*" APPARATUS FOR TRACKI NG ERROR VERI FI CATI ON FOR A DI SC DRI-VE APPARATUS" The
present invention relates to an alignment Hisk for a magnetic disk driving
.appar at us whi ch.enabl es hi gh precision tracking when a head carriage drive
of the magnetic disk drjyigg gﬁgaratus is positioned to a 5 predeterm ned

position along a track dLARBRABATUSNAORATRACKING| GRRABnVERIFIGATEON,
magnetic disk having a bit density of nore than 96 or 100 tracks per inch
(TPI) Ts positioned, and to R8RnhAdPIAE IBI¥ESABEARAIUGS | fying a tracking
error of the magnetic disk driving apparatus. 10 ‘A prior art
alignment disk is explained. JP-B- 59-7142 discloses an exanple of the
prior art alignnent disk. An index mark and a track diametric positioning
signal are recorded on the disk. The positioning signal of the alignment
disk is supplied to a magRbei pressrtl Saventipmpelates, t9 on aliguhdyt a
magneti c head and displayed on an osciloscope. In this manner, the track

di anetric posit#d8kn§orsaamagnasdc Adwky driving @Arpargiorwhkeh sttambent

di sk does not have all of track di aneter adjust signal, 20index tim ng

adj ust signal aR¥9BzZPREFASARPRUSFASKGRE Whadi ¢h RARERTe doivelaad

I nterchangeability. The adjuystpent by the oscil oscope is of |ow resolution
and assures thetﬁétﬁagﬁFEFEhQﬁégaﬁFﬁlF@Sbéﬁﬂéﬁ??ﬁiyﬁiiRP%ﬁ?ﬁP%RQV?%ga

apparatuses aof a class of 48 PTI, hut it is - 2- ) : .
PP 5 preéetermlne pOSltgon along a track diameter, and

particularly when a drive oi a magnetic disk having 2z
bit density of more than 96 or 100 tracks per inch (TPI)
is positioned, and to method and apparatus for veriZving
a tracking error of the magnetic disk driving apparacus.
10 A prior art alignment disk is explained. JP-B-

59-7142 discloses an example of the prior
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disk. An index mark and a track diametric positioning
signal are recorded on tﬁe disk. The positioning signal
of the alignment disk is supplied to a magnetic disk

15 €riving apparatus, reproduced by a magnetic head and
disglayed on an osciloscope. 1In this manner, the track

~diametric positioning is attained,
However, the above prior art alignment disk
does not hﬁve all of track diameter adjust signal,

20 index timing adjust signal and azimuth adjust signal,
which are necessary for data interchangeability. 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



)

1 hard to assure the data conpatibility be tween the magnetic di sk driving
appar atuses of a higher bit density, «i 26~ 96 TPl or 100 TPI. Another
exanpl e of the prior art alignnent 5 disk is explained with reference to
Fig. 1. 1An{Aexd ideder@dingtastanabnddeisipioyi dadyarnanas@uter track of
an alignnment disk 1. A track dianmeter adjust signal 36 is provided on a
center trackhaiewan &k WeIviAgckopadatigesuber at hagker The Hegnalo A6
conprises a |larger 10 dianeter signal 37 which is eccéntric froma cént er
of rotation i2 dy o5 predeserppmeded{ stance [err] = 0.1 nmand |arger than a
reference dianeter by [err] = 0.075 mm and a snaller dianeter signal 38
which is al so eccentrixndtiver t &xamgbéeofotheopeibonaztby likandinyd ance e and
15 smaller than the reference dianmeter by [err]. These signals 37 and 38
are dete®@ ediyk aisensldivedarieyerefgnehce AcEV¥ gl otkw 86) izidexal 31 and
a CCW (counter clockw se) signal 32 are provided on the inner track as an
azi mut h adj usimigignadj @dc sidmala2k $sgpabsideé onmcandedter ar2@k lkeck side
of the alignnment disk 1 so that two upper and | ower heads are tracked. In
the tracki ngmdilisgmeent kdiski hg tAetnachgnddanedeskadtinhetalsigmadnt3adi sk, 1
I's loaded to the magnetic disk driving apparatus, a head carriage is 25
noved to a pda tpmatiaied rerka otenter dbx&ckahdtveenadhusnnergraaskarad
reproduced and di spl ayed on the osciloscope. In the index timng adjust, a
time period the e trari. t i agstgnadt géncpmpnise@xat darigexri ndex

10 diameter signal 37 which is eccentric from a center of

i

rotation 2 by a predetermined distance e= 0.1 mm and ;;/
~ larger than a reference diameter by 3/2 = 0.075 mm, and
a smaller diameter signal 38 which is also eccentric
f:oﬁ the center of rotation 2 bv the distance € and
15 smaller than the reference diameter by /2. Thése signals
| 37 and 38 are detected by a so-called cat eye signal.
A CW (clockwise) signal 31 and a CCW (counter clockwise)
signal 32_are.providedyon the inner track as an azinuth
adjust signal 30. The same signals are recorded on a
20 back side of the alignment disk 1 so that two upper and ;ZQ;
lower heads are tracked.
| '”in the tracking adjustment 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 csciiosccpe.
In the index timing-adjust, a time period:T

from an index timing detection point IDX to the index



‘3.1 timng adjust signal 21 is neésured, and the position of the index
detection sensor is:>adjusted such that thest+nme period Tis within a
Jpredetermned period. In the track diameter adjustnment, the stepping 5

motor is fingl y‘-ﬁ?’iﬂétééjﬁé"éhsi?%lo!!lp% ylasaes Ofaddie dargsd s di aret er

signal 37 and the snallef dianefer signal 38 become same. In‘the azimuth

adj ustyent, thegpegdei DREEREELBCL SoRdLERLERS S%PE&F@%%éE'éﬁd&)éﬁalrmhéour
signals 31 and 32 is wthin a predeterm ned range. By using

the above al i gngemé seskodthelsndﬂhihﬁhngré@elt%txeﬁme@@éﬂ& azinmuth
detection of the magnetic disk driving apparatus are attai ned. However, the

resol ution attained by thEnttﬁéktﬂh@HEEQEmQQP&Shﬁ%@5ﬂméd4¥3ﬁﬁﬁ é%ébﬁ&ﬂma|
is lowand it is hard to assure 15 the data interchangeability of the

driving appajatmetdheisi gbhndtpsagyusegaesuehdicalats tiftpir W llgey J00 TPI.
Further, it is not possible to determ ne a chucking error based on a for mat

of the reprOdUC’eldeSlgﬁgér d@fameter signalhg@7dand itheclseiadigaaliildmaref the
hi gh density nagnetic di sk driving apparatus explai ned. Because a plurality

of magnetic di s&kigmali B§ bepamat same.onInhithle mEdmithc adijddstnare: | ogded and

unl oaded record and reproduce data, there is an error (called an off-track)

25 Dbetween a preaidttnolipdtioncksdadjested soch ithatom tfecid sk arite an

actual position at which the magnetic head is positioned by the nmagnetic

di sk driving apbewnt stgnahsodlcanded2t her widhisar @ predetermined range.

10 - By using the above alignment disk, the index
timing adjustment and the azimuth detection of :h
magnetic disk driving apparatus are attained. However,
the resolution attained by the track diameter adjustment
by the cat eye signal is low and it is hard to assure

15 the data interch;ngeability of the driving apparatus the
high density magnetic disk such as 96 TPI or 100 TPI.

| Further, it is not possible to determine a'
chucking error based on a format of the reproduced
signal. .

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 between a predetermined track diametric position on thé"

_disk_and an actual position at which the magnetic head
is positioned by the magnetic disk driving aépatatué.

Major causes therefor are:



-4 - (1) Position adjust error of the carriage (2) Positioning error
of the carriage (3) Chucking error {egcentricity caused when the
magnetic disk is chucked to the magnetic disk 5 ° driving

apparatus (4) Pfferspgeridncyhgisioeradd ¥ itheaga ofi dhe magnetic disk
and the magnetic disk driving apparatus by tenperature and hum dity €hange
As t.o the index t?ﬁ1n9Pé§Qtibﬁiﬁéi§BEBz bFerpel @z raii®d SO errors between
two magnetic disk driving appa- ratuses. In the. 96 TPl nmagnetic disk
driving apparatugzp totetoRERgXe@tokhd eeblenitrdd +iAl HRfEsdd vihdad i ¢ head
R'Wgap wwdth W= 165 [err] and an erase core width Er = 100 15 um and X
is approxi mately 50 umnmagfiéetitotiésnde xXhucked eo Jthes mgxtadimtdicsk nto t he
error itens (1) .to (4) so that the total of the errors of the itenms (1) to
(4) is wighin 50 [err]drivingdeppava&ssure the data i nterchangeability.
However, the expansion/shrinkage error by the tenperature 20 and humdity
in the item (4) {4) harDiffererdueecihceapansdbna and ghrdffkerie F &y operty
of matter of the material. The error itenms (1) to (3) are analyzed. (1)

The carriage position magnstier ddski endn tber magnedsed ditsdn &tieriend and a
carriage transm ssion system 25 are assenbled into the carriage. This error
closely relates to theappaeabhe hydtampesatunee andn hamisiito change

~ As to the index timing and tﬁe’aiimutﬁ} there
10 are also errors beuween two magnetic disk driving appa-
ratuses. : e | : : ' o ;uJ
In the 96 TPI magnetic diSk-driVing apparatus
a tolerance X of the off-track relates to a magnetic head

R/W gap width W = 165 um and an erase core width E_ = 100

'._l
()]

um, and X is approximately 50 um. The tolerahce X = 50 um
“is distributed into the error items (1) to (4) so that
the total of the errors of the items (1) to (4) is within
50 um, in order to assure the data interchangeability.
Hdwever, the expansion/shrinkage error by the tem?erature.
20 and humidity in the item (4) is hard to reducé because” . Uk
of a large affect by a property of matter ‘of the material.
- The error items (l) to (3) are analyzed.
(1) The carriage:position adjust error is an error
wcaused when the head and a carriage transmission system
25 are assembled into the carriage. This error closely
:elates.to_the assemble and adjust time. In order to
rgdgde_the error, the adjust time must be significéntly

lengthened.



“reduce the error, the adjust time nust be significantly |engthened. (2)
The carriage positiening error is causeé lgy -a stepping notor (STM
positioning error due to precision errors of parts of the STMand its drive

system and g posit{pni NOTREN @Ardu8okOnBEEEH 8heRGE LMY Afs E%&%?éﬁwﬁ the
STM drive force transmission system’ However, in“the drive of t hlgh

density magnetig giskpihbemsroy- (Eoql ULbBQ;@bﬁ&h@r' Qs dfie STM -l ysorn
“system and transm ssion system have reached the Nimts, and if the

precision is toedeor®recipareyeds the yral dniss 1 kadugade Eysodu chend |1 | ead
to the cost increase and quality instability. (3) Maj or causes of the

chucking error arsosipieningoareérpanestef pkheighvnclkitdirs &2 thedymaetic
di sk, and a precision of parts of the chuncking unit of 15 the magnetic

di sk driving apgiee asTe. drivhe PoececestoansnikBiopasistiem.t hedicgfeensity
magnetic disk driving apparatus reached its limt, and if the precision is

to be inproved, thdedyieédof sthedhterd dbhshti-emadgneeichdiisker ease afmpost

and the instability of quality. 20 . As descri bed above, in the

hi gh density nefpeturingsgrecisionsapfatheuST™, hérpvecisyiswen and he
conponents is at their limts, and in order to assure the data

i nt er changeabi | t13ndémi sebont spshegnbaive veskhddi vheg lipgdasat wees ich st ch a

plurality of disks are 25 | oaded and unloaded, it is necessary to inprove

t he precision is to be more lnproved, the yielé is reduced,

10 which will lead to the cost increase and quality
instability.

(3) Major causes cf the chucking error are a
Precision of paﬁts of the chunck unit of the magnetic
disk, and a precision of parts of the cnuncklng unit of

15 the magnetlc disk dr1v1ng apparatus. The precision of
the parts in the high density magnetic disk driving .
apparatus_reached its limit, and if the precision is to
be improved, the yield is reduced which leads to the
increase of cost and the instability of gquality.

20 _ As described above, in the high density
magnetic disk driving apparatus, the precision for the
components is at their limité,,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



. +

preci sion of conmponents which |leads to the cost increase, or to inprove the

preci sion of the position adjustnent of the head carriageé driver. Those

cause problens in 6 the manufacturing efficiency and reliability. In thet

prior art apparatus,.the positioning erdor of the stepping notor,

hysteresis error and accunul ated error of the transm ssion system whigh

are to be the stanwfa-turing REficiency ang wekhiabilbtEssure the data

i nterchangeability, are not detected as a result, the off- track increase

in the tracks ot her ¥hahe RFIRK AT ePLRPIERLYS. i Bhe heoshRtPRiRg eRFer

~outernost tracks and the read/wite error, occurs. Fyrther lllé{he rior art
Jhe

appar at us Fanht SEPPPIRGAFPL HNYFESTSSET rSr TP FRE PEHRD i ¢ disk
driving apparat us d the magnetjc recordin L u apd the.off-track
I ncreases %V?%eo%cqé%tﬁ%'ﬁ o% osY%ég‘thg'&!Ef%é %%?o °a’ﬁﬁ-?ﬁ%e?%% ki ng
error ©cc : | ] e | t to 15 overcone the
above ?ef g#’?e%}{ o*%?%ﬁsﬁiu%%éﬁlgé §a$ E% %@%uéée)eamcordi ng to the
present i k& | St iﬁ@@ APREE Sad O LN r -
verificatP%ﬁgéﬁﬁﬁééégéﬁz%?gyﬁﬁgﬁg rive appé?%?d%éh%v%%g&%%@ggﬁécg gaq means
20  for resserl iNcAdkkd o OLhE | PEadled So e P! thaR MtRe "BEfEELEAT €606K1 NY
medi um a head carriage for carrying said nagnheti c head neans, and head
calr ri age dsi ven Ml Sifmertmos € S pltgrnosor tiacksrand nghéardadpatitarri age
relative to - : : - - : -

error occurs. Further, the prior art apparatus cannot

10 measufé'tk:'mhdcking error between fhe magnetic disk
driving apparétﬁs and the magnetic recording meaium, and
the off-track increases by thé eccentricity due to the
chucking"error-and the.fraciing error 0ccursf

It is ah dbject:df the preseht invention to

15 overcome the above referred to prbbléms in thg priqr art

structure. | |

According to the present invention there is
provided'apparatdéifor trackiﬁg effér Qérifiéation forra -
maghet3® disk driveé apparatus having mégnefic.heéd means

20 for rétording and reproducing data on or from a magnetic ' A
recording medium, a head carriage for carrying said
magnetic head means, and head carriage;drive méahé'having a

- stepping motor for driving said head carriage relative.to
said magnetic recording medium so as to radially cross a

25 plurality of tracks of-said magnetic*técnrding medium, éaid
magnetic head means being capable of being adjusted in its
position radially of a predetermined track ftoﬁ an adjust

signal read by said head means which is recorded on én



dai d magnetic recording mediumso as to radially eross a 25 plurality of
tracks of said magnetic recording nmedium said nagnetic head neans being
gapabl e of being-.adjusted in its position radially of a predeterm ned track
froman adjust signal read by said head nmeans which is recorded on an 7

al i gnment disk,.said ali nt__di el I t nd from
sai d nggnetic a&i&m&nﬁ:vﬁ a@p%arsaatqi?z lgl?‘zﬂ%ﬁ?%%&n% gllng: 1%}%1% glig agld'get of
track di aneter | | I I r rJd é}lg{iﬁg of
tracks 5  of “s“g?’l al’l ;erfgner}%d ?sﬁ? r"{Ee ;ota&r}fnbég'rsqgﬁlﬁdaac% nthe’
plurality of i AcKs G HMerdt diisd HAANG b HED Y el R dnedeyr Lfjurhases
of said stepping notor, the predeterm ned nunber of tracks respectively

correspondi ng digyril |Riids thscqiRaE orwfa prreictcapfingl Minber £ @radks r ack
di aneter 10 adj ust signal pairs being recorded on at least a track in the
vicinity & atof easild Gileigrimernt idirsk hoidie ttairdd andnber @f crrarits tiracthe sai d
apparatus including: (a) filter neans for filtering the adjust signal read
by sai d nagnetplurdtsidcyrssh stwdcks |qubll tgroreitargexk irp nunber ddwad the sai d
magneti c disk drive apparatus and providing an output indicative thereof;
(b) A/ D convemsimhernmeiphagesiiqf (said sterping matern, sthel rredetermined and
provi ding an output indicative thereof; 20 - (c) nennny neans, for
storing the oMYAREHIOL FERGHD KOFRAFEIVRLY LoKFesponding ‘to at least the

phases of said stepping motor, a set of track diameter
10 adjust signal pairs being recorded on at least a track in
U the vicinity of at least one of an innermost track and an
outermost track; said apparatus including: |

(a) filter means for filtering the adjust signal
read by said magnetic head means when said alignment disk

15 1is loaded to said magnetic disk drive apparatus and .
providing an output indicative thereof: '

(b) A/D conversion means for digitizing the
output of said filter means and providing an outpnt

~indicative thereof:;
20 | (c) memory means for storing the oﬁtput of said
A/D conversion means;

(d) control means for supplying a control signal
to said héad_carfiage drive means to drive said head
carriage:;

25 (e) calculation means for calculating, base don
- the data sforéd in said memory means, at least an error
which is accumulated through the movement of said head

means from the inner track to the outer track of said



(d) control neans for supplying a control signal to said head carriage
drive neans to drive said head carriage; 25 _ ‘(e) calculation
means for cal culating, base don the data stored in said nenory neans, at *
| east an error which is accunul ated thrbugh the novenent of said head neans
fromthe inner track to the outer track of said 8 alignment disk,~said
error inclaldignmenpoitsk ofdif @TAT [NGjuding 3irpeel keRing e hrer cPeyi S
error depending.on the direction of drjive of said carriage, and an

eccent ri cig3i& A0 Ve MeaIns di& hYSRFesis error deperding som ath@reans for

di splaying,a result o ajd calculation ans; said control ngaps
con?ro%ll i g@%ﬁ?%é# c‘i‘?’r‘f% tF \féa’fxf%ﬁ?'nea 1R BCSRRYTLCIRE i nner

track and fromth innqé.trgck‘%o the outer track so that said magnetic 10
head meanSFGMLE % (4 c AP sponding to at | east the phases of the

steppigng for driving, gaig: | 3QE, r. o [ {1l _po

descr i%ed I n great e?( %gt%{g{é}} way g exﬁﬁﬁ%ﬁiﬁ*%@g e’?%%%\ﬂéét%gt%\%P&
acconpanyi LGS mekyss £i n: - 15 "Fig.1 shows a front view of
a prioreyégﬁﬁgfﬁﬁentlﬁlsk, Fig. 2 shows a front view of an enbodi nent of

an alignment disk ofgdi® C6eeR ndMedicMtrdiling SA0dShéadi S8pFidget e
apparatus for the _
to move from the outer track to the inngr track and from
the inner track to the outer track so that said magnetic
10 head means scans_the t;ack corresponding to at ieast the _
phases of the Steppi:;E;Br driving said carriage h:id. ~
The present invention will now be described in
greater detaii by way'of example with'reference to the
accompanying drawings, wherein:-
15 'Fig.l 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 shows a signal write apparatus for the
20 alignment disk, | | | W
J Fig. 4 shows a perspective view of a magnetic '
disk driving apparatus,
Fig. 5 is a characteristic chart'illustfating a
positioning error of a stepping motor, |
25 | Fig. 6 shows arrangement of adjust signals in the
alignment disk of the present invention, |

Fig. 7 is a characteristic chart illustrating an

off-track when the stepping motor is assembled into the



50 al i gnment disk, Fig. 4 shows a perspective view of a-magnetic di sk
driving apparatus, Fig. 5is a characteristic chart illustrating a
Rositioning error. of a stepping notor, 25 Fig. 6 shows
arrangenent of adjust signals in the alignnent disk of the present

i nvent i.on, S _a r eristic chart illustrating an off-track when
;h; stégplng ﬁ398?£f§ a§§§n§FéHibﬂt5P9ﬁ€a ushagﬁetic.higk driving
Verication Spparat s Fo9° BechEuBORPG: sk‘qg?f-"g?ﬁg"’ _ §éﬁ2f?ﬂ§°%%%3rk\t
accordance W ahebagKphgseg hr@&se bilaoparatus for, the HAgndeddallcSnow |

wavefornms of adjust si S reproduce Fom the a i gnhen

shows an exanaksv%gdaﬁgheataaOﬁxlucaBEoeaath a%usfc &l gegkgfx%p Réaﬁ%g?ﬁfom

the alignnment disk, Figs show ot her exanp es o |sp ay on

CRT of the adjust signaFigepr9ddfadidr sRbliRabedbirABMBERt adljgkt 8RgnEhg. 15
shows a flow chart of a tracking adjust nmethod of the present invention.
One enbodi nenteptofibeed| fgomethedadikghmenthdisR, nmagnetic di sk driving
apparatus is explained with refer-



ence to Fig. 2. The alignment disk shown in Fig. 2 has, for exanple, 40

tracks, only six of which are shown incfig. 2 for a sake of sinplification.
On the center of the 25th 25 track T235-of the adj ust signal "tracks of the #

alignment disk 1, a track dianmeter adjust signal including a pair of inner
signal 11 and outer sFggal 112 shawendim@anxienai®| §ismlay doand ORTward from
the center of the track are recorded. The 4 - 96 pairs (8 pairs in e 20
present enbodi ahet addhisdi aignal adipridwighdirch) the aligupedcodiske center
of the track T25 symretrically with respect to the rotation axis 2 of the
disk 1. A timng sign8igdl 12 ao digeshowmoEher releamples ngf adi sislagi gnal

20, on the center of the adjust signal track T 25 at a position
correspondi g theaCpledét dhe @i ustheibnadl ereproducsk £romnghdet ection
point (1DX) 22. An azinmuth adjust signal 30 including preferably a pair of
1 CWsi§nakl3¢nmentr dégkby amdsi gnal wite head 65 inclined by
predeterm ned angles a and a' clockwi se with respect to a radial line [err]
extendi ng fromthe roFagi.odSasews anflowpahanst GO stxpekingl2aégustded by
a signal wite 5 head 65 inclined by the angle a and a' countercl ockw se

wi th respechetboghef| the pEesentaddiv@ld®ied on the center of the adj ust
signal track T25. The azinmuth adjust signal may include only one CWsignal
and one CCWsignal each inclined by the sanme angle [err] or [err]. The 4 to
96 10 (8 in the present enbodi nent) azimuth adjust signals 30

One embodiment of the alignment disk for the
10 magnetic disk driving apparatus is explained with refer- et
ence to Fig. 2.
The alignment disk shown in Fig. 2 has, Zfor
example, 40 tracks, only six of which are shown in Fig. 2
for a sake of simplification. On the center of the 26th
25 traék T,5 of the adjust signal tracks of the alignment
disk 1, a track diameter adjust signal including a
pair of inner signal 11 and outer signal 12 extending
alternately inward and outward from the center of the
track are recorded. The 4 -~ 96 pairs (8 pairs in the S’
20 present embodiment) 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 Tzs
25 at a position corresponding to a predetermined time T
after an index timing detection point (IDX) 22. An

‘azimuth adjust signal 30 including preférably a pair of



‘are arranged alternately to the track diameter adjust signal pairs. The

I ndex timng signal.and the azinmuth adjust‘éignal may be separately

.arranged on other tracks than the track diameter adjust signal track. 15

“The di aneter, adjyst.signals are aksa recorded on the tracks W?ich e egual
gr ' g 32 o

to or.largertthah $he RtinberEBrOpREEeEYof §1FP& I e Thodth® ATRES he

head £arriage, and_each, of L¢h_corresponds tq at | t_one phase of the
s;gpgfﬁﬁ,gn%or ?%s%ﬂ??€t$ﬁ%¥g%§ea§?gﬁﬁiﬁga?&ﬂEno?&P%ﬁ?%ﬁﬁ;%ﬁ%ﬂxﬂﬁsiQCt
enbodi nen as u : X .ei g ai C neter
adj ust si gnal a‘r'% %eg'b?fd‘gg ]C)Iflgéeaghggfggﬁﬁ%gg ffgglkéz&l%ngaoaédal’%%}\d%’g"st hf(; track
[err], for exa ,athe: 171 h, t b, 3 r [erds rr]l. 25
Further, eight n%%?ras % l%rélgkcéﬁagﬁggrglédPgs%eg%g?ael-&lg’?e 5 e%ﬂ(%rgge]g V%)Iﬁl'a
| east one ofzt S; h u S i 1&“& | ST
track. In tH% g%%%%ﬁ§§e%§%%?ﬁ%%f?§tﬁ%§ éggqge%b%ggg%anghe |¢é§g¥£§§§e
track [err] andg{w £ rjinBene i hases..ar e
identical. In Fi %&2?3%11 (;:/ ?ﬁ% #ﬁ%s%}ﬁ%eéonﬁ?% %H%%Rg‘%% LHH (2%!6‘}[% and 40t h
tracks [err] apg tiﬂéré&juﬁéesisgﬁgi""@rébkh@u%h t el 3G A ERI Rl @d] ust
signals are also recorded on the tracks [er? and [err]. Fig. shows a
front surface ofjdmel ahdgnikeiudeskniy oRBecwagighiagnand dme reowrgirrhain a
rear surface. The signals are recorded on the alignnent disk :

each inclined by the same angle a or «'. The 4 to 96

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

than the track diameter adjust signal track.

15 The diameter adjust signals are also recordied
én the tracks whigh are equal to or larger than the
number of phases of a stepping motor for driving the head
carriage, ané each of which corresponds to at least one
phase of the stepping motor assuming that the stepping

20 motor in the prgseﬁt embodiment has four phases, for
éxample, eight pairs of track diameter adjust signal are
recorded on each of three traéks in addition to the track
TZS' for example, thg 17th, 20th and 23rd tracks TlG’

Tl9 and T22‘

25 Further, eight pairs of track diameter adjust
signal are recorded on at least one of the tfacks.close
to the outermost.t:ack énd the innermost track. In

the present embodiment, they are recorded on the first



10 1 by a signal wite apparatus 40 shown in Fig. 3. As shown in Fig. 3,
the signal wite apparatus 40 conprisegra table 41, a carriage 43 carrying
magrieti ¢ heads 44, a guide 42 for noving the carriage 43 radially of the-
alignment disk 1, a direct drive (DD) notor 45 for 15 rotating the disk 1
and a micr aseauxe dri tlee eB8thgtpaskt 5 whezec ¢hieers taford ngpimador 45a of
the DD notor 45 a a center of a FUVVgag of the magnetic heads 44. Tad

si gnal. s ar phasdd aire nidentibcalignment disk 1 in the fol |l owing manner. The
disk 1 is nounted on 20 the DD notor 5 through a di sk nmount nechani sm 46,
and the mcroscope 49%n sFigved, radlpl theofitrke,diselcomdd tHrd ont2drtiof
rotation 45a of the DD notor 45 is . detected by watching the m croscope.
Then, the rédgietand Mdeh 4arackepTed T t Bgsc@Ryer Tla énd T, ot rekek which is
spaced 25 fromthe center of rotafion 45a by a distance L and on which the
track dilamsthawmdilstoughyntihei tragkbéiametesnadins thedgngds ansosilisiconed
while the read/wite gap center 44a of the head 44 is watched through the
m cr o- Frensgged s Uehe t beackfeTy gadlysi a8dgdgcent er 44a is positioned
to the track center Ta, Then, the track dianeter adjust signal, index
timng signal and t h&¥@i ndit $hawf udt £5PgKapuaLacer oft &ies aldenmeat r ack
center Ta of the disk 1 by applying these signals to the heads 44 froma
si gnal" genéigorl { nRh1RAMS FHIBRLISpRFSt FBROFERE o1 2 E&F%t SHEaG*E -and

operation of the magnetic disk_ . »
P _ gf%e sfbnals-are recorded on the alignment disk

10 1 by a signal write apparatus 40 sﬁown in Fig. 3. Aas
shown in Fig. 3, the signal write.apparatus 40 comprises
a table 41, a carriage 43 carrying'mégnetic heads 44,
a guide 42 for moving the carriage 43 radially of the
alignment disk 1, a direct drive (DD) motor 45 Zor
15 rotatiné the disk 1 and a microscope 49 for detecting
position of a center of a spindle 45a of the DD moﬁor 45
and a center of a R/W gap 6f the magnetic heads 44.
The signals are written into the alignmént

disk 1 in the following manner. The disk 1 is mounted on

20 the DD motor 5 through a disk mount mechanism 46, and (e

the microscope 49 is moved radially of the disk and the
center of rotation 45a of the DD motor 45 is detecféd by
watchiﬁg the microscope. Theﬂ, the magnetic head 44 is
moved to the center Ta of the track which is spaced
25 from the center of rotation 45a by a diétance L and on
~which the track diameter adjust siénal is to be written.
The head 44 is positioned while the reéd/wtite'gap

center 44a of the head 44 is watchedltﬁrough the micro-



Hriving apparatus adjusted and. verified by_the alignment -10 disk 1 are
explained with reference to Fig. 4. The ﬁégnetic disk 54 is chucked to a
gJotary bearing 64 of a direct drive (DD) notor 63 by a collet 62 and
Totated bv the DD nntq{ at_a gonst nt sp %? The carriace 58 which carries
the magneti & hé&fPRS $% FHALTRAT o %Hy wikt B3Py GERHY & &#M 55, and
the héad 59 is 05|t| ne. et. track by the carriage 58 to record
and rgﬁgoduce Iﬁﬁg cﬁh?égf%@@n%??t'ﬁls? 54. The head positioning
mechani smis explalned STM,55 fix shown) .changes

chass not
its rotation angle 20 ste %ﬂ Eﬂgaff% %&a§?§%5I é&ﬂ%llé&g PR arsero
t 108. T I d I

Chrough a st eel®BHMS R H 'Saf)%{‘?@ 5%}0:% of SFRgR SxEndriaangt i o
head 59 t th t t t ant
pitch 25 rad aly e tHEednert Pd*éié b4 Fra: ABPRPERR c3eY T ack
P LCh. the MG, Wl SO U ITERA, ek Rkep DLt Tl o0
by an i ndex tl@ Ayun4)5an égaégbguggggulggex tlnlng 14 phot o- sensor

61. Factors of e p05|t|on|ﬁ% error such a magnetic head positioning

mechani sm ar e; (1) a p@dﬂé&ﬁé‘&&ﬂ&ﬁd%oéﬁ&ﬂﬁ" Sf BRE fhagntilelass

error whi ch depends on a | oad,
driving apparatus adjusted and verified by the alignment

10 disk 1 are explained with reference to Fig. 4. The
magnetic disk 54 is chucked to a rotafy bearing 64 of
a direct drive (DD) motor 63 by a cocllet 62 anéd rotated
bv the DD motor at a constant spéea. The carriage 38

which carries the magnetic head 59 is movable radiaily o

'H.

15 the track by the STM 55, and the head 59 is n051t1oned '
to a target track by the carriage 58 to record and
reproduce data on and from the magnetic disk 54. The
head positioning mechanism is explained. ‘The STM 55
fixed to a chassis (not shown) changes its rotation angle

20 stepwise by a control signal supplied from an I/0 circuit

| 108. Thus, the carriage 58 ;s linearly moved along a
rail 65 through a steel belt wrapped around a pully 57.
_Accordingly, the magnetic head 59 mounted on the carriage
58 is iinearly moved stepwise at a constant pitch -

25 ﬂradi;lly of the magnetic disk 54. By setting the pitch
to a track pitch, the magnetic head 5% 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



(2) an accunul ated error of the STMdrive force transm ssion system which
depends on circularity of the pulley 98 thickness of the steel belt 56 and
manner of w apping, 10 (3) chucki ng error representing eccentricity 1
bet ween the center of ang'sk and the center of the rotation axis of the

not or, chus2tP IPeTER R gnetic di sk 54 is chucked, and (4) an errof. from
a standard distance in the radial 15 direction of the disk between tpper
and | ower magnetic heESEOFReChosrEi BREFGHENIGT FF4Fe Rt HfFh@ notor 55 is
explained with reference to m ng_that -the nunber of tracks is

Flg. 5. _ As

40, the(Mﬂ%ﬁ?ﬁﬁﬁl?r%ﬁ§91§°ﬁﬁhggpéﬂga§e§g &Y% he i nnernost track is

nmber ed "397., A dist . bet h Q. desi gnated t Kk d
the maaneti ¢ hetH 50t 7 EbFL8EH BdSRESENSTnsaR O D STbrE of the
t [ tor h Lo _Fi =Lt h t hat
appoar s Bt W HeEiet Lorreor eRieR Abat OFg AGRBr of phases of the
st eppi ng not or {g)our é){u ﬁéﬁ&lgggﬁpégggg O%m%glt%i_ rgglﬁlé)& and amunt of

nost. $ .

errors of the ttdacks Tn € sane phaSeé rs a rﬁﬁ?[ﬂﬁﬁ@% o, 1, 2

and 3 of trﬁééﬁéﬁﬁéé%hﬁmﬁy%%é@eyﬁEBBGES§E§QEQ§P{%@@cuf&rﬂéUrJ:EUEL[err]’

respectivel V. n order etermne oning error ~ T The STM 55,

the adjust SlONA} 47 Ackn£aRAELS b8 theT82e21913% ¥ Frth rfasf Y4 anged to

correspond

wrapeing,
10 (3 chucking error representing eccentricity between
the center of a disk and the center of the rotation axis o/

of the motor, caused when the magnetic disk 54 is chucked,
and - '
(4) an error from a standard distance in the radial
15 direction of the disk between upper and lower magnetie
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 center of the designated track and
the magnetic head 59 is represented as the positioning
error of the sﬁepping motor as shown in Fig. 5. It has
been known that-aﬁ error curve appears‘at'a-pefiod"COrre-
25 sponding to the number of phases of the stepping ﬁctor
(four phases in the present embodiment), and amount of
errors of the tracks in the same phase is almest same.
The phases 0, 1, 2 and 3 of the stepping motor are

represented by O, X, A and C], respectively.



Vicinity of the outernost track, the phasegjof the stepping 5 notor 55 and
the vicinity of the:innernost track, as shown in Fig. 6, respectively. Fig.
¢ shows an off-track detected when the STM 55 having the characteristic
shown in Fig b5 is assentie®hidfd thdskpFrine HiskPesitiagiagparacgsef The
10 curve shows a conbination of the positioning error of the STM 55 and the
accumu{gted er che §F“ﬂﬁ?¢r§ﬂﬁﬂﬁ@iﬂﬁﬁ1%%E%%#nt¥$ﬁﬁe%%$ﬁﬁ¥stﬁgra@Egmurgbed

error does not finely changﬁfI The adjust signal track centers ([err] “and

[err] in theTppeddft Tomp@th fEf) ardrardErdReed n® heOTFeFAPRG 6P tBet he
outernost track . and the innernost track of the alignnent disk, and a )
gradi ent of thgleéﬁﬁeibpﬁgjﬁe'quﬁqqqﬁ§u! 0x?%%1%8a$?6n?ﬁhenﬁfFiﬁPﬁéﬁ§
in those t tracks and the off-track in ope of the tracks [err] [err] and
[err]. In hemﬁf"'8§e§t" &?go&%ﬁeﬁ{l,c:t’ﬁeqéo?gs‘ih%i’g%?r%stt FagR<cefifefapPyn
set in the tracgks .err% and eng_ qg%the sanme phase (phase 1 in the

pr esent enbodi BN Is0 SrhFETREI YR SLr i ni nated from the positioning error

of the STM 55. The tracks,.mar ith 0 inFig 7 indicate.the tracks on
24 (ER, et Sead | EhG e iR R °)

whi ch the adjust signals _

tracki ng verif%&g%&gn. QQ%@a%%%fégaéigéégggﬁgécsﬂ&a#tgﬁiﬁ*gge%gggratus in

accordance wt pPese Invention 15 explrarne re to Fig.

?ré As shown inaﬁkgmbiiedt NGy ac%ﬂlgx%é’r?&{é L Nariv AP BEYE £ 368 2

gnetic di sk driving apparatus , :

10 curve shows a combination of the positioning error of the
STM 55 and the accumulated error of the transmiséiqn_
system. In genéral, the accumulated error does not £inely
change. The adjust signal track centérs (‘I‘l and ¢37 in
the present embodiment).are arranged in the vicinity of

15 the outermost track and the innermost track of the
‘alignment disk, and a gradient 6f the curve of Fig. 7 is
linear-agproximated from the ofi-tracks in those two
tracks and the off-track in one of the.tracks_TlG, Tig
Tzz and TZS’ In the present embodiment, ;he.gdjus; signai

20 track centei is set in the tracks Tl and T of the same

37

— phase (phase 1 in the present embodiment) so that it is
discriminated from the positibning error of the STM_SS.
The tracks marked with d in Fig. 7 indicaﬁe the traqks
on which the adjust signals are recorded.

25 | ' One embodiment of a trackihg verification
'appératus for the ﬁagnetic disk‘driving apparﬁtus_in
accordance with the present invention is expiéined with
feference to Fig. 8. | | |

As shown in Fig. 8, the tracking verification



arectifier 103, a filter 104, an A/D converter 105, 1/Ocircuits 106 and
108 and a personal conputer 107. The &érsonal conputer 107 has a CRT 108
and a keyboard 109, 5 and also has a CPU,. a ROMand a RAM ' (not shown).

The apparatus of Fig. 8 operates in the follow ng manner. The alignnent

di sk 1 havi RPRIFEIRGCRRERERTr2 SHRIRECEF gRAFS BFLVIDS APPEsEisgddrand
index timng 10 adjust signal recorded on predeterm ned tracks is | e&ded
to the magnet (XeSH-2 Qﬁi%qgg appbat B8 TIslAbe. an ARLBnEPBIVEFitGFalitids Suifhl i ed
to the head carriage drjve ratus or the stepping notor, of the magnetic
di'sk drivi nGFER J&ﬁo@‘ff’g 3R R rRENEPRR S RTENEES7 Lo -ougdRe he 1/ 0

circuit 15 108 by manipul atin keybo 'so . that the magnetic head

i s noved topc?es%@frﬁgrce#ﬂ?é‘ gjré‘r%??a?r%c%g }Fagn‘?nfihé ﬁ%&gﬁ’@ﬁr& Kddd is
noved to _a predeterm.nned tr the_alignoent _di sk 102 having the adjust
signal s PecfedlS8 M3S ar dj%s?‘&%i%%‘gleai%greEPSGUC?g&WWom that track 20
by the nmagnetic head dit is conver .to-a DC vol t age_cont aini a

ri ppl e conponent by t ?eﬁﬁ???%ﬁuid%gegh%‘tﬁeQHFﬁﬁtFFeéﬁe%@F ﬁ%ﬁﬁay*ng
conponent is elimnated by the filter 104. The output of the filter 104 is
converted t@§¥Qﬁiﬂtal signal by the A/D converter 105, and the 25 digital

data is wit [err] ir“fh%[ﬁ?{§§55%$§%£§P?13§§§¥$§}tﬁ%”QSE%%-%97ﬂEn%9“gh t he

/O circuit 106. Then, in ng and azi nuth etc. are

cal cul ated l%%%‘?;%to%ité}f‘aﬂataazﬁ&@{r?da&fhééesi@ﬂ&i)’apﬁh?nﬁ%@%&kn& fead is

.7 adjust signal recorded on predetermined tracks is loaded

to the maghetic disk driving appératus 102. A control -
signal is supplied to the head ca;riage drive appératvs or
the”stepping motof of the magnétic.disk diiving apparatus

102 from the pefsbnal computer 107'through'the I/0 circuit

108 by manipulaﬁing the keyboaré 109 so that the magnetic

wn

heai’is moved to the referéhce_outermost track. Then,
the magnetic head is moved to a piedeterminéd track "n
the alignment éisk 102 hav: 7 the adjust s:gnals rec::ded
- th~ :an. The adjust signal is reproduced.from that track
20 'by the magnetié head and it is conve:ted'to a.Dc-voltage -
containing a fipple component by the rectifier 103, and
.the high frequency;rippie céﬁponenthis eliminated by the
filter 104. The output of the filter 104 is converted
to a digital signal by the A/D éonverter 105, and the
25 digiﬁal data isswrit - :n iﬁtolﬁhe memory of the personal
computer 107 through the I/O circuit 106. Then, the off-
track, index timing and azimuth.etc.'afe calculated based

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



'17 1 then noved to an inner predeterm nepgytrack of the align- ment disk 1
and the sanme process is carried out. The data are also read fromthe
Jemaining predeterm ned tracks in the same manner, and the direction of

movenent | S 1chanded yed ddialy [ JPUNelase 08a0ntS BRYUEH DEOMLENE, LARC!

track to thé outer t He sane process 1§ repea AFtEr Srha™dat a

have ggn read_and R3QE Ghd ¥nd 'ealld Wocll M 0odabEIghsouthe BELSANL

conput er. di spl dysS on t he the error deviationn € radial *d

bet ween 10 thea&ﬁpﬁﬁs%FQAdﬁM¥rdﬁﬂﬂﬁgiféﬁ@fﬁﬁn?g?g%&éegiﬁgnﬁgrg%ﬁgﬂstEﬁ

STM hysteresis error due to the direction of lon of t ~chucki ng
error and accumiledlsachetiRinel!, tdia til*?é‘sé&féd:f?.{‘oﬁyéieﬂbvlﬂ%nfﬂp%%ht&ﬂgéﬁ

adj ust and verify the magnetic 15 disk driving apparatus Dy using
al i gnment dissk sb itha@XRind MRGneiivelKedd D& déPedertad SheadhHat sigppls
reproduced by scanning the track No. 25 corresponding to the adjust signal

track center T2 hye! bRivEORlddk ety ané oameubryeussorgerbpaathe filter
104 of Fig. 8 are 20 shown in Fig. 9, in which (a) shows a signal

reproduced by pecipptie Hadth Hbe Wwwrs redd!ird ?ﬁb@d&séagﬁak tae thege-
upper head, (c) shows a signal reproduced by the lower head, and (d) shows
a filter outputexrmgned frxadkss, |therpdresshabycbmpatéerdisplaysconr egapond to
out put val ues of 25 the A/D converter 105 fetched into the conmputer 107.

(1) A positi GRInGher exrdretorraieaiatibml iposhe i padbalt @2rpeedeohebeiwedn
track and the | ower (or upper) head is determned in proportion to a ratio
[err] (or 10 <*he upper and lower magnetic heads, positioning error of

" the STM, hysteresis error due to the direction of rotaticna
of the STM, chucking error and accumulated error ci the
transmission system. '

The 6peration to adjust and verify the magnetic

15 disk ériving apparatus by using the alignment disk 1 is
explained. Wéveforms 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,
andé output waveforms from tbé filter 104 of Fig. 8 are

20 shown in fig. 9, in which (a) shows a signal reproduced by
the upper heéd, (b) shows a filter output signal for the
upper head, (c¢) shows a.signél reproduced by the lower head,
and (d) shows a filter output signal for the lower head.

Symbols Tl, TZ,IV etc. correspond to output values of

RUA
25 the A/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



1 J[err] that is, aratio of a magnitude [err] (or [err] of the inner
track signal of the track dianmeter adjyst signal 10 and ‘a magnitude [err]
(or [err]) of the outer track signal i%l 5 (2) The ihdex timng is
verified by detecting a tine difference [err] (or [err]) between a rise
time poijnt yof _the reprasheedis ndexritid ngf adj wegnstgaal v21 debected By’ the
| ower (%r 3%%@%?%“E§d and an iﬁdex timng detec?ion tine“ﬁéiﬁt (|[»0332.
This tinme &iffereEeaHddinmdestrad®d pbshal oss othehermegnatiamekead in the
rotati onal &Y%Pection of the disk fromthe reference position. The index
timng i s adjustcdizymhlyel famtl sunagthetds h‘eﬁ%%nﬁzoﬂi Véﬁﬁeno& hewi thin a
predeterm ned all owabl-e time T. (3) The azi h angl s -verified by
det er mi ni ngputer arvatk signal X2y [err]) that is, a ratio of a magnitude
[err] (or [err]) of the CWsignal 31 of the azinuth adjust signal 30
det ect e§ by t he2)owerTHeoringmrerfimbag bsdverifijedt bdedpeeckipar & err]) of
the CCWsignal 32. This ratio indicates the azinuth angle of the nmagnetic
20 head. Wrdneerditfferxmicrith, atag eTof betwdeW gapise thmel paemtoofupper
magnetic head is within an all owable range or not is verified based on this
rati o. Thushe repatjidunadrindax viming cadjestosignadi elodettpctied badi a
direction of the track, the 25 adjustnment and.verification in the index
timng dird&ds devemdanharrpistherd and sorindest téning fpsestimm h
direction are simultaneously carried out. Fi g, 10 shows waveforns of the
track di andd@e point (IDX) "22. This time difference indicates a

10 position of the magnetic hea&'in-the rotational direction .
of the disk from the reference ;ositioﬁ. The index timing ~
is adjusted and verified such that the time difference
is within a predetermined allowabie time T.

(3) The azimuth angle is verified by determining

15 a ratio VeLA/V (or VGUA/VSUB)' that is, a ratio of a

LB
magnitude Viia (or Veupa) ©f the CW signal 31 of the

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

head and a magnitude V (or VQUB) of the CCW signal 32.

3LB
This ratio indicates the azimuth angle of the magnetic

20 head. Whether the azimuth angle of the R/W gap of the
" lower or upper ﬁagnetic head is.ﬁithin an allowable range
or not is verified based on this ratio.

Thus,'the adjustment and verificatioh of

precision in the radial ‘direction df the track, the

25 adjustment and verification in the index tiﬁing direction,
and the adjustment and verification in the azimuth
direction are simultaneously carried out.

Fig. 10 shows waveforms of the tradk diameter



1 adj ust signal reproduced by the hagnetiz%head 59 on the track No 1 [err]
in the vicinity of the outernost track, a filtered by the filter 104 of
Fig. 8 In Fig..10, (a) shows a waveformreproduced by the upper 5 head,

and (b) shows agyayef g&gnae.p&@@&@a%d@a.tﬂiﬁ drafadieaehic Shakd paigs of track
di anmeter adjust signal for one circle of track are showm in Fig. 10. (1)

A nearnyal ue AtheokrAbk No.eachTinagh ahdasidiitVherEns detupgssa radial
position on the prede- 10 termnéd track and the |ower (or upper) head is
represented bytBack, an¥ filteredVbyerdHe Wiclted €104 sdr{glrd. (otn[err]
and (VRUB)j) are magnitudes of the inner track signal VRLA (or VRUA) and
the outer tracFKigi.gdal, (B)BshowsVRURrweifeashrairddecdd bei ¢hé wpbes of the
adj ust signals, and Wis the RRWgap of the magnetic head 59. The error on
each track fanhkaddetedni(b¢dshowsha saveiomnereproduddd of ftheatéwesr or
due to the positioning error of the stepping notor, the hysteresis error
and t he accummbkatied &dghrt pedrshef2rnawmkekidmdteam ddiustneighabcEoto t he
outer track or fromthe outer track to the inner track, and the assenbly
error of the upper cimg¢leowndr tiresis agle tshowmgitetF g hebdl.

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

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

l by
W
-1 % w (Vmayi - (Vri)i
=g L F 5 v -
i=1 ("RLAYL + ("RLB)i
o1 0% w (VYroayy - Vmuij
AU =g+ L == v
j=1 ("RUA)J + ( RUB)jJ
where (Vo ,)i and (Vo )i (or (VRUA)j and (Vo,pld) are
magnitucdes of the inner track signal VRLA (or VRUA) and
" the outer track signal Verp f(OF VRUB) of each of the

15 eight pairs of the adjust signals, and W is the R/W gap
of ﬁhe magnetic head 59. Thé error on each track can be
determined in the same manner, and the off-track error
due to the'positioning error of the stepping moter,
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 aésembly

error of the upper and lower heads of the magnétic head



can be verified and adjusted. (2) Th caccunulated error can be linearly
approxi- mated as; [err] when [err] and [err] are of the sane sign (both
+ or -), or alarger one of [err] 5 and [err] ° when [err] and [err]
are of the QEROYd 6 ertidfised odyed i &djuapddihe other-is--), where [err] and
[err] are position errors between the radial position on the track &nd the
head in the tragigs No.THe [EfddmulNete@5etFaB) caRdniN01:3226T37 1 10 hiéh are
of the same excitation phase of the STM 55. Thus, the accuiul ated error can
be displayeﬁam@a\gyﬂfﬂfﬁy <3}, | wihenchy ging gorahds(uthh AS)t Ree o=
eccentric conponent err caused when th nagﬁ tic diskzPs chdcked is
represent ed tine (Sfagne tdiegn olieotihendyr [ el v ] ot5a lheger| ere] ofor a [e~r]s is the
ratio of the eight pairs of track dianeter adjust signals on onr cird® of
track. TBos@ngr ﬁc&rzss ar eﬂfii sﬁhayedﬁgin thézgRTamd8 (Q% the.‘;ger ageal £C@mput er

of Fig. 8 as showin Fig. 11. 20 D ano as [err] to [err]
represent topposide [sHiignen(ene isdt adngothei ohher tbe-jrack and the head,
chucking error and hysteresis error etc. in the tracks No. 16 (T16), No. 19
[err], No. 22 [err] anthe%e &%L degrdnd Al.repecpestitibe erxrors produced
when the | ower head scans the rear side (Side 0) of the alignment disk 1,
and a- a rbptvsen the zadiak geobtien onehhensraghernfieslie head

;n_the tracks No. 1 (Tl), No. 25 (TZS) and No. 37 (T37)
10. which are of the same excitation phase of the STV 53.
Thus, the accumulated error can be displayed and verified. \JJ
(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)

s o L (Vaalt - (vRLB)::L)
rra’t ¥ (Vpppll

) (‘VRLA)J} - (VRLB)J:.>
(VRLA)l +'(VRL5)1

max

~

f
minj
15 where (VRLA)i/(VRLB)i or: (VRUA)j/(VRUB)j) is the ratio
of the eight pairs of track diameter adjust signals on
one circle of track.
Those errors are displayed on the CRT 108 of
_thg_pe:sonal computer of Fig. 8 as sﬁown in Fig. }l.
20 : Diamonds a, to ag represent the error between
the radial position on the track and the head, chucking
error and hysteresis error etc. in the tracks-No. 16 (T

16)'



scans the front side (side 1) of the disk 1. The side 5 _[err] (or [err])
in each track is represented by plotting n?g ei ght values [err] or [err].
l,5n each dianond, the left si-de [err] repreSents the error produced when the
head is noved inward, and the right side [err] represents the error
produced wheh tFRPFeSENEstheyearens pupduced whesortdiendloyern Hmady teamesi s
error igyrepresented by a vertical axis length Hof a side [err] connecting
the side [err] &R FeRTsFide[ éFife FheofhibRi Adionment Sisdprlesarted by one
hal f | ength of the side %errl or side [err]. The radial direction error
produced when ths TUpherTRRE858RE the rERErs1Brofugedowheme theynwpear Hesat 59
are assenbled is represenfed by a difference between vertical axis |engths
of the di anondss%ﬁngndq%SI*'%ttﬁ%‘@ar‘rﬁl@Faék pfothexdiske 1.t r fhle Mu.cel6
(T16)) on t@; f, ong side and the rear sigde of the disk 1. 20 i The
vari ation of t%ﬁw)?ﬁt_phihﬁ 83TRr ETROK fRcrRRIBEERLeE BycPletitdmgpithees of

LorrT A um of TR BrtHTat acal bf Tral heoF! Aknidr 4P ppgditi o roreast | s
ool post t1 oIS DER Lo S T Facks ERBRRSBRCEEAR SRECTARFOTEINSA and
and the i nnor i o Hedd ' H Sngdha RyOURE" FRR £helabk sida done of
[err] and [err]repr§%HQ§ﬁtﬂ§”e}rofeﬁ%@éggeé dneiMRL ngd is moved
10 outwaro. Accordingly, the hysteresis ertor is represented
U by a vertical axis length H of a side 23 connecting the
side il and the side 22. The chucking error is represented
by ‘one half length of the side %; or side 25. The radial
direction error produced_when the upper head and the lower
15 nead of the magnetic headl59 are assembled is represented
by a difference between vertical axis lengths of the
diamonds a; and ag for the same track (for example, track

No. 16 (Tlﬁ)) on the front side and the rear side of the
disk 1.

20 The veriation of the positioning errors for
the respective excitation phases of the STM can be grasped
from the vertical axis positions of the diamonds a; - a4.-
A sum-of the accumulated.error and the track radial
position error is represented by a rectangie ag, where

25 Le rep:esents a2 maximum track radial position error in

the four tracks shown on the right, and 2, and 2

_ 4 5
represent the accumulated errors for the outermost

track Tl’ the track Tzs_end the innermost track T37.



track radial direction positioning errors of the magnetic disk driving
apparatus determ ned by the alignnment disk 5 1. Based on this sum

whet her the position adjustnent of thg<ead carriage drive apparatus is
within the all owabl e range or not can be determ ned.. Wen a high density

di sk. d f h f and
rerr] | ok o ' ;'rm?n@? p%éa%gw?t fﬁp%ih'r I‘rr,lyot soiag’e %EJZI e ot or
and the. asi fhas artwl' mly B ihebacal g SPRRPRBHIEAR Yl O 0 as |
required. e, dy acking: netho gt%nt{asfﬁgaﬁa@ Uolrkd o1 gk AoV At US of

the present invention Ts ex The Carri age

th h th
creel hel te%?“grﬁi&”ﬂifg?égﬂi‘?% ?‘ﬁ‘q??*“%‘%?a% s ngearg?lc%‘tk%/ Kﬁ. ch is
[ t to t {
I mporta galrfélgnnentph skgﬁﬁh wHEENLRO +ARP Y %ﬁbnlaafﬂ

require aving the track di aneter -adj ust S|gnal 10

recor ded ongdie, SELAeL £ 1 58U #{ REKaBBRLRE LS ; |s°%‘i%‘§||:.tn° e JTBGHRS da:gey di sk

driving apparatus 102, the'track di aneter adlust signal 10 is rea t he
magneti ¢ heath?d op%hot adls@Pidde PREALARS Whehi BEhY qAdideHad S0 the track

radial direction P or Qto position the magnetic headto mai ntai n the data
i nt er changegdyddddc adidbedrbgedi sapfaghtdsi Lisngoaprarn@irtified, khe use

A et hod for adjustlng the off-track by the
of 24 andg 1 for the determination is very important in
10 suppressing the“error within the allowable range;
The verification results for the index timing
ané the azimuth angle may'be numerically or graphically
. éisplayed as requlred. - |
The tracking method of the magnetlc éisk
15 <driving apparatus of the present invention is explainedt
In Fig. 4, the carriage'SB which carries the maguetic
head 59 is moved by the stepping motor 55 through the
steel belt 56. In order to maintain the:data inter-
changeability which is important to the magnetic.disk
20 driving apparatus, the tracking is required. The
alignment disk 1 hauing'the track diameter adjust signal
10 recorded on the predetermzned track center is loaded
to the magnetic disk drxvxng apparatus 102, the track
diameter adjust szgnal 10 is read by the magnetlc 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 iuterchangeability of"the_

magnetic disk driving apparatus.

¢



Eracking of the present enbodinent is explained iith reference to Figs. 12,
13 and 14. A tracking verifi- cation appgﬁgius (see Fig. 8) which neasures
fhe off-track 5 between the-alignnment di havi ng the track di aneter
adj ust signal 10 recorded on the tracks_corresponding Lo_the excitation
phases.of the stepping ndt FEERY £Phadi eseirgt Fon efEppragknbyothen the
present_senbodi ment) [err]_and [err], and the magnetic head is used to 10
di spl ay the of Fraf&dBSoPR Hde SRRRANY cenbekidienh ifecexrainedndhihi n Fi gs.
12 - 14. A maxi mum off-track 110 on one track groducgd when the head is
moved from t heTPERELAGEAEL 3 I8re din o3 t3RR KL dn thetFRORnG Veriside 0) of
the disk is reErgsented 15 by [err],_.and ﬁkntnimynloff-track on gne track
produced when tA# 19@3&33?4%5%%1 Ede otk fRIFAREITNTIPR FRAPIErSERCKS
_represented.by, 0. A maxinmum.aff-track,.112 n_one track produced when the
head 15 movad’ PRGHEET G drl (TRAE S isle bRRTLIEY 4EkS oFEaTE TLaPesede
(side 1) of 20_t.he disk is.represente y. 0, .and a mninmumoff-track on one
track producedaﬁﬁgﬁ%tﬁégWEgdﬁisqﬁﬁﬂﬁﬁg$tﬁﬁt$ﬂﬁcﬁn%ﬁ F ISRIEEPPRELPENEP
track is repregented hy *.. The.steppi tor,_is finely adjust radially
of the track s%ﬁﬁhgfcé#5 vy ﬁﬂﬁ%§§{4$21 1T PR BT 'tﬁ?ﬁPPﬁ5325
al | owabl e rang + 20 [errl: for Pl + err] for.135 JPlI). A
nmet hod for adj §}s+ ?%8&8' ﬁé %élbglggck) nﬁﬁ%e“% r%g i%géﬁ?%o%m%%h@ ?Fié
four-phase adJ?ig,s lg%'fﬁ% and T,;, and the magnetic head is used to
- 10 display the off-track of the respective tracks on the

o . CRT as shown in Figs.'lz -~ 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) cf 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 ll2a on
one track produced when the head is moved from the inner
track to the outer track on the rear sidé (side 1) of

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 repreéented by e. The
sfepping motor is finely adjusted rédially of the track
so that the maximum off-track 1ll0a or 1l2a is within the

25 allowéble range 1l0b (+ 20 um for 96 TPI, ahd'iis um for
135 TPI). - |

A method for adjusting the off-track by the

tracking method using the four-phase adjust signal is



1 explained with reference to Fig. 13. The off-track in Fig. 3 is
represented in the same manner as that2gf Fig. 12 but a'nean value 117 of
the off-tracks for all tracks is represented in Fig. 13. The nmean value is

5 obtained by, averagi ng. a for the tracks Jerr].lerr] .and [err].
When t he- nﬁ&%ﬂ%??%?g%@%%&ggﬁfggezg% g%%]', e S’,I[theep;é‘rrg- It 33 f nel y
adjusted radially o . k0. sel, th ap_value 117 .to the viciMty of
t he prede- af%(ﬁt e%ln*%e%gﬁ‘réégﬁg‘éétjéf‘ E);Pgt %eag% anﬁ'%eeﬁt atllsl St bring the
maxi mum of f=¢ rac Lt pi e a NGE: M, S

enbodi nent ,F-Jt‘%é o‘? %é?a%kﬁg%{l -{’%%éuﬁagggt =|8%0rﬁ§%d%f"6' ‘Ta%%él{brea"gilg %]f smal | er
than 20 [er LELOPLRAY: R 8EL,SI of e o S

i mproved. 1 aégg i?ergggé%%gﬁg %grﬁg fugprngI%hengggPs%%gﬁggégother
trackin gggg' N =Y LLhate e &0 Eha, wig. 44, the
track d?%gg%er dﬁ?ﬁ§§fs?%%§?%¥%ﬁ gﬁegggagggb'grffg §ﬁ%ﬁ%§n11&@ w2 as at
| east one op thg,gnpernost and outernost tracks T37 and T 20 are used, and
the nean val2® 117 o#3the off-tracks for the tracks [err] and T37 is

cal cul ated and di spl aygén the!Rex MMTYRECkEalkagkReedR 30 [ ofid . the
stepping notor is finely adjusted radially of the track to set the nean

val ue 117 toedi@ing Chtdy D6 £iRelp aBhadekar Fadg@d 1lInACE Gald eiradk t he
alignnent disk 1 to bring the maximimoff-track within 20 [err]. In
accordance # tdet heh@reeent velbedilento the RATiNiay RE piecistade the
magnetic head for all tracks including the inner- nost and outernost tracks
is | mpriveccexmind® teackbeéntyr of the alignment disk 1. te bring

L]

the maximum off-track within 20 um. In accordance with gJ
the present embodiment, the off-tracks of the magnetic
‘head for.all tracks is smaller than 20 um and the‘
éositiqninq precision of the magnetic head is improved.
15 o -._ A method for adjusting the off-track by other
.tiaéking method is explained with reference.to-Fig. 14.
In Fig. 14, the track diameter adjust signals
16'-T19' T22 and T25 as well as at least
one of the innermost and outermost tracks T

on the tracks T
. 37 2@ T
20 are used, and the mean value 117 of the off-tracks for U

the;t;acks TOl’ TlO’ TlS' T22"T25 and-T37-is calculated

and displayed. If the maximum off-track exceeds 20 um,

the stepping motor is finely adjusted :adially of the

. ﬁfack to set the mean value 117 to the vicinity of the

25 predétermined track center of the alignment disk 1l to

brihg the maximum off-track within 20 um. In accordance

with the present'eﬁbodimgnt, the positioning érecision

of the magnetic head for all tracks including the inner-

most and outermost tracks is improved and the reliability



251 is inproved. |f the maxi numoff-track exceeds the allowabl e range,
whether it is mainly due to the error of tIf8 stepping notor or the error in
lfhe assenbly work is determined by checking the chucking error, radial

direction 5 error, between the ugger and | ower_heads .and hysteresis error
etc. displ ayedtHriBRECYRE: ahd S8et REXEMUGY off4FE Gl 8xcRa%%F5R can be

b h{_ywi thin I bl .. Thus, th , tjvity is i d. _A
{1 ow ciar t of HESTEBLRI RERBr nBeBRoFnd t16 5oy AR arne | 9195 ned
with reference to Fig. 15 1n_a_step 500, the al ignnment_di Hhé i s |loaded to
the magnetic dFik THPOPHESAREPE(BE 102 SFHoF drb 2SI IEAPTS Shught
to the track No., 00 (T). | 204, t | ng Jmtor_55 js set_to.
Seck the nead Jecerered R §n8bBEnsEne BB, Y Jpetnad S i
tic head ' to, Lh t o | . . adj ust
STonal is 1 eprARER FagnapbEEnand il bR B AR G
ential | 0 4 ' [ Q. [tati,
phases. of the SrEapI G o orP LR SAT (R ERCIS b Jnd S SR

read the data.,gl{ ﬁéérﬁ?%ﬁlgan"‘ﬁgt p?Eubﬂﬁo%ﬁh@ﬂﬂ:@ éﬂeorgflrﬁv%isggréie%@é:}( to

. e
the i nner tracxk an rom e | nner rac e outer tra

GomLeLed, 29, hiia MepdTpesa el qndsl smbklegiot o Shecken, and i Loe
to the innernost . A flow chart of the tracking method of the
10 present embodiment is explained with reference to Fig. 15.
Lo | . - In a step 200, the alignment disk 1 is loaded
to the magnetic disk driving apparatus 102. In. a step
202, the -head is sought to the track No. 00 (Tb).- In a
sﬁep 204, the stepping motor 55 is set to seek the ﬁead
15 inward. In a step 206, the carriage 58 which carries
the magnetic head 59 is sought to the target track. In
a step 208, theladﬁust signal is reproduced by the
magnetic head.
' The steps 206 and 208 are sequentially repeated
20 to the tracks corresponding to the excitation éhases of
tﬁe stepping motor (TlG' T19' T22 and TZS in the preéent
~embodiment) to read the data.' In a'step 210, whether
the seeking from the outer track to the inner track and
from the inner track to thesouter'track has been completed

25 for the tracks T and T,5 Or not is checked,

_ 16’ T19’ T22
~and if the decision is NO, the procéss proceeds to a

step 212 where the head ishsought to the innermost

track-Tag.-



track T39.
out war d.

the data i
sequent i al

and outwhrd directi ondNafdStRR g
t he off-t&ggé.on t he tar%gt track is diqplayed on the CRTNO8 in
[

“conpl et ed,

a step 216 $Re%EnbHA

In a step 214, the stepping notor 55 is set to seek the head
In a step 206, the carriage@? Is sought to the target track and
e

s read. In this manner, th racks [err] and [err] are

ly 5 sought _and the dﬁéz are read. Wen the seeking in the inward
“edd

i TGS HERP NG FIRAT 2 15 aSRE &P

gutwEsdandifs 2 £G4 Dot P BRTTIRIR 8t h

&
ifoit

LSS BCEE AR S B Sl SRS A
' 0 5-1 9 I ' '
posi 1 ont nd et Ep8teEEkharene Toa Biis AP K e HONTHGH EHFAL

al | owabl
out er nps

may be read and di s- e S | Fig.. L I t |Ssserror 20
positioning error of ﬁhgxs% rsggg\gﬁg]diqrnegt |eorj%'q;%'zra‘-rg()a(ra %gqsmog‘{eﬁ%%éé upper and

[;ﬁ@{hslgg?pgggeggggi g?g %%%Igs T1 and T37 in the vicinity of the

he“rnnernmost tra may be sought and the data t

Lover  headsy; agebiuha! gflactna’ -addibae d2unld Ba o Tl 1 Deglien! gy

shown in Fig.

of f-track

and the hyster

error or

10

15

20

25

i n accordance wth~the present e i
'éorhgieeedyetﬁe bee-peack eal '%Qlez.iaz?’ertortzqclé hes SA£0P1 8%
SIs error, or it h

on the CRT 108 in a step 216 as shown in Figs. 12 and 13
In a step 218, whether the maximum off-track exceeds the
allowable range or not is checked, and if it exceeds, it

is displayed. If the maximum off-track exceeds the

:allqwable_range_(apprqximately izoaum-for_the.s-iﬁch 96

alignment disk), the positioning is adjusted so that the

~off-track is brought within the allowable range.

.The predetermine& 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-
played as shown in Fig. 14. The hysteresis error
positioning error of the STM, radial direction error
between the upper and lower heads, accumulated error and
the chucking error may be disblayed as shown in Fig. 11l.

In accordance with the presént'embodiment,
whether the off-track is large due to the positioning
.ger:.of the stepping motor and the'hyStereSisferror} or
it is due to tha_chucking error S, accumulated error or
radial direction error between the upper and iower heads

can be defermined, and the productivity is improved.

the
Yhe

her eof

d as
gthe

g’Dt or

I's due to the ucking error 5,7 actunul at ed

o/

TPI

e
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Yadial direction error between the upper and | ower- heads can be determ ned,
and the productivity is inproved. 27 1 The result of
verification of the index timng and the 527nuth angl e may al so be

di spl ayed. I n accordance with the present invention, (1) preci si on of

posi tigning 5 (2) TwsitéowlOOoLrverisichiont OEPithe THA/% timing
hystergsjs error and accunul ated error of the transm ssion system and (3)

chucki ng error anxid titee negimitic shgke ansgy r atsal bededigpilapedst ween the | ower
head and the upper head can 10 be col |l ectively displayed on the CRT
Accordingly, by verifyindim guauitddnceawithyther presealt daventdgmti c di sk
driving apparatus in which the precision of the conponents has reached the
limt and which is. t&si gretedisdony efhieposijbionilngr eci si on of each conponent
~into account in a 15 probability distribution manner, the allowable range
or required3precisiod of pdsdipiomingrerooerodr thé sheppéad matorgge drive
unit is determ ned for each nmagnetic disk drive apparatus. By adjusting the
drive with necawsheresics ifixiand aceunglaheduanrorsedr phendreasmifssioD
adjusting tine is saved and the productivity, reliability and stability are
i nproved. |f tIRYStBRmARDIf-track exceed the allowabl e range, the chucking

error and the hysteresis error, positioning error of the stepping notor,
radial direction erfdr bahwinheexgperofintheonagnasiagsdisk and radial

deviation between the lower head and the upper head can
10 Dbe collectively displayed on the CRT. Accordingly, by
e verifying a product, part by part, such as a magnetic disk
driving apparatus in which the precision of the components
has reached the limit and which is designed taking the
required precision of each component into accoﬁnt in a
15 probability distribution manner, the allowable range or
required precision of the positioning eirbr 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
A 20 adjusting time is saved and the 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 trouble or
the assembly process in trouble is determined. By

adjusting the component in trouble in the next assembly,



' s
25 and accunul ated error etc. are checked based on the display on the CRT
so that the conponent in trouble or the assenbly process:in trouble is

determ ned. By adjusting the conmponentagn trouble in the next assenbly, '
the productivity and reliability are Fﬁsroved. In addition to the _
adjustnent and verification in the radial direction of the track, thg-,

adj ust menthen produdtisdityo arnd) rddla abirleaty @reofinprdared. m ng, that i sy the
5 direction of rotation of the ragnetic disk, by the use of the index .
ti mng adjust signalln additthieonadjaisthes @d jastmesrt farchtveri ficathierdiimect i on
of the RRWgap inclination by the use of the azinmuth adjust signal can be
nuner i cal tthedsadiadndimeptinrecdfithe faek.ndie adf ustnentcandn are 10
attained, and the reliability for the high density disk drive apparatus is
i nproved. VRFd&ACREE s i Ahe Hragtion aft 1Qda% dHming Nehagr dss34heser i al
No. 2,187,878) fromwhich this |.i.cati on has been divided and al so our
Pat en® Apfirestion @F rﬁatjé@‘zgggéf'\%é'ﬁ%e%& diske by Pheytise 9% al so a

Covt o onl PR il B AR, ) Y My uomeit GV
verification in the direction of the R/W gap inclination by
the use of the azimuth adjust signal canibe numerically
done, and high precision adjustment and véfification are

10 attained, and the reliability for the higﬁ'density disk
drive apparatus is improved. '
Attention is drawn to our Patent Application_No.
8703534 (Serial No. 2,187,878) from which this Application
has been divided and also our Patent Application No.
15 8926034 (Serial No. 2,226,179) which is also a divisional

application of parent-application-8703534.



magneti c di sk drive apparatus havi ng magneti c head neans \\\\\\\77§§ﬁﬁhﬂﬂ}\\
and reproducing data-on or froma magnetic recording nedi J?

sarriage for carrying said magnetic head gepns, and head car Jﬂ”
means having a stepping notor for driving said head carriage reIatheSt

sai d magnetic I ding mediumso as to radially cross a 10 plurality of
tracks \of salg—§§g$£ﬂlc recording medium said magnetic head neans being
capabl e of being adjusted in its position radially of a predeterm ned track
from.an adjust signal read by said head nmeans which is recorded on an
alignment disk, said al phgagegk - ; 4 ded to and
fromsaid nagnetic disk drive a-paratus K having a set

of track di anpegé+adiaUApparatak Eéfr%rééﬁ?ﬁ&eQrPBravéfngESEﬂb eﬂo?UQbef of

tracks of said alignnment disk, the total nunber.of tracks in t urality
of tracks egqumhghetfe hmsuearwenaaﬁefawénhwfn&Omagﬁélﬁbé‘rheédpﬁlés% of
said stepping notor, the predeterm ned nunber of tracks respectively
correspon8i ngfoo aecbedingthndphepeedaéiﬁgldaﬁie@ﬁlag FPoA’a MagRetOE track
- diameter adjust signal pairs being recorded on at |east a track in the
“vicinity of areremdingnmediump anheadosarriagé fox earffingosabdnost track;
-~ said apparatus_including: (a) filter means for filtering the adjust signal
read by sai d HagRetic head means..hAed hesd carphagetdpive meags hsvingdad

. to said nagnetlc di,sk drive gggaraius and rOV|d|ng an_out put _indicative
" thereof : stepping motor ving sa d head carriage relative to

said magnetic recording medium so as to radially cross a
— 10 plurality of tracks of said magnetic recording medium, said
magnetic head means being capable of being adjusted in its
position radially of a predetermined track from an adjust
signal read by said head means which is recorded on an
alignment disk, said alignment disk being loaded and
.15 unloaded to and from said magnetic disk drive apparatus,
sald alignment disk having a set of track diameter adjust
signal pairs recorded on a predetermined number of tracks
of said alignment disk, the total number of tracks in the
plurality of tracks equal to or larger in number than the
ZQ_ number of phases of.said stepping motor, the predetermined
numbe: of tracks respectively corresponding to at least the
phases of said_stepping motor, a set of track diameter
adjust signal pairs being recorded on at least a track in
the vicinity of at least one of an innermost track and an
25 outermost track; said apparatus including:
- (a) filter means for filtering the adjust signal

read by said magnetic head means when said alignment disk



- '
( ' means for digitizing the output of said filter neans and
pmﬂmmumﬁm t 5 indicative thereof; (c) nmenory neans for storing the :
o] conver si on means; ggg control neans for supplying a t-
control signal to said head carriage drive neans to drive said head 10
carriage; (e) calculation neans for cal cul ati ng, base don the data siered

in said nsokgadmbnegy said eeegnetierdisk -dihivd appaxatws|andd t hrough=t he
novenent of said head means fromthe inner track to the outer track of said
15  al i gpresidinglan euttbut rindieatine ehererSiti oning error of said drive
means, a hysteresis error_depending on the direction of drive of said
carriage, and an ecC@ht?{Rie9negrionimeans £Qk digitizingitheay neans for

di splaying a result of. s jf 20 . cal cul ation ns; said control mneans
control | | PRYCRYF @%e%ﬂi‘%ag’r TR TP r%?ﬁY’Ef%t%? PPERRTt 0 the inner

track. and fé£n1tfe La?er.t ack to the outer track so that said nmagnetic

head AP YR TR ‘corresponding to at |east the 25 phases of the

‘stepping for drivin ' r'g%g éF@ﬁ; ; rogracking error
verification-accord n);a'*%“c id'm . ,s e‘%.esliﬁlorsjé{l1 contaé%lfpérgaoné %%% rols

sai d headp R &dRPEr s Lo &arkg OM t he outer track to the inner track and from
the inner track to the outer track so

(d) control means for supplying a control signal

to said head carriage drive means to drive said head
10 carriage:;
(e) calculation means for calculating, base don
the data stored in said memory means, at least an érrof
-which is accumulated through the movement of said head
means from the inner track to the outer track of said
15 alignment disk, said error including a positioning error of
said drive means, a hysteresis error depending on the |
direction of drive of said carriage, and an eccentricity
error of the disk; and
(f) display means for displaying a result of said
20 calculation means:; - | ' S
said control means controlling said head carriage. j
to move from the outer track to the inner track and from
the inner track to the outer track so that said magnetic
head means scans the track-ccrresponding to atcleast:the

Aotor, . _
25 phases of the steppinglfor driving said carriage head.

2. Apparatus for tracking error verification

according to claim 1, wherein said control:means controls



ﬁhat sai d magneti c head neans scans the tracks coxresp the
gxci tation phases of-said stepping 5 not or as wel | a BM?’ mﬂﬂlm t he
racks in the vicinity of the outernost t®pck and the inne
Apparatus for tracking error verification according to claim 1, whér ei*n
sai d al.gnnment dISk further has an index timng adjust signal for detecting
a posi tipn 105aid %%9dcﬂﬁﬁhﬁg?ct%e@ﬂvﬂeﬁﬁemlHh?h%uﬁ¢¥e€¥¢%h v thek
rotation and an a2| a % si gnal %ﬁé detectln ~an inclination of a
read/wite gaPRET the ﬁé&' PR Hhee errEE%?He 0t R ItRE SEREK aBPust

j | d th adj |
Sy readtin" e%ie é“%ﬁ%ﬁgdﬁ‘@%ﬁls' i Sans nefe oFrARkE o q “iégﬁ'e?.“i
head f nce
posi t f"éﬁ“fn%’?ﬁ@s@%ﬁ%ﬁ%gﬁé ' ExcLPOREbh (pREAES "BR 2ald %’*%p g' =
tracki ng £rrafo¥ssidé C@émnazoat PeaStdbRg 6P £hé E}Ack QiﬁgE%gf

track dianeter adjust signal pairs each have an 1 nner trac S|g a an
outer track sbgnehe exheathosSt BHEEKR aRd Ohé Bhtefhost arssdk! e of the track,
the inner and outer track signals of respective pairs having the sane size
in the 25 circunferential and radial directions, said set of track
di aneter adjust signals pairs being arranged symetrically 32 around a
rotation axi s3of said ahpparaths dfek. tbacking errgpavetifidatiomacki ng
error verification

according to claim 1, wherein said alignment disk further

has an index timing adjust signal for detecting.a position
KJI 10 of said magnetic head means in the direction of disk
rotation and an azimuth adjust signai for detecting an
inclination of a read/write gap of the magnetic head means,
recorded thereon as said adjust signal, and the index
timing adjust signal and thee azimuth adjust signal are-
15 read and processed to display the inclination of said
magnetic head means and the position of said magnetic head
means from a refe#ence position in the direction of disk

rotation.

4. - Apparatus for tracking error verification

20 according to claim 1, wherein said set of track diameter
adjust signal pairs each have an inner track signal and an
outer track signal extending inward and outward from a
centre of the track, the inner and outer track éignals of
respective pairs having the same size in the

25 circumferential and radial directions, said sef of track

diameter adjust signals pairs being arranged symmetrically



a “ﬂlﬁﬂ 1, said apparatus further conprising neans for obtaining !
am lEumH“m Si gnal s of a pair of 5 track di aneter adjust signals

read by sai'd rfagfieti c head neans, whengj n said set of track dianeter adj.ust . ’
signal pairs each have an inner track rgnal and an outer track signa
extending inward and outward fromthe centre of a 10 track, said inrer.

and out er siroatid @ Fotlatilon axisulbTt Falidaldldgemenit idisi.dth in directivens
perpendi cul ar to the track and spaced along the track with a distance” :
t'her ebet ween, said set of track diameter adjust signal pairs being arranged
synnetrlcally around a rotation axis 15 of said disk, and said display
means i nclSudes neandpp@ratiuspIfey tyackdneheFneR mﬁmaﬂmw i ndi cati ng

a direction of displacenent of said head neans froma track and an anount
of the di $CAFSHG to claim 1, said apparatus further comprising

means for obtaining a ratio of output“signals of a pair of
"5 track diameter adjust signals read by said magnetic head
means,
wherein said set of tfack aiameter adjust signal
pairs eaéh have an inner track signal and an outer t;gck
signal extending inward and outward from the centre of a
10 track, said inner and outer track signals being
substantially equal in width in directions perpendicular to
‘the track and Spaced along the track with a distance .
therebetween, said set of tragk diameter adjust signal
pairs being arranged symmetrically around a rotation axis
15 of said disk, ‘and
said display means includes means for displaying
the obtained ratios thereby indicating a direction of
displacement of said head means from a track and an amount

of the displacement. . "




