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The present invention is generally related to
10 read/write channels in a hard disk drives and disk drive
electronic control systems. In particular, the present
invention relates to controlling the frequency at which

data is written onto a disk in a disk drive system.

Disk drive systems, as shown in Figure 1, includes

15 a microprocessor 9 for controlling the overall operation
of the disk drive system, a read channel 10 for
recovering data read from the disk, a write channel 12
for writing data onto the disk and a digital phase
locked loop 11 for prdviding a read clock to the read

20 channel 10 and oscillator 13 operating as the write
clock for the write channel 12.

During a write operation, the phase locked loop 11,
in response to control signals from microprocessor 9 on’
bus 17, locks up on a frequency determined by the

25 frequency of reference oscillator 13 in preparation for
the next read operation.  Oscillator 13 provides the
write clock on line 19 to write channel 12 which, in
response to control signals on bus 19 from
microprocessor 9, generates write data on line 23 from

30 the data to be written on line 22.

The disk drive systems spindle motor (not shown)
operates at a nominal speed with a speed tolerance of
+/-1%. This variation in speed effect both the
frequency of the data written onto the disk and the

35 frequency of the data read from the disk. If the speed
of the spindle motor increases by +1% then the data
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which are wagdessshparkheidlal cheograynddde field,l dHBdAd -Anghen data
area Conpr'Skgglépetggti.gfgb%beEQEld,-the I.D. sync field and the
I.D. field which are written when the disk is originally
formatted and a data area comprising the data VFO field,
15 the data sync field, the data field and the error
correction code (ECC) field which are written whenever a
record is written by write channel 12. The number of
bytes of data in each of the above field.ié'shown
directly below each field in Figure 3. o
20 : Returning to Figure 1, during a read operation the
‘data read from the disk is received by read channel 10
on line 14 and selected portions of the read data is
provided on line 19 to digital phase lock loop 11 under
control of control signals on bus 16 from microprocessor
25 9. The phase locked loop 11; in response to control
signals on bus 17 from microprocessor 2, locks up on a
frequency determined by the frequehcy of the data
received on line 20 from read channel 10 to generate the
read clock. Read channel 10, under control of control
30 signals on bus 16 from microprocessor 9, uses the read
clock on line 21 to provide detected data on line 15
derived from the read data on line 20. =
- Returning to Figure 3, during a read operation the
read gate is enabled to allow VFO data from the I.D. VFO
35 field and the data VFO field to be provided to the phase
locked loop 11 such that phase locked loop 11 will
acquire at the frequency of the VFO data in the two VFO
fields. '

25 frequency of sci |
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data VFO field to be OVId%p to lhe hase ked Io 11nsuch é gﬁ
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drive system to recover from deactivating the read gate
and activating the write gate during a write operation.
The number of bytes of data in the I.D. VFO field
" 15 and the data VFO field is determined by amount of time
required for the phase locked loop 11 to acquire
synchronization in frequency and phase with the read
data in the worst case situation. The worst case
situation is where the data in the data area of a record
20 is written and read at the extremes of the speed
tolerance of the spindle mbtor, that is to write data
with the spindle motors speed 1% fast and to read that
same data with the spindle motors speed 1% slow or vice
verse. In the worst case situation the phase lock loop
25 11 would have to acquire a frequency that is 2% high or
lower than the write clock frequency.

SUMMARY OF THE INVENTION
~ Briefly, the present invention provides an
apparatus and method which will cause a write clock to
30 be generated by the phase locked loop which acquires the
frequency of the data read from the I.D. VFO field, the
I.D. sync field and the I.D. field for the record to be
written and then maintains that acquire frequency for
the write clock during the writing of the data area (the
35 data VFO field, the data sync field, the data field and
the ECC field data) into the record to be written. This
results in the data being written into the data area of
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frequency t hat | ower than the wite clock frequency.
SUMVARYC OF THE | %N advantage of the }n"leﬁ'é'-%ééwtthﬂﬁ/erhh%n provi des

an appeimé Uﬁe@ﬂﬂrédt heﬁl ﬁhecbh&sz 1@@!&%@ a tt% Gcefits be
gener at ed by the %rl]ase I d Ioo B |res frequenc of

the data reat® tHheARA P ﬁ@a eing| rBadsfr‘l’Eiﬂ%lad the
|.D. field fcperaeioncnsdredubed "written and then rral nt ains that

ren thfer22”6“82%%"%;&*@%=a?é“8%h% AEVERLASH 4B Bt e ietadd 1
the EGS fi el tnospegdi fios the pbasedlogkbdompi ttpela.cqﬁ‘une frequency
and phase lock with the data read from a data record
during both a read and write operat:.on
Another advantage of the invention is that the
length of the I.D. VFO field and the data VFO field may
20 be shorter in length. :

The 1nventlon will be described with respect to the
. partlcular embodiments thereof and reference will be

25 made to the drawings, in which:

FIGURE 1 is a block diagram of a the prior art disk
drive system;

FIGURE 2 is a block diagram'of a disk drive system
comprising the inventiom;

30 FIGURE 3 is a diagram showing the fields of a
record as recorded on a disk and the control signal
generated by the microprocessor during a read and write
operation, and

FIGURE 4 is a logic dlagram.of the digital phase

35 locked 1oop comprising the apparatus of the invention.

Figure 2 shows a disk drive system that embodies
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During a write operation, the phase locked loop 11,
in response to control signals from microprocessor 9 on
bus 17, locks up on a frequency determined by the ID VFO
field of the record that is to be written. The phase

15 locked loop will then be maintained at the acquired
frequency during the write operation and the clock
output of the phase locked loop is provided as the write
clock via line 21 to the write channel 12. The write
channel 12 in response to control sxgnals on bus 19 from

20 microprocessor 9 generates write data on line 23 frcm |
the data to be written on line 22. '

Figure 4 shows the logic for digital phase locked
loop 30 which embodies the invention. Phase locked loop
30 receives control signals from microprocessor 9 on bus

25 18, read data from read channel 10 on line 20, the
output signal from reference oscillator 13 on line 19

~and provides at different times a read clock on line 21
to read channel 10 and a write clock on line 21 to the
write channel 12.

30 The frequency Fo of the output of reference
oscillator 13 is one fourth of the center frequency Fn
where center frequency Fn is the data frequency at which
data is to be written when the spindle motor operates at
the spindle motors nominal speed. A plurality of

35 reference oscillators can be used, where each oscillator
defines a center frequency for different bands of tracks
on the disk surface. The reference oscillator is
selected for the band of tracks which contains the
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FIGURE 3 is a diagr A Mh%BEENI s of ‘a’ record as recorded on a
di sk and the contro PLACEDgener @t 6d-by the mi croprocessor during a
read and wite oper ation; and FIGURE 4 is a |ogic diagram

of the digi taddypesseolsthe| dakadregopdctapbeswrittien duxdng: as selek he
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Figure 2 shovws a disk_drjve sgsten1that enbodi es
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for wiing Jo%t‘é?%‘ﬁtbntﬁlg &iscwdegkoana? thigi d Ri"eﬂlrri?& ‘I ocked 1 oop 11 for
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phase | ocke
t he phase Idﬂ%@@ffb%% nominal ospredhfonr tbet spandile mosornamd the
During a wijee@Persbedd ofhﬁthéﬁﬁnHQékﬁQtBQOP Microprocessor 9

10 generates a speed correction value which is used by a
spindle motor controller (not shown) to return the
spindie motor back to the spindle”mctors nominal speed. ‘
Micro-processor 9 also generates a digital correction
value for use by the phase locked lcop 30 that would

15 change the write clock frequency of the phase locked
loop 30 so as to compensate for the variation in speed
of the spindle motor. For example, if the spindle
motors speed was 1% greater than the spindle motors
nominal speed than the wavelength of the data written on

20 the disk would be 1% longer and the written data
frequency would be 1% lower than the write clock
frequency. Microprocessor 9 generates a correction
value to increase the clock frequency of the phase

 locked loop by 1% above the center frequency Fn so as to

25 shorten the wavelength of the data written on the disk
by 1%¥. This has the net effect of having the data
written at the same wavelength as data that would have
been written with the spindle motor operating at the
spindle motors nominal speed. The correction value VEL

30 on line 18-3 is updated periodically'and stored in

' register 39.

Reference oscillator 13 is more stable than the
voltage control oscillator 40. Therefore,
microprocessor 9 will raise the SEL 0SC signal on line

35 19-4 of bus 19 during idle record time, that is whenever
a record is not being read from or written to by the
d;sk drive system such that the voltage controlled
oscillator 40 will be maintained at the center frequency
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on line 23 fronVl 5 &aF&qﬁﬁq&§QH' 0 1n régister;
4 shows the | ogsachothditgivicditagieasentaclded oscillleynr3 0t 0Wwidil eriodikes the"

i nvention. Phas 0 tr I | I

mcr Ooprocessor gogﬁgéége%% rfgerregl%(?r %%[%i\ﬁ%bt ciIt)eai(; a(': aﬁ'?]%f é#@r?ﬁel ne
20, the 5 othpufreqyencys a6 piage: afe asntia dizequenaen Fine 19

and provides at diff gihenpt mcas&mlc'i%ckra%éa h Zﬂme 19, 'thd &¥the

channel 10 and a wite clock on |iné channel 12. 30
The frequency FYa¥E OHEDPYE Gt the Qﬁﬁﬁﬁﬁﬂﬁ? 09511l§§94l¥ﬁ(i5:E?§Q§Qme

fourth of the cen&ahghr gatency o analogVtay i ddrefBmiey [AYD)S 3de

ggg?az (ragq;;ancy atatmﬁén?prr’r?dl e,lﬂéa is 1o be vvrltt n V\/nenltﬁe:\l?a f‘?F]Bd%e not or
ref erencelosci | vellaagec monterolded odnmmiaﬂnﬂ14numéIennnected tmkﬁnatnga
The ref ernce o8 Pigisey convettdE 3, g iro et Comyertls 4F
contains the samples the sine wave signal on Imne;xauﬁxcmtgsqkﬁgator
Repl aced 13 upon detecting each leadidgl ekl Ibf lind Idquieldd hiahid 1i |

clock on line 21 from voltage controlled oscillator 40.
1s Bach sine wave will be sampled four time, two times
during the'positive excursion of the sine wave
generating two positive digital samplee and two times
durihg the negative excursion of the sine wave
generating two negative digital samples. The digital
20 sample generated by digital to amalog convertor 33 are
sequentially transferred via bus 54 to VFO digital phase
detector 35.
VFO digital phase detector 35 derives from each
pair of positive and negative digital samples a digital
25 ‘correction signal for changing the clock frequency of
voltage controlled oscillator 40 such that the two
digital samples in each positive and negative digital
sample pair have the same value. The digital correction
. signal are transferred to gate 37 via bus 55.
30 When either SEL OSC signal on line 18-4 is raised
or SEL VFO signal is raised on line 18-1, the output of
Or 34 on line 57 will be raised so as to condition gate
37. When gate 37 is conditioned, the digital correction
'signals sequential pass through gate 37 onto bus 58 to
35 an input of adders 43.
Register 41 is an accumulator register which stores
~ an accumulated correction value. When a digitai
correction signal is received by adder 43, adder 43 adds
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a digital correction val ue f use phase g 30 t hat
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30 so as to cHEPreiedinyg diwitdl i cdrpectionPeignal applarifg 5ﬁlndbe
notor. For e l'e, if the spindle notors speed was 1% greater than
t he spindle ‘ors . nom nal speed than the wavel ength of the data
witten on 20 Addeadt ¢ \euidsl the Actumgbateddcotrectionenaignal on

frequency wouyd ke 1% '%rcéﬂl?éhéé‘eof‘” i-é&i&é&fkes a?%eéffﬂgeaﬁv

M croprocessor 9 generates a correct ase e cl ock
frequeddy of Gh&piipsam a tOtakxﬁ@%F¢Qk¢P%yslgaébovéThﬂeteéﬂler frequency

Fn so as 10 ZrrectiUd @ic V?yeéﬁélﬂéfeﬁfe&hﬁlﬁ%@a"\éﬁééntﬁé the disk
by 1% This has, tqf net etfect of having the data en at the sane

wavel engt h aSigta 3RAAQE RRRVert °rbggﬁhhﬁf5tenhﬁnFﬂQ?hElgﬁrnHP@ mot of
operating at dditents cipirsisted 3% iwnzerd andctherdboreothactovalval ue

VEL 30 on ldg ot shd SRS otk PEbLLf €8' Le WdcahRl §feb "correct 16H! ST T
15 value signal from adder 43. Digital to analog convertor
46 converts the digital total correction signal to an
analog correction signal. The analog correction signal
is transferred via line 64 to voltage controlled
oscillator 40 for controlling the frequency of voltage
20 controlled oscillator 40.
The phase locked loop is complete such that the
frequency of the voltage controlled oscillator 40 will
'be maintained at the desired frequency Fn. When this
occurs the sequential error correction signal from VFO
25 digital phase detector 35 will be zero. Register 41
will have the accumulated correction value necessary to
maintain the voltage controlled oscillators 40 frequency
at frequency Pn and the accumulate correction signal on
bus 59 will have a constant value equal to ‘the
30 accumulated correction value stored in register 41.
Microprocessor 9 will lower SEL OSC signal on line
16-4 and tranefer the current digital speed correction
value VEL via bus 18-3 to register 39. Adder 44 will
now generate a total digital correction signal on bus 62
35 by adding the accumulated correction signal on bus 59 to
the speed correction signal appearing on bus 61. The
total correction signal on bus 62 contains the
correction necessary to have the voltage controlled
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of the square wa¥equency Ergpkthg Freguency; &in ARd e d?qaéh during
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di gital sanpl esVERGSP §equen°8u g the negative excursion of the
sine wave gener aTonfurtheregatuce dhy passidbld ohif fErwenbaiiml 20

- sanpl e generategrgﬁughg&tBkth%eﬁnﬁhggd&QQY%rt%5 :%6¥ﬁit area and the
data in the data area of a given record, the data read
15 from the format field during a write operation is used
to update register 41 during a write operation such that
the resulting output frequency of voltage controlled
oscillator 40 will cause the data to be written on the
disk to have the same wavelength as the data read from
20 the disk for the record being written.
' 'Refetring to Figure 3 and 4, microprocessor 9
generates a SEL VFO signal to gate the sequential error
correction signal generated by VFO digital phase
detector 35 from the VFO data in the I.D. VFO field onto
25 bus 58 for processing by the phase locked loop.
Microprocessor 9 generates a SEL DATA signal to gate the
sequential error correction signals generated by data
digital phase detector 365 from the data in the I.D.
sync field, the I.D. field onto bus 58 for processing by
30 the phase locked lobp. The data recorded in the VFO
field is a sine wave at the fréquency of Fn/4 whereas
the data in all other format area fields except the
servo field are dibits with at frequency of Fn. Where
frequency Fn is equal to the center frequency for each
35 band of tracks were more than one oscillator 13 is used.
During a write operation for a record, data is
passed through gate 32 to analog to digital convertor 33
and the sequential digital samples are transferred to



sequentially trans bus 54 ta VFO digital phase det ect or 35.
VFO di gi tal phase lgg}%gtﬁés + c\%§ rom-each pair of positive and
negat i V&/OA6{B193| saWMl, 25 correction signdBCHeYSEMMgi ng t he

cl ock frequency of nt [ed oscillator 40 such that the two
digital sanples in each positive and negapive digital sanpl e pair have -
the sanme value. The digital correction signal are transferred to gate

37 via bus 58he3WFO digitalghasd et&fo OIS Sa'ma&.h@rdé.ﬁ:aﬂedﬂ@xéais rai sed
or SEL VFO s I ﬁg;j i n line
57 wll be I’gl s%& slc%tae? to C%dl tmlﬂzgnt:]ﬁge Jprég‘é?roé’lﬁé‘ \}\'ﬁ:re%r%%r%ceﬁs §

condi ti oned, refsesi &rl’ltealsﬂioMF&tﬂmal on Isinmals- sesueint tkat pelss through

gate 37 Ontosﬁﬁﬁeﬁg:ﬂa@. %&ror.ar&d%&l% 8sC!L‘EEi'{aS.I.sA':Jtier:ure a%r%f“corrl ster 41

i's an agcunul ator register which stores an. accumu ection
val ue. Phen §iBFgMRYE data if,thefymasi ghdl- iWFQ kel bl Rrler 43,

adder 43 addpassed t%o&@hl%b&% 37 onto bus 58 to updated the
PCT/ US95/ 1622gc S4G i r;_t .ent s re. | ster, 41 appear i (r% bus 63

with the . blr“gsent d|c STt & FreishfRdt P 28 to

f orm a accuntthatewouddr canisen tgxegr@ta/\/ruo: lbe written txmrtsﬁeerdah varedus 58

to register ¢4 glarresrcaea%nrq;% L2120 &d%gg the VIS UL vy ORI NS Lhe

al gebraic sum o preced correcti on Signha
appear g onthgsI.D. VFogfield. Adder 44 adds the accunul at ed

correction signal 7A@ SEL VFO signal is then lowered and the SEL DATA
signal is raised. This results in the sequent1a1 error ‘
correction signal generated from the dibit data in the
' I.D. sync field and the I.D. fields by the data digital
15 phase detector 38 to be passed through gate 38 onto bus
58 for proce551ng by the phase lock loop." At this time
the phase locked 1oop is’ tracklng the frequency of the
data in the two I.D. fields. Various data digital phase
detectors exist in the art and the data'digital phase
20 detector used herein is the heretofore reference data
digital phase detector. |

Therefore the I.D. VFO field was used to acquire
the frequency of the data read from the data record to
be written and the I.D. sync field and the I.D. field

25 was then used to track the frequency of the data read
for the record to be written. This procedure'aIIOW the
most up to date value for the accumulated error signal
to be stored in register 41 before the writing of the
data into the write area of the record to be written by

30 the write channel 12. '

The SEL DATA szgnal in then lowered which will
freeze the contents of reglster 39 after the I.D field
has been completely read thereby cau51ng the last value
for the accumulated correction signal on bus 59 to be

35 added to the'speed'correction signal appearing on bus
61. This results in a constant total correction signal
to appear'on’bue 62 during the time that the write gate
is raised and the voltage controlled oscillator 40 will



blis 59 to the contents of register.39 appearing on bus 10 61 to forma

total corrgelidsAgesi gnal . TheytglidloneeT r i on signal pcxngsosmeoer r ed
vi.a bus 62 to the di gi t gl toﬁ&i@%ﬁgr or (DDA 45. At this
time, the contents of r nd therefore the total

correction signal is equal to the accunul at®sd correction 15 value S|gnal
from adder 43. 9‘%Rﬁ{:a&ﬁeﬁ”ék%h&o%‘éf;h%cg of th® FARLer ofr

total correction si rrection signal. The ana og
correction S|gn§¢rmat arps duaﬁggeﬁhedenmareuw@16¢ opergitisfe control | ed
oscillator 40 for COﬁhéobhmangBEeﬁﬁrﬂu%@Cﬁs%H Wi AEe a2Qead CREra?ildrd

oscill ator 40. phase | ocked | oop I's conplete suCh that the

frequency of thEOVOFP§g§°EﬂﬁFrBFF§d o¥Bery &hgr dagasarea is regd.fh® aj ned

at the dessred giggueacy BataVanthbi data VFOOFdeNd tilze use@ued iadquditeor
correction 5'9”§£RA%°”]VFO 25 gbgltal phas dete tor 35 mnhl be zero.

Regi ster 41 Feﬁ3$8°¥h8f n&?&? Pﬁbgﬁlgna§§FUe 5E%ssary to
mai ntai n the voftregeenowt ofl the Uﬁﬁlﬂaaaoshoﬂadfbeqwémep to thet frequency

Fn and the accuggéaggneg)r BECEEPQE%EQ”% e formits aﬁ%a""'a' g RG-St ant

val ue equal to correction value stored in reglster 41.
M croprocessor bh@i phagswtpcked doepss§emldopaduide bOchQFQQWQQFYtﬁEK%fer

the curreqy di gpha!sesmsesi GREEREY.ONTE should BR Yideed &HAS ebRm3 O the

regi ster 39. Adder 44 w now generate a total digital co rectlon
signal on bus 6%F @5dat5y1§dﬁFn§hFh§aﬂgbSﬁﬁﬂEﬁﬁﬁyb&ﬁ’ %ﬁ %1 bus 59
to the spernd phasecbfonhei gwel sippedr may @tilds d&JEfeIhemd total

correction si oNgle0DeRUS BRaERNBLRS eNEne qarat Prelfilddy WRLE WAL Bd2VE

t he vol tage con
PCT/ US95/ 16209 acquired.

15 After the frequency of the write data has been
acquired, the write data frequency is then track by use
of data phase detector 36 while the data is being read
from the data area.

While this invention has been described'using a

20 digital phase locked loop, it is well within the
abilities of one skilled in the art to embody this
invention in an analog phase locked loop. Further while
the invention has been particularly shown and described
with reference to the described embodiment therefore, it

25 will be understood by those skilled in the art that
changes in form and detail may be made therein without
departing from the spirit and scope of the invention.
Given the above disclosure of general concepts and
specific embodiments, the scope of the protection sought -

30 is defined by the following. '
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osci |l I at or 40 operate at frequency such that the data - witten on the
disk will be the wite clock frequency ~  Fn.. . However due to
the var VW@PEIIN n t he—output 5. eguency of the vol tagEcé'm!ﬂzi’%d

oscillator 40 and || THIStSHEETHASBEER || t he speed ofthe—spindterotor

duri ng the peyji odi cRepdaces of tlheigpeed corre

data witten during-a Fe—operarrFer—w | | vary in C”m'jH cI!EHg mthe

frequency Fn and the data read during COAIMS read or 0

have a frequq,ﬂ@ti es fromfrequency Fn. ~To further

reduce the possi cflfa’lé‘red/ng{eél n frequency between the data in'the

format drea and tHe- An 3pRAr3atus hin datdiskedriveasysten Wb@@‘ﬁddathe dat a

read 152  frigmddrddrimteid et shelUsE Y Redbii e QQE&aEEEBrHShﬂ g 't to
sul ting

update register 41 during a wite, é)ralon such
out put r equRPaSt RRFIGTIRR CIRTHF a plyxaiitr®i6f fdedfPl cause the
dat a t04be wrmdm:mg tare I.D. VED skiéDdhawe &h@asanpoywyehenghhlgas the

datare r the record being witten.
Referri g to pé %b&zl%r#% oprocessor 9 generates a SEL VFO
signal teo gate th@ sepse ehianney rior read:.ng)rfemabndatgnﬁrogeaandt ed by

VFO di git al ortitH &5 A rec f@ 6@evg%ggéﬁbl nthe I.D. VFOfield

onto 25 - bus 58 forP processing by t ase
M cropr dcessor 9 Geferigiechamil [ﬁﬂ*A‘S’F@hhﬂlgtehgatiétﬁhgortlonsééuént i al

error cerectdegdord g-_rwl& aRfidwded by data di g| tal phase detector 365

fromtheodatalnthe cganlﬁld the D. field onéo bus 58 for

procesgi®ng by 30 Hft?@epﬂé%fé‘ Proy;id H‘&QaarEEﬁng ofk £Re VFO (
I

field 19 a sissddvneadtchaindl apmrmwniténénocheteashe writéhe data in al

ot her fyor mat rga €l 45 (@Rl ddissor fof dfebhELiy EendiBLls Wi th at

frequency of
13 signals for controlllng the operation of said read

14 channel, said write channel and said phase locked loop;
15 - first means for providing said format data for said
16 record to be written to said phase locked loop whereby
17  said phase locked loop provides said write clock having
18 the frequency and phase as data read from the format
19 portion of said record to be written; and
20 ‘second means for maintaining comstant said
21 frequency and phase of said writeuclock'prdvided by said
22 phase locked loop during the writing of said data
23 portion of said record to be written wherein said data
24 is written into said data portion at the same  frequency
25 and phase as the data in the format portlon of said
26 record to be wrltten.
1 2. The apparatus of Claim 1 wherein said first
2 means comprises;
3 a gate means connected to said read channel
4 for transmitting the data in said I.D. VFO field of said
5 format portion of each said record read by said read
- channel to said phase locked loop such that said phase
7 locked loop will acquire the frequency and phase of said
8 data contained in said read I.D. VFO fieids.
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fFequency Fn is equal to the center frequency for each 35 band of tracks
wer e nor ewdwsnse?e oscillator 13{fFs uset. ., EN |} Duri ngPCR/u$9s{16209
operation for a record, data is THIS ..%aﬁiﬁfoyg gate 32 to analog to

digital convertor 33 and t ' | sanples are
transferred to WO 96/ 18192 :

PCT/ US95/ 36209 3. The apparatus of Claim 1 -whkrein said !d€cofrd

di gital phase detect and the data digital phase detector 36. At
the propef tiw@?aﬁﬁbggﬁﬁgﬁﬂééﬁwggises‘ rai ses the SEL VFO signal on [ine
18-1 suchi3that the as dplehtmednserfoyr manintescining scgmstantdesi ved from

th 5 ' ' . | el | d
th(raough géfleng?\ggix:t%gqgh@%i%eaéfg%% t{':‘ﬁel% ygﬂgi\egccgon%\%%%]éigg%orrect ipgﬁse
val ue in Segi soecillater ralsaid phase Hackes kbamudeen heaithiphase be
witten ig t he 1%‘%"{3”1%%%55%%%&%& rﬁ,éq; %T%V%‘Ew%é%f l'gaj_\_{lfo dat a

read from 10 t he ) . ) signal 1s then

| oner ed afd t h&atg ngafs from sagdyfgrmat ReEpn 0f 31l ¥eeord §¢ e
sequenti alg errqeritten. Correction signal generated fromthe dibit data in

t he |.D. sync field and the I.D. fields by the data digital 15

phase detector 38 to be passed through gate 38 onto bus 58 for
processi ng by the plase IThek dppsratiis tdf Llaime 3 whereimw phase | ocked | oop

is trackigg the fre%ﬂ@%&ﬁsé rleodked -l‘ﬂgﬁ ?]1% rhtci]ieq:{% IQ}%ES%%%g%feyari ous

data digifal phase ectors exis he art™ and gita
phase 20 3 deflesrowhisdy genexateas; a digitak erresction crakueatged for

digital phase dehR%ANing the frequency and phase of said voltage
5 controlled oscillator; and

6 said hold means comprises:
7 an interrupt means for preventing said digital
8 correction value from being changed during the
S writing of data into said data portion of said
10 record to be written.
1 5. A method of writing data into a record in a
2 disk drive system where data is stored in the form of a
3 record, said record having a format portion comprised of
4 a plurality of fields'including an I.D. VFO field and a
5 data portion, said disk drive system comprising a read
6 channel, a write channel, a phase locked loop for
7 providing a read clock to said read channel and a write
8 clock to sdid write channel and a microprocessor for
9 generating control signals for controlling the operation
10 of said disk drive system, said method comprising the
11 steps of:
12 a) reading format data from said format portion of
13 a record to be written by said read channel;
14 b) providing said read format data to said phase
15 locked loop;
16 c) generating a write clock by said phase locked
17 loop having the same fregquency and phase as said read
18 format data; '
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Therefore the I.D. VFO field was used to acquire the frequency of the
data read fromthe data record to - be witten and the |I.D. sync field

and t heWiO95/181%2¢| d 25 Them, usedytlp-track the freq 95116308 e dat a
T i

read for the reg Thi s ‘procedure allow the

nost up to date val uel ek ror signal to be stored
in register 41 before the witing of the data into the wite area of
the ret8rd to be @i hoddipg IOnstariie the tireuraney dtd phase of saildhe SEL
DATA skgnal jb:the d [ ' r, t e of .
regi stgra 39 g?fig'rg ?%E’QFB% fsglgdff@dd%nacg bééle-én I%g“’(rr%-e el_é;/é)%a%g?%er eby
causi nglt he raad fzrmesaid fopgrt peridamAfitssiddatatfeadstgriké on bus

59 t0 b 35 yrigddaddueihbe thReH it AL T Ry tH Wilo APRR d4KR ON bus
61. This results.,in a_constant total correction signal to appear on

bus 622duringFR&CR RE BRAL FREFT (KO P& ¥ritten;:Andsed and the vol tage
controphed oscill ajowrdBingl said dad@, 9@yl &EHIN write channel in

PCT/ US95/ 162 be i i.ne t.the frequency,of the data read from
t he 8? for %éfpgpgg &SI‘ gﬁg%t %qé-’n %rféb’iﬁ'i t’é‘%%}raeﬁcfoq??ta 1_'_’_°rt1°_n e sane
proced2fbe i ssaiddregoirdgte beawrdsden where said adatdevilok ize area. Wien

the dasg aregrhpregde the same ﬁé@e%aggﬁ#%%%ﬁ FQddel d s

used to acquire frequency | a area. The
frequedy of dBRe YROLQEMALsPOHtd e of] #ad G gagard to beg rwiikhryy. of the
data in the fornat area and therefore t he phase | ocked | oop should

acquire both frequency and 1o——phase+ock—guiekly. It should be noted
that even if the (

| O AR D
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VPO data is at the sane frequency as the format data, t he phase of the
two signal weyessivt! differ and t heref ore phase | ock of PCHESAI6209
frequency nust still be acquired. 15 After the frequency of the
wite data has been acquired, the wite data frequency is then track
by use of data phase detector 36 while the data is being read
fromthe data area. While this invention has been described using
a 20  digital phase |locked loop, it is well¥/3within the abilities of
one skilled in the art to enbody this i nvention in an anal og phase
| ocked | oop. Further while t he invention has been particularly shown
and descri bed with reference to the described enbodi nent therefore,
it 256 wll be understood by those skilled in the art t hat changes
in formand detail may bl ée t her ei prwirthout Ay ting fror@EFeCTED
spirit and scope of the iDATAti RE@VEMANNEbbo 'frscl'g!'reD/bTA
general concepis and speldi c' € > ofd
protection solght 30 i & f 0P0ox WD 96/ 18192
PCT/ US95/ 1620Pp MICRO t is clained is;: - Antdgﬁ)e at us
in a disk dri V@ROCESBOH At t oy cord
said record having a @ or ?l%@ﬁ"l grﬁ%%ﬁgflegggbofl'@
fields -
' 18-\_ r———'——"‘ .
= 22 DATA
0SsC D« [ WRITE CHANNEL 12 |—>—— 70 BE
13 |&19 AN WRITTEN

PRIOA ART

FIG. 1
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4; including an |.D. VFO field and a data portion, said 5 appar at us
i ncl udi ng:wo®6/18192 a read channel for reading format dataPCTEISPNEGR0P 7

fQrmat portion of a record to be witten; 8 a wite channel for
witing the data portion of a 9 record to be witten: 10 a phase
| ocked | oop for providing a read clock to 3}¥3 said read channel and a
wite clock to the wite 12 channel ; a mcroprocessor for generating
control 13 } |-&~f Or c,-em-rolling t he operation of sad-read 14
channel , sai channell and sai d|phase lfocked | oop; first
means for pr( said fgrmat datajfor saijd 16 recojd to be witten to
sai d phase ch"ffed ocop wheneby 17 sai d phase kocked | gop provides said
wite clock having] 18 t e frequendy and phaselas data|read fromthe
format 19 i gn of saijd record fo be wjittep; and 20 second
means for maijntai nfng consgant said {21 frequancy and{phase of said
write clock provided by saijd 22 phase | odked foop durijng the wi-ting of
said data 23 i@ of gaid record to be|witf{en wherg¢in said data 24
is witten in salfd data portion at |t he sarfe frequency 25 and phase as
t he datainghefo mat portion of saild 26 record to bg¢ witten. 1
2. The app iratus|{of Claiml wherein said flirst]2 meaps conprises; 3
a gate neans|conneg¢ted to gaid read ghannel {4 for tragpsmtting the data
in said|l.D. | = febd of gaid 5 fformat porti ¢n of ea¢h said record read
by said read{6=3>channel t¢ said phade | ockdd | opp such fhat said phase 7
| ocked | oop \M'gg;a:quire t e frequendy and ghase|of said|8 data cont ai ned
in said read|l YEQ fiel ¢s.
<
=0 -
<< =
&=
— —_—
a - -
wn
Q o
g ™
oF | ™ :
S|= &
== L
S«
&~ 7=
w< h
(Tplan]
> LLS
<O | «
= =
58
s
wn
Ly
W= V4 w
23
<=
— —
el
a
9z | o
ol ™
wcs
na
— ] i
- TS W
QL Qe o T EEE
Wl W< * < T <
EOE 20 Y= e =02



1

VO 96/ 18192 PCT/ US95/ 16209

3. The aRAeAbise Of T aim 1 wherein said second 2  neans PCHUSA¥16209
conprises; 3 a hold neans for maintaining constant a 4
control voltage applied to a voltage controlled 5 oscillator in said

phase | ocked | oop when said phase 6
and phase of said 7 data read from said fogzg
be 8 witten. 1 4, The apparat

sai d phase | ocked Ioop is a digital phased | ocked 3
a digital correction value used for 4

phase of said voltage 5 controlled oscillator; and 6

| ocked | oop acquired said frequency
t portion of said record to
of Claim3 wherein 2

| oop whi ch generates
controlling the frequency and

said hold

nmeans conprises: 7 an interrupt nmeans for preventing sald
digital 8 correction value_from bei ng changed during the_9 CLOCK
writing of dat&BWntMFQaid dat DporPAJA o¥Ebai d GC™ SEL OsrfgcdaﬂTf\o be §
witten. 1 T 5. A Df I NngQdaAt a ar | rp4a
di sk drive M rer-e—chat anﬁlgg_t_ﬁ ggvg;:tnl ugﬁiwﬂ%{#{o Q@Sﬁmg Sqrd-
record havipg a for ofti on Eomprtrsed 4 ' ity ofgflelds
i ncluding an |.D. @ as dat salld di sk qrive syste
conpri si ng read 6 nnel, a wite ch 3E6§ op far g
provi ding ajread ' eaei-ehanne % o dlai
write channgl am;a m cf opr o$ssor of
VFO “DATA 20 =z
LT || BRI Ly
HA
DET DET AlD 33
35 36 %4 — ] 21
SS—y |57 g5 !
GATE GATE VOLTAGE,
37 - 38 nd REGISTER 39| |CONTROLLED
OSCILLATOR.
- 51 40
58
l | *4 + 54—\$
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35— < 53 62 — f
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