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METHOD AND APPARATUS FOR REDUCI NG TRACK SW TGHHIATHIEY ?—fﬁlS\BEE}BI{SK N2~

This invention is directed to a nethod and appar at BERIAED npr oyi ng ﬂN@'QC@p\;
performance of disk drive recording systens. T particutar—t+hi-$s i nvention
is directed to reducing the del ay between successive read/wite operations
caused. by t he METHOD ANDOAPPARATYS FOR REDULING hERACKr SWLTCHUTRATENGY ack
to the track f h /wite operation. This delay is referred to
as track swﬁtcgﬁné ﬁ%%gﬁé§éﬁﬁ9EEscription of Prior Art: l.Ln the past track
switching | atency has been dealt with in a limted way by naking use of two
or nore recording head actuators distributed about the recording disk
circunference. _So I Qng as the next, read/ wite operation used a recording
head on an act GB8r 15 iomads FErantehtlsy adteTRedcrndt GPPARE YR E o
recordi ng act ugiprodulad the Padiftgrdi-diant]l disk har foer eeloidddy ROEd ¢éme.

while t f‘le éi rs&nhgggtfiic%ilsar}:'eschtihse iCnL{irernetnlIonr efg /&\{:ic_égtgge[t%t ir%réllcing the

delay between successive read/write operations caused by

the necessity of moving the recording head from a current
track to the track for the next read/write operation.
This delay is referred to as track switching latency.

10 Description of Prior Art:

In the past track switching latency has been dealt with
in a limited way by making use of two or more recording
head actuators distributed about the recording disk
circumference. So long as the next read/write operation

15 used a recording head on an actuator other than the
currently active actuator, the next recording actuator
could be moving the head to the correct track position
while the first head finishes the current read/write
operation. '

20 One example of the above xmultiple actuator technique is
taught in U.S. Patent 4,270,154 issued to John E.
Crawford. The Crawford patent is directed to overlapping
the operation of one read/write head actuator with a
second read/write head actuator so as to reduce system

25 latency between read/write operations. In particular
Crawford teaches algorithms for selecting the recording
head and actuator for the next read/write operation so
as to reduce latency. One of Crawford's algorithms
evaluates the possibility of selecting a head on the

30 inactive actuator so that the actuator may be moved to
the next desired track or cylinder while the current
read/write operation by the active actuator is being

completed. Crawford recognizes the limitation of his

This Sheet Has Been Replaced

ARy




One exanple of the above nultiple actuator technique is taught in U S.
Patent 4,270,154 issued to John E. Crawford. The Crawford patent is
directed to overl.apping the operation of one read/wite head actuator with
a second read/wite head actuator so as to reduce system | atency between
read/wite operations. In particular Crawforg teaches algorithns for

sel ecting the recordi ng head and actuator for the next read/wite operation
so as to reducaebagmndm ﬁﬁki(ﬁf(RKHWEEdtsheégofbrhnheemakmatesdﬁding

possIbIlity of cBeLestis & hapdpn dliest 0agLENECBEt VALAT 180 sihalod e

actuator nmay be“nbve e nex rac e the
current read/ prﬁéléi’é@r a’tllté'h gravierdtsi V%Chbllqﬁ?o‘r‘—ol Fegyicry tc—'@ﬂiﬂ et ed.

Crawford recogaid@sHikgy lidfdmdy on of his
2 design in that i'f the best head for the next recording : operation

Is on the active actuator then it is not possible with Crawmford's
t echni que B0 r gguethiartiords, Strawhong hasenoysolution for the problem

of reducing track switching latency when only one

" read/write head actuator is used or when in a multiple

actuator disk drive, the track switching is between heads

on the same actuator. Unfortunately, most track switching
10 in an optimized storage routine is track switching between

tracks on thé same'cylinder; i.e., between heads on the

same actuator.

Track switching between tracks on the same cylinder is
no longer simply a matter of selecting another head in a

15 single stack of heads on the same actuator. As track
density has increased, thermal expansion and other
mechanical characteristics of the disk drive result in
different alignmént positions for each head in a stack
with its corresponding track. Therefore, the head

20 actuator carrying fhe stack of heads must be moved when
track switching occurs even between tracks in the same
cylinder. In other words, what in the past might have
been simply a head selection operation to switch between
tracks on the same cylinder now requires actuation of

25 the head actuator to move the new head into proper
alignment with the new track in the same cylinder.
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5 In other words, Crawford has no solution for the problem of
reduci ng track switching | atency when only one read/ wite head actuator
is used or when in a multiple ~actuator disk drive, the track switching
i s between heads on the same actuator. Unfortunately, nost track
swi tching 10 in an optim zed storage routhne Is track swtching between
tracks on the sane cylinder; i.e., between heads on the sane actuat or.
Track swi tching between tracks on the same cylinder is no | onger sinply
a matter of select| nother _head in a 15 single stack of heads on the
same actuat or.S gc F TH% EN?§oﬁas I ncreased, thermal expansion and
ot her mechani cal characteristlcs of the disk drive resul t in

different ali ofyrenlogaalhiong, (A7 (36N 06RMeH A UClorop ol i

correspondi ng ere orée q¢t Ua carrying the €t ack
of heads nust peiepvadtwhawe beentsaéweéwvaﬁWﬁgL@ppyngeanﬁrm@wementtracks

[ the sanel porgybhRdst. tha erhek WRaesniHbAbrRbdde Paal Mhahaapave

been sinp sel ection gperation to swtch between acks on the

sane cyllﬁ%er HANFERY PrReTatinnt PEnthe QBrrFﬁ§1Wéé§§%ﬁ%mﬁ%ﬁ°¥%1ﬁﬁve t he
new head i nto WEHPEras anothegnieaturet bt RRendwvienatilon N ddditd6Ral

cylinder. post-movement portions of the track switching process
are overlapped with the movement of the stack of heads
so that the new recording head may begin a data transfer
10 operation immediately upon arrival at the new track. As
another feature of the invention, the pre-movement and
post-movement portions are overlapped with low
displacement portions of the head actuator movement.
Thus in optimum configuration, a currently active data
15 transfer could extend into the beginning of movement of
a first head away from the present track but while it is
still on that track. Further, data transfer at the next
track could begin as soon as the next head arrives at
the next track and while the head is still settling into
20 alignment with the new track.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, advantages and features of the invention
will be understood by those of erdinary skill in the art
after referring to the complete written description of

25 the preferred embodiments in conjunction with the
following drawings.

FIGURE 1 is a schematic diagram of a stack of three
recording disks and a stack of three recording heads on
a-single actuator arm or comb.



3 SUMWWARY OF THE | NVENTI ON I n accordance with this invention,
the problens in the prior art have been sol ved by overl appi ng

pr e- novenent portions of the track switching process with the data 5
transfer operation of the currently active recording head. As anot her
feature of the invention, additional pogt - novenent portions of the
track sw tching process are overl apped with the novenent of the stack
of heads SHICURE £hehoew theordldd ikeagamt ineyiorl arecvrdédasstenrs0
operation i medi at el n.acrival. _at the . r : : ano
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are overl appedillestrates a "Hegd skewhtorpdituasts PEew'hechehdcasegioss

novenent . gpugrégkgptinun1configuration, a currently active data 15
transfer couIJ)exten I nto the begi nning of novenent of a. first head
away fromthe present track but while it is still on that track

Further, dat a frevaken gholke theXirelativd gde Lioidnl dLOrecesdedoseatdrie

t head t h t t . and wh | ] il
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OF THE DRAW NGBllustrates a "cylinder skew" of two sectors per track.

FIGURE 4 is a timing diagram illustrating the overlaps,
accomplished by the invention, between data transfer and
10 various portions of the track switching process.

FIGURE 5 is a displacement/time graph illustrative of a
typical track switch.

FIGURE 6 shows a preferred embodiment of the invention
wherein a file; controller and servo controller cooperate
15 to ;accomplish the inventive overlap.

FIGURE 7 is é detail of the communication circuits in
FIGURE 6.

FIGURE 8A shows the process flow for the progran
operating the file controller in the preferred embodiment
20 of the invention. '

FIGURE 8B shows the process flow for the program operating
the servo controller in the preferred embodiment of the
invention.

FIGURE 8C shows a decision block in the process flow in
25 one of the alternative embodiments of the invention.
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O her objects, advantages and features of the invention wll be
under st ood by those of ordinary skill in the art ~after referring to
the conplete witten description of 25 the preferred enbodi nents in
conjunction with the foll owi ng draw ngs. FIGURE 1 is a
schematic di agram of a stack of three regordi ng di sks and a stack of
three recordi ng heads on a single actuator arm or conb.

4 FI GURE 2 shows the relative position of recorded sectors in

head skewor PEPSREPYREl OF THE, bRt eiligBmes | % TR

shows the relative position of recorded sectors I n adjacent tracks on a

di sk, This reCoplfiel 9" Whemat idd14y} AR eracyd| 20eyp3kay nabriatc

sectors per trac
recording environment where magnetic disks 9, 10 and 11

x

are stacked on and attached to a rotating spindle 12.

5 Tracks "T" on the disks are accessed by recording or
read/write heads "H" mounted on arms 14 attached to a
single actuator frame 16. The actuator f:ame 16 with
the arms 14 attached to it is sometimes referred to as a
comb. For simplicity, the schematic illustration has

10 only one head per disk. In most disk drives both sides
of each disk will have a recording surface and there
will be two heads per disk--one head on each side of
the disk.

In FIGURE 1, read/write heads, Hx-l' Hy, and Hx+1' read

15 or write data on t;acks, Teqr Txr Typqr respectively. In
this convention successive tracks are on the‘same
cylinder rather than on the same disk. A cylinder is a
collection of tracks (one track per disk as shown) at
substantially the same radius on each disk. Thus T

20 Ty and T, :

as many cylinders as there are tracks on a disk. There are

three cylinders, C__,, Cn, C .,/ illustrated in FIGURE 1.

There are as many tracks in a cylinder as there are heads

in the stack of heads that record on the disks. To specify

x-1'
are referred to as a cylinder, and there are

25 a single track requires both a cylinder address and a
track address. For example, Track Cn+1Tx-1 in FIGURE 1 is
outermost track shown on the lower disk.

For optimum data transfer, data transfer routines in the
operating system of the computer using the disk drive

30  would store data on successive tracks in a cylinder until

-the cylinder is full. When the cylinder is full the

routine would then switch to the next adjacent cylinder
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FIGURE 4 is a timng diagramillustrating the overl aps, acconpl i shed by
the i nvention, between data transfer and 10 various portions. of the track

swi t chi ng process. FIGURE 5 is a displacenent/tine graph
illustrative of a typical track sw tch. FI GURE 6 shows a
preferred enbodi nent of the invention wherein a file controller and

servo controller cooperate 15 to acconplish the inventive overlap.
FIGURE 7 is a akd stonbinuketbuonghi tatioks dinr diats gyl inder PpeLRE 8he

FI GURE 8A showstdPgq@r 85888 thibAW KO0 cdnf Q9 am operating the file
controller in the prefe?red en@o&inéht 20 of the invention. Fl GURE
8B shows the process flow for the program operating the servo -

control | er in Thes prehethadpasikod ARRickofswiteh to dmvediiaesnt track Fl GURE

8C shows a decjsion block in the process. fl.ow i.n 25 ne_of the
al ternative enﬁ%d?n%%#%ngf t N85S fedmbiYorsust biitding Wadl Hitne

5 stack of heads. However, with very high density recording
the mechanical variances between the head arms and the
disks result in the necessity of moving the stack of
heads to align the next head with the next track even
when the tracks are in the same éylinder. In other words,

10 track switching within a cylinder requires the complete
track switch process and not simply a new head selection.
Of course track switching to an adjacent cylinder requires
the complete track switch process as well. To allow for
track switching time, successive sectors in adjacent

15 tracks are skewed in position relative to each other. In
other words if sector 1 is the last sector operated on
before ;the track switch, after the track switch to an

i adjacent track the new head will be positioned to operate

on sector 2 in the adjacent track. In the preferred

20 embodiment of the invention a skew of two sectors is all
that is required to allow for adjacent track switching

and maintain successive sector addresses.

FIGURE 2 shows the skew between sectors in adjacent tracks
in the same cylinder C, of FIGURE 1. Tracks CnTx+1' C,T,
25 and CnTx-l are on disks 9, 10 and 11 respectively.
Relative to heads H+1, H, and H -1 the tracks are moving
in the direction of arrow 18. With this head skew, head
H_ would be in position to read/write on sector "1" in
track ChTy after head Hyy; has finished a read/write
30 operation on sector "0" in track C_T and a track switch

n x+1
from
track CnTx+1 to track CnTx has occurred.

FIGURE 3 shows the skew between sectors in adjacent tracks
on the same disk 10 of FIGURE 1. Tracks Chn+1Txs CnTx and
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS ' FIGURE 1 schematically
Illustrates a typical nagnetic recording environnent where magnetic disks
9, 10 and 11 are stacked on and attached to a rotating spindle 12.
5 Tracks "T" on the disks are accessed by recording or read/ wite
heads "H' nounted on arns 14 attached to a 7 singl e actuator frane 16.
The actuator frame 16 with the arns 14 attached to it is sonetines
referred to ascg aréomh.dimlnﬁéﬁﬁlcnt n cgmaamm %creébestu&@m@n has

&

10  only one ﬂgié Q'Sheé é%% é%§§ehﬂ59fﬁ gﬁ the dl'%é%i'%

disk will have eco d|n sur ace
di sk- - one headofnarxol deeWﬁth thlStquixnéﬁx skew, hepﬁ ﬁkGURElﬂ be

read/write heags, HE@E&bm @kﬁ@@adfﬂyiﬁifﬁﬂ]secﬁ&?d"1151n eFawk € Tdata on

tracks, T[err], TFerrL [err],. reifectl%g%)/ %h S copnve on

succe55|ve5tra€§§e§ré oHthg Vﬁkﬁergﬁﬁﬁ? £ABn°8n S Lane

disk. A cyl I ndepri $natrack Ch+1Tx and a track switch from track Criq1Tx
to track C,LTy has occurred.

Wwith this background on the sector and track locations
on the disk, reference is now made to FIGURE 4 to

10 illustrate the timing in a conventional system and the
timing in various preferred embodiments of the invention.
As shown in FIGURE 4 the track switch process can be
divided into .four phases -- 1) Pre Track-Switch
Processing, 2) Actuator Energization, 3) Actuator Move,

15 and 4) Post Track-Switch Processing. Pre track-switch
processing includes these events -- a) determining that
a track switch is necessary and the destination track, b)
notifying the servo system for the comb actuator of the
track switch and c¢) calculation of the actuator coil

20 current drive to accomplish the move.

The movement of the comb carrying the stack .of heads
involves phases 2) and 3) in the switch process. Actuator
energization (phase 2) is simply the time to signal the
actuator coil driver, start the flow of current from the

25 driver to the actuator coil, and build up enough magnetic
energy in the actuator to physically move the comb
carrying the stack of heads. The actuator and the heads
do not move during phase 2. In phase 3, the actuator
and thus the comb and stack of heads move. A

30 time/displacement diagram of the movement. is shown in
FIGURE 5. As depicted there, the actuator movement is
split into three event time intervals -- a) low
displacement relative to the current track, b) movement
between tracks, and c) low displacement relative to the



coIIectlon of tracks (one track per disk as shown) at substantial ly
t he sane radi us on each disk. Thus T[err] 20 Tlerr] and T[err] are

referred to as a cylinder, and there are as many cylinders as therge
are tracks on a disk. There are three cylinders, CJerr], (err],
Cerr], illustrated in FI GURE 1. Theregare as many tracks in a
cylinder as there are heads in the stack of heads that record on the

di sks. To specifgst 28r n@wStegbr.t raek 1aeguphasebqiphazsecyl)i nafertledteaskand
a track address. For C e S
out er most  t r ackSEHewR Bﬁ°?ﬁ§slg§eP°5¥ %raCELEQHEEL ?Aodégéiﬁ%{g%%ansfer
data transfer rimtludesi noth€éying thepénéﬁlﬁgn§Pﬂ#%ﬂﬁﬁth%ﬁa%Qﬁp%VéFCDS|ng

t he di sk drive . 30 e " nder
unti| Ve s:’y omiRlkd_ShA" 8rdEha g cHUCERITVKRA TS 44 Begih

t he c%pfnder .S f%{l t he
routine wou d tlmksnst gart §h?h§eﬁ’§>@ﬂ-' é'(% dfe e NG derac
6 and conti nue through tracks in that cylinder until the st or age

o heent "t ack Phe *L8hasnopr e Habetn) Bt o el £ Deb8-Blept,
the duration of the phases or events in the track—sw1tch
process and the horizontal location of the bars indicates
the relative timing to the other'phases of the process.

10 The timing bars 4-1, 4-2, and 4-3, for phase 4 are not
events within phase 4 but instead are time locations for
phase 4 and thus alternate embodiments of the invention
as- will be explained shortly. In the lower half of FIGURE
4 the timing bars for heads Hy and H_,, represent periods

15 of time when the heads are enabled to read or write. The

" time interval between the end of the Hy bars and the

i beginning of the H bars illustrates track switching

x+1
latency.

In Figure 4 conventional track switching with no overlap,
20 head H, Read/Write completes at the start of phase 1.
Head H +1 Enable does not occur until the end of phase 4.
Further, phase 4 is sequential to phase 3 (Phase 4- 1 in
FIG. 4), and therefore, the track switch latency is to

in FIGURE 4.

25 In one preferred embodiment of the invention the pre
track-switch process and the actuator energization phases
are.overlapped with the read/write operation of the
current head Hy (see Hy Read/Write I in_FIG. 4). This
embodiment reduces the track-switch latency from tc to

30 t,, about half of the conventional latency. In another
preferred embodiment of the invention, this overlap is
extended to include first event in phase 3; i.e. event
3a, the low displacement of the head relative to the
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5 stack of heads. However, with very high density recording t he
mechani cal variances between the head arns and the disks result in the "
necessity of noving the stack of heads to align the next head with the
next track even when the tracks are in the sane cylinder. In other

wor ds, 10 track swtching wwthin a cylingder requires the conplete

track swtch process and not sinply a new head sel ection. of course

track switchin | t.cvlindgr .requhr e track
switch proceé%ggégﬂgﬂT%g#gfggl%ﬁ%?gf This ??%ggigﬁﬁEﬂﬁéé}éégggﬁéuccessive
sectors in adjzagirtsWbtchtiateBcrr boskewddIGn @dsition relative to each
other. In other words if sector 1 is the |ast sector operated on

before the track switch, after the track switch_tq an dj acent track
t he neM/headﬂmqqh%ﬁa¥ﬁé¥??bﬂ%leot6B€F§F¥1té% %ﬁ¥%ﬂﬁ¥cﬁaﬁq? #RR1g¥Pdcent

track. éI_n thﬁyﬂr&f&t‘lﬁp{pfﬁg tnabpdisgem:a@}kl—@wafﬁmqmam wi*sﬂiemief _twoh_
sector$ is a that is requjired t or e ck swi tching
and mai nt3i n as%%%%‘%%:r'\}gog%xg?gf 8%}8?8533 ES'S Wiy qﬁ% %éxé)th%%sr t he skew
bet ween sect erablementicefit thearksd/writien operatdimn &Y i therneyehepdof
FIGURE 1. Tragksel ched TLeaek, ChehbTleioaitn: A&l of 13 TLAT £1caRe On

di sks 9, 10 and res ectlyefy. ative to heads Herr]+1, Herr]
and Herr]-1 4hePhasekd Beginsvafigthe end, of evated3 orPBrsarfolihed. Wth

this head skey¢mpEatles befbler thewewnlad d¥e phagens [ iond tiged@ad/ W i EaBle
sector "1" in .trac err]T[err] . ,after, head Herr as f¥ﬁ%she a
read/ wit® 30% b%%é?ﬁt?gn%ﬁ §£§t gf rHass, 3t'r§c'5k a(t[ré?ﬁ"}ll'?erp]"ea 4355t r ack
swi tch fewhteh at&t&heyr L[ shoptiemeld ack tG.T has occurred.
FI GURE 3 shows the skew between sectors in adjacent tracks
In another preferred embodiment phase 4-3 in FIGURE 4,
the track-switch latency is further shortened by beginning
the post track-switch process at the start of phase 3.

15 This allows the post track-switch process (phase 4) to
complete before the end of event 3b which is the high
displacement of the head poff track. New head enable,

Hx+1 Enable II (FIG. 4), begins as soon as phase 4-3
completes. In other words near the end event 3b and just

20 before the head is starting into low-displacement (event
3c) relative to the new track, head Hx+1'is enabled to

look for sector ID's in the new track. Head Hx+1 will not
begin a data transfer until after a sector ID is
successfully read. This protects data ﬁransfer operations
25 from beginning before the new head is indeed on track at
the new track. The result is that the track-switch latency

is shortened to t4.

It will be appreciated that various trade-offs and
overlapping portions of the track-switch process with

30 the enablement of the o0ld and new heads can be made. One
consideration in overlapping into low-displacement eventé
3a and 3c is the ability of the recording system to
tolerate slight misregistrations. In the embodiments of



on the same disk 10 of FIGURE 1. Tracks (err]+T[err] C[err]T[err] and

7 Clerr]T[err] are on cylinders Cerr], (err], and (Jerr]
respectively. Rel ative to head HX the tracks are noving in the :
di rection of arrow 20. Wth this cylinder skew, head Herr] would be
in position to read/wite on sector "1" in tragk Clerr]T[err] 5 after it
has finished a read/ wite operation on sector "0" in track

Qerr]Tlerr] andeRet {A¢EnEWonC bvichamddiaeK iHt Idvidreid |3a andtdcirackeaad
Clerr]T[err] has_ocgcurr

d. . . Wth this ckqground on.the sector and
track |ocations ©© trﬁﬁﬁt RésFegistratah &F P‘% ﬁg‘ﬁ #ﬁ%eent%eﬂ RE 4 to 10
illustrate the tactegtabla.ciowavdrmgnadihe wtemiamE tihssregistiratagni kthat

various preferre dj fs t:he J dObf desi ﬁ@g in FIGURE 4
the track sw tchg%x?gggsggg%ﬁ%d ¥ ald%alea(};ecfoi ntoefsoJUgr%p ases --.1) Pre
Track-Sw t ch Processing, 2) Actuator Energization, 3) Actuator Mve,

15  and 2) PostrfsaghpSvhicelt RRESS Nnp Riferit agtke SY# £bus embPHEAGRTHSY
i ncl udes these evgn S -- %) et er nmi ni t hat trac .smntég IS
necessary and t h@*dEBEi ARVESFYFhAE Hiown in ﬂ?q% n%‘t 58168 & & emfor
t he conb actuat oatbhchk& to and rotate with spindle 22. Heads 24 are
carried by arms 26 of comb actuator 28. There are two
heads per disk, one on each side of the disk. Actuator
10 28 is moved by actuator coil 30.

The current to drive the actuator coil comes from coil
driver 34. This driver is controlled by the servo
controller 36. Positional information from servo tracks
on a servo dedicated disk is read by a servo read head,

15 the lowermost head in FIGURE 6. From the servo head the
positional feedback read circuits 35 digitize the
positional information and supply it to the servo
controller 36. '

Servo controller 36 is a digital sighal processor module;
20 the module also carries the RAM and ROM memories used by
the processor. The function of the servo controller 36
is to control the coil current to the actuator to move
the new head into alignment with the new track and to
notify the head selection circuits when to switch heads.
25 Servo controller 36 controls the timing for switching
heads from the old head to the new head but not the
sélection of the heads per se. The switch control from
the servo controller 36 is passed through the
communication circuits 38 shown in FIGURE 7 to the head
30 selection circuits 40. The switch control word is sent
- over the servo controller micro-processor bus to the
switch control register 39 in FIG. 7. Head selection is
done by file controller 42 which sends the head



track swtch and c) calculation of the actuator coil 20 current drive to
acconplish the nove. The novenent of the conb carrying the stack of
heads i nvol ves phases 2) and 3) in the switch process. Actuator
energi zati on (phase 2) is sinply the tinme to signal the actuat or coi
driver, start the flow of current fromthe 28 driver to the actuator
coil, and build up enaugh nmagnetic energy in the actuator to
physi cal | y novédepEifdastion numken Rf e AR RSRINRYET. THe sontRGleamd
t he heads nderdebrivReas sy i AR 1D pbabetdr @be (Fatuatyr in
and thus the c and st ack ,of heads mpve. 30 [ gi | acenment . .di agram
of the mvenen?’g?scmlicﬁtwn BERES. 3 t%e%?%t%%i HZ:?"S?‘ & Xt Tat or
novenent is 40.split into three event tine intervals -- a) |ow
di spl acenent relative to the current track, b) novenent bet ween
tracks, «and c) | ow displacenent relative to the next or new
track. TheSl as¥ipiasOniinisden)2fis R THERRPT OCCSHPT cRNpitotiess FRAMHA]
track-switch pae@es@Mas’tb perfdish upiles pRbgFahngroBeski.l eneorysl I that
the switch the process is described later with reference to FIGURE
8A. The function of the file controller is to determine
when a track switch is necessary, identify the next or
10 new head and notify the servo controller 36 of the
impending track switch. The file controller also controls
read/write circuits 44 through communication circuits
38. In FIGURE 7, the read/write control commands from
file controller 42 are sent over the file controller
15 microprocessor bus to the control register 47 in the
communication circuits. Decode logic 49 decodes the
control commands and status words and passes status
information and control signals to the read/write circuits
44 (FIG. 6).

20 As shown in FIGURE 7, the file controller 42 and servo
controller 36 are trading status and commands through
the status register 51 and command register 53 in the
communication circuits 38. The function of this status
and command information will be apparent as the process

25 ' flow in FIGURES 8A and 8B is described.

FIGURES 8A and 8B show the process flow for one preferred
embodiment of the invention. The process flow of the file
controller 42 is shown in FIGURE 8A, and the process

flow of the servo controller 36 is shown in FIGURE 8B.

30 The process begins at decision block 54 where the file
controller has determined that a track switch is _
necessary. Process steps 56, 58, and 60 anticipate the end
time of the present read/write operation and start the



¢

IS corrplrete and enabling the selected head to begin 5 | ooki ng for the

sector IDin the newtrack. The I ength of the horizontal bars in
FI GURE 4 represent the duration of the phases or events in the
track-sw tch process and the horizontdl |ocation of the bars i ndi cates

the relative tcim ng g t he ot her phases of the process % I mng bars
4-1, 4-2, AIRPA-SCIeGFiBRaPEOSESSe ATt actuatln {USTFiAT lBﬂaE"é%?eE&t

i nst ead ar eat iaetimeasuchsthat the nﬂ&ﬁ%wﬂhtamhihMScampkehatgusmbodlnents
of the inv ' I e 18X I half of

FI GURE %%ic?}ﬁet?lmogé %@' O% aDA rri 12?% ﬁ}:eg?géent per| ods
15  of ti r@lmeﬁnthélnéédgnaftén@nm ddaat frfea‘dllﬂﬁ i#itimeTRe, or Ty
Interva‘% beiryeefctRA @nd-r%etb:e %ME@%EJ&SSlMgéﬂ@EﬂeQE;lEQ%lig”]

bar s+ ustrates track swtchi Ag gure
convent i ondf1%} a’E%a%‘WF(’:Fanb‘Pvthn the cﬁf?rritapiyf Zﬁpve’h%%ﬁ We ke Read-wite
conpl etes agimder a&bnﬁﬁnﬂbasthb overldﬁﬁﬂhﬂﬁﬁgﬁ]léhaﬂiSpdae&mﬁﬂt occur

til th d_of Furt h h. 4 i t t h 3
il the, v BleRBISE dho nepd WA S BIRIRS Lo SPURTRL LRI 0 phase 3
i n FIl GURE Apera@bioninInnthpseflerttasd eenmmﬂmmt Cfite}heSG nwenlldon the pre
track-ap L Rorges angehBB ackual ol ol aaldon phases ar e

overlapped Wt rea e operation o current head H err]
(see Herr] Read/Wite | in FIG 4). This errbodl ment reduces the

track-sw tch | s¢&9CHel I Rkt GnkQcipation or leadoff time is calculated
from a table of stored values for each one of the events
or phases in the leadoff equation. These values are
predetermined by experimentation and testing and loaded
15 into a table in ROM 48 (FIG. 6). The table of phases
and events for which duration intervals ‘are stored. would
be as follows: ' .

1) Pre Track-Switch Processing
1b) notification of servo system to perform track
20 switch;
1c) calculation of actuator coil current;

2) Actuator Energization (apply coil current);

3) Actuator Move

3a) low displacement move in present track;

25 3b) high displacemen: move between tracks;
3c) low displacement move in new track;
4) Post Track-Switch Processing.

The duration intervals stored would depend on the system

and thus must be experimentally determined.



30‘ t[érr], about hal f of the conventional |atency. |n another

preferred enbodi nent of the invention, this overlap is extended to
include first event in phase 3; i.e. event 3a, the | ow displacenent of
the head relative to the 9
currently active track. This enbodi nent remices the track-sw tch

| atency to t2 (FIG 4). Further reduction in track-switch |latency can

be achieved The [phaves | ap@i eyehhe pdstetir abloveniareh aezasea atiedh with5

actuator ?%Ee?ga%‘@e?%hiﬁ WIE"JR%@ Bt ar ar lgeelang ar@%@%@{%l § the

read/ wite operation e new t he neM/track

enbodi nent pHeerein VhtFIEEFEsame Phaﬁﬁa§§ $V5a$ minren heside okhevent
3a. Phase 4 tgwdcess € | etes before the end of phase 3, and head H err]
Enable 10 | begins at the end of phase 3. As a result, the track
switchel atency is shortened to t[err]. I n anot her preferred

enbodi nerg - pliseste 8, FthbREide contirbé letaclecaivedh deatizeticgna® furt her

short ened bylgﬁgi@ﬂéﬂgfeedback information from the status register
45 and calculates the time to end of track from the
rotational position and speed of rotation. Decision block
60 then releases the process flow to continue the track
10 switch process once it knows the leadoff or anticipation
time is less than the time to end of track.

Step 62 notifies the head selection circuitry 40 (FIG.

6) of which head. to switch to. The head selection

circuitry stores this information but does not make the
15 switch to the new head yet. Step 64 notifies the servo
controller 36 of the switch to a new head and thﬁs new
track. This notification is by a command passed through
the command register 53 (FIG. 7) in the communication
circuits 38.

20 Servo controller 36 receives the track-switch command
from the file controller and at step 66 calculates the
actuator coil current profile to accomplish the movement
of the new head to the new track. When the coil current
profile is determined, step 68 starts the application of

25 current to the actuator coil by notifying coil driver 34
(FIG. 6). The signal to the coil driver is a pulse-width
modulated signal which is decoded by the driver into a
coil current. Steps 66 and 68 correspond to event 1lc in
phase 1 of the overall process. '

30 Decision block 70 then times out phase 2 and event 3a to
be sure that the read/write operation has been completed
before step 72 tells the head selection circuits to change



the post track-switch process at the start of phase 3. 15 This allows the .
post track-switch process (phase 4) to conpl ete before the end of
event 3b which is the high di spl acenent of the head off track. New
head enabl e, " Herr] Enable Il (FIG 4), begins as soon as phase 4-3
conpletes. In other words near the end everd 3b and just 20 before the
head is starting into | ow di spl acenent (event 3c) relative to the new
track, head Hiead$.i StepafRedst ghe begimwsintofs@irasie |43 SThent Atepew

track. Head Hygre&dn¥kl b 8@htus wotRUAk ¥3! aHd aiSfelcdttbl fbietoa Sector
IDis successfully read. This protects data transfer operations 25

from begi nni NEPBEEYr att kBakehRe STV OREZEF ISR M1a PSRN COmPLRkefay

track. The remghhwhilthah h;he Eha@(wﬁth:fbllllea:t elﬁQCls:LonlBlthrvened to
tlerr]. [t,will be ed_t rlou fi

over | appi%g pIB??f‘BﬂgsoF fah«? %é\ﬁ [{Iw(g ess %‘?{16}%0019 ?geggﬁabl enment
of the oId;anpreeanheadidoa&rb@kna@aenOm; deteddmndiluerend onfi hhever | appi ng
into | ow di Spi-é?&?g?&t%V‘ép&auon gr%&s%@ £1%5 r}?a?é%é"&é( & c&E%oheCOfd' ng

systemto rate s m Srégi strati ons. ‘I n enbodil ment's of
10 block 80 wh1ch is 1ook1ng for servo complete status from

the servo controller. When servo complete is received,
10 decision 80 passes control to step 82 which enables the

new head to start looking for the sector ID on the new

track. As soon as the new sector ID is picked up, the

read/write operation begins on the new track.

The embodiment shown in FIGURE 8A relies on the
15 requirement of the new head reading sector ID to prevent
premature activation of a data transfer. In an alternative
embodlment decision block 74 shown in FIGURE 8C is
1nserted after decision block 80 and before step 82.
Decision block 74 times out events 3b and 3c to be sure
20 the new head is on the the new track. After time for
events 3B and 3C has elapsed, decision 74 passes control
to step 82 which enables the new head to start looking
for the sector ID on the new track. This embodiment does
not use as much overlap of the post track switch process
25 with actuator movement, but it does insure the new head
is on the new track before the head is ehabled.
The timeout function of decision block 70 controls the
extent to which overlap may occur between post track-
switch processing and the movement of the head actuator.
30 This second anticipation interval or closing time is
anticipating the landing or closing time of the new head
on the new track and therefore the earliest time for
enabling the new head.



the invention overl apping into events 3a and 3c, a head to track

m sregi stration of 5% has been deened accept abl e. However, the anount
of mi sregistration that can be tolerated is a matter of design choice.
5 The apparatus used to inplenent the various enbodi nents of the

I nvention is shown in FIGURE 6. Disks 20 ar attached to and rotate
with spindle 22. Fbads 24 are carried arns 26 of conb actuator 28.
There are two ator 10
28 is noved byhe?(ﬁeu or cort &g §W19<@ﬁ 8’?‘ﬁ§gggl %%ﬁ%%{%v%%eeﬁ%%ﬁat or

coil comes fr@m &f Ithe melyement34asTHesCHAPESr fioF ARRITIIRPIHCK &0 er vo
control | er 36. n@%&éﬂ@'sﬂa NEREMBLI QRel kEGHetebl® WeFdite the Ofleid BEAHO

dedi cat ed dISk Is read by a servo read head,. 15 .the . lo ngi ?f

FI GURE 6. Frork rhaRied h%%dd?ﬁ‘érlbed 5% ﬁeml%éﬂ]ﬁ%‘\@% Etu ts 35
di gitize he 8C) , pase td Do@l ng nt dment oA nted vallp iin tEIG hes seThe
controller 36._, er vp. cont oII anal e or sor
nodul e; 20 t R R -9 183r? ﬁg§%ﬁd%f§§gé§%ﬁ%ﬁ%#les %%e %3
t he processoradﬁuaﬁmmcmmmameﬁtthe seompdedentrol | er 36 is to contro
the coil current to the actuator to nove t he new head into alignnent

with the new track and to notify the head selection circuits when to
swi t ch heads. BoyweweF vincbher Breéeryed. smbatidaie 9f i HUREr 82wWWhEReng

there is no decision block 74 and by changing decision
10 block 70 to timeout for event 2 only, the closing time

may be shortened to interval Top
: in FIGURE 4. In this

embodiment, the new head is enabled as soon as phase 4
is completed. This occurs during phase 3 near the end
of event 3b, high displacement move. This embodiment

15 relies on the reading of sector ID to trigger a data
transfer as discussed earlier. ;
While a number of preferred embodiments of the invention
have been shown and described, it will be appreciated by
one skilled in the art, that a number of further

20 variations or modifications may be made without departing

from the spirit and scope of our invention.



heads rom 0 the new head but not the sel ection of the

heads p control from the servo controller 36 is

passed Iﬂlﬂmﬂll—[m" [Iilcormunl cation circuits 38 shown i g:g.j@grh,t)qg 5%7‘
ead 30 * selectionsircuits 40. The switch control word i 'D CED

the servo controller mcro-processor bus tpethe SwWte &A

register 39 in FIG 7. Head selection is done by file controller 42

whi ch sends the head 11

i dentification nunber of the new head over file controller

m cro- processor bus to head ID register 43 (FIG 7) in t he

comuni cat i on EHFBFts 38 to the selection circuits 40. 5 File

controller 42 is a mcroprocessor that uses RAM46 ~ and ROM 48 to

performits pro an1pr cess. The flow of the process is described |ater

with referenc® ed dR®° The function of the file controller is to

det er nt ne mhen a track switch is necessary, identify the next or 10

nev nead and 10011 BBELSE" ¥R COUARIE AAA-dhfeon 1abEREY IS

switch. The fTle co er ~al's0 cont¥
data transfer operations on a present track and a

5 new track in a disk drive when the present track
and the new track are operéted on by the currently
active head for the present track and the next
selected head for the new track, said heads being
mounted on the same head arm actuator, said method

10 _ comprising the steps of:

anticipating completion of data transfer at the
present track and defininé a leadoff interval
sufficient for such data ;transfer to complete;
performing pre track-switch processing during the
15 leadoff interval; and .

energizing said actuator during the leadoff

interval whereby currently active head completes
data transfer at the present track just prior to
movement of the active head off the present track.

20 2. The method of claim_i wherein said anticipating
step comprises the steps of:

determining time remaining for the active head to
reach end of track at the present track;

determining leadoff time necessary to complete

5 . pre track switch processing;
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read/wite circuits 44 t hrough conmuni cation circuits 38. In FIGURE 7, .

t he !ﬂﬂmml’“m“m | commands from file controller ﬁ%,gfr oentover
the Tl HHS m croprocessor bus to the control ¥ F%@§@#ﬂ4hhbﬁ%£m

t he ¢ conmhi @at #on circuits. Decode |ogic 49 decodes the  REPEHHED ol
commands and status words and passes st at ijﬁ I nformati on and control
signals to the read/wite circuits . 42°(FIG 6). 20 As shown in

FIGURE 7, the file t LQl . d s 0, ;.. 36_are trading
status and commndsgt?lﬁr (%'S'Sketrm%‘? ptaﬁ%e %?%‘%ﬁﬁssvf]é%clrgté%égggggagcg d

regi ster 53 in the leadofdmhimecdis dress rdhan stBee mepainivgi o ehd his

st at us and conggndrigeior mation will be apparent as the process 25
flow in FI GURES 8A and 8B is descri bed. FI GURES 8A and 8B show t he
process flow for one preferred enbodi mrent of the invention. The
process romB?T theTthmethod(uﬁﬂdmﬂﬂfﬁléﬁkis ﬁbﬁm@ihnsEi&UBEeBAIa%md thﬁ
process . ow of the.servo controller 36 is shown in ELGURE 8B. 30 The
process %egins at d%@?gﬁgn%ﬁﬁﬁ:séiP%mﬁﬁ%?t?&??¥+%ﬁs thecﬁh??ﬁlP ' has
determned that a track switch is necessary. Process steps 56, 58, and

60 anticipate the edtermirindP rixt Modd AS0Ne rE0LBELECLARCLAL Y AN

start the
track; and

energizing the head arm actuator to build energy
in the actuator sufficient to start movement of
10 the actuator.

4. The method of any of the preceding claims and in
addition:

moving the head arm actuator a low displacement
distance relative to the present track during the
15 leadoff interval.

5. The method of any of the preceding claims and in
addition: '

moving the head arm actuator to move the next
selected head to the new track;

20 anticipating the closing time interval of the
next head closing on the new track; and

post track switch processing during the closing
interval. ' '

6. - The method of any of the preceding claims wherein_
25 said closing interval anticipating step comprises
the steps of:

—
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123 —head~se+ee%+en—pxocess and actuat or energlzatlon process at a

he read/ wite wll conplete just pri g+—t-e—Rpverent—ot

head a l ﬂ lm)m,_ernt track. This anticipation tiTb5 GHIEGAHE BEEN
tine i [err] 5 in FIGURE 4. Tine T[ern] oveRERpEED

proce55|ng and energlzatlon with read/vgite up to thestart—of~TOVermen
by t he head. Time T[err] continues ‘the overlap through -l ow di spl acenent
novenent of the head as it finishes the read/wite operation. In this

| atter enbodi nent st f 1btlc+2+3a.
In step 56, the ant|§$ %ﬁ¥n3 % O?k%gk@%ﬁ goba‘%ﬂiegérﬁéadfron1a tabl e
of stored val ues foraeanhtonemgﬁemhete9§n$§ compdietigh dulh i fesplacengpts
equation. These val Ugsa@" &rm acgﬁg@ggeﬁgb@ﬁgnky experinentation and testing
and | oaded 15 into ata fe In ROM 48 (FIG 6). The table ofi phases

and events for which duration intervals are stored would be as foll ows:
1) Pre Track-pwi tch PhecReshsg@ of any of thlebpmmednlrtgitclmn.mé skeveiayst em

f k f
agt 52{ o?r%no;[ Iragurrzgn?ald post B:ac%\é\”tsgé.?gp I?r?é’rcgﬁszsa]tn% sﬁ%a‘g%&ﬂegg%gg 0

current); the steps of:

switching the head selection circuits to the next
selected head; and

enabling the next head to read.

10 8. Apparatus for reducing track switching latency in
| a disk drive where the track switching involves

selecting among one or more'read/w:iteiheads on
the same head arm;actuator, said latency reducing
apparatus comprising: |

15 means for anticipating end of data transfer between
a read/write head and a present track, said
anticipating means defining a leadoff time interval
as the last interval of time in the data transfer;
and’

20 means for completing track-switch preparations
during the leadoff time.

9. - The apparatus of claim 8 wherein said completing
means comprises:

means for selecting the next head to read the
25 . next track; and
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Actuator—ivbve

The dur

3a) | ow displacenent nove

n present track

TR Lo

ored woul d depend on the system—— -

| .
dlsplacenent nmove bet ween tracks; THIS, auErT 4as PEEN ! {ow
d| spl ac M!IJ m,uﬂ ﬂ lﬂuf track; 4) Post Track: Sii t-ch: P Q_essl ng.
t

be experinental ly detern1ned

19
The phases and events |listed above are associated with

~st
13

process steps

in FI GURES 8A and 8Bnetts af@ridsm&hnhedng thet Beteafton idbillhemgarenphase or

event nunber beside
controll er receives
status register

rotational position

10.

10

11l.

15

12.

20

i3.

25

This Sheet Has

t he e file

58
st bosPt CERE pReR rEn AREHREOF 10 SRILE BRe 1 rom t he
nettt apelleated| head thethemaeikd &mcha¥. track fromthe

and speed of rotation. Decision block

The apparatus of claim 8 or 9 wherein sa'id
completing means further comprises:

actuating means for moving the head arm actuator;
and

means for applying the coil current to said
actuating means in the head arm actuator to build
energy in said actuating means to start movement
of the actuator.

The apparatus of any of claims 8-10 wherein said
actuating means is fesponsive to said applying
means for displacing the actuator a small amount
relative to alignment with the present track as
the data transfer is being completed.

The apparatus of any of claims 8-11 and in
addition:

means for anticipating the end of movement by
said actuator; and

means for switching head read/write circuits to
the next head before the end of actuator movement.

The apparatus of any of claims 8-12 and in
addition:

means for determining that actuator movement is
complete; and

LT



60 théﬁ~r€r€§§é§‘rhe-pfeeess flow to continue the tragk-l0—.sw.tch_praocess.
once it ff or anticipation tinme is'?éSSchan-thEEEﬂ
to end ng’" ﬂ Step 62 notifies the head sel gcti onfefFrguittry 4

* LOT

(FIG ead to switch to. The head sel*ection etretttry
stores this information but does not make gbe 15 switch to the new head
yet. Step 64 notifies the servo controller 36 of the swtch to a new

head and thus new traeknsThiespeots fvedto orrid dytersbnimgdmgassedarhr ough
the command reglstereg b il g-fﬁk iﬁ“hé%g”&%%&?téEEuator ﬁb%%ﬁéﬁ%:¥%

20 Servo controller recel ves t e track-swtch comuand fromthe
file controller and &PWQ%%FQ%ScaquIates t he actuator coil current
profile to acconplish the novenent of the new head to the new track
When the coil _curren rofile is determ ned 8 _starnts the
appl i cation of%25 &WFE%PA) e % FR%r° {lﬁ ﬁ@sng LPyRRS @81 driver 34
(FIG 6).5The S|gnalaﬂduﬁmpn00|l driver is a pulse-width nodul at ed
signal which is decoded by the driver into a coil current. Steps 66
and 68 correspond to event 1c in phase 1 of the overall process. 30
Deci si on bl ock 70 t h@eansrdPnantpieieating dthe eandi3aft pigh-displacenen

the read/wite operaihadtads RR{FeROMP) elld before step 72 tells the
head selection circuits to change :
means for switching read/write circuits-to the
next head before the end of high-displacement
10 actuator movement.

15. The .apparatus of any of claims 8-14 and in
addition:

means for enabling heads after said switching
means has switched the read/write circuits to the
15 next head.

16. Apparatus for reducing track switching latency in
a disk drive where the track switching involves
selecting among one or more heads on the same
head arm actuator, said latency reducing apparatus
20 comprising:

means for performing pre track switch processing;
and

second means for overlapping control of data
transfer at the currently active head and track

25 with the pre track switch process whereby the
data transfer and the pre track switch processing
are performed parallel in time.
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14 —* heads.— Step 72 is the beginning of phase 4. Then_step 76_sends.
a status word back to the file controller to not ﬁyvltsthatkjmggs vo

operat(m llmﬁ" | et ed. Meanwhile in the f{le caontraqlLer
deci SI' "mm mmlgmtors the end of the read/w —t—e——epé?iél-ﬂ%%—-at_t.he

present (old) tfack. Wen it detetts the ead of the read/ wite
operation, process flom/passes to decision bl ock 80 which is | ooking
for servo codfl-ete $Eha RPPaxAFus of hangeP§océdAmFoPrds. aedSer vo
conplete is receivechagdfristeci sion 80 passes control to step 82 which
enabl es the new head to start |ooking for the sector 1D on the new
track. As soon as the new sector IDis picked up, the read/ wite
operati on begins onméansmmbtrpekformiﬁbepeabodraektsﬂﬂMmhiprd&éif&h@A
relies on the 15 %#rerrent of the new head reading sector:;ID to prevent
premat yre activation a data transfer. In an alternative enbodi nent
deci sion block 74 shown in FIGURE 8C is I nserted after decision block

80 and bgfore step 8acond xﬁs&hsilﬁarbboeklzgp&hgeao%tmqvw heH-adpn 3¢ to

be sure 20 the new head is on the the new track. After .tine for event s
3B and 3C has el aps@FtREPE ohragkpawitsh BAVEPLNt with the post -

track switch process whereby the head arm movement

and the post track switch process are performed
parallel in time.

10 18. The apparatus of any of claims 8-17 wherein said
second overlapping means comprises:

means - for initiating head arm movement ‘and post
track switch processing at the end of data transfer
on the currently active track;

15 means for determining the end of head arm movement;
and

means responsive to said determining means for
enabling a new head at the end of head arm
movement.

20 19. The apparatus of any of claims 8-18 wherein said
second overlapping means comprises:

means for initiating head arm movement and post
track switch processing at the end of data transfer
on the currently active track;

25
means for determining the end of post track switch
pfocessing; and -
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to's which enabl es the new head to start |ooking f.or.-the _sector
ID o Gﬂ ll " u< Thi s enbodi nent does not use ag iMiclEiover| apiedy
t he c process 25 with actuator novementl, butfid /gees

i nsure the new head is on the new trazk before the ‘eatis—enabed :
The timeout function of decision block 70 controls the extent to which
overlap may occur bReaREnrpepensiyekto saidkw@ekerpintes spagnandorhe

moverment of the heagnasiiagoh. ndd hBAES a1eaMU &l | 6f PBéEONtEAER Lo teh

closing tine is antici,pating the landing or closing tine of the new
head on the neW'PFﬁﬁﬁlgﬁd therefore the earliest tinme for

enabl i ng the new head. ' 15 -
Where post track-swi tch processing begins after event 3a of the
novenent (as described for decision block 70), and eventis 3b and 3c are
ti med.out before the new head - is enabled (as described for decision
block 74 in FIG 5 8C), the closing tinme is interval T[err] in FIG 4.
The ti meout function of decision block 74 guarantees that act uat or

novenent is conpl ete.
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Fb&evefir1the preferred enbodi nent of FI GURE 8A where there is no
deci sion block 74 and by changi ng decision 10 block 70 to timeout for

event 2 only, the closing tine may be shortened to intervat Tz

in FIGURE 4. In this enmbodi nent, the new head is engblgd “a: 1

phase 4 I's conpleted. This occurs during phase 3 neg

event 3b, high displacenent nove. This.en®ddinent 15 relies on the reading
of sector IDto trigger a data transfer as di scussed earlier.

Whi |l e a nunber of preferred enbodi nents of the invention have been

shown and deggsi§sdanbt aAvtaRARY A HYE RN TRACK OSWITRHI LadENTY he art,
that a nunber of further 20 wvariations or nodifications my be nade

wi t hout depaFFiﬁgDISK DRIYH t he spirit and scope of our invention.
16 : CLAIMS 1. WMethod for reducing

track-smﬁtchéég&?%eg gglﬁggpﬂ%gé%égﬁﬁ§fer operations on a Ppresent track
i's r

and arnew tr I've en said present rack and said new track
In a ultra high density, multiple-disk drive, track
5 switches within a cylinder oi tracks as well as track
switches to tracks on other cylinders both require a
movement of the head stack actuator. Track switching
latency in such a disk drive is reduced by dverlapping
pre-movement portions of the track switching process
10 with the data transfer operation of the currently active
recording head. In addition, post-movement portions of
the track switching process are overlapped with the
movement of the heads so that the next selected read/write
head may begin a data transfer operation immediately
15 upon arrival at the next track. Further, the pre-movement
and post-movement portions of the track-switch process ‘'
may be overlapped with low displacement movement of the
| read/write heads relative toc the currently active track
or the next track.

———

"
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P T :
ar'e=@pérated on by a currently active head for said present track and a
next sel ected head for a new track, said active and next heads being
mounted on a single head armactuator, said nethod conprising the steps
of : - determning tinme. remairning for said active head to reach .end of
track at said present rack; determi ning a | eadoff.interval necessary
to conplete a pre track-switch processing step and a head arm actuat or
energi zi ng step; det ecting iHén sai d | eadof f interval is greater than
said time remaining to said end of track; perform ng pre
track-swtch processing in response to said detecting step; and
energi zing said head arm actuator in response to said detecting step to
build energy in said head arm actuator during said | eadoff interva
whereby said currently active head conpletes data transfer at said present
track prior to novenent of said active head off said present track. 2.
The met hod of claim 1l wherein said pre track-switch processing step
conprises the steps of: :

x .

CN

C N1 Sl

Cn-t Tx+1

{
1
!
1

FIG. 1.



deferniﬁing said next head to be selected for said new track; and
deternining an energy profile for said head armactuator for use in noving
said actuator fromsaid present track to said new track. 3. The net hod
of claim2 and in addition: : movi ng said head arm actuator a l:ow .
di spl acenent distance relative to said present track during said |'eadoff
interval, said | ow di splacenent- di stance novenent of said active head is
smal | enough for said active head t@sgemain on-track with said present
track; and 17 preventing the selection of said next
head until after said | ow displacenent noving " step whereby said next head
is not selected until said currently active head has noved off said
present track
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determining a tinme interva

novi ng said head arm
6. The nethod of claim5 wherein

of said next selected head cl osing on
post track switch processing during said closing

5. The method of claim4 wherein said closing tine interval
p of:
nt.

o3t

track; and
time interval
conprises the

4.* The ‘method of claim 3 and in addition:
~actuator to nove said next selected head to said new track

anticipating a closing tine interval

anticipating step
to conpl ete head arm act uat or

sai d new
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sai d post track-switch processing step conprises
swi tching head selected circuits to said next seled
enabling said next selected head to read.

said closing time interval

determning a tine interva

act uat or
*



8.% Thé method of claim 1 and in addition: movi ng sai d. head arm
actuat.or to carry said next selected head to said new track;

anticipating a closing tine of said next selected head closing on said new
track; and post track switch processing during said cloésing tine. 9.
The method of claim8 wherein sa#ff closing tinme anti.cipating step
conprising the step of: determning a tinme interval to conplete head
arm actuat or novenent. 10. The nethod of claim9 wherein said post track
switch processing step conprises the steps of: 18

swi tching the head selection circuits to said next selected head; and
enabling sdi d-next selected head to read. 11. Method of claim 10 wherein -
said pre track-switch processing step conprises the
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steps of: determ ning said next selected head for said new track;
and determ ning an energy profile for said head arm actuator for use
i movi-ng said actuator fromsaid present track to said new track. 12.
Apparatus for reducing track switching latency in a disk drive where track .
swi t ching i nvol ves sel ecting anong a nunber of read/wite heads on.a singl e

head arm actuator, said latency redUC|ng appar at us conpri si ng: - means
for calculating tine remaining @1 an end of data transfer between a
read/ wite head and a present track; means for calculating a | eadoff
time interval cortesponding to the tine required to conplete track-switch
preparations by a track-switch preparation neans; means for detecting
when said | eadoff interval is greater than said tine remaining until said
end of data transfer for said present tracg; and _ sai.d track-sw tching

preparation means responsive to said detec®ing neans for startinp<
track-switch preparati ons when said Ithofa_vﬁ\qrval I's greater tEgp sai d

time remai ni ng. N I P "
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13" The apparatus of claim 12 wherein said track-swi tch preparation neans
conpri si ng: nmeans for selecting a next head to readra-prext--track; and

means for calculating an actuator coil current profile for I$40 GHEEadNE BFEN
actuator to nove said next head to said next track. 14. |The apfRAgREDS of
claim 13 and in addition actuating neans for noving said heagt—armactuat-or
and wherein said track-switch preparaéibn neans further conpri ses: ) -
means for applying said coil current to said actuating neans in said head
arm actuator to bUI | d energy in said actuating nmeans to start novenent of
sai d actuator. 19 15.
The apparatus of claim14 wherein said actuating neans is responsive to

said applying neans f E@.Fmg said act uatorl(éﬁmal I ar’gfuﬁs relative
= ack—as—sat-d—datair fer—Ts_tenng

to alignnent with sai e s
conpl et ed. CALCULATE
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16. The appafatus of claim 12 and in addition: means for

antici pating an end of novenent by said actuator; head read/ wite
circuits; and means for switching said head read/wite circuits to
sai d next head before said end of actuator novenent. 17. The apparatus of
claim16 and in addition: means for determ ni ng when actuat or
novenent is conplete; and mea responsive to said determ ning neans
for enabling said next head after Sald actuator novenent is conplete. 18.
The apparatus of claim 12 and in addition: means for anticipating an
end of actuator novenent; head read/wite circuits; and means
for swtching said read/wite circuits tlo ﬁAﬂEﬁ pgad efore said end of
act uat or novenent 1o —Fheapparatus—of] c algblﬁ and gddi ti on:

means for enabliny said next head after |saig) ¢ ehi ng Teans has sw t ched

sai d ) c
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read/wite circuits to said next head. 20. Apparatus for reduciing tgaqkuﬁwn,
swtching latency in a disk drive when switching froma presentil ke
read/ wite head on a present track to a next selected read/wite {head on a

new track, the disk driving having a plurality of read/wite heads on a

head arn1acp#g&ﬁbgc REP aratus conprlmlkk means for

pF
track-sw t chi FEDUC NG T RAGK: (SWI'TCH LATEN@&ns f or

ener gi zi ng sa c ng a phase 2 time interval to build up energy
I h said actua grgpbﬁgk b&qﬁébenent of said actuator;

20 said actuator in response to energization by said energizing

means novi ng ﬂﬁggngn&eﬂgm%ﬁﬂggﬂ&@@@@ﬂédphass ﬁatﬂu&aéﬁﬂeiaﬁéréeugxkbrthe

present track for_accunul atin e nore of phas
or 3a tine In%gpy&ﬁ&qﬁ?%%e performance (o34 gl ﬂ drlve recor g sys ems.

N In particular this invention is directed to reduc1ng the
delay between successive read/write operations caused by
the necessity of moving the recording head from a current
track to the track for the next read/write operation.
This delay is referred to as track switching latency.

Description of Prior Art:

In the past track switching latency has been dealt with
in a limited way by making use of two or more recording
head actuators distributed about the recording disk
circumference. So long as: the next read/write operation
used a recordihg head on an actuator other than the
currently active actuator, the next recording actuator
could be moving the head to the correct track position
while the first head finishes the current read/write
operation.

One example of the above multiple actuator technique is
taught in U.S. Patent 4,270,154 issued to John E.
Crawford. The Crawford patent is directed to overlapping
the operation of one read/write head actuator with a
second read/write head actuator so as to reduce system
latency between read/write operations. In particular
Crawford teaches algorithms for selecting the recording
head and actuator for the next read/write operation so
as to reduce latency. One of Crawford's algorithms
evaluates the possibility of selecting a head on the
inactive actuator so that the actuator may be moved to
the next desired track or cylinder while the current
read/write operation by the active actuator is being
completed. Crawford recognizes the limitation of his
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determ ne a | eadoff interval; means for nonitoring ting remai ni ng .
for the present active head to reach end of track on the preéent 27ack: 135
means for conparing said | eadoff interval to said tinme renai nllng; and

nmeans responsive to said conparing neans2Bor starting said pr¢ track-sSwrtch
processing neans when said | eadoff interval is greater than sé:u_d tinme

remai ni ”%ET@)D HRDA ,flPPﬁktﬂfs BOF h?ﬁﬁéﬁl@’“ﬁi&bkg E‘gf N‘éYhﬁ A@DIﬁK
servo sy con I'ng actua novenent an pré rack swic

pr ocessi ns conpri ses: means for determning that a track-swtch
fromthe present track to a newtrack is required; means for
notifying during a phase Ib tine interval the servo systemof the switch
fromthe ABERRACTt rack to the new track; nmeans for cal cul ati-ng during

a phase 1c tine interval the energy profile for noving the actuator so

that the mexilrs Aigcdesity)anditipfe-@ive drive €, 16 W1}, 'tPdek swikeHles within S&¢1fhder of tracks
accunul ati ng neans accumul ates one or nore of the intervals 1b,” 1c, 2 3a

to deterni Qe {1Grdc&AAfched | {or@adkg ot ‘cylinders both require a movement of the head

stack actuator (16). Track switching latency in such a disk drive is reduced by overlapping
pre-movement portions of the track switching process with the data transfer operation of the
currently active recording head (Hx). In addition, post-movement portions of the track
switching process are overlapped with the moveinent of the heads so that the next selected
read/write head may begin a data transfer operation immediately upon arrival at the next track.
Further, the pre-movement and post-movement portions of the track-switch process may be
overlapped with low displacement movement of the read/write heads relative to the currently
active track or the next track.

Fig.1



22. The aMm 21 and in addition: sa po - to) aer g‘
during a hi gh- dlw nt phase 3b tine interval fromt-h‘é'fI PlGENE B ’5

LA

fromthe* pr&sently active head to the next selected he&d means

to the
enter t

l'ﬁ)

xm&\(

ing during a | owdi spl acenment phase 3c |nterval
post track-swigt ch processi ng}nears? i ’é}%tc

=.

testi ng when phase 3a has el apsed; and sai d post t{rack=swtTh
processi ng neans responsive to said tERAIMS neans to swjtch to the next
sel ected read/wite head after phase 3a has el apsed.

21 23. THe apfiethed for mdugmg traczleswmlamrxcydmtween data stzangfedi egierations eothas
read/wite circuits; post track-switch I’OCGSSIar}% means further

i ncl udes PEGsERt wagk amst @ ﬂ?erQactkh‘é a disk drive when said present rack

iy

said new track
are operated on by a currently active head for said present track and a next selected head
for a new track, said active and next heads being mounted on a single head arm actuator,
said method comprising the steps-of:

determining time remaining for said active head to reach end of track at said
present rack; _

determining a leadoff interval necessary to complete a pre track-switch proceésing
step aﬁd a head arm actuator energizing step;

detecting when said leadoff interval is greater than said time remaining to said end
of track; |

performing pre track-switch processing in response to said detecting step; and

energizing said head arm actuator in response to said detecting step to build energy
in said head arm actuator during said leadoff interval whereby said currently active head
completes data transfer at said present track prior to movement of said active head off
said present track. |
2.  The method of claim 1 wherein said pre track-switch processing step comprises the
steps of:

determining said next head to be selected for said new track; and

determining an energy profile for said head arm actuator for use in moving said
actuator from said present track to said new track.
3.  The method of claim 2 and in addition:

moving said head arm actuator a low displacement distance relative to said present
track during said leadoff interval, said low displacement distance movement of said
active head is small enough for said active head to remain on-track with said present

track; and



di skTdrtve readfwite—etrcuits that the switch to the next -
read/ | et e; means for testing when ph;ases 3bﬂa,r,1{q 3G
have mg E ELI"E nmeans for activating the read/wite } r &t t 521 9¥0

t he nex ses 3b and 3c haye el apsed. 24. Appayatus for

reducing track switching latency in a disk drive when switching froma
presently active read/wite head on a present track to a nekt. selected

g
i

read/write hpraentingithesselection lof saif mexii ladad dwiil afier said lavy displacementi mgviag
read/ wite heads on a head arm actuator, said apparatus corH)rl si ng
neans f or stgp svherehysaidvnexithepd iscrol seleefed Hﬂﬂh‘ijl(h“flﬂﬁ%mlél active hea msemmd off

nmeans in response to _conpletion of pre track-switch processing for
ener gi zi ngRid Bresentiackat or during a phase 1 time interval to build up energy

1 S oGt RSl of S BuelTRbafliop dogotunon | means for
Lndh ot 0, AL i e i e e TS RLRE AR BB B PL O
active head t Qnt'icﬁﬁ’ftﬂlg :Pglo‘gfng time interval of said next selected head closing on said new
track; and
post track switch processing during said closing time interval.
5. The method of claim 4 wherein said closing time interval anticipating step
comprises the step of:
determining a time interval to complete head arm actuator movement.
6. The method of claim 5 wherein said post track-switch processing step comprises
the steps of:
switching head selected circuits to said next selected head; and
enabling said next selected head to read.
7. The method of claim 4 wherein said closing time interval anticipating step
comprises the step of:
determiﬁing a time interval to complete a high displacement head arm actuator
movement. |
8. The methéd of claim 1 and in addition:
moving said head arm actuator to carry said next selected head to said new track;
_ anticipating a closing time of said next selected head closing on said new track; and
post track switch 'procéssing during said closing time.
9.  The method of claim 8 wherein séid closing time anticipating step comprising the
step of:
determining a time interval to complete head arm actuator movement.
10. The method of claim 9 wherein said post track switch processing step comprises

the steps of:




track on the presen K; means for conparing said | eappfds imb@rEME! s
to said “l mu ll bﬂﬂkd means responsive to said cprrp‘gﬁtﬁ%dﬁmém“féﬁi”- :
~for star A «aCk-swi tch processing neans when said eado_jLn N
interval i's greater than said tinme renaiqgi ng whereby said pre tr adl: SRBtEH8
processi ng and actuator energy build up is overlapped with thel end of the
read/wite operation by the presently active head on the presgnt track.

25. The appar awitchisg the head @lectibe cimits toesaidi meixt sklécta] head; anderivo_system f or
controlling actuator novenent, and said pre track-sw tch processing neans
conpri ses: enabling said next spleated head todsadr ni ni ng that a tracllf-swl tc_hff_rom
the present track to_a new track is _required; |, means for notifying
duri ﬁg a gﬂas ?tﬂoé iofeclaimy 40 \phergif i preotragkssveitphoproeessingviter: komprises the

steps of:

determining said next selected head for said new track; and

determining an energy profile for said head arm actuator for use in moving said
actuator from said present track to said new track.
12. Apparatus for reducing track switching latency in a disk drive where track
switching involves selecting among a number of read/write heads on a single head arm
actuator, said latency reducing apparatus comprising:

means for calculating time remaining until an end of data transfer between a
read/write head and a present track; | |

means for calculating a leadoff time interval corresponding to the time reqﬁired to
complete track-switch preparations by a track-switch preparation means; ;

means for detecting when said leadoff interval is greater than said time remaining
until said end of data transfer for said present track; and

said track-switching preparation means responsive to said detecting means for
starting track-switch preparations when said leadoff interval is greater than said time
remaining.
13. The apparatus of claim 12 wherein said track-switch preparation means
comprising:

. means for selecting a next head to read a next track; and

means for calculating an actuator coil current profile for said head arm actuator to
move said next head to said next track.
14.  The apparatus of claim 13 and in addition actuating means for moving said head
arm actuator and wherein said track-switch preparation means further comprises:

means for applying said coil current to said actuating means in said head arm

actuator to build energy in said actuating means to start movement of said actuator.



fromt track to the new track; neans for cal quljatt+ag L
during Hﬂﬁaﬂgj |nterval the energy profile for novi ng; the a,c.t,u.atfgﬂr

so t hat ed head is over the new track; and g a? i 19Y8
conbi ni ng neans conbl ni ng intervals 1b, 44 and 2 to determine the | eadof f
time interval. 26. The apparatus of claim25 and in additi on: said

actuator noving in response to energization by said energizi ng-reans—sai-dw___
act uat or risvi rithedappangius df oolaith Sg wherehn saidhacseatidg earB Isntespommive €0 @Xidt

the present track, during a high-displacenent phase 3b tine interval to

nmove fromaphlying seans for displacing saideac;tewn rasiallaamdouhirietagive tb aaligdinept swdthiment

phase 3c interval to enter the new track post track-sw tch

processi ngaideRrasent giack ay ﬁ%ﬂﬂﬁ@tf%fﬁ‘tlﬂwbelpg eeapleted- active head to the next
sel ected ad; means f.or_ tesijng when phase 3a has el apsed; and

sai d post raéﬁ@eﬁﬂpﬁ’@ﬁls&f&%]r%ﬁn Q05 ponsi ve to said testing means
for swtchin ext .sel ected.read/ wite (fad as the active head
after phase 33“ ﬁg@&ng@ggp@@n@gpae%sag aRACLi t ch processing is

conpl eted whi g, $ ?éaqlw%c {euca}}c?uts,' dhd

means for switching said head read/write circuits to said next head before said end
of écmator movement.
17. The apparatus of claim 16 and in addition:

| means for determining when actuator movement is complete; and
means responsive to said determining means for enabling said next head after said
- actuator movement is complete.

18. The apparatus of claim 12 and in addition:

meéns for anticipating an end of actuator movement;

head read/write circuits; and

means for switching said read/write circuits to a next head before said end of
actuator movement.
19. The apparatus of claim 18 and in addition:

means .for enabling said next head after said switching means has switched said
read/write cifcuits to said next head. _
20. Apparatus for reducing track switching latency in a disk drive when switching
from a presently active rea_d/write head on a present track to a next selected read/write
head on a new track, the disk driving having a plurality of read/write heads on a head
arm actuator, said apparatus comprising:

means for pre track-switching processing during a phase 1 time interval;

means for energizing said actuator during a phase 2 time interval to build up

energy in said actuator prior to movement of said actuator;



novi ng during phases 3a and 3c. 27. The apparatus of claim 26“3

said dis Wite circuits; sai d post t_rack-isvxd,t__,c;pﬁ.;\_ aons
processi mﬂmmmmmmlu ncl udes means for notifying the dijsk dfive- ¥7
read/ wité cfrclits tshat the switch to tie next selected read/vrite head is

conpl et e; means for testing when phases 3b and 3c have jel apsed; and

means for activating the read/wite circuits for the next heag-att-er—phases
3b and 3c haweidedcpsenin response to energization by said energizing means moving during a
23 - 28. The apparatus of claim 27 and in addition: sai d actuator
novi ng i n lewslismiacemest phase §n time ivterval te gkl thenpresgnt nagk;neans, sai d - act uat or
moviing during n?ealn(s) V\fog iagglluglﬁgtrirggn%ng hozli'Sr(xamr?c’eao{g ithréeplilar;g elr, v2a Iortf)pa ?i;(niet irfter;:(\aralps) rtgsent
determine a leadoff interval;
means for monitoring time remaining for the present active head to reach end of
track on the present track;
means for comparing said leadoff interval to said time remaining; and
means responsive to said comparing means for starting said pre track-switch
processing means when said leadoff interval is greater than said time remaining.
21. The apparatus of claim 20 wherein the disk drive has a servo system for
controlling actuator movement and said pre track-switch processing means comprises:
means for determining that a track-switch from the present track to a new track is
required; |
means for notifying during a phase 1b time interval the servo system of the switch
from the present track to the new track;
means for calculating during a phase 1c time interval the energy profile for moving
the actuator so that the next selected head is over the new track; and
said accﬁmulating means accumulates one or more of the intervals 1b, 1c, 2 or 3a
to determine the leadoff time interval.
22. The apparatus of claim 21 and in addition:
said actuator moving during a high-displacement phase 3b time interval from the
present track to the new track and moving during a low-displacement phase 3c interval to
enter the new track;
post track-switch processing means for switching from the presently active head to
the next selected head;
means for testing when phase 3a has elapsed; and

said post track-switch processing means responsive to said testing means to switch

to the next selected read/write head after phase 3a has elapsed.



B s )
track, during a hi\ﬁﬁgmgpl acenent phase 3b tinme interval to_mopve fro

pr esent “mm[l w track and during a | ow displ acenejitipha

i nterva‘l\“ w track; post track-sw tch processi-fg-re |
for sw tthing “from t he presently active head to the next sklgct e__,d_,__hgaﬂg‘;‘_
means for testing when phase 3a has el apsed; and sai d} ppst s =3 S |
track-sw tch processi ng neans responsive to said testing ne nb for 5,
swi t chi ng 230 TR dpprfansedraddifi2 poslidiion: € head as the activp head after
phase 3a has el apsed, whereby said post track-swtch processing.is

conpl et ed whi Iseidsdisiideie¢ had readiwrite @irenitg duri ng phases 3b and 3c. 29. The
apparatus of claim28 in addition: said disk drive has read/wite
circuits; saisdidppest trackekwtchi proéesping eeas fyrtherainsluties tdeans forc hotifyingnthens
for notifying the disk drive read/wite circuits that the switch to the
next sel ediskddrize dead/mrite [cirgnits dhat cibesvdich: to the nexgesglestefl oread/senite napadhisn
phases 3b and, 3c have el apsed; and nmeans for activating the

read/ w it &OBWPILEi ts for the next head after phases 3b and 3c

means for testing when phases 3b and 3c have elapsed; and

means for activating the read/write circuits for the next head after phases 3b and 3c
have elapsed. |
24. Apparatus for reducing track switching latency in a disk drive when switching
from a presently active read/write head on a present track to a next selected read/write
head on a new track, the disk driving having a plurality of read/write heads on a head
arm actuator, said apparatus comprising: '

means for pre track-switch processing during a phase 1 tlme interval;

means in response to completion of pre track-switch priocessing for energizing said
actuator during a phase 1 time interval to build up energy in said actuator prior to
movement of said actuator;

means for combining phase 1 and 2 time intervals to determine a leadoff interval
indicating time required for pre track-switching processing and actuator energy build up;

means for monitoring time remaining for the present active head to reach end of
track on the present track;

means for comparing said leadoff interval to said time remaining; and

. means responsive to said comparing means for starting said pre track-switch

processing means when said leadoff interval is greater than said time remaining whereby
said pre track-switch processing and actuator energy build up is overlapped with the end
of the read/write operation by the presently active head on the present track.
25. The apparatus of claim 24 wherein the disk drive has a servo system for

controlling actuator movement, and said pre track-switch processing means comprises:
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Ieadoff tlne I nterval . In a disk drive having a plurality of

read/ wite heads on a head armact uator, a nethod for redugting track

swi tching | at ghsans ifor &termlinglg Gai y@ramt&y%ﬁhﬂﬁgprégeamﬁck to a newttack is

presently active red/wite head on a present track to a next selected

read/ wri t eeduased; on anew track, said nethod conprising the steps of:

pre track-switch processing during a phase 1 tine interval;

energi zi ng saimeans fomnetifyingrduringsa phass db2imeé interivalt the weitvot system ofitheswdthr gy

in said

from the present track to the new track;

means for calculating during a phase 1c time interval the energy profile for moving
the actuator so that the next selected head is over the new track; and

said combining means combining intervals 1b, 1c and 2 to determine the leadoff
time interval.
26. The apparatus of claim 25 and in addition:

said actuator moving in response to energization by said energizing means, said
actuator moving during a low-displacement phase 3a time interval to exit the present
track, during a high-displacement phase 3b time interval to move from the present track
to the new track and during a low-dispiacemem phase 3c interval to enter the new track;

post track-switch processing means for switching from the presently active head to
the next selected head;

means for testing when phase 3a has elapsed; and

said post track-switch processing means responsive to said testing means for
switching to the next selected read/write head as the active head after phase 3a has
elapsed, whéreby-said post track-switch processing is completed while said actuator is
moving during phases 3a and 3c.
27. The apparatus of claim 26 in addition:

_ said disk drive has read/write circuits;

said post track-switch processing means further includes means for notifying the
disk drive read/write circuits that the switch to the next selected read/write head is
compllete;

means for testing when phases 3b and 3c have elapsed; and

means for activating the read/write circuits for the next head after phases 3b and 3c

have elapsed.
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and starting said pre track-sw tching processing neans when said
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the next selected head;

means for testing when phase 3_a has elapsed; and
said post track-switch processing means responsive to said testing means for
switching to the next selected read/write head as the active head after phase 3a has
- elapsed, whereby said post track-switch processing is completed while said actuator is
moving during phases 3b and 3c. |
29. The apparatus of claim 28 in addition:
said disk drive has read/write Circuits;
said post track-switch processing means further includes means for notifying the
disk drive read/write circuits that the switch to the next selected read/write head is
complete; .
means f(;r testing when phases 3b and 3c have elapsed; and
means for activating the read/write circuits for the next head after phases 3b and 3¢
have elapsed.
30. The apparatus of claim 24 and in addition:
} said actuator in response to energization by said energizing means moving during a
low-displacement phase 3a ﬁme interval to exit the present track; and
said combining means combining intervals 1, 2 and 3a to determine the leadoff
time interval.
31. In a disk drive having a plurality of read/write heads on a head arm actuator, a

method for reducing track switching latency in the disk drive when switching from a
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swi t chi ng apewitraskn 8aid mathateamprisingith@rsteape of:head as the active head.after
phase 3a has el apsed. . 34. The nethod of claim 33, wherein said disk drive
has read/w it ®retRekswich pragessing during a phase 1 time interval;

energizing said actuator during a phase 2 time interval to build up energy in said
actuator prior to movement of said actuator, said actuator in response to energization by
said energizing step moving during a low-displacement phase 3a time interval to exit the
present track;
“accumulating one or more of the phase 1, 2 or 3a time intervals to determine a
leadoff interval;
monitoring t\ime remaining for the present active head to reach end of track on the
present track;
comparing said leadoff interval to said time remaining; and
starting séid pre track-switching processing means when said leadoff interval is
greater than said time remaining.
32. The method of claim 31 wherein the disk drive has a servo system for controlling
actuator movement and said pre trackfswitch processing step comprises the steps of:
determining that a track-switch from the present track to a new track is required;
notifyiné during a phése 1b time interval the servo system of the switch from the
present track to the new track;
calculating during a phase lc time interval the energy profile for moving the
actuator so that the next selected head is over the new track; and
_ said accumulating step accumulates one or more of the intervals 1b, 1c, 2 or 3a to
determine the leadoff time interval.
33. The method of claim 32 and in addition:
said actuator moving during a high-displacement phase 3b time interval from the
present track to the new track and moving during a low-displacement phase 3c interval to
enter the new track; |

means for testing when phase 3a has elapsed; and
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read/ weite !
switching latency in a disk drive when swtching froma presently active
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new track, saimeamstresponsivety said tegting eneatsefos swvitching to theiiext belactid sasidywiite
processing during a phase 1 tine interval; after conpletion of pre

t rack- swi thehd ps deeastivadiead after phasa 3d hasrajapsed.d actuator during a phase 1
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activating the read/write circuits for the next head after phases 3b and 3c have

elapsed.
35. In a disk drive having a plurality of read/write heads on a head arm actuator, a
method for reducing track switching latency in a disk drive when switching from a
presently active read/write head on a present track to a next selected read/write head on
a new track, said method comprising the steps of:

pre track-_switch processing during a phase 1 time interval;

after corﬁpletion of pre track-switch processing step, energizing said actuator
during a phasc:’i 1 time interval to build up energy in said actuator prior to movement of
said actuator;

combining phase 1 and 2 time intervals to determine a leadoff interval indicating
time required for pre track-switch processing and actuator energy build up;

monitorihg time remaining for the present active head to read end of track on the
present uack;

comparing said leadoff interval to said time remaining; and.

starting said pre track-switch processing means when said leadoff interval is
greater than said time remaining whereby said pre track-switch processing and actuator
energy build up is overlapi)ed with the end of the read/write operation by the presently
active head on the present track.
36. The method of claim 35, wherein the disk drive has a servo system for controlling
actuator movement, and said pre track-switch processing step comprises the steps of:

determining that a track-switch from the present track to a new track is required;
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conprises the steps of: determ ning that a track-switch fromthe
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said combining step combining interval 1b, 1c and 2 to determine the leadoff time
interval.
'37. The method of claim 36 and in addition:
said actuator in response to energization by said energizing step moving during a
low-displaceinent phase 3a time interval to exit the present track, moving during a high-
displacement phase 3b time interval from the present track to the new track, and moving
during a low-displacement phase 3¢ interval to enter the new track;
means for testing when phase 3a has elapsed; and
switching to the next selected read/write head after phase 3a has elapsed, whereby
the head switching is completed while said actuator is moving during phases 3b and 3c.
38. The method of claim 37, wherein said disk drive has read/write circuits, and in
addition the steps of:
notifying the disk drive read/write circuits that said head switching step is
complete; .. '
testing when phases 3b and 3c have elapsed; and
activating the read/write circuits after phases 3b and 3c has elapsed.
39. The method of claim 35 and in addition the steps of:

.. said actuator in response to energization by said energizing step moving during a
low-displacement phase 3a time interval to exit the present track, moving during a high-
displacement phase 3b time interval from the present track to the new track and moving
during a low-displacement phase 3c interval to enter the new track;

means for testing when phase 3a has elapsed; and
switching to the next selected read/write head after phase 3a has elapsed whereby

the head switching is completed while said actuator is moving during phases 3b and 3c.
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activating the read/write circuits after phases 3b and 3c have elapsed.
41. The method of claim 35 and in addition:

said actuator in response to energization by said energizing step moving during a
low-displacement phase 3a time interval to exit the present track; and

combining intervals 1, 2 and 3a to determine the leadoff time interval.



activating the+eadtw-t-e—-ci+cui4 s after phases 3b and 3c hak lﬁ g 35
The method of ¢MHIGSEEERMNAS BEEADMI tion the steps of: sAi L5PoP

response to engrgi zaRERVACBD sai df energi zi ng step noving duri hgLa
| ow di spl acemem—pihase 3a-tTmeThterval 280 exit the present {rack, noving

Ll Gl AL T Rdbeld | N Ve Al 1
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switching to the next selected read/ wite head after phase 3a has el apsed
whereby the head switching is conpleted while said actuator is noving
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The me of claim39, wherein the disk drive has read/wite

CII‘CUI'[S and in addition the steps not i ng, the disk drive
" ead) wriPiauldkahigh dgnsity, mulyigle sl diva (:9 0 20n a5k wte%qswthm a cylinder of tracks

as well as track switches to tracks on other cylinders both require a movement of the head
stack actuator (16). Track switching latency in such a disk drive is reduced by overlapping
pre-movement portions of the track switching process with the data transfer oi:eration of the
currently active reéording head (Hx). In addition, post-movement 'portions of the track
switching process are overlapped with the movement of the heads so that the next selected
read/write head may begin a data transfer operation immediately upon arrival at the next track.
Further, the pre-moventent and post-movement portions of the track-switch process may be
overlapped with low displacement movement of the read/write heads relative to the currently
active track or the next track.

Fig.1
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