edatmand soch,t hat--sai d head
nmeans traces the index timng adjust signal and the-azinuth adjust signal,
andSwhewbeneini daddl sliignnéntndisk furthedoshas anpdndexf gdmingcul ati ng and
outputting an inclination of said magnetic head nmeans and a-position of
sai d negddust mignedefns desackipgr 8r pAELtEOR| PfoRalA- MAENALAGCt i on of di sk

031 it B PoERELAREHE PR-hEECEA A Soihtzh SR BRI
aqj us ar=-= aor a S. . error
¥ej”mLie‘f§‘ 4 00,2803E25 13368k dbRTnb0aR B Endt 1 bASoR GO EUBYuE BT 1 1O

gap of the magnetic head means recorded on at least oné of

10 the plurality of first tracks the at least one second -

track, and wherein said control means includes means for
controlling said drive means such that said head means
traces the index timing adjust signal énd the -azimuth -
adjust signal, and whierein said calculation means includes
15 means for calculating and outputting am inclination of:séid'

magnetic head means and a position of said magnetic head
means from a reference position in -the direction of disk
rotation in accordahce-with the index timing adjust signal

and the azimuth adjust signal read by said head means. \,Jt

20 8. - ° A tracking error verification apparatus according
to any one of the preceding claims 1 to 7, wherein the -
number of the set of track diameter adjust signal pairs -
recorded on each of the plurality of first tracks ‘and the
- at least one second track is in a range of 4 to 96, said
25 set of track diameter adjust signal pairs betng arranged

symmetriCally"around"a'rotatiOnfaxis of said disk. = < —



nunber of the set of track diameter adjust signal pairs each of
the plurality of first.tracks and the at |east one seco @ Bﬁnﬁ l,!"ﬂ!l
r-ange of 4 to 96, said 25 set of track diameter adjust i ng
arranged symretrically around a rotation-g®is of said disk.

Apparatus for tracking error verification for a magnetic disk dr|V|ng

appar at &s i ncludi ng nagnetic. head neans for recording and reproduci ng data
on and froma magnetic recording mediuma head carriage for carrying 5 said

magneti c head neans, anghpiraths RS thadkithg? eYrdRPvesiFlicarilod f5rViang the
head carriage relative to the magnetic recording nediumso as to radially

cross a plur alagnetdic diakk drdfvinke app@reitus ifeduding WMadneticsdleddmmgnetic
di sk drive apparatus positioning said nagnetic head nmeans 10 radially of .

a predet er m meansr for recordding) and reprioducdag datas onn and] Fxomsiagnal
recorded on an alignnent disk, said alignment disk being | oadable to and
unl oadabl e f megnetii¢ mepeandingdimedimn ve hegda cared ageaiforaiciagmydmg di sk
having a plurality of tracks and having as the adjust signal a set 15 of
tfack di anet Epifdpeanedighhe %me?%caf@e@raweaﬂ%#ﬁaﬁegoﬁ ftepping

Elurallty ofﬁ%&a&kg,a{sgd&%ﬁﬁ&?% {Igter &q@%t Si naegalrs ach
aving an in r d
out vvﬁrd frolm %51%5? e of %g)k uqzla &Js at\ﬁhg’t fst ':?h ry%kr t§n fout erago
track signals ec e are
SUbStant'all*f@@*ﬁ-&?“bﬁ?%kdﬂg%ﬂdﬂyabdfa%ﬂﬁ medium, said magnetic disk

; . drive apparatus positioning said magnetic head means
~ 10 radially of a predetermined track by reading with said head.
means an adjust signal recorded.on an alignment disk,. said
alignment disk being loadable to ard unloadable from said
magnetic disk drive apparatus, said alignment disk having a
plurality of tracks and having as the adjust signal a set
15 of track diameter adjust signal pairs recorded on at least
one of the plurality of tracks, said set of track diameter
. adjust signal pairs each having -an inner track signal and
an outer track signal extending inward and outward from a
TFVJ centre of a track such that widths of the inner and outer
20 track signals along the perpendiculaf directions to the
track are substantially equal and that the inner track
signal and the_odter track signal of each of the track
diameter adjust signal pairs are spaced aparf with a
.distance along the track therebetween; said apparatus .
25 including: |

- (a) control means for controlling said drive

means so as to move said head carriage relative to said



signal an t track signal of each of the track di aneter adjust

sign !ll m E‘@Ds‘ﬂmed apart with a distance along the. track therebetween;
sai d «I ncluding: (a) control neans for controlling said drive
means so as to nove said head carri ag; | ati ve to said al i gnnment di sk

said control neans controlling said drfVe neans such that said head peans
traces the_set of .track di ameter adjust sianal | S sL.ec t he 3t

| east one aﬂ't"&@ﬂ‘?“&n(ﬁ? ’ sald con%xj(a'g.) mc?%ln%u gpﬁ: %Jr? 1%5%5%;1%"6%{1 ¢l at | ng at
| east one_errar ). e f | L Lt . 40 : |

accor dancg'e\ﬁ“%h st%%(l!a\ s%’t%q:ofsratq'r@aae%gﬁg@ngtntg\r{ tgfao%%ts égegnat %ilr (r%'rsl%rdggtd by said

head rreanaigng&ggtal ; (s S1lihall PR @S rdkoideRl ord ftHe @ty Aldddte dredn

apparatus, sal l'at 1 on 10 means i ncluding nmeans for calculating a
ratio of aragi; @ngout put signal values respectively read by the head neans
by tracing the set of track diameter adjust signal pairs recorded on the at
| east sone track to (i <alouliatiion meansl foraim lduladtingn adf leiasgt acenent
of the head neans from15 the track, and nmeans for calculating in
addi ti on @mecermon isElected drof a ipdutiagid tivh ofc eesddrienadi Ernans da of
pairs of output signal values obtained by tracing the set of track dianeter
adj ust si gegondance withdhe sedpaf dradk ddemeter agjust sign@lypt hod of
tracking error verification for a . nmagnetic disk driyve aratus inc [
nagnetig padFsread by said head-meé%s and outputting‘%ﬂé-error:as uding
" an output of the verification apparatus, said calculation
10 means including means for calculating a ratio of-a pair of \_)
output signal values respectively read by the head means by'
tracing the set of track diameter adjust signal pairs'
recorded on the at least one track to thereby obtain an.
" amount ahd direction ofjdisplacement of the head means from
15 the track, and means for calculating in addition an
'ec¢entricity error of the disk in accordance with ratios of
pairs of output signal values obtained by tracing the set
of track diameter adjust signal pairs on the at least one

track.

20 10. . A method of tracking error verification for a
magnetic disk drive apparatus including magnetic head means
for rebbtding and reproducing data on and from a magnetic
recording disk, é head carriage for carrying said magnetic
head means, and drive means having a stepping motor for

25 moving the head carriage relative to the magnetic recording
disk so as to radially cross a plurality of t:écks of the

magnetic recording disk, said magnetic disk drive apparatus



for recording and reproducing data on and froma nma ”m" ' I sk, a
head carriage for carrying said nmagneti c head neans, meﬁHMMhavi ng
a stepping notor for 25° noving the head carriage relative te ghetic
recording disk so as to radially cross;aiﬁﬁurality of tracks of the
magneti ¢ recordi ng di sk, said magnetic di sk drive apparatus 39

positi ogkng Pasdt 8g sajdamaghgtdcr herdl mpaps Hagiadd¥ePfi fled track by
reading with said head neans an adj ust skgnal recorgeg oa an_al i gnnent

di sk, sai d aPrgeptermdned fTesl P¥aZesldndovith §aidahss _em‘PFBﬁl.g&i.d

magnetic 5 ISk drive apparatus,. said alignnent di.sk, having a,plurality
of tracks i n@Od¥skysis r%FFPf%EP Py ep Phgg?@egﬁddiﬁkreﬁgfgoﬁéEQEESH%
track, the adj,ust,.si.anal. i i e f ' agi l.gha
pairs recordggsihhgﬁ &Pa?%EH%I%%A%P?yLS thégﬁétgggﬁg%ggﬁeﬂgpéégﬁFty of
10 firgt t ' Ol ls@r ' t slhRegnunber of
phases o? thgigﬁzg%?hggﬁﬁﬁ%?%gkg’WEF%% 9328?@?P§2P§§§o§?g§§§n3 to at | east
the phases 0f193ad i%heRH HGa@RisOincikAiNR! a0blukrath t¢l afeiFerstditeatksi gnal
pairs al so being recorded on the at |east one second track, 15 t he at

| east one seepidd alty A¢asiciong Iseedindd track!)e theC adijugtobighalledantladdngf an
I nnernost track and an outernost track, said set of track dianeter "adj ust
si gnal pairsaeast lfvitmpckn diamertenr ady usityisdignadd pad rsurecordedk o8 gna
-extending inward and outward froma centre of a track in a 20 manner

that wi dt hs emchhef e pdwraddtar ofr £iirssi Fxacks, the plurality of

10 first tracks being equal to or larger in number than the

~ number of phases of the stepping_motor_and which
respectively correspond to at least the phases of‘saidn
. stepping motor, the set of t:ack_d;ameter"adjgst\g;gna}
pairs alsq being recorded on the at least one secondltrack,
15 the at least one second track being iocated‘in the_vicinity
of 'at least one of an innermost track and an_oute:mpst_
track, said set of track diameter adjust signal pairs each
having an inner track signal and an outer track signalz
" extending inward and outward from a centre of a traék in a
\_ 20 manner that widths of the inner and outer track signals
along the perpendicular directions to the track are
substantially equal and ﬁhe inner“trgck signal and the
outer track signal Qf each of the track diameter adjust
signal pairs are spaced apart with é ¢istance alopg_the
25 track therebetween;_said-method;including the steps of;
(a)_contrélling.said drive means so as to move
said h@ad_qarriage re;at;ve.po_sa;d alignment disk_so.that

.said head means traces the set of track diameter_gdjust



|ﬂlcular directions to the track are substantially equal and
9 k““ I‘ﬂﬂmﬂ ignal and the outer track signal -of each of the track

er ad) ist*signal pairs are spaced apart with a di stance ‘al ong the 25 .
track therebetween; said nmethod includigg the steps of: (a) controlling
said drive nmeans so as to nove said head carriage relative to said .=
al i gnnent gdigkasophiips pebdrdeadonrassibaseeshéhplaeal otyt oackidsaneter
adj ust signal pairs recorded on at least the plurality of first tracks
and at | eagta6Re &Ad08Y leask; onadsébpndatratktiagdand outputting a
positional error in accordance with the set of track diameter adjust signal
5 pairs traced by sébd tehduketihsg eaddOUEPUUténgng ragitiopalt eRZOst ep
including a step of calculating a ratio of a pair of output signal values
respecti veln acadrfgncaewhthdtheamsthoft kuerkgdianerennadjustr signak

signals of said set of track dianeter adjust signal i rs recorded on the
10 pl 8r al PR¥TEf traced PYaEﬁ%daﬁﬁa?h@eaPskeﬁé?doﬁélggiﬁﬁangréeﬂ to thereby

Crack, andoUeEPESInS EEPB.tRPLHILP BUCEPoR: aﬁaissﬂﬁﬁiﬁﬁea"%?fﬁ%P pie
her el nbef ogepgdel! g dbu%{ou%t dibygal %iﬁey@aggagé 9p15Y2LEH 8 thg ! epping

mot or 15 ?n

cco ance oS Of pairs t signa
obtai ned bieLhdfhblfs! By tEhe1f &hﬁ Qha”sﬁ%éraékaék §hgﬁahspakr§a&acorded
on the plurality o t tracks an | east one second track. 11.

met hod of ééeC5fnﬂrs&koaiaﬁét&rcaaaaatagsghdmngairs recorded on the
10 plurality of first tracks énd'the'at least one second track
to thereby obtain an amount and direction of displacement
of the head means from the track, and a sfep7of-calculating
in addition an accumulated error (as hereinbefore defined)
of a drive force tfansmiséion system ‘of the stepping motor
15 in accordance ﬁith ratios of pairs of output signal values
obtained by tracing the sets of track diameter adjust -
signal pairs recorded on the plurality of first tracks and

at least one second track.

11. " A method of tracking error verification according . _/
20 to claim 10, wherein said controlling step includes a: step
of'confroiling said drive means such that said head ‘means
traces the set of track diameter adjuSt-signal pairs of
each of.the at least one second track and one of the first
tfaéksf the at least one second track and the one first
25 track respectively corresponding to a same phase of the
'stepping motor, and said calculating and cutpﬁtting step

including a step of calculating for each of the at least



ontr o1 L1 g sard orive. means suon {hat o d ﬁﬁaa”ﬁLEﬁﬁllllﬁﬂllEﬂlWﬂllLlLllllof
t.r ack di anmeter adjust sirgnal pairs of each of the at |d&asf ohe %ecdond track

and one of the first tracks, the at | east qne second track and the one
first 25 track respectively correspondina'to a sanme phase of the stepping

motor, @ad Sabftl CAEEGHAL tPECRNENQUERN bhEUs 5160 fﬁ&éHdAQQaaefaﬁe Phlue
~calculating for each of the at | east one second track and the one first

track an averggeraeiog 6f patresodfontpiit SigRalPubfste8asatodbft BLasrt oOf
track dianeter adjust signal pairs recorded respéctively thereon and a step

of cal cul ati ngiametarcadjhatedignabr pdissbrechreded nbespeetiieélyectiheraeon
accordance with the average val ues. 12. A nmet hod of tracking error
verificatjon asdoadshgpt of ccaleulatingetbenacaumutabedoerray basp incl udes
a step of controlling said drive means in a manner that said head 10
carriage ¥s nbeEeinbefioracdefined) rhukaceordancanéith bR AVBTREBM t he
inner track to the outer track so as to enable said head nmeans to at | east
trace the setV@tU®Pack di aneter adjust signal pairs of each of the-
plurality of -first tracks, and said calculating and outputting step 15

i ncludes a step of calculating for each of the first tracks an average

Lo e, oL o 92,01 PoL 1R ek SRRk Apchetle, S6LELLitCK Upsiibshy
the set of trgskcaen®igl @Hbr8inSs818! cBAtES19ing2step 1h8tudes a step
. - of controlling said drive means in a manner that said head
~ 10 'carriage is moved from the outer frack to the inner track
and from the inner track.to the outer track so as to
enable said head means to. at least trace the set of track
diameter adjust signal pairs of each of the plurality of
- . first tracks, and said calculating and 6utputting step
15 includes a step of calculating for each of the first
tracks an average value of ratios of pairs of output
signals of the set of track diameter adjust signal pairs,
the pairs of output signals being obtained by tracing the
— " . set of track diameter adjust signal pairs of each of the
20 first tracks, and a step of calculating in addition a drive
means positioning error and a hysteresis error depending on

the direction of drive of said carriage in accordance with

the avérage values.

- 13. . .A method of tracking error verification according
25 to claim 10, wherein said controlling step includes a step

of .controlling said drive means such that said head



or and:'a-hysteresis error depending on:-the direction of

Hlijuli"!ﬂﬂ'lmgmks and a step of calculating in addition a drive neans
* M

net hod of

t hat said
the i nner

of each of t

sat

scarriage in accordance, with the average val ues.” 13.

A

tracking error verification %gﬁprding 25 to claim 10, wherein
said controlling step - includes a step of controlling said driveneans..such

5l age °FS | 46%Fed Sy Moy S8t IR ELALPTLAL | B5ked "Erlk o 12F

k to

track so as to enabl e*said

head Wean%ﬁéﬁeﬁ%?éfaﬁaéﬁ 358 tHe ShePlciid@ekedi BRBIGGLEF] ¥BhcR 883hspai rs

urality 5 of first tracks, and said cal culating and

out put t i NCeStbbIE| sEEE Redd GReshs CEb Calt aléagt f Brac@cthef sébeofirst tracks

an aver age ‘val ue of

rati os of pairs of output signals of the set of track

di anet er athacit dignetepaadpust heigaal spafirsudPpueéachgofl! théephgrabityned by
tracing the set of track 10 di anmeter adjust signal pairs of each of the
first Sracké, firsit atsacks pfand| saldt catculatingtand cutpybting aten neans

di stance error and a drive neans positioning error

i n accordance with the

aver age valngludes a step of eahowlating ofQT ek of thei fiesti BFe@kSor di ng

15 to claim 10, wherein said confrolling step includes a, ste

control | i IRP SVeFePe e Rf STRHLPR P B Rl QUERPTFi ignd

t he outer

f
gsgﬂged from

Lrack so A9 rehot ccesth dhabehen 8 et i d ek PELES o Ehp Br L AF 8K o

adj ust 20
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diameter adjust signal pairs of each of the first tracks,
and a step of calculating in addition a magnetic head:mean§

distance error and a drive means positioning error in -

~accordance with the average values. -

15

20

25

14. " A method of tracking error verification according
to tlaim 10, wherein said cohtrolling step inc1udes~a-step
of cOntrollipg~said'dfive means such that said head -
carriage is moved from the outer track to the inner track
and from the inner track to the outer track so as to enable
said head means to trace the set of track diameter adjust
signal pairs of each of at least one of-the-plufality of
-firStitracks and the at least one second track for each
movement of said carriage from the outer track to the inner
track and from the inner track to the outer track, and said
calculatin§ and outéutting étep includes a step of
calculating for each movement of said head carriage from
the Outéf.track to the inner track and from thé inner track

to the outer track an ‘average value of ratios of pairs of

\‘}

4
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first tracks and the at | east one second track for eaéﬁfEBVEﬁgﬁf—BE sai d
carriage fromthe outer track to the inner track and fFH“unﬂ““ ﬁ ,B“Hck
t.0o the outer track, and-said cal cul ati ng and outputtina .
step of 25 calculating for each nnvenenaégr sai d head*cafriége fromthe
outer track to the inner track and fromt I nner track to the outer track

| L f ' f ' f Si I f
t:Paiﬁe&. et SR TR0 Bt AT PR 2l it
' t dj < Si- ' X o) P-Y-Tol s} _ di ' f
f : ?gf te ; agkjs Ltgénldlsslf %;e@%?ﬁﬁée%g?yo%e se nta?é[ réaééﬁ%afn?%‘g{ g)lr%“%‘é&rcg%%%lysa?i ng

as in additi ofy gndly PLLRS| S CEdcH SERPE N S ©orid B Fli tHRC ip i1 ¢ ioe of
said carriage inh accordance with the average val ues. 15. A et hod of
tracki ng errofiwet i tadiks Gndcels B Qldds€ | dridn ddtonth etrack sridl & agepl | i ng
step includes a step 10 of controlling said drive neans such that said head
nmeans trages dficcabktubdtingcas dimneddt tioh usthyst@Esimiesrar depdratigig one
of the plurality of first tracks and the at |east one second track, and

sai d cal cul atomgthenddixegtion of sdxive ef (srid canziead imlaggerdance n
addition an eccentricity 15 error of the disk in accordance with ratios
obt ai ned by tWikh nthe RVeragefvalyRk- di aneter adjust signal pairs of the at
| east one of the plurality of first tracks and the at |east one second
track. 16. A net hod of tracking error verification according 20 to

claim 10, V\:he{§.| n said R‘lzhg{hng&togiézl'(aéﬁl{ﬁgeér% Jdrification according
| L to claim 10, wherein said controlling step includes a step
\f/ 100 of controlling said drive means such that said head means
traces the set of track diameter adjust signal pairs of at
least one of the plurality of first tracks and the at least
one second track, and said'caiculating and outputting step
includes a step of calculating in addition an eccentricity
15 - error of the disk in aécordance with ratios obtained by
tracing the_set of-track diameter adjust signal pairs of

the at least one of the plurality of first tracks and the

‘at least one second track.

16. " A method of tracking error verification according
20 to claim 10, wherein said alignment disk further has an
index timing adjust signal for detecting a position of said
magnetic head means in the diréction of ‘disk rotation and
an azimuth adjust signal for detecting an inclination of a
read/write gap of the magnetic head means recorded on ét
25 least one of the plurality of'firét-traCks and'the at least.

one second track, said controlling step including a step of



[ P g adj ust signal for detecting a position of said nagnetic head

mmm'”@'@&lﬂ ction of disk rotation and an azi.nuth adjust signal for
detect Iing wallg ination of a read/wite gap of the nagnéti c head neans
recorded on at 25 | east one of the pkyrality of first tracks and the at
| east one second track, said controlling step including a step of =
control | | Bn33bd 19" Saenti 194 helidl ebdhd chadd saRaNheakAGRBrs® | ndex
timng adjust signall and the azinuth adjust signal, and said cal cul ating
and out puicrhRgsSkeR 1iRdledemdny! %@j@fs'tC%'ighhit ahd aRe QAzfiRkith ng an S
I nclination of said nagnetic head neans and a position of said nmagnetic
head nmeangdfjuet signbarcand padid icalculattingdahdc butpudftiigslstept ati on in
accordance with the index timng adjust signal and the azinuth adjust
si gnal reddchudes a lstep ofacalcilating and outputiticigi @@ error
verification nmethod according to claim 10, wherein a nunber of the set of
t rack 5di akpcdinagiion ofi gedd pwanetisc hegdd mgansagndor Pesifiigmiak y of
first tracks .and the at |east one second track is in the range of 4 to 96,

said set &lPlif’r &esrmdt&ﬁewﬁdaaj%xs s‘-lr@‘f'?lla Fstergnces POSTdo
tri ti ' id.Jdisk. 1 hod of
f?SL“Ei o BirbetIBR B R TR 4R sRBoRdRRES With, the, &S0t hog
t ' ' t f: . j f
the. ' nck tarag BeIMG Bilhal ardh the aztmuch RS GiGndi"tHad 1Y SF1D ©
of said head means. o : _ . :

10 17. + A tracking error verification method according to. - ~
claim 10, wherein a number of the set of track diameter
adjust signal pairs recorded on each of_the-plurality_of
first tracks and the at least one second track is in the
range of 4 to 96, said set of track diameter adjust signal

15 pairs being arranged symmetrically around a rotation axis

of said disk.

18. A method of tracking error verification according
to claim 10, said tracking method further including the s
" 'steps of:

20 ' : reading at least the sets of the track.diameter
adjust signal pairs recorded on at least the plurality of
-first tracks and the at least one second track by said
magnetic head means to measure a positioning error or off-
- track of said magnetic head means including a positioning

25 error of said stepping motor; and . ‘

‘adjusting the off-track so that a maximum and a



first tracks and the at |east one second track by said , uu S
to neasure a positioning error or off- track of said magﬁmmlm ﬂmﬁm

*

i<ncl udi ng a posi‘tioni ng:25 error of said stepping nmotor? ahd ‘adj'us€int
the off-track so that a maxi mum and a 4T mum of  the off-track are .
brought within an all owabl e range. 19. A nmet hod of tracking error

verificaki onmaeadaim &F tthelo¥ fathhcrifiesivrduyht ki rofars alld cidarent
disk 5 equal to or larger in nunber than the nunber of excitation phases
of said steppamgerotor and corresponding to at |east said excitation phases
are scanned by said nmagnetic head neans to nmeasure the positioning error or
the off-track of said magnetic head neans, and a nean value the off-track
10 for.said tracks is set. to a centre of a reference track of the
alignment di 38. 20. . A mefhasd fd tBracking ierran Merifdaation iaaearsing
magneti c di sk drivingéﬁgparatus I ncl udi ng _magnetic head ...neans, for

recordi ng ando &3addudithg Whazeish they ¥rasks, ofs said gidgnmende sHftkg di sk, -
a head carriage for_carrying said magnetic . head.neans. and driv ns
havi ng a teﬁ%"ﬁ’d‘ R & Tyltﬂ‘%ﬁﬁ/i_jﬁb'} %gﬁl‘%r _ eadﬁ‘"?p@ratqeee_"tcg'?% on
magneti c recqpdi | radi :%%% | t
the magneti C%P%#dgr%g&ag%%%&'@&ﬁae %qé}%:k &gc##@gi%pg{oat{fgcl@g
posi tioning At BENALE G dif hdRA Sl Udinned foyt I HRyriE i Hdg k. by
reading with said head nmeans "an adj ust signal recorded on an alignnent
di sk, said means to measure the positioning error or the off-track of
said magnetic head means, and a mean value the off-track
o
10 for said tracks is set to a centre of a reference track of

the alignment disk.

20. .. A method of tracking error verifiqation for a
- magnetic disk driving apparatus including magnetic head
..means for recording and reproducing data on and from a
15 = magnetic recording disk, a head carriage for carrying said
| magnetic héad meaps, and drive means hav;ng a stépping
-motor for moving the head carriage relative to thé_magnetic
— recording disk so as to radially crqss_a_ﬁlurality of
| tradks Qf the magnetic recording:disk, said.magnetic“disk
20 drive apparatus positiqhing said magnetig_head means
radially of a predetermined track by reading with said head
means an adjust signal recorded on an alignment disk, said
alignment disk being loadable to and unloadable from said
. magnetic disk drive apparatus,_saiﬁ alignment_disk having a
25 plurality of tracks and having as the adjust_signal_a set

of track diameter adjust signal pairs recorded on at least



ei ng | oadabl e to and unl oadabl e from said magnetic di sk
"ﬂm Hi I sai d-alignment disk having a 25 . plurality of tracks and
avc ngL as just signal a set of track di arreter adj ust signal pairs
recorded on at | east one of the plurality of tracks, said set of track
di aneter adjust signal pairs each havi an inner track signal and ag=outer

track signal extending inward.and outward fraom a - centre of, rack sudh
t hat wi dt @peopf: khe P&é‘r’-‘a&ﬁd:l’oﬁ’tfertn\?c“st'r £ % i85t t%r:,@

per.pendi cul ar dir ct ns to th t t II h h
Cner traegslgsgng PRITSLEREN PRI AR 'a i sr%al?}%r d?;nétir
adj ust signal_ pairs._ar "H?ﬁf

t her ebet d ﬁ?t O%&%&%ﬁ_ %etnﬁné’l é'ggt%c S ofdu E control |ng sai d
drive ”Eaga{x%s}eag he, U218 Y Ah € A aRe crfelaté ‘iehdéi- wid aldgnnent

di sk so t means traces the set of track dianeter adjust signal

pai rSFr ecerdest @1 Alalldrp e pdrpatdiciidrl Mirections to (the

cal culating and oudtputting a positional error in accordance with the set of
track di apehesk %(iielli‘dub?dwiﬁﬂimy Sedu#lc athdytiset cties athmaa rtscadki d
calculating and outputting step including a step.of calculating a ratio of
a pair of signall anidrtte \viters tmspectigraly oftahdly afictiRd traglad neans by
tracing i nner and outer -track signals of said set of track. di anet er adj ust
si gnal padiemedesr dstjust tHaonal |Rains ke (IRARGEd PRI e‘biyﬂbbit ain an anount

and direction of di-splacenent of the head neans fro r’gt tré:tck
distance along the track therebetween° said metho

10 including the steps of: g)
(a) controlling said drive means so as to move

said head carriage relative to said alignment disk so that
said head means traces the set of track diameter adjust
signal pairs recorded on the at least one track; and '

15 (b) calculating and outputting a positional error
in accordance with the set of track diameter adjust signal
pairs traced by said head means,.said'calculating and
outputting step including a step of calcUlating'a ratio of
a'bair of outpct"signal'talues respectively read by the

20 head means'byztracing'inner and outer track signals of said -/
‘set of track diameter”adjdst signal pairs recorded on the
at least one:track toﬁthereby obtain an amount-and '
direction'of displacement”ofithemhead'means from'the track,
and a step of calculating in addition an eccentricity error

25 of the disk in accordance with ratios of pairs of output

signal values obtained by tracing the set of track ‘diameter

.adjust signal pairs on the at least one track.
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and a step of calculating in addition an eccentrici tyrmmmuﬁ
di.sk in accordance with rati.os of pairs of output sig , m”*m'#‘j{:d by
traci ng the set 'of track dianmeter adjust signal pairs on fhetat® | @ask one
track. 47 21. Apparatus for tracigimg error verification for a
magneti c di sk driving apparatus, constructed substantially as herein
descri bed wi 21.ref er enegpgaraiud Fod Wraikizie érivoriveri€igatficnhdor a
acconpanyi ng dr awi ngs.

magnetic disk driving apparatus, constructed substantially

as herein described with reference to and as illustrated in

Figure 8 of the accompanying drawings.




