WD 00/ 51124 PCT/ US00/ 04453 -1 SEEK RECOVERY USI NG DI FFERENT SERVO PULSE
DATA QUALI FI CATION MODES Field of the Invention This invention relates
general | Qw?&(’@]n‘é“fi el d of disc drive data storage devi ces,PC 0pgtsa
particularly, but not by way of linmtation, to inproving servo perfornmance
of a disc drive through the use of different pul se stream conbinations to
conpensate for 5 head construction and perfornmance variations. Back rg o
Disc drives are commonly used as the pﬂmary data storage and retrieval
devices in nodern conmputer systens. In a typical disc drive, user data are
10 magnetical |y st or eSEBK RE€QYERY ESINGBIFRFERENTSERYVE ed at a const ant

hi gh speed and accessed HyLSE DAPAYQUALARICATIONMIDYESavi ng a plurality of
read/ wite heads that fly adjacent the surfaces of the discs. A read

channel an igllatiﬁn[ﬁ@ﬁl@eﬁwncuit are provided to recover previously stored
data fromthe discsS (0 ost conputer. A closed |loop digital servo system
provi de head posTlis ovehtiqorelate gesiallg i fieldet dsoMriviet @fa §t6rapbdeviddy, di scs
during manufacturing. The servQ systemcarries out two prinmary operations:
seeki ng andndmQig rafigplagy by notRysesiofilimigtioedo ipRionineseyelpedomopiseatl f r om

2 par i oul s I e s ST Bl PO SRR AR Ry "

opgr at i ons igefesdutuyti@Cad peMdrmendeRRridiiGs. drive is in the track 20
foll owi ng node. A typical seek operation uses a velocity controlled

approach wherein a velocity profile, indicative of a desired velocity
trajectory éoi( thg!head, is selected based on the distance between an
initial tr desired, destination track. For a seek of sufficient

| engt h, the headyi i o t t X e iLY, TRj. Nt ai ned
at this maxi rrumq\)/ig?c()lféilv% §tatrj'fllte gﬁ??@rggghagsﬁ%%ﬁ{a él}lamgtﬁgdéteoﬁngtzl%ﬁﬂé%}a rom

t he desti naleivimas tin ankiderancbmpesr destaher alned dypicslediscedavd, oudehedagieatd nat i on
track. Adjustnents in the velocity of the head are repetitively nade

dlft i ng t he mgaRtically stred PP gRe Prompredisgsfihad peaotteskat iconstantdighcinged and| oci ty

and the desaicEeesged/ l?)l 9 %t&x%r actuator assembly having a plurality of read/write heads that fly

adjacent the surfaces of the discs. A read channel and interface circuit are provided

to recover previously stored data from the discs to a host computer. A closed loop

digital servo system provide head positional control using servo data written to the
15 discs during manufacturing.

The servo system carries out two primary operations: seeking and track
following. A seek involves moving a selected head from track to track, while track
following involves causing the head to follow a particular track. It will be noted that
data reading and writing operations generally occur while the disc drive is in the track

20 following mode.

A typical seek operation uses a velocity controlled approach wherein a
velocity profile, indicative of a desired velocity trajectory for the head, is selected |
based on the distance between an initial track and a desired, destination track. For
a seek of sufficient length, the head is first accelerated to a maximum velocity,

25 maintained at this maximum velocity until it reaches a predetermined distance from
the destination track, and then decelerated to settle onto the destination track.
Adjustments in the velocity of the head are repetitively made during the seek in

relation to the difference between the actual velocity and the desired velocity



WO 00/51124 PCT/ USOQO 04453 -2 Since the various desired velocity val ues
that nmake up the velocity profile are applied in relation to the nunber of
tracks t(}NBBO/?’dzf he destination track, it is necessary f JICHPRI0OSS o
systemto keep track of the position of the head as the head crosses: each
of the internediate tracks during the seek. This is typically carried out 5
by tranducing the servo data to identify each track crossing as the head is
moved toward the destination track. SRoul d the servo system becone unabl e
to correctly detect the servo data, the servo systemw || abort the seek
si nce cl osed- | odpnoadbivarpys idesiredalelassnivaloes thiat makeeup tetvelicity paofilpairait . As

ill b ni zed, i data t f f . evel e b 10
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read elenents, Wth the wite elenent conp ng an inductive coll about a

core with arossésteaclyabthanutermduiate gacksalveimgrihe seekprTiis gtypicaiyoatriedroasi stive
terial having a chapged electrical . resjstance in the presence of a
gnetic fi ¥|‘Baq\5‘f1°‘§§|t€%§%fdo aemm%faf.eaf% ARk Crofsingaasclte dupdiis Meved of the

MR el enment i : fi t l.atq W,

Faci |1 tati o Ede MeulBubl a8, shoffl bE T8 TyueR REoRE JRbKTOXRBLATH

and m nut e ddicoemgisen® ddta MReheadssysteim ingll bBo® The gedknsihcadosidl voplihehd cul t

to design and nmanufacture heads that exhibit flaw ess operation. Wile

nmanuf act ur PAgjtiond cepplnyilbbrelost #tdhat neiatenpt to sort flawed heads and rempve

such fromthe 2 a I ces sone heads neverthel ess exhi bit
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tigmpor ary  diisib@dd inOfecéiit deheratio@dbrdikc atigtthrougYtdé MatddutiioR oflhibRsbed dat a

readback signal may be corrected with appropriate error correction code

(ECC) basedesisstvieriMRiekeadsowavMR headdhcEp@ates shparapaerritecad mead ¢lemamp) i ed to

the position, feedback-based servo data. .Thus, while MR heads. 25 haye

b ovh dad SPONIEE ST CERERCorP (e ATaRaiarC POl Facwth § e Haaos! can

cause int efy tdAMerflGH LABLLIADE nddn&BIUGstRE HhALr ﬂ%n%@'cﬁ%g@ﬁ%le@ﬂ}caﬁas' 'y

correctable. It has been found that sone heads exhibit 7a greater

t endency t ocesintdngatin dhesprosdneel of a eaghetkfisld gifiatlscted aorianmtional | zat i on, before

st eady-state thermal equilibrium conditions within the heads have been are
ddhi eved. Thus, Taednesasedsensiivity pf kg R ¢lpment allows write pulses from the head

to be relatively narrow, facilitating higher data transfer rates. However, due to the

complexity and minute dimensions of MR heads, it is becoming increasingly difficult

to design and manufacture heads that exhibit flawless operation. While manufacturing

screening operations attempt to sort flawed heads and remove such from the

20 manufacturing process, some heads nevertheless exhibit intermittent discrepant
operation, which is usually manifested as temporary distortion in the readback signal.

Ordinarily, a distorted data readback signal may be corrected with appropriate

error correction code (ECC) based techniques. However, such ECC techniques

cannot be applied to the position feedback-based servo data. Thus, while MR heads

25 have provided significant gains in data transfer performance, such heads can cause
intermittent degradations in servo performance which are not easily correctable. It

has been found that some MR heads exhibit a greater tendency to output distorted

readback signals upon initialization, before steady-state thermal equilibrium

conditions within the heads have been are achieved. Thus, distortion can often occur

30 when the disc drive switches between a first “warm” head to a second “cool” head



30 when the disc drive swtches between a first "warm' head to a second
"cool" head WD 00/51124 PCTI USOQ 04453 -3 and i mredi at el )‘) attenpts to
execute 3N Bheration with the second head. According fﬁ‘/l{sﬂglgﬁﬂs a
need for inprovenents in the art to enable disc drives to correctly decode
servo data in the presence of signal distortion froman MR head. It is to
such inprovenents that the present invention is directed. 5 Summary of the
| nvention The present invention providés an apparatus and nmethod for
improving disc drive servo control performance. |In accordance wth
preferred anbiamadiately atterehts to epecyie 4 seek operstien Withdhasjcandmtad. 10 a

rot at abl e di sc havi rface o ich a plurality of tracks are defined
by servo posit itl‘(?ﬁorgg{gg‘f’_st erg.ése:kn?eg %QWEIQ&CIE S F’&hﬁévéo Fﬂ@?ﬁg‘éﬂ%flﬁ'ssm an

initial trackortid dedRRERBdaBintth@btesdiRh B s@nX&difbidoh f‘f?fﬂta'hqu/[k%agp proach
wherein currents are applied to an actuator “notor In relation to distance
to go to t ks destdbniatprovenangscthat the présenthiesehtion isditected.owar d t he desti nati on

track, a servo circuit decodes servo 15 position data stored on
iﬁternediary tracks between the initial track and the destination track by

transduci nguﬁlﬂ]i%ﬂgt@lg Iﬁ@ernsﬁg¥readback signal fromthe servo position data,
the servo readback signa avi ng successive pairs of positive and negative
peaks. A posi tiThe pdisgntt iaberpiohgeoviteeamaprargenaidmethodifohinppbeiag digedi cati ve

of positi vg .anmplitude peaks in the servo readback signal. Simlarly, a
negative dfgYs VeIl BEHYIEANCS 20 generated with pul ses indicative of

negative anmplit wig BRAKS with ﬁr%rré@éﬁﬁ@odiﬁ@%@,%sc cﬁﬁh@%&udelgﬁe%ﬁ%ckﬂte and
negative digital pulse streans are thereafter conbined using a first
BOol ean | ogirctatabbpdisahaving a shdace an Whichta dutafityt ofthrapks ate ¢ufineé bgtsemam

nomnally indi Cati ve of pqgsition of the head. When the servo circuit
det er ni nesPPHEN Fridst Acisehut cerigh iout tpwnavs e heagnirom 128 ipgial srgclke do @ect | y

the sorvo PARARM AR Elnd SR8 ok Ui Bekda R SRR B S aSA bor '”

| ogi cal oper adtodtoi Mofor imredatiohes dixthnod tdgd totth@ déstinadod §ackst ream from t he
positive and neggti ve digital pulse streans. VWhile different conbinations
of Bool ean oper &6dkeheag is meveddenard sheglestinatios traek, gserve siipisdecodes servo

15 position data stored on intermediary tracks between the initial track and the destination
track by transducing an analog servo readback signal from the servo position data, the
servo readback signal having successive pairs of positive and negative peaks. A
positive digital pulse stream is generated with pulses indicative of positive amplitude
peaks in the servo readback signal. Similarly, a negative digital pulse stream is
20 generated with pulses indicative of negative amplitude peaks in the servo readback
signal. The positive and negative digital pulse streams are thereafter combined using
a first Boolean logical operator to form a first output digital pulse stream nominally
indicative of position of the head.
When the servo circuit determines that first output digital pulse stream fails to
25 correctly indicate the position of the head, typically as a result of distortion in the servo
| readback signal, the servo circuit selects a second Boolean logical operator to form a
second output digital pulse stream from the positive and negative digital pulse streams.
While different combinations of Boolean operators can be used to obtain similar results,
preferably, a selected one of the Boolean logical operators is an AND operator and the

30 remaining Boolean logical operator is an OR operator.



preferably, a selected one of the Bool ean | ogical operators is an AND
operator and the 30 renaining Bool ean | ogical operator is _an OR operator.
WO 00/ 51 WABAHF4SO 04453 -4 An AND operator typically proy&e4453pr oved
results in the presence of spurious peaks (drop ins) in the servo readback
signal caused by, for exanple, baseline shifts. An OR operator typically
provi des inproved results when peaks are mssing (drop outs) fromthe
digital pulse streans, caused by, for-éxanple, asymmetry in the 5 servo
readback signal. Preferably, separate |ogical node values are stored in a
tabl e by head add Al pedicrstypisally peevidesr inmpyovadc tasults Ve the preserfcer ofeach

head. In this. i decoded | | ation to the.logical
operator 1 HaTiofSYeaks Mo Bt i 6 e RefofRSR0 ey 9 Br ppee?. ety ©°
per f or mancehiftd0 AH'@RQ)p@fHﬂorV@ﬁiicﬁl%ﬁp&RfﬂEF ithpved RSuRMhad ¥akk a8 HiMCh

characterize the gresent _invention will be apparent froma reading of the
fol | owi ng GEppiolisyirdmstbe digifabpulshsireamsy eapsehby ffott drampds asyrametty dn thei ngs.

BEi ef Descr%“'etioabocglf the Drawings 15 FIG 1 is a top plan view of a disc
dPi ve constFURTEED4S Si8%hr dance with preferred enbodi nents of the present

i nvention. FlG éféx%?lsr, E@&%Q@{;a&g%g&kvgh%ggrg@o%d %h gﬁﬁﬁ\ll\llgibgi Il;e%Hi&ndOf the

disc drive of F rates the manner | h servo data

are st or edupdntegions heqiiret! erind aecesgile beko f6h eagh heddf a6 €iss oyl the seivs dadr i ve.
FIG 4 is a representation of a selected servo block fromFIG 3. FIG 5

provi des a2§rdeppdedain Elatiga te the loical onamitontinhbas mastiRcally deew doudtia ar e
decoded bygfo@ﬁefb%&?ﬁe%&ﬁéﬁoﬁm% FIG 2. FIG 6 is a functional block

di agram geher a ust I ng %he manner in which 25 the positive and

negative pul se Fhéseans vaiouslother Feaifr® amltagvaddoey hichCRFAEBEL: the pBART at e
the output pulse streamof FIG 5. FIG 7 provides a 1gergg‘%hi cal illustration

of the manifeenton wHi bharnaranb frgm arcadiag ofdhsolpllawing dawiledaiesaintioneniie of FIG
2 1n the PreRsnGrndhseald drfadack signal

Brief Description of the Drawings

15 FIG. 1 is a top plan view of a disc drive constructed in accordance with preferred
embodiments of the present invention.

FIG. 2 is a functional block diagram of a servo circuit of the disc drive of FIG.

FIG. 3 illustrates the manner in which servo data are stored on each of the disc
20 recording surfaces of the disc drive.

FIG. 4 is a representation of a selected servo block from FIG. 3.

FIG. 5 provides a graphical illustration of the manner in which servo data are
decoded by the servo circuit of FIG. 2.

FIG. 6 is a functional block diagram generally illustrating the manner in which

25 the positive and negative pulse streams of FIG. 5 are alternatively combined to generate
the output pulse stream of FIG. 5.

FIG. 7 provides a graphical illustration of the manner in which servo data are
decoded by the servo circuit of FIG. 2 in the presence of servo readback signal
asymmetry (dropouts).

30 FIG. 8 provides a graphical illustration of the manner in which servo data are

decoded by the servo circuit of FIG. 2 in the presence of servo readback signal baseline



asymmetry (dropouts). 30 FIG 8 provides a graphical illustration of the
manner in which servo data are decoded by the servo circuit of FIG 2 in
the presen®@d¥24ervo readback signal basel i ne WO 00/ 51128 P8¢5 04453
-5- shift (drop ins). FIG 9 is a flow chart for a SEEK RECOVERY routi ne,
illustrative of steps carried out in accordance with preferred enbodi nents
of the present invention. 5 Detailed Description Referring to FIG 1, shown
therein is a top plan view of a disc dive 100 of the type used to
interface with a host conputer to nmagnetically store and retrieve user
data. The shifs@refringe 100 i ncl udes a base deck 102 and a top cover 104
(shown in parti 1Q .cutaway, fashi i erate to forma_housing in
whi ch vari ous c?rlrgogé%flgfioﬁé]%ﬁﬁ%%%ﬁ ToBtRs: 11%@@418? gf seps
plurality hrrid¥icat InyacebidaR@Owith bttdredBRdAlhénts SEELHHsEY il HEis, 108 at a
constant high speed in an angular direction denoted by arrow 109. User
data are witten to and read fromtracks (not designated) on the discs 108
15 through the use of an actuator assenbly 110, which rotates about a
béari ng shaft assenbly 112 adjacent the discs 108. The actuator assenbly
110 i ncl udertalepIDysadiption of rigid actuator arns 114 which support flexible
suspensi on assenblies 116 (flexures). Munted at the distal end of each of
the flexures 11&efesring todd. 1.1downdkereio inatppailarcebiviof aaiwekb/etl9d of the
correspondi ng di sc SUrf ace. Tge heads 118 are.‘t%hef erably characterized as
PR ] OB A Best SOBRYRLIGPRENSUHY ALSFS R4 RHNE YT 82y | { o

20 magnet o-
el ement andphaniisd\iRiv Whenit i I 1 1.n.use, the
heads 118 arempar kedeeg(ﬁ) Iﬁlgﬁlgigﬂgbgonesk ﬂlogoaﬁg%gm ﬁgvﬁcltjﬂgas%(rﬁmggé%%fﬂy 110 is
décur ed usicnigway fashios) which abeeras wefobh y hodng Fhehich adiias @agionems aaf t he
heads 118 is controlled with a voice coil notor (VCM 124 having 25 a coil
126 whi ch in?ﬂugegcts with a magnetic circuit that includes a pernanent
magnet 128. A f : cj I ri C .catjon
bet ween the act (JAlat@l?()lg1 a%ﬁg%bwyéq%?%éa%gl%ﬁgﬁzjﬁ ?dﬁ@edlgg%%tlg@g?{raﬁ%tlc board
(PCB) att acdverlingdisérel 08red @ consiant difight dpeed s angular direction denoted by arrow

T

109. User data are written to and read from tracks (not designated) on the discs 108
15 through the use of an actuator assembly 110, which rotates about a bearing shaft
assembly 112 adjacent the discs 108. The actuator assembly 110 includes a plurality
of rigid actuator arms 114 which support flexible suspension assemblies 116 (flexures).
Mounted at the distal end of each of the flexures 116 is a head 118 used to magnetically
access the corresponding disc surface. The heads 118 are preferably characterized as
20 magneto-resistive (MR) heads each having a thin-film inductive write element and an
MR read element.
When the disc drive 100 is not in use, the heads 118 are parked on landing zones
120 and the actuator assembly 110 is secured using a magnetic latch assembly 122. The
radial position of the heads 118 is controlled with a voice coil motor (VCM) 124 having
25 a coil 126 which interacts with a magnetic circuit that includes a permanent magnet 128.
A flex assembly 130 facilitates electrical communication between the actuator assembly
110 and a disc drive printed circuit board (PCB) attached to the underside of the base
deck 102. The flex assembly 130 includes a preamplifier/driver circuit 132 (preamp)
which applies write currents to the write elements of the heads 118 during a write
30 operation and applies read bias currents to the MR read elements of the heads 118

during a read operation.



deck 102 The flex assenbly 130 includes a preanplifier/driver circuit 132
(prea which applies wite currents to the wite elenents of the heads
118 durl YOG 2t e 30 operation and applies read bias cur rEty¥st@44ke MR
read el enents of the heads 118 during a read operation. WO 00/51124 .
PCT/ USOQ' 04453 -6 FIG 2 shows a functional block diagramof a servo
circuit 140 of the disc drive 100 which uses servo data arranged on the
discs 108 to control the position of tHfe-heads 118. The servo data are
transduced by the sel ected head 118, preanplified by the preanp 132, and
provi ded to a ddiodadsaawonfupttianal blodiadiagvainadif acervdicircain $4a dsfahséiswdnﬁe dat a
a servo rises a

f h f bl
i gi Ll sngnaly et S ot apnesdin hegset Wf GeBupiibresiinne te pe ot or ed
in DSP nmemgny, "ﬂ}feﬁseﬁ‘wMta%e Wahdduési Wm%?e%tédmﬁqlgy ﬁ éfﬁgltlé%: lsc

drive processor (not shown) to output current command’'s
dr| ver ci rqmeam;ylazl,&ndmm,\hdedm a demmydubdion s irsuit hé2 \mmwundnfonewerme'zo appl i ed

the coil 10 The servo data are Pégeferabl y .arranged on the d| scs 108
Shown | a4 (6 pracessing ¥ @ SCEYQPIOGeSiRs ¢h Bisfasrdbly compeisescaidigitel of t he

d' scs 108 ‘Mg{nﬁl ﬁoé@skﬁri‘b‘Si’)’ Ple 1565 Y4 uéé?ﬂﬂ»%%méﬁ&g‘é’&pgw AL HdPm ?gl% d from

the i nnernost to the outernost radil ecor |ng sur The
servo wedgdd6 (9EMYas wallias temmelods isgedibg e tagrlieved dixa ﬂnifapﬁoUcEsSmg(nota;hdwﬁ)iC h
servo wedge co rises a Iurallt of dlall al i gned servo fields, with

each 15 sefQB8up té%“&‘%‘dﬁ" tq ?Pl T&F ?‘F"élﬂfyalr whigh 1 Hirppdiugisdle
surface. A%Muhio%neﬁ?@%@ﬂ?@@ﬁc%% gdata are stored in the areas between

adj acent servo wedges ows a portion of a track 152 at a sel ected
ri@di us on the diBe s&98 dataiakd preferably am;angétbomﬂnealmemm dbwhes PGS 3.8, servo

fields 154 d_user,  data flelﬁ é Each servo field 154 ﬁreferabl
i ncl udes ah19uf GRRAAIAES GRATHOR 8he sAFctedhens okthediscy 58S With aaguralitiest Sered d 160,

a Gay codgd g@ ISfO'\ﬂJr 9'1 ;a@?all?ggtsﬁ% Frgl%hthé PhRefnislo tfl% ﬁllltgrx&(%lrad-l;%? #oGrsc, T 1 €l d

158 provides oscillating prepares e servo circuit 140 fo
remai ni ng rq:mrdlng)mfaoé Thesesar weddes @ b0 atkSasittérhdurlag discadrivebahubicominges a
uni que track ress to indicate radfal position for the track, and the

POS fiel d fadie SeTVadEedg C%.’PP%??éérPé‘HP itgfof r%‘h‘ﬂl\lbbaltﬁﬁlﬁéﬁefﬁatﬁte@sn‘é’lth gagh al | ows
fge servo GhihUhidiq 1Pl SorRlol B I datiduftart £RKK0R R bl @ DBce 2 25A4 me ée ne

apparent that other ser I'gurations can be Teadi
recognized, user data are stored in the areas between adjacent servo wedges

FIG. 4 shows a portion of a track 152 at a selected radius on the disc 108,
illustrating the arrangement of respective servo fields 154 and user data fields 156.
Each servo field 154 preferably includes an automatic gain control (AGC) field 158, an
20 index field 160, a Gray code (GC) field 162 and a position (POS) field 164. The AGC
field 158 provides an oscillating signal that prepares the servo circuit 140 for remaining
portions of the servo field 154, the GC field 162 provides a unique track address to
indicate radial position for the track, and the POS field 164 provides an arrangement of
servo burst patterns that allows the servo circuit 140 to perform intra-track positioning.
25 It will be apparent that other servo field configurations can be readily employed.
FIG. 5 illustrates the manner in which the servo data from the servo fields 154
are decoded by the demodulator 142 of FIG. 2. A number of signal waveforms are
plotted in FIG. 5 against a common x-axis 166 indicative of elapsed time and a common
y-axis 168 indicative of respective signal amplitudes.
30 The first signal waveform in FIG. 5 is a servo readback signal 170 representative

of a readback signal generated by the read element of the selected head 118 as a portion



FIG 5 illustrates the manner in which the servo data fromthe servo fields
154 are decoded by the denodul ator 142 of FIG 2. A nunber of signal
wavef or nsW2%31Bfotted in FIG 5 against a common x-axis 1BE/PHYA4E ve of
el apsed tine and a coomon y-axis 168 indicative of respective signal -
anplitudes. 30 The first signal waveformin FIG 5 is a servo readback
signal 170 representative of a readback signal generated by the read

el ement of the selected head 118 as a pbrtion WO 00/51124 PCT/ USOQ 04453

-7 of one of the servo fields 154 passes under the head during a seek. It
will be notd@ne ﬁﬁfthe serie figlds 1 54 passesundenthe hegfd dunn@-g azedart bdl bondtegthaed as

desired to erv ortion t he data,
fromthe se¢1€L ‘g'l lfg%ftfg%dgt ecE ‘é%{g{rguﬁdoaélfp %jst iy on lcﬁjﬁg CHEYY 118 is
noved fromdateot dsnljz padtiohs @alie 8a,tthen BRSEVEFeidRN 54 fcﬁ&e!fec@ edchighck BRsGREK. S
Thus, for purposes of illustration it will be contenpl ated that the servo
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ld 162 4 alt vl t he pr.esent is not . so limted. The
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provi des aﬁ)eak 10 anplitude of one polarlty i mmedi ately foll ya

second peakhapyshént isntién ishhot spphmited.e pol ari ty For a nore det a| I ed

di scussi on of ordi n vo dat a usi n airs, see U S
Patent No. 5, BO%Q%CrY(gégada’;@;eml fibér & ¢ rie@g@f fibbligrﬂ aBairs) pf PRROSIRG esent
case, the g eus&ﬁbﬁl @fh%t WWHeh t@As®Red, R uces a
positive peag1\£1 1 S by ae neg?atlc\:/e re%ﬁ%%@gdﬁ%&g%ﬁ@gQﬂf& agéﬁg 172,
1 res pectaméittyde mnemlamtywmediﬁeelm rfdlécrmdouda sé@ndtdeek smpumddaifahe:oul d

readily be witten no oste o] Positive and negative peak
det elct?/on toﬁpgésétﬁ@ﬂ?kl%7 ”’1"7’§re ‘Eeéalgélldgsé’f‘%%"w rﬁcorglﬁlﬁrsﬁlﬁ’roléfaeuw ‘?}e@tsuch as

set forth bwisklp@rs, Bad €18, P&H{Nﬁai 8@1“8@@1’55@%@%8@11%%121]:”9@% Fﬁgﬁy%}x e, 1997
by Du. The threshol ds 176, 178 are applied to the servo readback signal

170 to generestrt caspiwi Sﬁmdamﬂr@ wrigten sxatimtl@Ch dinleit pulsceppart producesih pesite eam
goner al 1y SBiEEd by dneadtE pitk i ineley pi Ry L6 496 SR e byt cal
o) shen, et o gk ekt oo HONRGRYS R TASASL B 210
Because a negat iRpsitiygland rfeghticenpeabatstectiosithiestelgsul &6 178 drbecleead vatk
appropriate values such as set forth by U.S. Patent Application No. 08/920,592 filed
August 29, 1997 by Du. The thresholds 176, 178 are applied to the servo readback
signal 170 to generate a positive pulse stream 180 and a negative pulse stream 182,
20 respectively. The positive and negative pulse streams 180, 182 generally comprise
digital signals with a first value (such as logical one) when the servo readback signal
170 exceeds the respective threshold 176, 178 and a second value (such as logical zero)
at all other times. Because a negative pulse follows each positive pulse in the readback
signal 170, the negative pulse stream 182 will nominally exhibit the same informational
25 content as the positive pulse stream 180, but the negative pulse stream 182 will be
delayed by one-half cycle (i.e., the time between successively occurring pulses).

The positive pulse stream 180 is thus preferably delayed by a corresponding
amount to produce a delayed positive pulse stream 184, as shown, with the delayed
positive pulse stream 184 nominaily in phase with the negative pulse stream 182. The

30 use of dual, redundant pulse streams enhances the ability of the servo system to properly

decode the servo data, as discussed below. At this point, however, it will be noted that



signal 170, the negative pulse stream 182 will nomnally exhibit the sane
informational 25 content as the positive pul se stream 180, but the negative
pul se st MQMMI82 wi || be delayed by one-half cycle (i.e. PGTAESHOHMS3 pet ween
successively occurring pul ses). The positive pulse stream 180 i s thus
preferably del ayed by a corresponding anount to produce a del ayed positive
pul se stream 184, as shown, with the delayed positive pulse stream 184
nominally in phase with the negative pfse stream 182. The 30 use of dual,
redundant pul se streans enhances the ability of the servo systemto
properly decodeuisistreans/ 820 84are deralftscuosditdosingw. selbttet higicapopenitor

however, it wll be ed at WD.00/51124 PCTI USOQ 044 -8 the two pul se
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peak detection content of the servo readback signal 170 ch,” after
further condiseddyithgPSPilg4usegobyiondlend®P 144 as a positional input. 5 FIG

6 provides a logjigcal block dia mfqor a portion of the derodul ator 142 of
FPG 2, i||ustr§?€3n§mt°ﬁ@%ﬁa_fﬂ%%€lﬁc agi e peign of [EIdswo flﬁ@ams% is
pref er abl y prgenefift@ating fhethidnePth wmmatre %gg)u& ﬁfsets_h%arflﬂl Bl %ﬁf‘relba% rations

of FIG 6 can be carried out in a nu yS, 1nc ing 't ugh the
use of har gemaratedr Itfwill beanderstasd thetsthe Aohctidiab opbehtions df PESi 6 cancbauakiseal st ream

184 and the negatiyve | se stream 182 are 10 routed via respective signal
paths 188 QHtn PawmbT ¥ .Srmelfﬁ%ﬂ%re%tthig% ofhgyiwags prfirmsvare. s desigd.
switches 190, 1 ¢ :

respectively, t ﬁg’egﬁg‘gﬁ?ggﬁﬁvmﬁﬁ% %e%dﬁgg&@%glﬁﬁgggsgg&n@é%ggﬁet put

d®dt h 200 omoutwdvialnespbeive wignaitpafis 188 asd 1 @wm G dfswitclkasdoRf 1%d. Ofitpaitsswi t ches
192, 194 are characteri wi tches which 15 cl ose

" | "ot h
the respectiopet ﬁ‘ﬁ@%éﬁ?g’ Eé?t %%@%é%i%&%a%gﬁazmm gy GRagate 188s when a

| ogi cal one.d i i i ul se
data qual FPeatieR oo b8 AL U RlBleP el Ao oheh R B o beb L o
AND or OR) wisddtht outpunopidsagtrdahe] 84 igahsniitd®, 184 by outputting a | ogi cal
node value of one to, select an AND and a | ogical zerg to select an OR (the

| ogical zero is lPAVEIENE Yo 1B8RGITBaraCEidEsd aal nopmalinePssy S SWHeles vhith
aier 7 208k oo S acon ek i, AR ook JRIEE L,
appears i nlogical one is present at the respective selection (SEL) inputs. A pulse data
qualification table 202 thus selects the logical operator (whether AND or OR) used to
combine the signals 182, 184 by outputting a logical mode value of one to select an
AND and a logical zero to select an OR (the logical zero is inverted to become a logical
20 one by operation of inverter 204). As will be recognized, the AND logical operator will
provide a pulse in the output pulse stream 186 when a corresponding pulse appears in
both the negative and delayed positive pulse streams 182, 184, and the OR logical
operator will provide a pulse in the output stream 186 when a corresponding pulse
appears in either of the two streams 182, 184. The pulse data qualification table 202
25 preferably stores a different logical mode value for each head, with the contents of the
pulse data qualification table 202 being supplied to the demodulator 142 by the DSP
144. The manner in which the particular logical mode values are set for each head will
be discussed in detail below.
At this point, however, it will be helpful to briefly discuss examples of different
30 types of servo signal distortion that can be experienced by the disc drive 100 under

various conditions. FIG. 7 illustrates the operation of the demodulator 142 in the
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includes five of the . n %ative %gaks,i n %h(g tgerv,o,read ack signal 210 (the
ni ssing si REFUNEPSE S\ﬂgtg PO 3l 41§ (BR SHsSing&x¢ HY¢ pglseisg) . The
m ssi ng pukgfvitih&rdiSen’ N t1'q 1 td pul se
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dén be eit het” ipdiss pégatvopulpegeninvegnal 2a6pltivillde.notad, tHae agxangtie pedksFl G 7,
selecting a Io%i cal CR;S the |l qgical operator in FIG 6 to conbine the
negative ptHLSEE LA fvRGeitivsPeSIty FnedathsePampityist se stream 220 wil |
provi de an outp 2 1 j i r i QF ontent.
T5TF G 8 provi e o R et 10t e o ol BRI 0t o
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f orm of basel l(ﬂ:e shift.  Parti cg'léir I,%, servo readback signal 230 includes a
shifted baBBIViIdFAn BIRY HHISo SUeammPeh With thedesyed dompationahconiert-eshol d 176,

tjger eby gener at gy @noddl aplbgfgfiggstg@gﬁ_%Hh@@Pauﬂiagoftﬂééerﬁa;ufaé@ggb}&qyse pul se

stream 236. This additiona is referred to as
time in the presence of servo readback signal distortion in the form of baseline shift.

Particularly, servo readback signal 230 includes a shifted baseline portion 232 which

exceeds the positive threshold 176, thereby generating an additional, undesired pulse

234 in a positive pulse stream 236. This additional pulse 234 is referred to as a “drop

20 in” in the positive pulse stream 236. A corresponding negative pulse stream 238 has
the correct informational content since the baseline shift of FIG. 8 is shown to be in the

positive direction. Such baseline shift, however, can can be either positive or negative.

In this case, a logical AND is the better choice to combine the negative pulse

stream 238 and a delayed positive pulse stream 240, since a resulting output pulse

25 stream 242 will not include a pulse corresponding to the baseline shifted portion 232.
Referring again to the servo circuit 140 of FIG. 2, during a seek operation for

a selected one of the heads 118, the servo circuit 140 determines the address of the

track being followed by the selected head (from the GC field), determines the address

of the destination track, and calculates the distance therebetween in terms of tracks

30 to go. Thereafter, the servo circuit 140 initiates a seek to move the selected head 118
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of FIG 8WPISHBHN to be in the positive direction. Such BPAYEPIUE4Shi £t
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head 118 | AeleEd SHiFessr framadesiation raskir Pirgentris agakad tq fie Sl 626 0 of
t he head i AT, k Si L1 .OR e dM on
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of the headn ht8ordéticeawhih sellelezatiati ptofite evificlodetile e dekited ideceléraask,
current is a@)p!ied,to the coil 126 of pgposite polarity to decelerate the
head 118 t ¥elo6iE tiagsciasy doihehend 1o dt wkbe widerstapdthal duringcde distestiomi th a

d I ti i i . j t | | ti .vel it
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dex ecti on sptarhh@uaeivi82dasaid FIGNS) ateedomsihal i abEé8kRe wWithehe gg:@&wed and

del ayed positive pulse 10 streans (such as 182, 184 in FIG 5) are conbined
i n accor dahRgcaliapgratere(i sy cxitee ANY or QY fortheoystacteddread i aseprovidied g rtheAND or

OR) for th%gﬁglﬁl?%tqq%nﬁgﬁ%g@ﬁ&wyi ded by the pulse data qualification

tabl e 202. e rea stgnal fromthe selected head 118 becone

distorted, howswsiild( e CBadtfack Isignal FrRhEthel fidctddShead BI¥Ib&ome! BBtopREY O
circuit 140 will generally 15 be unable to determne with certainty the

posi ti on ohowheerm@ueh guiliusigatedhén EES%. 7 amd 8hehgsdrve cheuit 14§ piile gkderalihe only
y to resqlve .such si.tuation has been.to r nd ret he seek a

éﬁccessi ve%ﬁ ﬁl‘%@? ?%‘Fea%?mg WﬂfhtCFWtalPWetBT)P%ql afibtge L%”Zidﬂ’\f@&,t{’%?ee : Slééke error

i s declar eﬂribpaltt,h@pﬂgﬁ} the only way to resolve such a situation has been to abort and retry

the seek a successive number of times until the problem is resolved, or a seek error
is declared to the host.
The present invention, however, as embodied herein and claimed below,
20 provides an improved approach to recovering from intermittent position data readback
signal distortion during a seek. FIG. 9 provides a SEEK RECOVERY routine 250,
illustrative of steps carried out in accordance with preferred embodiments of the
present invention. It will be understood that the flow of FIG. 9 preferably represents
programming stored in DSP memory 146 and utilized by the DSP 144 during a seek. |
25 At step 252, the servo circuit 140 initiates a seek with a selected head 118 to
a destination track, generally in accordance with the foregoing discussion. Thus, step
252 includes the periodic generation of servo readback signals (such as the signal 170
of FIG. 5) from the servo fields 154 on the intermediary tracks between the initial and
destination tracks. Step 252 further includes the generation of positive and negative

30 pulse streams (such as 182, 184 of FIG. 5) from the readback signals and the use of
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logical mode value is used, but an AND logical mode value would result in a missing
pulse; that is, pulse 254 would not appear in the output pulse stream 222. Likewise,
with reference to FIG. 8, the baseline shifted portion 232 in the servo readback signal
230 results in the extra pulse 234 in the positive pulse stream 236. This extra pulse
20 236 does not appear in the output pulse stream 242 using an AND logical mode value.
Using an OR logical mode value, however, would undesirably provide an additional
pulse 256 (shown in broken line fashion) in the output pulse stream 242.
Accordingly, decision step 258 determines whether distortion is present in the
output pulse stream (such as in the form of a missing pulse or an extra, unexpected
25 pulse) sufficient to prevent the servo circuit 140 from properly determining the
position of the head 118 during the seek. See, for example, U.S. Patent No.
5,801,896, which teaches the decoding of a servo seek mode tracking signal. If no
such distortion occurs during the seek, the servo circuit 140 will be able to properly
determine the position of the head during the entirety of the seek until the head 118

30 reaches the destination track. In such case the flow passes to step 260 wherein the
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slamming of the actuator against an inner or outer limit stop at a terminal velocity

sufficient to damage the heads 118.
Once the head 118 is brought to rest, the servo circuit 140 switches to a
20 different, “second” logical mode value for the head 118 at step 266. If AND was
previously used, step 266 changes this to OR, and vice-versa. The DSP 144
preferably writes the updated logical mode value to the table 202 so that the updated
value is provided to the demodulator 142 for subsequent use.
After the second logical mode value has been selected, the flow continues to
25 step 268 where the position of the head 118 is acquired by transducing the servo data
from the associated track to which the head 118 has come to rest. The routine then
passes to step 270 wherein a seek is again initiated to the destination track, this time
using the second logical mode value selected in step 266. It is contemplated that, in
most cases, the toggling of the logical mode value will enable the servo circuit 140

30 to correctly decode the servo data and complete the seek. However, for purposes of
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Lfied.in the table 202. .Finally, depending. upon the requirenents
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a per - headya[RQr ar8 ARAzRPSY the saMetBad adbifbRLEPIdil ADInEMigcpde  val ues are
utilized by the sane head at different radii on the disc. 15 In sumary, it
wi |l now be recognized that the present invention is directed to an

par at us and rTFt hod for conpens%t ing for servo data distortjion during a
3- sc n summary, it will now be recognized that the present invention is directed

to an apparatus and method for compensating for servo data distortion during a disc

drive seek. In accordance with preferred embodiments, a disc drive 100 includes a head

118 adjacent a rotatable disc 108 having a surface on which a plurality of tracks are

defined by servo position data 154. A seek is carried out to move the head from an
20 initial track to a destination track using a velocity controlled approach wherein currents

are applied to an actuator motor 124 in relation to distance to go to the destination track.

As the head is moved toward the destination track, a servo circuit 140 decodes

servo position data stored on intermediary tracks between the initial track and the

destination track by transducing an analog servo readback signal 170, 210, 230 from the
25 servo position data, the servo readback signal having successive pairs of positive and

negative peaks. A positive digital pulse stream 180, 214, 236 is generated with pulses

indicative of positive amplitude peaks in the servo readback signal. Similarly, a

negative digital pulse stream 182, 216, 238 is generated with pulses indicative of

negative amplitude peaks in the servo readback signal. The positive and negative

30 digital pulse streams are thereafter combined using a first Boolean logical operator to



drive seek. In accordance with preferred enbodi nents, a disc drive 100
includes a head 118 adjacent a rotatable disc 108 haV| ng a _surface on
whi ch a p‘VQr"ﬁ’ﬂltz? of tracks are defined by servo positi onP GHPSOUE3 A seek
is carried out to nove the head froman 20 initial track to a destination
track using a velocity controlled approach wherein currents are applied to
an actuator notor 124 in relation to distance to go to the destination
track. As the head is noved toward thé4destination track, a servo circuit
140 decodes. servo position data stored on internediary tracks bet ween t he
initial trdewnaAwstoneput digdte] prise reammnpsinglly indicatvrief prgition ofithe kepdser vo
readback si gnal \&ﬁgnthg%QrVO%ffgulMe?e the h%(?ﬁrsteor Yth@?@S‘%LB& %g%a%b@ﬂhg%servo

readback signal havi g sSuccessive A
posi tive dicgirtaly ipdica® th p@s@tﬁarﬂ&%e Kéaﬁ; whRB caf 08aR Ak atr@s@hvaftdtstcnﬂbﬁ ﬁ§

i ndi cative of positive anplitude peaks in the servo readback signal.
Sinmlarly, the sameqeaaibaskgigyat, dhe mﬂ’(sercsmtrsebn’wmporﬁﬁBool%ﬁlogmagwatat ed with

se5|nd|ct|ve of atlvea litud k5|nt Servo rea
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of the head/PisbaRotdss PR A250HS e Preseaceat spaiaus SRk drapHEs B
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which are enconpassed in the spirit of the invention and as defi ned in the
appended clains. WO 00/51124 PCTI USOQO 04453 - 15 d ains; In a disc

drive haWW8§¥aH24ct uat or whi ch positions a head adj acent aPCWW@MsPy of

tracks on a rotatable disc surface, a nethod for carrying out a seek
operation 5 wherein the head is noved froman initial track to a
destination track, conprising steps of (a) accelerating the head in a
direction toward the destination track13(¢b) decodi ng servo position data
stored on |nterned|ary tracks between the initial track and the
desti nati ofClai@&k by transducing an anal og servo 10 readback signal from
the servo position data, generating a positive digital pulse streamwth
pul ses indicative of positive anplitude peaks in the servo readback

signal, generatiing a Inegéist devehgiih@ln Pofusr SiH@APdsiNbrish ReddSRFacendh cati ve
of negative anﬁl i tude peaks in the servo readback signal, and conbining

t he posi ti wdurakiy of &gelsiona f@ia@bieailscwmfg@, 3m&@d§0n®rwmgf0@t asegkfoperstiomut put
digital | t | t
(e 1 et ontep Ui e BRSGREALET il Rafh RalcRysinatiaradk cuBPHTOBAERY | on of

the head; (/) determning that the first output digital pulse streamfails

to correctly indicate the position of the head; and 20 (d) conbining the
positive and di dat az:lcelpmtise thyt Iread s a dvedtionrvwardgbodebtinatigputrackeli gi t al pul se
streamin accorggyge Ogﬂ a secand Eool ean qul cal _.opera t he second
out put digital &° Ifgeéﬁ’W%Bﬂ*?‘H%H gtasiyrd qpiltsrpgdiany Heac 556??%"76% thg t he
head. 25 2. The neth i e

decelerating the hegglt{agtrg%l?%%a t’éheedfeﬁ;eﬂgggié(t)ﬁglgg? U%'P%c éﬁ?‘&ﬁg eF‘)V\(/)een t he
iMitial and desti natireamdbatk agdnsl frefmothe sehe pasitiat dan, @énesdtmg 4 @ositide  The

met hod of claim11, wherein step (b) further conprises steps of 30 applying
respective positive Sheitaheylse Pt\li‘?émblé’&l% pylsesiadicafive pir rasibiegannlisuderneaker vo

in the servo readback signal, generating a negative digital pulse stream
with pulses indicative of negative amplitude peaks in the servo readback
signal, and combining the positive and negative digital pulse streams to
15 form a first output digital pulse stream in accordance with a first
Boolean logical operator, the first output digital pulse stream nominally
indicative of position of the head;
(c) determining that the first output digital pulse stream fails to correctly
indicate the position of the head; and
20 (d) combining the positive and digital pulse streams to form a second output
digital pulse stream in accordance with a second Boolean logical
operator, the second output digital pulse stream nominally indicative of

the position of the head.

25 2. The method of claim 1, further comprising a step of (e) decelerating
the head to bring the head to rest at a position between the initial and destination

tracks before the operation of step (d).

3. The method of claim 1, wherein step (b) further comprises steps of

30 applying respective positive and negative peak detection thresholds to the servo



WO 00/ 51124 PCTI USOQ 04453 -16 readback signal so that the pulses in the
positive digital pulse streamhave widths corresponding to portions of the
servo rea‘ﬁgie/@lgi'gnal above the positive peak detection tlfﬁ"ggﬁw{od‘fﬁand o)
that the pulses in the negative digital pulse stream have wi dths
corresponding to portions of the servo readback signal bel ow the negative
peak 5 detection threshold. 4. The nmethod of claiml, further conprising a
step of (e) storing a |ogical node vallée indicative of the first |ogical
operator in a nenory |ocation, wherein the nenory |ocation is subsequently
updat ed wi trhadbaglewignelysa that thedpulsesl inghé pdsited digitabpulsd Gtrédne haes euidths ogi cal

operator. 5. The pethod of claim11, wherein step (h) further conprises a
step of dgf’gﬁ?ﬂ%&g{é 9 %ﬁ?nsﬁ&eﬁwpﬁ? 6‘3? $gnpbabove theawgsitive aeakidgiectien pul se

streams to thfekiddl I sd BRPeR | i i Shilid d
di gital pul see str eamssi nto no?n]'}ﬂ‘rsnﬁa?l0 p%g?gggtll%ehglgﬁ%ntﬁrlg%ét/?‘r%m};{%dﬁ?gédt rgi ve,
conpri si ng:coarespemdingbioe padivas LEdbe demvg sadtaak signal bhioehtie pdgatiad ipeyk of

tracks are fi.ned b ervo position data; 20 an actuator which supports a
helad adj acéﬁ%"i‘ﬂ%gﬁﬁ%ﬁkfecor ding surface; an actuator notor configured to

nove the actuator; and a servo circuit which carries out a seek to nove the
first head froman initial track to a destination track on the data
recordi ng surface by Bpphsthedyof adaimr e figrtiteo cdrinerisirgt aisteof @pstoringinldgical
detecting hea sition.b ransduci ng an. anal og servao readback signal
fromthe sé’f“_?fg’ ‘_%3%% ’_t“fi’cfﬁtw%%ftztg? %‘Q%r]\‘ég"‘caf’t °RY a&’%‘b%i“ﬁ%_yg‘i’cﬁpf’%lwﬁ?@éh%t ream
W th pul sesndriély tatativeisalibsc Rty upBaBdRithiUesy lggﬁgﬁm'oae Lhge ﬁﬁﬁc\éﬂyé gfadb ack
signal, generating a negative digital pulse streamw th pulses indicative
of0 negat i véhe saephd togeal pecalter.i n t he servo readback signal, and conbining

the 30 positive and negative digital pulse streans to forma first output
digital WO 00/51124 PCT/ USCQO 04453 - 17

5. The method of claim 1, wherein step (b) further comprises a step of
delaying at least one of the positive and negative digital pulse streams to bring the
respective pulses of the positive and negative digital pulse streams into nominal phase

15 alignment.

6. A disc drive, comprising:
a rotatable data recording surface on which a plurality of tracks are defined by
servo position data;
20 an actuator which supports a head adjacent the data recording surface;
an actuator motor configured to move the actuator; and
a servo circuit which carries out a seek to move the first head from an initial
track to a destination track on the data recording surface by applying
current to the actuator motor while detecting head position by
25 transducing an analog servo readback signal from the servo position
data, generating a positive digital pulse stream with pulses indicative of
positive amplitude peaks in the servo readback signal, generating a
negative digital pulse stream with pulses indicative of negative
amplitude peaks in the servo readback signal, and combining the

30 positive and negative digital pulse streams to form a first output digital



pul se streamin accordance with a first Bool ean | ogical operator, wherein
the servo circuit swtches to a second Bool ean | ogi cal operator to forma
second oWBWWH24i tal data pul se streamwhen the first outRfck/USO4iBal
pul se streamfails to correctly indicate the position of the head. 5 7.
The disc drive of claim 14, wherein a selected one of the first and second
Bool ean | ogi cal operators conprises a | ogical AND operator and the

remai ning one of the first and secondlBool ean | ogi cal operators conprises
a logical OR operator. 10 8. The disc drive of claim 14, wherein the servo
circuit further applilddse siganein aceprdanceawityat Grstnidealeant dogival mpetdter, head t o
rest at a position betmweenthe initial .and destination tracks after
deternmining that the %{%%‘P%u%egﬁtc‘rcﬁ@?%&eb{ﬂ asﬁecgrtuf@g e?’bhgéca??%erﬁt&rectly
i ndicate the positi ono@mt Qeecbﬁ@@utpaédigitalpaea ﬁié&csu@?fn\%&fth& lrgdt Bl

wherein the servo circuit stores a | ogica node val ue 1 ndicative o% t he

first |ogical operat ohgital palsersireany fails ¢atoroevtly amdcath dregiositiontod theehmady
I oscati on is subsequently updated with a new | ogi cal node val ue indicative
of* t he second | ogical operator. 20 10. The disc drive of claim 14, wherein

the servo circuit f Ur’FH%Qi"ichf?i'v@XPclﬁgl PELAELGE, QiRteliont P?thg?ﬁgt %1%1(%’ ﬁec&[ﬂcfi L
negative digital pulse streams to bring respective pulses  © € positive
and negat i \Boottagilogital ppéra@rsstongeisss 4 logiealn@NDneerfibresd thd fegifng one of

the first and second Boolean logical operators comprises a logical OR operator.

10 8. The disc drive of claim 14, wherein the servo circuit further applies
current to the actuator motor to bring the head to rest at a position between the initial
and destination tracks after determining that the first output digital pulse stream fails

to correctly indicate the position of the head.

15 9. The disc drive of claim 14, wherein the servo circuit stores a logical
mode value indicative of the first logical operator in a memory location, and wherein
the memory location is subsequently updated with a new logical mode value indicative

of the second logical operator.

20 10. The disc drive of claim 14, wherein the servo circuit further delays a
selected one of the positive and negative digital pulse streams to bring respective pulses

of the positive and negative digital pulse streams into nominal phase alignment.



