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NEZI:HCDS CFWI NG OPERATI NG TEMPERATURES | N DI SC DRl VES' Tt s
PREVENT.. THERMAL M STRACKI NG This invention relates generally to-
mag‘netrc di sc nmenory apparatus and particularly to tenperature
conpensation 5 in the transducer positioning systemin a disc drive.
Di sc drive machi nes record and reproduce information stored on
concentric circular tracks recorded on nagnet - I ¢ discs. The tracks
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METHODS OF MONITORING OPERATING TEMPERATURES
IN DISC DRIVES TO PREVENT THERMAL MISTRACKING

This invention relates generally to magnetic disc memory
apparatus and particularly to temperature compensation
in the transducer positioning system in a disc drive.

Disc drive machines record and reproduce information
stored on concentric circular tracks recorded on magnet-
ic discs.’ The tracks are written and read by a magnetic
transducer that cooperates with the surface of the disc.
Many disc drives today empleoy pulley band mechanisns
driven by stepper motors to position the read/ write
heads. For example, a detailed disclosure of a disc
drive and. especially the linear actuater for positioning
the heads' in alignment with a selected track on a disc
is found in ocur U.S. Patent 4,323,939; a rotary actuator
positioned by a stepper motor is found in our

EP~A- 0162614A. Both are incorporated herein by

reference.

Such drives convert rotary motion of the stepper motor
shaft to ;linear or rotary motion of a carriage which
moves the. transducers carried on an end of the carriage
across the disc to read and record data on concentric
circular disc tracks. The drive band is wrapped around
the motor..shaft pulley attached to the shaft, and has
iﬁs ends:.attached to the carriage. Rotation of the
shafts wraps one end of the band on the pulley and
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trLansc'i’(Jcerir,m«at-’-hat- cooperates wth the surface of the disc. 10 Many di sc

drives today enploy pulley band mechani sns driven f*—&t-%ppa_unm
positi-on the read/ wite heads. For exanple, a de} dAISeYHEHETIHASOBERNS
-he

di sc drive and, especially the linear actuator for[ posi REDMGEp

heads, in alignment with a selected tracke-on a disc 15

is found i n our

to

of a

U S. Patent 4,323,939; a rotary actuator positioned by a stepper notor
is found i n cemwrapSPtiAe 0tBes8] sfausBuy ther camdageortat advieethien head

r ef erence.

£ROnSEERcR b¥egrgaRYeErt rotary notion of the stepper notor

shaft to linear or rotary notion of a carriage which noves the

transducers carried on an end of the carriage

across t.he disc to read

and record datAa@ste9neeluirenentsi top! gredtes Ltaskse EhBadhitidsband is
wr apped around 25 the notaqr _shaft .pullce;%/ %ttach%d to {he shafi, and has
its ends att BEREd EEERS NG Byfcalpdiagkage srlaak demand s tRak, &he one
end of theShatriackst be paced asd closely adjacent to one another as
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possible.

However, this creates the problem that the heads must be
very accurately positioned relative to each track, so
that the .heads do not land on an incorrect track or too
far from the center line of a desired track. A particu-
larly difficult situation occurs in relatively low cost
rigid disc drives: in order to achieve a significant re-
duction in cost and complexity as demanded by the compe-
titive nature of the business, the head actuator which
positions the transducer relative to the track does not
incorporate any closed loop positioning control.

Therefore, it is an objective of this invention to pro-
vide a disc drive positioning mechanism which minimizes
positioning error without any closed loop feedback
controel sy§tem. '

Because of the wide range of operating environments in

which a disc drive may be utilized, it has been found

that one of the critical sources of mistracking error in
positioning of the head relative to the desired track is
thermal expansion and contraction of the various compo-
nents with changes in the ambient temperature. This is
due to the fact that it is very difficult to properly
match thermal expansicn coefficients of the different
materials .which nmust be used in the construction of the
disc drive, particularly its baseplate, spindle motor
and the transducer positicning actuwator. As has been
already noted, the thermal off-track problem is particu-
larly severe in an ‘open loop drive which is commen to
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- 2- “unw aps the other, causing the carriage to nove the head from

track to track.

Industry requirenents for greater storage capacities in

ever decreasing physical package sizes demand that the tracks be spaced
as_closely adjacent to one another as possi bl e. However, this creates
the problemthat the heads nust be very.accurately positioned relative to

each track,

SO

that the heads do not | and on an incorrect track or too
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by wvariations in ambient temperature does not become
evident until data has been incorrectly read or written,
and even:then, no inherent self-correction means exist.

‘This invention provides a method of moniteoring the
operating temperature to prevent thermal mistracking
in a disc drive comprising rotating a disk having a
plurality of spaced circular tracks for storing
recorded data and at least one test track, actuating
means for accessing the data comprising a carriage,
means for mounting a transducer at one end of the
carriage, and means adjaceant the periphery of the
rotating disc for driving and positioning the carriage
along a predetermined path to poéition the transducer
relative to the disc and the tracks, comprising the
steps of defining a selected test track and a
reference track on at least one side of said test
track on, said disc, both at a location not accessible
to the |user; periodically seasing the ambient
temperature of the disc drive, moving the transducer
head to the test track in response to the sensing of a
defined change in amdient  temperature, after
positioning of said transducer moving the transducer
in predetermined incremental microsteps which are
substantially smaller than the nominal track to track
distance from said test track toward said reference
track; detecting said reference signal; and operating
on the number of steps carried out when said reference
signal bhas been detected to determine the thermal
shift of said transducer relative to said tracks on
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US:;. A- 4 “485 418 discloses a systemfor locating the centre of a track on a
magnheti c storage disc. The systemincludes a transducer for recording and
repl ayikng signal information on the disc and a notor is attached to the
transducer for noving the transducer over a nom nal posi {iBfAS SHEEhBAS BEEK
and nmoving the transducer in increments along the positive andirégatPve

sl ope of the sides of the signal anplitude pof the track. “ATconput er
processor having nenory storages connected to the notor and the processor,
on receiving a calibration command, causes the notor to nove the transducer
a small incre Cly t t n ri eﬁ?ﬁé
connected to Fﬁ%’ a;jlang%ﬁce;r}?d égﬁﬁgﬂgoggggﬁ %i ge?%?%?nldr}% hne si gnal
recei ved at eacthéxmaknshiftt &ge ﬂ“@sgﬁm&n&r seeks L9 cnseBnaccessiple

data tracks.

S The method mnay <further comprise the steps of
periodically sensing the ambient temperature of the
disc drive, and moving the transducer head to the test
track in responsé to the sensing of a defined change
in ambient temperature.

10 _

The inventioa can be better understood together with
its advantages and@ features by reference to the
a.ccompanying drawings wherein: '

15 Figure 1 iz a plan view of a stepper motor driven
actuator and data recording disc in which this
invention may be incorporated;

FPigure 2 is a laycut of an example of the thermal text
20 track and' adjacent data tracks used in the thermal
compensation system of this invention;
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-2a-  Because of the wide range of operating environnents in which a disc
dri*ve 1is utilized, it has been found that one of the critical sources
of mistracking error in positioning of the head relative to the desired
track is thermal expansion and contraction of the various conmpo- nents with
changes in the anbient tenperature. This is due to the fact that it is very
difficult to properly match thermal expansion coefficients of the different
materi al s which nust be used in the construction of the disc drive,
particularly its baseplate, spindle notor-gad the transducer positioning
actuator. As has been already noted, the thermal off-track problemis
particu- larl yrIgseverisi a simpfenblock diiagrawhicth tre caleatirical ele-

ments in the disc drive controller system used to carry
out the operating seguence of this invention: and

FIG 4 is a flow diagram of the sequence of steps which
5 is wutilized to carry out the thermal compensation and

ccrrectioh features of this invention.

Referring particularly to FIG 1, it shows a transducer
10 which is mounted on a flexure 20 attached to an
actuator  arm 21 to be positioned by a movement of a

10 drive arm:32 on any data track of a disc 12. The disc
12 is driven in constant rotation by a spindle motor 25.
The positioning of the actuator is carried out by the
stepper motor 30 which drives a pulley 36 connected
through a flexible band 38 to the head portions 1%a, 19b

15 of the actuator arm 32. With rotation of the motor
pulley 36, the portion of flexible band 38 wind and
unwind on the pulley 36, moving the transducer 10 from
track to track. This is accomplished under control of
the microprocessor 40 shown schematically in the corner

20 ©of the disc drive; this provides the control signals to
the stépper motor 30 in response to externally received
seek commands. Such seek commands are received whenever
the tzanséucer'is to be moved from its current position
to a newly addressed track. '

25 Referring to FIG 2, a thermal test track is defined at
an area ©of the disc surface not accessible to the user
of the disc, in this example, outside of track 0 {(i.e.,
toward the outer diameter of disc 12}. As shown in
detail in FIG 2, the thermal test track in this example

30 is track r3. A constant frequency level, sélected in
this case to be 1.8 MHz is written } track distance away
from the center of the thermal test track on each side
of the track.



- 3-» the lower cost rigid disc industry; there is no track- fol |l ow ng
servo to insure that the head is centered on the desired track, or to

i ndi cat'e that this tracking has occurred. The m stracki ng probl em which
may. be created 5 by variations in anbient tenperature does not becone
evident until data has been incorrectly read or witten, and even then,
no i nherent self-correction neans exist. =% This |nvention provi des a

t hod of t t t .t
mstracking | A% APbed akpyde T HeHid B doprarRicarGEEdRterREhe the
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temperature change has occurred which exceeds a prese-~
10 lected significant range. This range, in the example,
has been set at 5 intervals. When the temperature
monitoring circuitry determines that the operating
temperature has increased or decreased beyocnd this 5
range, a logic flag is set in the thermistor circuits 72
15 and remains set until acknowledged and cleared by the
microprocessor 40. This acknowledgment will not occur
until the host computer in the syster employing the disc
drive commands the disc drive to seek to a new track.

This sequence of events is perhaps best understood in
20 conjunction wi;c.h the flow diagram of FIG 4. Upon
receipt of the seek command 70, the microprocessor will
poll the logic flag in the thermistor circuits 72 ¢to
determine if the operating temperature of the disc drive
has changed significantly (moxe than 5) since the last
25 prior seek command (step 71).. As the flow diagram of
FIG 3 shows, if no significant temperature change has
occurred {i.e., the flag is not set), the disc drive
seeks to the addressed track (step 90) applying the
thermal correction last obtained (step 92). If, how-
30 ever, the flag is set, the nicroprocessor then clears
the flag (step 72) and enters the sequence to determine
a new thermal compensation factor by initiating a
special seek to the thermal test track 60 (step 73).

When the head is moved to© the thermal test track 60
35 without any compensation made for thermal expansion or



tenperature of the disc drive, noving the transducer head to the test

track in response to the sensing of a defi ned change I n anbi ent

t enperat ure, after positioning of said transducer noving the

t ransducer in predeterm ned increnental m crosteps which are 25

substantially smaller than the nominal track to track di stance from said
detecting said reference

test track toward said referen ;
signal ; and ofEF&FAREFICRoR W giﬁuﬁﬁgil g espepitioned ketnreruihe &Ny
ref erence degtaldatas therksdqiesgt ad tof UG 2)i rdteeccrdedmsiit) tHe ft  of
-S?ll-d transduc%’éﬁ lgitisﬁ hggfg{nddfar:cﬁefgal correction for use in
Once the head is landed at track 60, the first micro-
5 step toward one of the special data track 62, 64 is
taken as shown at bleck 74. The frequency discriminator
50 is read, as shown at step 76. If an up level is
detected, the head has already reached the test data
track 62 or 64 and the count used to reach that position
10 is stored. As shown in the decision block 78, if no
data has yet been read, a further step is taken and the
sequence returns to block 74. Only four steps are taken
in the search for. 6 the recorded data level because a
series of four micro-steps, each equivalent to 3% of the
15 track-to-track distance, will represent 12% of the dis-
tance between tracks (or 24% of the distance between the
thermal test track 60 and the test data tracks 62, 64),
and the mechanical design of the disc drive is such that
greater exrors cannot be thermally induced.

20 Closer examination of FIG 2 will yield a greater appre-

' ciation of this. In disc drives designed using current

technolegy, a guard band is included between adjacent

tracks which is approximately 20% of the track-to-track

distance. If the test data tracks 62, 64 are thought of

25 as normal data tracks, then the thermal test track 60

will be logcated at the center of the guard band between

the two recorded known frequencies, with a maxinum of

10% of this guard band on either side of the nominal
position of the thermal test track.

30 After locating the first of the test data tracks, the
microstepper proceeds to return to the thermal track 60
and step in the opposite direction looking for a written
data track. This is shewn at blocks 81, 82. Again,
with each micro-step in the direction of the oppesite



po&itidning the transducers for subsequent seeks to user accessible

dat'a tracks. 5 In one particular nethod according to the invention
characterised in that the anbient tenperature of the di sc drive may
be sensed periodically and the transducer noved to the text track in
response to the sensing of a change in anbient tenperature in excess
10 of a predeterm ned anount. In an alternative nethod
characterised in that the anbient t &ferature may be sensed at

regul ar i nterval s. i nventi on,can be, better, under st ood

together with test ‘F?Eaaﬂ%ﬁ{‘agﬁgeaﬁﬁe@é%ﬁ‘?ﬁ R1FriMatir i F e as
acconpanyi ng drsiydvigsSathastdip): 84 2A@okingi ore an iwp alplad \aiscveldwia atepper
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i nvention may por
of micro-steps is stored. Based on the data stored from

5 these sequences of transducer steps and readings gener-
ated by the frequency discriminator 50, a thermal
correction can be calculated at 88.

The transducer 10 is now moved to the commanded track as
shown in block 90. When the track is reached the devel-
10 oped thetrmal correction is applied as shown at step 92
to accurately position the transducer 10 over the track.

The seek sequence 1is now complete, and the thermal

correction is stored so that until ancther significant

shift in ambient temperature occurs, the same thermal
15 correction can be applied in each instance.

A person >f skill in the disc drive art who studies this
invention disclosure may realize that modification can
be made to the preferred enmbodiment which has been
described above. For example,:a track of test data may
20 be written on only one side of the thermal test track
60, or the development of a thermal conmpensation con~
stant may be carried out at regular intervals, rather
than with' significant changes in ambient temperature.
Therefore, the scope of the present invention is to be
25 limited only by the following claims.



Figure 2 is a layout of an exanple of the thermal text 25 track and
adj acent data tracks used in the thernal

i hventi on;

simpl e bl ock diagram of the electrical ele- ment
controller systemused to carry out thg operatin
_ and FIG4 is af |lowdiagra
5is utilized to carry out the thermal conpensation and correction

i nventi on;

m of the sequence 0

f eat ures of t&ﬁnwvention.
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1. A method of monitoring ‘the operating
temperature to prevent thermal mistracking in a disc
drive comprising =zotating a disk (12) having a
plurality of spaced circular tracks for storing
recorded data and at least one test track, actuating
means f£for accessing the data comprising a ecarriage,
means for mounting a transducer {(10) at one end of the
carriage, and means adjacent the periphery of the
rotating disc (12} for driving and positioning the
carriage along a predetermined path to position the
transducer relative to the disc and the tracks,
cemprisilng-- the steps of:

defining a selected test track and a reference
track on é,t least one side of said test track on said
disc (12), both at a location not accessible to the
user;

periodically sensing the ambient temperature of
the disc drive, ﬁoving the transducer head to the test
track in riésponse to the sensing of a defined change
in ambient temperature,

after positioning of said transducer (10) moving
the transducer in predetermined incremental microsteps
which are -substantially smaller than the nominal track
to track distance from said test track toward said
reference track;

detecting said reference signal; and

operating on the number of steps carried out
when said reference signal has been detected to
determine the thermal shift of said transducer
relative to said tracks on said disec (12) and applying
the data of said determined@ thermal shift ¢to
subéequent -seeks to user accessible data tracks.

2. 2 method as claimed in <Claim 1 further

conpensati on system of this
ro- FIG3 is a
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Refer'ri ng particularly to FIG 1, it shows a transducer 10 which is
nmbunted on a flexure 20 attached to an actuator arm 21 to be positioned
by ‘a-novenent of a 10 drive arm 32 on any data track of a disc 12 The di sc
12 is driven in constant rotation by a spindle motor 25 __
of the actuator is carried out by the st epper not dr
pul | ey 36 connected through a flexible pgnd 38 to : -&f

19b 15 of the actuator arm32. Wth rotation of the ¥oT puIIey 36,
the portion of flexible band 38 wi nd and unwi nd on the pulley 36, noving
the transducerccpdisifg tHd atlepsoottack. This is acconplished under

trol of th 40 sh h I 20 of
The. disc dri ve: thi SO RALALIN SeRAIERD) S0 RpLeRh senplra8fizerdt™l 0 ©

30 in responsekd ﬁeérdﬁéq, ram@ei ved seek commands. Such seek commands

are received whenever gp?gﬂﬁﬁé npy&d ggmt&ta%kcqr,{ ent
posi tion to a nedtS’ xb‘%resse rac o Slﬁésé%b‘fe%rn ngt%o ,. a thermal
test tracksis :ch#pqmle ato thensensindfof e Qﬂfsié‘egut"?‘é@gendtn mtbl e to

the user Ofp defise i S§red N this exanple, outside of track 0 (i.e.,
toward the outer dianeter of disc 12). As shown in

30 g
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devall Yin FIG 2, the thermal test track in this exanple 30 is track -3. A

comst ant frequency | evel, selected in this case to be 1.8 VMHz is witten
) track di stance away fromthe center of the thermal test track on each
si de of the track. - 6- As

not ed above, it mould be inpractical to-degermne the t her mal
conpensation f actor o&revery seek operation. This would greatly sl ow
user accesses to tHRS dri ve. Instead, there is a set of tenperature

sensing logic 5 |ncorporated herein and shown generally as therm stor

circuits 72 on FIG 3., LR& I BbEhRf ¢ I'TEMPERMIURES’2 IS a
thermistor or other tSTRy %%%?@%ﬁa& Mm@m circuitry
for deternining when &—t I ch exceeds a
prese- 10 lected significant range. This range, in the exanple,

A thermal test track (-3) is provided outside
the user-accessible area on the disc. A track
complete of a2 known frequency is then written on
either side of this thermal test track, preferably

10 half the usual track separate distance away. To
develop a thermal compensation constant, the
transducer (10) is moved to the thermal test track
with no compensation applied. This way, any
thermally. induced off-track error, which would affect

15 seeks to user-accessible data tracks, will be
reflected-in the off-track from the nominal position
of the thermal test track. The transducer is now
moved in a series of defined increments (e.g. §)
smaller than normal track-to-track steps, or

20 "™micro-steps", away from the uncompensated position
of the thermal track toward one of the tracks written
with the known frequency. When the data on the
written track to the side of the thermal test track
is detected, a note is made of the number of

25 micro-steps the transducer has been moved. The
transducer {10) is then micro-stepped incrementally
in the opposite direction until the data written on
the other side of the thermal test track is
detected. A simple comparison of these two

30 micro-step counts will yield the existing thermal
shift, which can be converted into a thermal
compensation constant for the transducer positioning
mechanism by means of a simple look-up table.

l\

35
(Figure 2 to accompany Abstract when published)



has been set at 5 intervals. Wen the tenperature nonitoring circuitry
detern1nes that the operating tenperature has increased or decreased
beyond this 5 range, a logic flag is set in the thermstor circuits 72
15 and remains set until acknow edged and cl eared by the m cr opr ocessor
40. This acknow edgnent will not occur until the host conputer in the
system enpl oyi ng the disc drive commands the disc drive to seek to a new
‘track. Thi s sequence of events is perhaps best understood in 20
conjunction with the flow di agram of G 4. Upon recei pt of the seek
command 70, the m croprocessor wl | poll the logic flag in the
thermstor circuits 72 to determne if the operating tenperature of the
di sc drive has changed significantly (nmore than 5) since the |ast 25
prior seek command (step 71).. As the flow di agram of FIG 3 shows, if no
significant tenperature change has occurred [i.e., the flag is not

set), the disc drive seeks ye—irresorg r ack (step 90) applying the
thermal correction |ast ob é;a" S {sLep 9 ”u‘.‘==n§=\~30 ever, the flag is
set, the mcroprogessor. S a 72) anf¥ enters the
sequence to deter 'ne’/”é h 1 :.\;r by initiating a
special seek to th-3f ar Pl tast ",
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Wien vhe head is noved to the thernal
c§rrpensation made for thermal expansion or
w Il “still be positioned between the two

2) .prerecorded with the known frequency.

test track 60 35 w thout any

contraction, it
test data tracks (62, 64 of FIG
Once the head is | anded at

t¥ack 60, the first micro- 5 step toward one of the special data track 62,

64 is taken as shown at bl ock 74. Th equency di scrim nator 50 is
read, as shown at-step 76. [If an up | I's detected, the head has
al ready reached:the test data track 62 or 64 and the count used to reach

that position.10 is stored. As shown in the decision block 78, if no
dat a has yet been read, a further st$8 6!§thlﬁ?n and t he
(‘ - - T - - ¢ Q COLD
' TRK-2
172 TRK /64
- LB MHZ § - - - -4
READ DATA f 1
Xi— X, 60
| HEADCOLD /
— Xi=Xp HEAD HOT . TRK-3
X2 Xy~ X2 -~ ¢ HOT
/2 IRK | | B A THERMAL  [~Xp
. LB MHZ § ~ - SHIFT T
READ DATA \
| 62
i0 10
) - - ¢ € COLD
l " TRK-4
TO DiISK 0.D.
REFERENCE
/ CLOCK
54 40\
OIGITIZED | FREQUENCY =i MICROPR
READ DATA DISCRIMINATOR OCESSOR
52 f SDJ
72 ——1 THERMISTOR

FIG__3



sequence getwfns to bl ock 74. Only four steps are taken In the search

for the recorded data | evel because a series of four mcro-steps, each
equi val ent to 3% of the 15 track-to-track distance, will represent 12% of

t he,.di s- tance between tracks (or 24% of the distance between the
thermal test .track 60 and the test data tracks 62, 64), and the
mechani cal design of the disc drive is sugh that greater errors cannot
be thermal |y indyced. 20 C oser exam ion of FIG2 will yield a greater
appr e- ciatien of this. In disc drives designed using current

technol ogy, a.guard band is included between adjacent tracks which is
approxi matel'’y 20% of the track-to-track distance. If the test data

tracks 62 64 are thought of 25 as normal data tracks, then the thermal
test track 60 Wi | rd band between
the two recorded kno 10% of this guard

band on either side [ est track.
30 After locating th | Er ost epper
proceeds to return t ppposi te
direction | ooking fo t bl ocks 81,

82. Again,

SPECIAL
SEEK TO
THERMAL |2
TRACKS

86

MICRO STEP
N 3% 74
INCREMENTS [\~

1

READ . CALCULATE
FREQUENCY | _ 76 THERMAL
DISCRIMINATOR [ ™~ 8g\" CORRECTION

l

SEEK TO

COMMAND
TRACK FROM

00 |INTERFACE

I

APPLY
THERMAL
95\4 CORRECTION

I

¥ SEEK

MICRO STEP COMPLETE
OuT 3% 82
INCREMENTS | o4

FIG_4



wi th each micro-step in the direction of the opposi PEPLACEMENT SHes

c-8- 7 test data track, the frequency: dlscrlnlnatorlls reag as shown at
step 84 | ooking for an up | evel as shown at ste Vggﬁ1é&f fest data
‘track is found, the count of mcro- steps S stored %as he ¢dat a

stored from 5 these sequences of transdgg st eps %nd~feadings4ymu
ated by the frequency discrimnator 50 t her mal correction can pe

S e o B, Hh4 ST R R

track as
oped t her malfzeor terdkred teggi.d ed as shown at step 92 to accurately

position the transducer 10 over-the track.

Industry requirements for greater storage capacities in
ever decreasing physical package sizes demand that the
tracks be spaced as closely adjacent to one another as

possible.

However, this creates the problem that the heads must be
very accurately positicned relative to each track, so
that the heads do not land on an incorrect track or too
far from the center line of a desired track. A particu-
larly difficult situation occurs in relatively low cost
rigid disc drives; in order to achieve a significant re-
duction in cost and complexity as demanded by the compe-
titive nature of the business, the head actuator which
positions the transducer relative to the track does not

incorporate any clcsed loop positioning control.

e 5 418 discloses a system for locating the

centre of a track on a ﬁagnetic _Storage disc.w .The

system includes a transcucer Zor recordlng and

replaying 51gnal 1nrornatlon cn the disc and a motor

is attached to the transducer Zor moving the

transducer over a necminal position é;mQEQWE;:EKﬁggg)
moving the transducer in increments alqgg thé.éssiégygu
and negative slope of the sides of thé.sigﬁéim.””mmmmww
amplitude of the track. A computer processor having

memory storages connected to the motor and the

processor, on receiving a calizration command, causes

the motor to move the transducer a small increment
across the track width. An offset measuring system is

.connected *to the transducer and the processor for

determining if the signal received at each

stage is greater than a reference level.




&

The seek sequence is now conplete, and the thernal correction is stored

. so that until another significant, shift in anb;..e%*rdtct.:h_‘ :
the sane thermal 15 correction can be applied in ea:';..l"':-m' Statict "f“

»person of skill in the disc drive art who studi es t;_"n‘§
di sclosure may realize that nodification can _rred
enbodi nent whi ch has been descri,ped above. For ;exarrp?e a tragki of test

data may 20 be witten on only onezglde of the thdriakl—te ac . 60 ,
or the devel opnent of a thermal conpensation con- stant ma rrii
I nterval s, rather than with: sightrfrcant changes in

out at regular

anbi ent tenperBacauwse of Thhectdde ramgyescumpeopérabingr esvironmenatsi dm i

be 25 limted g bY e UdiQU 956! @ ™iei117ed, it has been found
that one of the critical sources of mistracking error in
positioning of the head relative to the desired track is
thermal expansion and ccntraction of the various compo-
nents with changes in the ambient temperature. This is
due to the fact that it is very difficult to properly
match thermal expansion coefficients of the different
materials which must be used in the construction of the
disc drive, particularly its baseplate, spindle motor
and the transducer positioning actuator. As has been
already noted, the thermal off-track proklem is particu-

larly severe in an open loop drive which is common to



CLAI M5 1. A nethod of nonitoring operating.ten

thermal m stracking in a disc driye which conpris SH@PL@*- Y,
" plurality of spaced circular tracks for storing rgc dﬁ@ﬁﬁ£
‘one test track, a transducer for accessing data unted at one en

carriage and means adj-acent the'periphgry of the fo arll2(0C§!t1¢99

transducer relative to the disc and the tracks; the nethod Cconpri'sijng the
steps of: defining on a disc in a | ocation n el
a selected test track and a reference track on at |east one side ©
test track;, saids@nstngoapboehblet &npRéehsl ecofrddreish sfoiruae,imnd novi ng

a transducer {g.tpeoheRl LhECKrhAsb820205For subsequent seeks to

user accessible data tracks.

5 In one particular method according to the invention

characterised 1n that the amblent temperature of the

et £ e AN A AR iy S 8

dlscmdr;ve_mey be sensedmge”'ddlcally and the
transducer moved to the text track in response to the

sensing of a change in ambient temperature in excess

10  of a predetermined-amount.

_In an alternatlve method characterlsed in that the

ambient temperature may be sensed at regular

intervals.

15
The invention can be better understood together with
its advantages and features by reference to the
accompanying drawings wherein:

20 Figure 1 is a plan view of a stepper motor driven
actuator and data recording disc in which this
invention may be incorporated;

Figure 2 is a layout of an example of the thermal text

25 track and adjacent data tracks used in the thermal

compensation system of this invention;



to the sensing of a defined change in anbient tenperature,; after

- poSitioning of said transducer at .said test track

novi ng the transducer in

predeterm ned increnmental mcrosteps which are sub ntially smaller than

the nomnal track to track distance from said test
reference track; and detecting when said tranfg
reference track; characterised in that 4§ he nethod

nunber of steps carried out when said reference si

tHf@QKCE PAET JHEE
~-eaches—saij d

ncI %%é peratln on the
gnal detected to

determ ne the thernal shiftme#—saLd~LLansduge_ rellative_to sald tfagks on

said disc to provide a ther

' juse fin positioning th
transducer for subsequent se um)ﬂmmﬂm si bl e-data—t+acks-

A et hod of nogiaomEng as cl arned In

-

1. A method of monitoring operating
temperatures to prevent thermal mistracking in a disc
drive which comprises a rotary disc having a plurality
of spaced circular tracks for storing recorded data
and at least one test track, a transducér for
accessing data mounted at one end of a carriage and
means adjacent the periphery of the rotary disc for -
positioning the carriage along a predetermined path to
position the transducer relative to the disc and the
tracks; the method comprising the steps of:

defining on a disc in a location not accessible
by the user a selected test track and a reference
track on at least one side of the test track;

sensing ambient temperature of the disc drive,
and moving a transducer to the test track in response
to the sensing of a defined change in ambient
temperature;

after positioning of said transducer at said test
track moving the transducer in predetermined

incremental microsteps which are substantially smaller™

than the nominal track to track distance from said
test track toward said reference track; and

detecting when said transducer reaches said
reference track; characterised in that the method
includes operating on the number of steps carried out
when said reference signal has been detected to
determine the thermal shift of said transducer
relative to said tracks on said disc to provide a
thermal correction for use in positioning the
transducer for subsequent seeks to user accessible
data tracks.

2. A method of monitoring as claimed in Claim

ETTARSSE LU W e TR L
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-10- 1, characterised in that the anbient tenperature of the disc drive
.is sensed periodically and the transducer noved to tlﬁp[mﬁﬁ% n

" response to the sensing of a change in anbi ent tengergtte—tneXCcessfof a

predet er mi ned anount. 3. A nethod of nonitorjing as clained {nfC aim

1, characterized in that the anbient f;gyerature id gen$8d0GE 9¥yul af

I nterval s.

1, characterised in that the ambient temperature of
the disc drive is sensed periodically and the
transducer moved to the test track in response to the
sensing of a change in ambient temperature in excess
of a predetermined amount.

3. A method of monitoring as claimed in Claim
1, characterised in that the ambient temperature is

sensed at regular intervals.
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