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WIDE BIPHASE DIGIT AL SERVO JNFORMA TION, 
DETECTION. AND ESTIMATION FOR DISK DRIVE 

USING VITERBI DETECTION 

5 Cross Reference to Related AgpUgtjons 

This application claims the benefit of U.S. Provisional Application No. 60/006013 

filed October 23, 1995. This application is related to U.S. Patent Application Serial No. 

08/320,540 filed October 12, 1994. 

10 field of the lnyention 

. 15 

The present invention relates to ·apparatus and methods for storing, detecting, and 

estimating servo infonnation stored on disk drive media, and in particular to apparatus 

and methods useful with partial response, maximum likelihood detection channels and 

magnetic disk media. 

Backaroµpd oftbe Inventjon 

By reading servo information recorded within data tracks on a disk surface, a disk 
drive head positioner servo system is able to estimate data transducer head position. The · 

recorded servo information typically includes track (i.e. cylinder and bead) addresse5 and 

20 servo bursts. Each circumferential data track on a disk surface has a unique track address, 
which is recorded in servo sectors embedded in the track, and servo burst patterns 

fiequently repeat every two or more tracks. When a disk drive is seeking to a radial 

track location, the track addresses are used as coarse positioning information to 

approximately estimate the position of the read head and the servo bursts are used as fine 
25 positioning infonnation to position the head precisely on the desired radial location. 

At seek time while reading track addresses. the head may be positioned between 

two adjacent tracks. In this situation, the head may receive a superposition of signals 
from both tracks. One solution to this ambiguity is to encode the track addresses into 

30 Gray-coded addresses so that the encoded addresses of any two adjacent tracks differ 

from each other by only in a single bit position. With this solution, when the head is 
. reading two tracks, the ambiguity after decoding the addre_ss is one ~ck, ~d an error <?f 
one· track is accepiable at seek tiine; · · · · .,,, · 

35 In accordance with one known technique, each data track is divided into plural 
sectors. Each sector include$ a header sectio~ foUowed by a data section. The header 

section ~Y typically include.a DC erase field, a preamble field. a header synchronization 
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character, a track address field (coarse servo information) and a servo burst fieid (fine 
servo information). The data section may typically include another preamble field, a data 

synchronization character, a block of user data, and em>r.correction bytes. In this 

example, the header section is recorded at the same data rate as the data section, and 

5 synchronous peak detection tluough a single read channel structure in the disk drive is 

employed to read the information in both the header section and the data section. An 

example of this approach is found in commonly assigiled U.S. Patent No. S,036,408 to 
Leis et al., entitled: "High Efficiency Disk Fonnat and Synchroni7.ation System", the 

disclosure thereof being incorporated herein by reference. 

10 
Another known technique is to employ radial mnes or bands of concentric data 

tracks, each zone having a data transfer rate associated with disk radius of the zone. In 
this example, data areas are separated by a series of radially extending embedded servo 
sectors which are factory recorded with servo inforination at a single data transfer rate. A 

15 servo data recovery circuit asynchronously (i.e. without phase lock to incoming servo 
data) recovers a servo ·address mark, a track.number and fine position information from 

infonnation read by the data transducer while p&Ssing over each sector. The seivo 
recovery ch'cuit is separate ftom the read channel electronics employed for peak detection 
of user data information. This example is described in commonly assigned U.S. Patent 

20 No. 5,420, 730 to Moon, et al., entitled: "Servo Data Recovery Circuit for Disk Drive 
Having Digital Embedded Sector Servo", the disclosure thereof being incorporated herein 

by reference. 

One factor which has limited data storage densities in magnetic recording 
25 employing peak detection techniques bas been intersymbol interference, arising when flux 

transitions are increasingly close to each other. One technique for increasing flux densities 
in magnetic recording while still accurately reading recorded data is to employ 

synchronous sampling data detection. This technique, frequendy referred to as "partial 

response; maximmn likelihood» (PRML) signalling, haS Provided some improved data 
30 storage densities, at the expense of incteased circuit complexity, including a fast analog to 

digital conversion process, and chalinel equali:ration, either on the analog side or on the 

digital side of the signal stream, or both. An example of a disk drive employing PRML is 
given in commonly assigned U.S. Patelit No. S,345,342, to Abbott et al., entitled: "Disk 

Drive Using PRML Synchronous Sampling Data Detection and Asynchronous Detection 

35 of Sector Servo", the disclosure thereof being incorporated herein by reference. The 
approach described in this patent enabled special circuitry within the synchronous 
sampling data detection channel to ·asynchronously detect track nwnber values in 
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embedded servo sectoQ ~fded at a ~IU5tant ~o da.ta ra~ whereas the user data rate 
differed by radial da•.~ne ~~the.~ disk. ··1b~ ~.~ursts were read and 
processed using co~ntjonal .peak cletectio~ and sample ancl hold techniques. 

. . : . . .· •' . . . .. . . .· . . . . . . . . 

5 An improv~~t over tile_ asynchronous servo SIUJlplilig technique taught by the 
Abbott et al. patent re(~ to above is found in a later, C~()nly assigned U.S. Patent 
No. 5,384,671 to F'i~~, cmiitled: "J>~ ~pied Data Giu.nnel Synchronous Servo 

' •; I '•' • ' ·~.' • • • • • • 

Detector", the disclosure thereof being in~orated ~in by .reference. In this• approach 
a timing loop of the S)'DChronous sampling data detection system is phase loc.ked to servo 

10 information, the servo information including 1rack addre$s ancUinc position information is 
synchronously sampled and dec:oded. In this appl'Oach the servo preamble field is 
recorded as a con\rentional l/4T sine wa~e pattern, which cOITCSp<>nds to a 2T pattern in ··. ' ., . . " . . . 

a peak detection channel (l' repesenting a unit sample cell or interval). 

l 5 Viterbi detectors ~ .known (or use within synchrc>ne>IJS sampled data detection 

20 

25 

30 

channels. ()ne example ~f~ .. Yiterbi ~is proviclect in ~only assigned U.S. 
Patent No.· 5,341,3B7 to Nguyen,>entitled: "Viterbi De,tector Having Adjustable Detection 
'lbresholds for PRML Class IV Sampling Data Detection",· the cQ~losure thereof being 

incorpo.rated herein ~y ~~ce·.-. · ... , ... 

While these prior approaches have worked well in their respective time1t 
increasing data storage capacities and data transfer rates per unit size disk have led 

directly to a hitherto unsolved ~d for an improved disk drive head servo format, 

architecture an<f approach. 

SlllllllUlQ' of the Invention wi9& QJiecls 

A general object of tm, present invention is to provide improved and simplified 
methods, apparatus, and data format for addressing data tracks in a disk drive having a 

.. .. . . . ·. ... .,. 

partial response, _maximum likelihood sync~us.sampleci_ dJta detection channel. 

. . . . . . . 

Another object of the present inve,ntio~ is to p.rovid~.a serv9'.fonnat and 
apparatus for a PRML disk drive which does not require ~te peak..ct=,ction 
hardware. 

35 A further object of the present in.vention is to provide a simplified address 
decoding method and apparatus within a PRMi dlsk drive. . 
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One more object of the present invention is to provide a high efficiency servo 
address fonnat enabling use of higher code rates, smaller cell times and less redundancy 

within embedded servo sectors which are synchron0usly sampled and detected within a 

PRML disk drive. 

In one aspect of the pteSent invention a disk drive includes at least one rotating 

data storage dislc having a major smface defming recording tracks divided into data sectors 
by narrow servo spokes. Each data sector of a track is recorded with user data encoded in 

accordance with a code having a predetermined distance and user data code rate. Each 
10 servo spoke has at least one serv~ information field coded in a wide biphase pattern at a 

servo code rate which is one foUrth the user data code rate. In this aspect of the 
invention, a synchronous sampling data detection channel includes: 

a data transducer bead positioned by a servo-controlled actuator over the recording 
track, 

15 a preamplifier for receiving electrical analog signals magnetically induced by the 

data transducer head from flux transitions piesent in at least the servo information field, 
a digital sampler for synChronously sampling the electrical analog signals to 

produce digital samples, and 
a Viterbi detector coupled to receive digital samples from the synchronous 

20 sampling data detection channel for decoding the coded wide biphase pattern as a 

maximum likelihood servo data sequence. 

25 

30 

The Viterbi detector may comprise a difference metric detector or a tree-search 

detector. 

The synchronous sampling data detection channel may include a finite impulse 
response filter adjusted to a partial response, class IV, target ·spectrum and in this 

example, the Viterbi detector is conneCted to receive eq11alimi digital samples from an 
output of the finite impulse response filter. 

Alternatively, the synchronous sampling data detection channel may include a 
finite impulse response filter for filtering digital samples in accordance with a 1-02 pulse 

response (partial response,· class IV) ~ D represents a one bit cell delay t and a I +D 

filter connected downstream of the finite impulse response filter in order to provide 
35 digital samples filtered in accordance with a l+D-D2-o3 pulse response (EPR4). In this 

example the Viterbi detector is connected to receive EPR4 equalized wide biphase 
samples from an output of the l+D filter. 

4 
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The wide bipbase. ~ patterns.as recorded in the plural servo infonnation 

fields may be manged as -++ magnet patterns for a binary zero information value and -­
++ magnet patterns for a binary one information value. 

Plural ~o infolDJ.8tion fields may be provided within each servo spoke, and one 
of the fields may comprise fl servo address mark pattem,.such as a nine-symbol word 

000100101 (binary) for marking the begillliing of a servo information \:>lock. At least one 

servo infonnation field l1Ul)' comprise a Oray coded· track number binary pattern of 

10 predetermined bit length. This.patt~ is first decoded as a wide ~ipbase code and then it 

is decoded as a Ora)" CfJde. The track number binary pattern may include a parity 
symbol, and in this case the c~l may include circuitry for receiving and decoding the 

track number binary pattern and checking the parity symbol. 

15 In a related ~of tllf? invention, the servo information field may comprise two 
track number binary pattegw of predetennined bit length, ~·being a first track number 

. . . ' 

address of the track, and a sCcond track number address of a track located adjacent to the 

track .. In one .preferred fOJ'Jll8t, ~ sc:cond track number is recorded with a one-half track 
oft'set extending into the second track. As a further.related aspect of the invention, one 

20 servo information field may further comprise an error correction code field holding error 
correction values calculated with respect to the first and second track number~ and in this 

mangement, the channel includes error correction code decoding and correctins circuitry 

for decoding, checking and correcting the decoded values of the first and second 1raCk 

m.anbers. 
25 

30 

These and otJier objects. ady~es, ~pects .and features of the present 
invention will be more fully. Qll(lerstood and appreciated upon consideration of the 
following detailed description ofa preferred ~bodiment, presented in conjunction with 

the accompanying drawings. 

Brief Description oftbe Drawing · .. . . . . . . 

In the Drawings: 
FIG. J is a block diagram of a disk drive read channel providing PR4 and EPR4 . 

' ' 

35 targets. 

FIG. 2 is a schemmc c1iagram of a recording sw"face of a disk in the disk drive. 
FIG. 3 illustrates a signal recorded on a servo sector on a track of the disk. 
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FIG. 4 is a block diagram of the fields of the servo sector. 

FIG. SA is a graph of an analog signal response from a magnetic recording of a 
single write current pulse whereiti the chanilel has been equalized to an EPR4 target 

spectrum. 

5 FIG. SB is a graph of an analog signal response to e.g. a binary one ("-00") wide 

biphase write current sequence. 

FIG. SC is a graph of an analog signal response to e.g. a binary zero("++--") wide 
biphase write current sequence. 

FIG. SD is a graph of an analog signal response to a wide biphase sequence e.g. a 
10 binary 100 sequence("-· I I I I-++-·"). 

FIG. 6A illustrates a first sctYo sector layout for track.numbers without radial 

interference. 

FIG. 6B illustrates a second servo sector layout for track numbers without radial 

interference. 
15 FIG. 7 is trellis diagram of a PR4 channel with wide bi-phase paths highlighted. 

FIG. 8A is a trellis diagram of a Wide bi-phase PR4 channel with four samples 
taken at a time. 

FIG. SB is a simplification of the diagram of FIG. BA. 
FIG. 9 is a block diagram of a difference-metric Viterbi detector for wide bi-phase 

20 codes. 

FIG. 1 O is a block diagram of a uee-search Viterbi detector for wide bi-phase 
codes. 

FIG. 11 is a trellis diagram of an EPR4 channel with wide bi-phase paths 
highlighted. 

25 FIG. 12A is a trellis diagram of a wide bi-phase EPR4 channel with four samples 

30 

taken at a time. 

FIG. 12B is a simplification of the blt>ck diagram of FIG. 7A. 

FIGS. 13A-13E are diagrams illustrating servo bursts fonnats. 
FIGS. 14A.;14B are block diagrams of servo burst detectors. 

Detajled Pescription of Prefem;d Embo4imems 
Turning to FIG. 1, a disk drive IO incorporates a programmable and adaptive 

PR4,ML read channel.· The disk drive l 0 may be one of a variety of embodiments, such 

as that disclosed in commonly assigned U.S. Pat. No. S,341,249 to Abbott et al., entitled: 
35 "Disk Drive Using PRML Class IV Sampling Data Detection with Digital Adaptive 

Equali7.ation", the disclosure thereofbehlg incorporated herein by reference. (This patent 
is the parent of the Abbott et al. U.S. Patent No. S,345,342, referenced hereinabove.) 

6 
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The drive 10. includes at least one data st~ge disk J6. ~.is conventional, a data 
transducer head 26, for example, a magneto-resistive head, is associated in a "flying". 

relationship over a disk surface of each disk 16. ~ head 26 is positioned relative to 
5 selected ones of a multiplicity of concen1ric data storage tracks 71 defined on each storage 

surface of the rotating disk 16, ~FIG. 2. 

Embedded servo pa~ are.written by a servo writer on selected data storage 
surfaces of the disk 16, see Fio. 2, for example, in aecordance with the methods described 

10 in a commonly assigned U.S. Pat. No. 5,170,299, the disclosure of which is incorporated 
here by this reference. 

During reading, flux transitions sensed by head 26 as it flies in close proximity 
over the selected data track 71 ~. preamplified by a read preaunplifier circuit 28. The . . .. . 

15 preamplified ima]og .sip) (o~ "~ signal") is then !lalt into an analog variable gain 
amplifier (VGA) 38. After controlled amplification, the read signal is then passed through 

a programmable analog filter/equalim' stage 40. 

The analog filter/equali7.er 40 is programmed so that it is optimiml for the data 

20 transfer rate of the selected data mne 70 from within which tile transducer head 26 is 
reading data. The equali7.ed analog read signal is then subjected to sampling and 

quantization within a high speed analog to digital (All)) converter 46 which, when 

synchronized to user data, generates raw data samples { x(k)} of at least five bits 
resolution. 

25 
An adaptive digital FIR filter 48 employs adaptive filter coefficients for filtering 

and conditioning the raw data samples {x{k)} in 4CContance with the desired PR4 channel 
response characteristics in order to J>rO<iuce. filtered and conditioned samples {y(k)}. The 
bandpass filtered and conditioned data samples {y(k)} from FIR filter 48 are then passed 

30 over a data bus path 49 tc> a Viterbi detector (not shown), which detects user data with 
the PR4 target. In those embodiments using both a PR4 and an EPR4 target, the filtered 

. . . . ... ,;.· . . ·. 

and conditioned samples {y(k)} ftom FIR filter 48 are also passed through a I +D. filter 
. . . .,· .. . . . 

50, the output path SJ of which provides the signal filtered to EPR4 Channel response .. 
characteristics. cir only an Ent4 target is desi~ FIR filter, 48 is programmed with the 

35 appropriate coefficients din:ctly, and 1 +D filter SO is not needed.) 
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A servo engine 32 is also provided within disk drive 10, and it develops head 

position control and correction values which are applied to control e.g. a rotary voice coil 
head positioner s11UCture 30, in accordance with decoded wide biphase servo infonnation 
values, and burst values decoded in accordance with principles of the present invention. 

The samples, including raw data samples { x(k)} and filtered samples{y(k)}, are 

· taken at the data sampling rate, which has a clock bit time period T. This time T 

correspOnds to a "bit cell" or, more simply, a "cell't, at the sampling rate. A timing loop 

44 may receive e.g. the PR4 target samples on path 49 and synchronize sampling and 

10 quantization by the analog to AID converter 46 at desired sampling locations. Similarly, a 
gain loop 36 may control the VOA 38 based e.g. on the PR4 target samples on path 49. 
Timing and gain loops are described in the referenced AbbOtt et al. U.S. Patent No. 

5,345,342. A DC offset control loop 37 may also be provided to adjust an offset 

amplifier 93 for DC offset, based on the PR4 target samples. A representative DC offset 
15 loop is described in commonly assigned U.S. Patent No. S,459,679 to Ziperovich, 

entitled: "Real-Time DC Offset Control and Associated M,eth9.d", the disclosure thereof 
being incorporated herein by reference. "· '· 

As shown in FIG. 2, an exemplary data storage surface of a storage disk 16 bas 
20 multiple concentric data trackS 71 whieh are preferably arranged in a plurality of data 

recording mnes 70 between an inner landing zone area LZ and a radially outennost 
peripheral data track zone 70-1. In the illustrated example, the data tracks are shown as 

arranged into e.g. nine data mnes including the outermost zone 70-1, and radially inward 
zones 70-2, 70-3, 70-4, 10-5, 70-6, 70-7, 70-8 and 70-9, for example. In practice, more 

25 zones are presently preferred. Each data mne has a bit transfer rate seleCted to optimize 

areal transition domain densities for the particular radius of"the'Zmie. 

FIG. 2 also depicts a series of radially extending embedded servo sectors or 
"spokes" 68 which e.g. are equally spaced around the ciicumfcrence of the disk 16. By 

30 way of the FIG. 3 overview, each sen'o sector 68 essentially includes a servo ~amble 

field 68A, a servo identifica1ion field 688, and a field 68C of circmnferentially staggered, 

radially offset servo bursts, for example; While the number of data sectors per track 

varies from data mne to data mne, Ute number of embedded servo sectors, e.g. 68 per 
track, remains constant throughout the sUrface area of the diSk 16, in the present example. 

35 
The servo Sectors 68 are preferably recorded at a smgle data cell rate and with 

phase coherency from track to track witli a conventional serVo ~ng apparatus at the 

8 
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. factory. A laser SCJ,'V() \\Titer and &e.i .-rn:i fixture suitable. for use ·with the servo writer 

arc ~bed in ~y assigne<l u.s. Pat. ~o. 4,920,442, 1he disclosure of which is 

incorporated here by this reference •.. Alternatively, the servo sectors ~ written at zoned 
data cell rates, as described in commonly assigned 't'.tS. Pat. No. 5,384,671, already 

5 discussed above. 

Turning to .FIQ. 4, .each servo sectQr 68 or "spoke" has a servo identification field 
. '· . . . . : . . . ~ 

of embedded ·servo iDformatjon such as is illustrated, for example. A op1ional DC erase 

field 731 of size e.g. 4() ~~lls (illustrated in FIG. 4 with the time "40'r below the field) in 
10 a clean area on the dis]t with Substantially no or a few transiti9ns, which can be used to 

flag the· onset of a~ ~or 68. A preamble field 732 of size e.g. 160 cells can be 

written in a 2T fCJJ"~g .~~:as "--++ !'-:++ •-++11 of the desired length. The 
preamble 732 is useci by timin&. and gain loop$ t~. establi$h correct gain and phase lock 
reiative to the incoming analog siPr bby t~ control sampling quantization by the 

15 analog to digital convmei\.46· Together, the optional DC erase field 731 and the.preamble 
. . . ·'w ..... . 

field 732 comprise the preamble field 68A of Fig. 3. 'i. ::., .... · 

A servo ad~ss ~k 733 is~ to re~et ~ framing clock. This is followed by 

the e.g. three least signific;ant bits (LSQs)734 of the track number. The full spoke number 
. . . . .. 

20 735 is optional, although at least one bit of infc;>lllUltion .should be provided to enable. 
. ) . . . . . . 

25 

rotational position to be determined. The entire track number 736 is recorded at least .· . . . . . ···.·· . . .. , 

o~. The head llUlllbei: (n()t ~wn) may also be recorded as part of the serVo addressing 

·information. Together, Oie servo address mark 733, the LSD ficld.734, full spoke number 

field 735 c0mprise the ~o idcmfication field 688 of Fig. 3 .. 

Following the addmtsing information , servo bursts 737 are recorded, which are 
·.;~. 

used to determine head po~tion with respect to track ~ter, as will be described. 

Examples of a variety of sel'V9 .. pattell18 are given hereinafter. These pattems in field 737 
correlate to the field 68C of Fig.· 3. The lengths of some or all the fields of the servo 

30 sector.68 may be of pro~le si7.e. Other fields <>f infonnation may also be recorded 

among or afteY the fields ~t h,~e been described. 

We tum now to describe wide bi-phase encoding, which may be used for some.or 
allof the digital data storing fi"1ds of servo secior 68, such as tile servo address mark 733, 

35 LSD field 734, spoke number_ field 735 • trac)t number field 736, for example. In 
wrlting digital data, o~e begin8 with in un-4X>c1ed bft (that is, either a 0 or a 1 }, which is 
referred to as a symbol. Symbo~ are recorded on a disk by a coding that assigns one or 

9 
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more signs or magnets(+ or-) to a cell. (Somewhat amht~usly, the signs may also be 

referred to as being either 0 or 1.) In bi-phase code, two signs are used, and symbols may 

be encoded as follows: 
I->+-

5 0->-+ 
We defme a wide bi-phase (WBP) code, with code rate 1/4, as follows: 

0->++--
1->--++ 

I 0 The DC erase field 731, which should have no flux transitions, cannot be WBP 

15 

encoded. 

The preamble field 732 may be WBP encoded with e.g. 40 or a programmable 
number of WBP symbols '1' (or cells•. - ++"),for PLL and AOC lock. 

The servo address mark ("SAM"} 733 may be a nine-symbol worcf'OOOI00101' 
encoded in WBP·that marks the beginnmg of a servo block. This SAM bas the property 
that all shifts (auto correlation) disagree in at least S positions and therefore allows for 2 

independent errors without loss· of synchronization. When appended to the preamble 

20 732justdescribed, the sequence looks like' ... l l 1 lll l000100101'. This is a modified 
Bmker sequence. 

the track number 736 may be a 14 symbol address or larger that is first encoded 

with a normal Gray code (with code-rate = 1) and then a parity symbol may be added. 

25 The result is WBP encoded. The parity symbol, if any, cannot be used at seek time but 

can be used at read time to detect single errors. Gray coding is used to avoid large em>rs 
when simultaneously reading two adjacent track address when the read head 26 is 

between tracks at seek time. 

30 In an alternative servo sector layout, track addresses (track numbers) are written 

twice in each servo sector 68, and the paired track addresses are different from each other .. 

In FIG. 6A, odd track addresses (Al, A3, AS, A7) are'written first and even track 
addresses (A2, A4, A6, AS) are written second, in what appear as radial columns in the 
figure. In FIG. 6B, the second column records the same track number as does the first, 

35 but the second column is tecorded with a half-track offset. In both formats, every 

position of the read head 26 can read an ~ddress without interference from an adjacent 

track in at least one of the two columns. For this reason, Gray coding is not needed and 

10 
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one can append ECC fields to each adclress, as ~own. In ~e first format (FIG. 6A), the 
uncertainty is one track; in, the second (FIG. 6B}, the uncertainty is half a track.· In 
seeking, one may recogni7.C the column to be read by using a position error signal from the 
servo bursts which have a period of two tracks. For this use, the servo bursts should be 

5 positioned close, to the: track addresses so that the radial position of the read head 26 does 
not change significantly &om the time the head is reading the servo burst and the time it is 
reading the track ~s. 

10 
Viterbi I>etectors for WBP Codes with PR4 Targets . 

The output at path 49 of adaptive FIR filter 48 is a PR4 (class IV partial 
1'.Csponse) target, which has 21pulse response ofl-D2, where D represents one bit cell 
delay. As shown in FIG. 7, th~ number of states needed to represent the PR4 target is 4. 
FIG. 7 shows the Viterbi detector trellis diagram of the PR4 target, with solid lines 

15 rep~ting the WBP paths,.and dotted lines representing ~ non-Wl;lP paths. All paths . ' .. . . . . .. 

are valid PR4 paths. C)n the trellis, .each WBP path is marked with a notation in the fonn 
'"!/w' where the '+' or '-' ~:fers to the magnetimion on the disk (what is written in the cell) 
and the 'w' represents the wayefo~ sample at the Viterbi detector·input. FIG. 7 shows 4 
time steps of the detector from Ule initial state at time: k-1, ·where the detection of a WBP 

20 mlcoded symbol begins, to time k+3, where it ends. The magnet'·' is also shown as a 'O' 
and the magnet '+', as a '1 '. Thus, for example, state 00 (reference numeral 80) denotes 
that the previous two cdls.were read as'-' • 

. · Turning to the tre}lis, if the detector is in state 00, ref~ce numeral 80, at time k- ·. 
25 1, ~ the next S8JJ1ple value is ,1, the detect~r goes to: state Ol. reference m.uneral 81, at 

time k. The magnet (or ~uiyalently, th~ write currenO for this branch at time k-l was '+', 
a transition from the'-' of state 00, which ideally results in the sample value ofl. 
Similarly, if the detector is in state 11, reference numeral 83, at time k-1, and the sample 
value at ~me k is -I, the_ detector goes to state 10, reference numeral. 82, at time k. The 

I • • ' • • • • 

30 mapet for this branch 8t time k-1. was '·', a negative transition from the '+' of state -11, 
which ideally results in the :sample ~ue of -1. 

Note that .since each WBP symbol occupies 4 cells, the detector must be operated . .· ·. .· .· .. : ·.·:. . . 

knowing where each WBp symbol begins and ends. This 4-cell synchronization will be 
35 called chunk synchronimtion. 

11 
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Once chunk synchronization is achieved, the trellis can be updated 4 samples at a 
time, with only two. states of the original trellis: 00 and l 1. Therefore the 4-state Viterbi 
detector can be condensed to two states, as shown in FIG. BA with reference numerals 80 

and 83, respectively. In FIG. BA, only the sample values at,~Jdetector input are given 

5 with each.branch. Note that each sample shown is repeated~e~ Thus, the trellis may 
be simplified by taking the average of every two incoming samples and then processing 
the resulting stream at half the clock rate. In the simplified trellis, shown in FIG. SB, the 
chunks begin at times k-1, k+l, and k+3. (Because of the condensation of states, the time 

axis k has been scaled by a factor of two.) 

·' 10 
A first Viterbi detector, which we will call the difference-metric detector, for WBP 

codes with PR4 targets will now be dCseribed in tenns of the states and transitions shown 

in FIG. BB. 
Let aO(k-1) represent the state of the surviving path at time k-1 that ends at time k+ 1 in 

15 state 0. 

. Letal(k-1) 

Let y(k) 

20 LetmO(k) 

Letml(k) 

Letm(k) 

represent .. tb~ state of the ·surviving path·at ·1:~PL~t ends at time k+ 1 
in state l . . . . . ·(f~ 

.. "-·· 

denote the received·noisy samples after averaging, such as the average of 

two samples received from FIR filter 4B at output path 49, at time k. 

represent the path metric of state 0 at time k. 
represent the path metric of state 1 at time k. 
= mO(k) - ml(k). This is the difference metric. 

The decoding algorithm for the differenCe-metric detector may be expressed in a 

25 pseudo-code as follows: 

30 

35 

if( m(k-1}': 2y(k) > 1) then 
---..M..~.·· 

flii{k-1) = 4y(k+l)- 2y(k)- I; · 
aO(k-1)= al(k-1) == 1; 

J• both paths merge to state 1 •/ 

} 

else if ( m(k-l)-2y(k) <-1 then 

else 

{ m(k+l) = 4y(k+l)-2y(k)+ I;· 

aO(k-1)= al(k-1) = O; 

1• both paths merge to state 0 */ 

} 

Cmf.k+l)=-m(k-1) + 4y(k+I); ~-
:id\"'' 

12 
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aQ(k-1) ~· l; 

al(k-1) =Q 
.· 1• the pdis do. not merge •/ 

PCflUSH/16793 

FIG. 9 is a b~oc,k ~.sh,~ an imPl~tation of the difference-me1ric 
Viterbi detector for WBP •cs~ Block 84 calcuJates a• m(k-1) -2y(k) .. At bloclc. 85, 

two logical values 0 and J {false and true, res~vely) are calculated for x and y, as 
follows: x = a> l, and y = 21 < -1. Block 85 also calculates the values aO(k+ 1) and I' .·· 

10 al (k+ I), which are the ~ ~f the. surviving .paths at time .k+ 1 that end at time k+ 3 in '.,.,,.. 
states 0 and l, respectively. 1bese are provided to a survivor memory 86, and are 
calculated as shown in FIG. 8. namely: 

aO(k+l) = NOTy,and 
al(k+l) = x. 

15 Block 86.implements a stand~d Viterbi ~tor survivor memory whose output 86a is 
the output of the detec10r .. The depth of the survivor memory will be selected to meet 
the detector's perf~ requirements; .for the uses desctj.bed -here, a depth of at least I 
would generally. be suft"~ent. 

20 A value z for use in the cliff~ metric calculation is calculated in block 87, as 
follows: 

if(x,y) == (1,0) z=-2y(k)- l; 

if (x,y) ~ • (0,1) z = -~y(k) + 1; 

otherwise z = -m(k-1). 

25 Block 88 uses this calculated value z to ~tput m(k+ I). calculated as follows: 

30 

m(k+I) = 4y(k+l) + z. 
This output 88a is delayed in register 89 by 4T (a WBP symbol time) and the output 89a 
of the register is the input value m(k-J) to block 87. (The initial value of m(k-1) at k-0 is 

0.) 

A second Viterbi detector, which we will call the tree-search detector, for WBP 

codes will now be described in terms of the states and transitions shown in FIG. 8B. The 
tree-search detector must be ~orced to begin at an ini~ial state, since it is assumed that the 
two survivor paths merge·at time k-1. The surviving paths at time k+ 1 are then detected 

35 from: 

a(k-1), which represents the merged surviving path at time k-1, and 
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y(k}. Y(k+l), Y(k+2), and Y(k+3), equalized and averaged samples as produced, for 

example, at output 49 of FIR filter 48. 
In the context of servo sector fields the requirement that the tree-search detector start in a 

known state is reasonable., since the state can be forced, for example, by a known fields 

5 such as the preamble field 732. 

The decoding algorithm for the tree-se~h detector may be expressed in a pseudo­

code as follows: 
me1ricl == y(k) - 2y(k+l) + y(k+2) 

10 metric2 = y(k) • 2y(k+J) + 2y(k+3); 
if ( a(k-1) = = 0) then 

15 

a(k+J) = ( metricl < 0 ) OR 
(( metric 1 < J ) AND ( metric2 < O.S )) 

else 
a(k+l) == ( metricl < -1) OR 

(( metric I , < 0 ) AND ( metric2 < -0.S )); 

As above, in these calculations a logical false is an ari1hmetic 0, and a logical true, an 
arithmetic I. 

20 FIG. I 0 is a block diagnm showing an implementation of the tree-search Viterbi 
detector for WBP codes. Blocks 91 and 92 calculate metric I and metric2, respectively. as 
defmed above. At inputs 90a and 90b, block 90 receives samples y(k+ I) and y(k), 

respectively, and from thein calculates y(k) - 2y(k+ 1 ). This is provided at inputs 91 b of 

block 91 and 92a of block 92. At input 9la block 91 also receives sample y(k+ I) and at 

25 input 92b block 92 receives sample y(K+J). Metric 1 is ~utput at path 91c to block 93. 

30 

Metric2 is output at path 92c to block 93. Block 93 calculates a(k+ l ), output at path 
93a, as set forth in the above pseudo-code, from metricl, metric2,·and a(k-1). The output 
93a of block 93 is the input to 4T delay register 94, which provides a(k-1) to block 93 on 

path 94a. 

Viterbi Detectors for WBP with EPR4 Targets 

Turning to FIG. 11, we consider the implementation of a Viterbi detector that 
detects EPR4 targets that are WBP encOded. The EPR4 target has a pulse response of 

35 l+D-02-03. The number of states needed to represent the EPR4 target is 8. FIG. J 1 is 
a 1rellis diagram of an EPR4 channel with wide bi-phase paths highlighted. This diagram 

14 
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parallels the diagram ~OJ." a PR4 channel found ln FIG. 6, with the difference that there are 
8 states and S possible sampl~ inputs: ~. -2,, 0, 2, and 4. 

Turning to FIG. 12A, once chunk synchronimtion is achieved, the EPR4 trellis 
5 can be updated 4 samples at a time with only 2 of the states of the original trellis. The 

original states 100 and91larerenamedto0and 1, respectively, in FIG. 12A, and only 
the sample values at the Viterbi detector input are shown on the branches. The treJlis 
diagram may be further simplified, as shown in FIG. l2B, by dividing the incoming 
sample values by 2. 

10 
As with the simpliti~ trellis .of FIG. BB, we now describe two Viterbi detectors, 

based on FIG. 128, for WBP codes with EPR4 targets. 

The first detector, a difference-metric detector, substantially parallels the 
15 difference-metric detector <lescrlbed in connection with FIG. 9. 

Let aO(k-1) represent ~e state of the surviving path at time k-1 that ends at time k+ 3 
in state 0. 

Let al(k.-1) represent the state of the surviving path at time k-.1 that ends at time k+3 
in state 1. 

20 Let y(k) denote the received noisy samples, such as the average of two samples 
received from FIR filter 48 at output path 49, at time~ after scaling to ideal values-2, -1, 
0, 1, and 2. 

Let mO(k) represent the path metric of state 0 at time k. 
Let Ml(k) represent the path nietric of state I at time k. 

25 Let m(k) = mO(k) . - ml (k). This is the difference metric. 

The decoding algorithm for the difference-metric detector may be expressed in a 
pseudo-code as follows: 

thr(k-1) = m(k-1) - 2y(k-l) - 4y{k-2) + 2y{k-3); 
30 if ( tbr(k-1) > 2 ) then 

35 

{ m(k+3) = 8y(k.) + 2y{k-I) - 4y(k-2) - 2y{k-3) 
-2; 

aO(k-1) = al(k-1) = l; 
1• both paths merge to state 1 •/ 
} 

else if ( thr{k-1) < -2 ) then 
( m(k.+3) = 8y{k) + 2y(k·I) • 4y(k-2) - 2y(k·3) + 2; 

15 

flil 
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aO(k-1) • al(k-1) • O; 

t• both paths merge to state 0 •J 

{ m(k+J) - - m(k-1) + 8y(k) + 4y(k-1) - 4y(k-3); 

aO(k-l) • 1; 
al(k-1) • 0 

I* the paths do not merge •/ 

} 

As with the difference-metric Viterbi detector for WBP with PR4 targets, a survivor 
I 0 memory depth of 3 would generally be sufficient for the uses described here. 

The second. tree-search Viterbi detector for WBP codes with EPR4 targets will 
now be described. In describing the tree-search detector, it is assumed that the two 

-survivor paths merge at time k-1. The surviving paths at time k+3 are then detected from: 

15 a(k-1 ). which represents the merged surviving path at time k-1; and 
y(k), y(k-1) ••• y(k-7), · e<}ualized and averaged samples as produced, for 

example, as the output of I +D filter SO. · 
The decoding algorithm for the tree-semdi detector may be expressed in a pseudo-code as 
follows: 

20 metricl = 2y(k-l) + 4y(k-2) • 2y(k-3) - 8y(k-4) - 2y(k-S) + 4y(k-6) + 
2y(k-7); 

metric2 = By(k) - 4y(k-1) + 4y(k-3) - By(k-4) - 2y(k-S) + 4y(k-6) + 
2y(k-7); 

if ( a(k-1) = = 0 ) then 
25 a(k+3) = ( metricl < 0 ) OR 

(( metricl < 4 ) AND ( metric2 < 2 )) 

else 
a(k-3) = ( metricl < -4 } OR 

(( me1ricl < 0 ) AND ( metric2 < -2 )); 

30 As with the tree-search detector for WBP with PR4 targets, this detector for EPR4 

targets has no survivor memory. 

Returning to FIG. 1, a Viterbi detector 60 for PRML detection of WBP codes 
with EPR4 targets can be Used to deteet 811 WBP-encoded digital information in the servo 

35 sector, such as track number, head number, and sector number. Viterbi detector 60 may 
be a difference-metric detector or a ~e search detector, as described above in connection 
with FIGS. 11, 12A, and 12B, or a conventional Viterbi detector. Alternatively, in place 

16 
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of an EPR4 detector, WBP~d ... U. the 11~0 sector may be decoded b.y a Viterbi 

detector for WBP codes with PR4 targets, such as the difference-metric detector or the 

tree-search detector described above in comecdon with FJOS. 7, 8A, 88, 9, and 10, or by 

a conventional Viterbi detector. 

.. 

Jn FJO. 1 a digital servo burst detector 54 also receives the EPR4 target output 

. signal from 1 +D filter SO. Alternatively, burst detector 54 may receive a PR4 target from 

FIR filter 48, where burst formats are used that can.be cletected with a PR4 target. 

10 Tuming to FJO. 13A-13E, five servo burst formats will be described. The centers 

of the data tracbare ~icated by TKO, TJ{l~ TK2, 8114TK3. The bursts in each fonnat 

repeat with a perjodoftwo traclc:s. The first format, which we will call the type I fonnat, 

i.e. full track bursts, isillustr&ted diagrammatically in FJO. 13A. -The type lbursts A, B, 

and C (and, optionally,Q) are written to be the width o(aclata track, Because the write 
. . . . 

15 head is less than this wid~Jhe bursts are written in at least t\lVC) passes and at least one 
. ·. . : .·. ="'-~·. . . : ... · . . . . . 

erase band (not shown) will~be found within each burst. There is also an erase band (not 

shown), for example, ~etween burst A and burst C, that nms along TK.1 .. 

The second·fonnat, which we wiU·call the type.II format, i.e. narrow bursts, is 

20 illustrated diagrammatically in FIO. 138. In this fonnat, each burst, E, F, G, and H, is 

written only once; thus the~ W,_np -~~-within the burst. The distance between 

radially adjacent bursts (such as E and F) is half a track width. The write head will 

generally exceed this width, so each burst will nonnally extend over one track center. 

25 In both type I and type II formats, the bursts themselves are nonnally sinusoids 

of constant frequency and amplitude. 

The third format, whi.'?h we will call the antipodal· fQnnat, is illustrated 

diagrammatically in FIO. 13C. In this fonnat, the bursts --J, K, L, and M ··are written 

30 to fill the space left blank. for example, between the A and B .bursts in the t.YJ>e l format 

(FIG. 13A). The unrecorded areas are filled with a sinusoidal wavefonn of opposite (or 

antipodal) polarity •. Thus, ifthe signal in burstJ is sin(x), the sig~ i_n bw:st K is ·sin(x). 

The waveforms in buJ'$ts .L and M correspond to those of bursts J and K. 

35 Unlike the si•tion with type l and type II, Phase informati9n is important in the 

antipodal format. Thus, the PLL is locked while reading this burst format, so as not to 

"correct" the phase information. For the same reason, this format is subject to errors 

17 
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arising from the erase band within the bursts, radial phase incoherence, and accumulated 
phase error. To allow the disk drive to limit the effect i>f such ·mors, an optional 

resynchronization pattern (not shown) may be recorded bef0re bmsts 1hemselves. 

The fourth fo~t, which we will call the coin~t, is illustrated 
diagrammatically in FIG. 130. This format is like type I in fonn, with the difference that, 

··unlike the situation with the other formats, in compresSed format the servo information is 
written on spoke trBcks SPOKE TKO, SPOKE 1Xl, SPOKE TIO, and SPOKE TIO 

that do not correspond to the data tracks, which here are denoted DATA TKO, DATA 
10 TKI, and DATA tK.2. Each burst P, Q, and R is written only once; thus there is no 

erase band within the bursts and the bursts are nevertheless the full width of the servo 
track. Note that with this format, in tracking an odd numbered data track, such as track 

DAT A TKI, the disk drive will not be following a servo track center. In fact, the head 

will ideally be placed exactly between two servo tracks, and the two-track periodicity of 

15 the burst fonnat must be used to resolve the track number ambiguity between the Gray 

coded numbers received_from spoke tracks SPOKE TKI and SPQKE TK2 while tracking 
data track DATA TK.l, forexmnple. ·.· ·. · .· . . "'.. · · ~ 

........ 
. .•. 

The fifth format. which we will call the frequency format, is illustrated 
20 diagrammatically in FIG. 13E. In this fonnat, unlike the ones previously described, the 

burst waveforms are not all recorded at one frequency. As with the antipodal format, 

frequency fonnat burSts are recorded across the full radial width of the half tracb. As 
illustrated in FIG. 14E, the radial sequence of bursts S, T, U, and V are recorded as 

sinusoids with angular frequencies wl and w2, so that the form of the sequence of bursts 
25 is: S is sinwlt; T is sintw2; U is -sinwl t, and V is -sinw2t. The two frequencies must 

be different and should be"'selected to have no intersecting h8rdlllcs. 
. ..-.~ .... 

Tuming to F1GS. 14A-148, burst detector 54 will take different fonns depending 
on the format in which the servo bursts are reeorded. Turning to FIG. l 4A, burst 

30 detector 541 is useful for synchronous formats such as the antipodal format and the 
frequency fonnaL Multiplier 542 multiplies the EPR4 sample waveforms by a sine wave 
1 0 -1 0. The reSUlt is accumulated by adder 543 in register 544. The output of the 
detector from register 544 represents the signed amplitude of the (generally) composite 

signal produced by two radially adjacent bursts, such as bursts Kand J of FIG. 13C. 
. -

35 This output will ideally be zero When the read head is exactly between the two bursts and 
oil, for exampl~ the track TKl. 

18 
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Turning to FIG. 148, bur$t cletector s~ is 11seful DOll..s)'J1Chronous burst fonnats 

such as the type I, the ~ II, and the com.,ressed fonnats. Burst detector SS calculates 

an phase-amplitude vector of the burst signal by multiplying the EPR4 sample 

waveforms by two orthogonal sine .waves with a phase offset ()f 9()0; the first sine wave 1 

5 0 -1 0 is ~edin nqaltiplier 551, adder 552, and accwnul•ting register 553; the second. 
orthogonal , sine~ p . -1 .. O l is~ in multiplier 554, ~er S~S. and accumulating 
register 556. The result of tbis processjs a.phase·amplitu<le ve~tor ~ose real part is in 
register SS3 and wh~ imaginary art is in register 556. When the burst has been read, the 

.. . .... ,_ ·. . . . . ·. . 

energy of the burst is ~cu)- as the square root, circuit 560 9f;the sum, .adder 559, of f 

10 the squares of the real~ circuit 557, and ~eimagil181')' plfi, circuit SSS, of the phase- ,, 

amplitude vector. This ~c:ulated energy estimates the. degree ofQ,verlap between the 

burst and the read~ and is.used I• to.e~te the head.~tion with respect to the ~·· 

repeating two-track bQ.rst P•ttem· (Note than in.the no~·synchronous type I, type II, 
.. : . . .. . . . 

and compressed burst fQmlat5 wider consideration, no two bursts are radially adjacent, so " 
15 the burst detector will ha~ QDly one burst to. process at a time.) 

Two alternative burst detectors for the frequency fonnat will now be described. 

The first alternative Ope11ltes as a pair of the burst detectors 541.illustrated in FIG. 14A. 

The sine wave input to the first detecte>r ofth.e pair has as input to multiplier 542 a sine 

20 wave with an '11J&Ular :tiequency of wl; the sine wave input to the second detector's 
multiplier S42 has an angular ftequency of w2. ·.The output ofeach detector is the signed 
amplitude of the burst signal at the corresponding angular frequency, and these signed 

amplitudes are com~ io. estimate the position of the.read llead. 

25 The second alternative. bur$ detector for the frequency format, unlike the first 
:.:•:.. . . . . . . .. ·. . . ·. . 

alternative just described, is n0t sensitive to radial phase incoherence or phase error. The 
second alternative duplicates the operation of a pair of the b111'$t detectors SS illustrated in 

: .. ·· . : . . . ·. ·· .... ·.. . '· . 

FIG. 148. The sine wave inpllt to multiplim, 551 and SS4 in. the fnt of the pair of 

detectors has an angular freq~ ofwl; ~ :sin,e .~ve input!; for the second detector's 
30 multipliers SS 1 and 554 ba,ve an angµlai' frequency of·w2. The outputs of the two 

detectors, each of which ~-th~ signed amplitude .of the burst signal at the 

corresporulingfrequency, are compared to estimate the position of the read head. 

. . . . . . . 

A further altern.tive burst detector and associated synchronous servo burst 

35 pattern is described in the referenced U.S. Pat~~t ~licadon S~rial No. 08/320,540 filed 
October 12, 1994, by Fisher et al., entitled: "Synchronous Detection ofCODCWTent Servo 
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. ..-·: ': ... ·.T· 
Bmsts for Fine Head Position in Disk Drive", the disclosure thereof being incorporated 
herein by reference. 

Having thus described presently preferred embOdiments of the invention, it will 
5 now be appreciated that the objects of the invention have been fully achieved, and it will 

be Wlderstood by those skilled in the art that many changes in construction and widely 
differing embodiments and applications of the invention will suggest themselves without 
departing ftom the spirit and scope of the invention; The disclosure and the description 
herein are purely illustrative i.nd are not intended to be in any sense limiting. 

20 
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What is claimed is: 

I. A disk drive comprising: 

at I~ one. rotatq data storage disk, the disk .having a major~ defining 

recording tracks divi~ into data sectors by narrow servo spokes, 
. . . . .. : 

5 a data scetor of a recording track, for recording with user data encoded in 
'··. ' .. ·_ .· ., .. 

accordance with a code ~V.ing a prede~ned di$tance and user data code rate, 
a s~o.spoke ofthe rec«ding area bavjng at least one servo infonnation field 

coded in a wide biphase pattern at ~ servo code rate which is one fourth the user data code 

rate, 

I 0 a synchronous sampling data detection channel including: 

15 

20 

25 

30 

a data transducer head positioned by a servo~ontrolled actuator over the 

recording track, 

a preamplifier for receiving electrical analog signals magnetically induced 

by the data transducer head from tlux transitions present in at least the servo information 

field, 

a digital sampler for synchronously sampling the electrical analog signals to 
produce digital samples, and 

a Viterbi detector coupled to receive digital samples from the synchronous 
sampling data detection channel for decoding the coded wide biphase pattern as a 

maximum likelihood servo data sequence. 

2. The disk drive set forth in claim 1 wherein the Viterbi detector comprises a 

difference metric detector. 

3. The disk drive set forth in claim 2 wherein the difference metric Viterbi 

detector comprises: 
a difference circuit connected to subtract two times a present wide biphase 

encoded servo information sample received from the channel from a difference metric to 

produce a diffeJmce value, 
a first calculator connected to receive the difference value for calculating a plurality 

of logical values, for calculating a first state of smviving path, and for calculating a state of 
a second surviving path, 

a survivor memory unit connected to the first calculator to receive the first and 

second states and having a predetermined path length for putting out detected servo 

35 information, 
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a difference metric calculator connected to the fust calculator to receive the 

plurality of logical values, the difference metric and the present sample, for calculating a 

present difference metric value, and 

a delay register for receiving and delaying the present difference metric value by a 

5 wide biphase clock interval to produce the difference metric. 

4. The disk drive set forth in claim 2 wherein the difference metric Viterbi 

detector comprises: 

a difference circuit connected to subtract two times a present wide biphase 

I 0 encoded servo infonnation sample y(k) received ftom the channel from a difference metric 

m(k· l) to produce a difference value a, 

a fll'St calculator connected to receive the dift'crence value a for calcuJating logical 

values 0 and 1 for x and y, in accordance with x •a> I and y ==a< 1 and for calculating a 

state of surviving path at time K +I that ends at time k+ 3 in state 0 as aO{k+ 1 )=NOT y, 

15 and for calculating a state of surviving path at time k+ 1 that ends at time k+ 3 in state 1 as 

al(k+l)-x, 

a survivor memory unit connected to the· first calculator to receive states aO(k+ 1) 

and al (k+ 1) and having a predetermined path length for putting out detected servo 

information, 

20 a raw difference metric calculator connected to the first calculator to receive x and 

25 

y, and connected to receive the difference metric m(k-1) and the present sample y(k) for 

calculating a raw difference metric z in accordance with: 

if (x.y) = = (1,0). then z = ·2y(k)- 1, 

if (x,y) = = (0,1), then z = -2y(k) + 1, 

otherwise z= • m(k-1), 

an intermediate difference metric calculator connected to receive the raw difference 

metric z and to receive a time adjusted sample y(k+ 1) for calculating a present difference 

metric m(k+ I)= 4y(k+ 1) + z, and 

a delay register for receiving and delaying the present difference metric m(k+ l) by 

30 a wide biphase clock interval to produce the difference metric m(k-1 ). 

S. The disk drive set forth in claim 4 wherein the synchronous sampling data 

detection channel includes a finite impulse response filter adjusted to a partial response, 

class IV, target speetrum and wherein the difference circUit is connected to receive 

35 equalized digital samples from an output of the fmite impulse response filter. 
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6. The disk.drive set forth in c• 2 wherein the channel is equali7.ed t~ an EPR4 

target spectrum, and wherein the Viterbi detector detects the wide biphase encoded servo 
information in acco~ .with. 

thr(k-1) = m(k-J) - 2y(k-1) - 4y(k-2) + 2y(k-3); 

5 if ( thr(k-1) > 2 ) then 

10 

-2; 

{ m(k+3) = 8y(k) + 2y(k-I) .. 4y(k-2) - 2y(k-3) 

aO(k-1) = al(k-1) = 1; 
t• both paths merge to state .1 •/ 
} 

else if ( thr(k.-1) < -2 ) then 
{ m(k+3) .~ 8y(lc) + 2y(k-J) - 4y(k-2) - 2y(k-3) + 2; 

aO(k-1) = al(k-1) • O; 

t• both paths merge to state 0 •/ 
15 else 

20 

25 

30 

35 

{ m(k.+3) "'1' .. m(k-1) + By(k) + 4y(k-1) - 4y(k-3); 

aO(k-1) = l; 

al(k-1) = 0 

J• the padls do not merge •/ 

}, 

where aO(k·l) represents a state of a surviving path at time k-1 that ends at time k+3 in 
a state O; al(k-1) represents a ~tc of a surviving path at time k·:l that ends at a time k+3 
in a state I; y(k) denotes a received noisy samples. such as the average of two samples at 

time k, after having been sca]ed to ideal values -2, -1, 0, 1, and 2; mO(k) represents a path 

metric of state 0 at time ~ :Ml (k) represents .a path metric of state 1 at time k; and, 

m(k) = mO(k) - ml(k), the clitference metric. 

7. The disk drive set forth in claim. J wherein the Viterbi detector is a tree-search 
detector. 

8. The disk drive set forth in claim 7 wherein the 1ree-seareh Viterbi deiector 

. comprises: 
a di:tference circuit connected to the channel to receive and subtract two times a 

one unit time adjusted wide bipbase encoded servo information sample y(k+ 1) from a 
present sample y(k) to produce a difference value a, 
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a first metric ~culator connected to receive the di~efence value a and a two-unit 

time adjusted sample y(k+2) for calculating and putting out a first metric I = y(k) -

2y(k+l) + y(k+2), 

a second metric calculator connected to receive the difference value a and a three-
5 unit time adjusted sample y(k+3) for calculating and putting out a second metric2 = y(k)-

2y(k+l) + 2y(k+J), and 

10 

a tree-search calculator for recdving the metric 1, metric2 and a detector output 
value a(k-1 ), for calculating an intermediate value a(k+ 1) in accordance with: 

if(a(k-1) • 0), then 

else 

a(k+ I) • (metric 1 < 0) OR 
((metric I <I) & (metric2 < O.S)), 

a(k+l) • (metricl < 1) or 
((metric 1 <0) & (metric2 < -0.5)), and 

15 a delay register for receiving and delaying the intennediate value a(k+ 1) by a wide 
biphase clock· interval to produce the detector output value a(k-1 ). 

9. The disk drive set forth in claim 7 wherein the synchronous sampling data 

detection channel includes a finite impulse response filter adjusted to a partial response, 

20 class IV, target spectrum and wherein the difference circuit is connected to ~ve 

equalized digital samples from an output of the finite impulse response filter. 

I 0. The disk drive set forth in claim I wherein the synchronous sampling data 

detection channel includes a finite impulse response filter for filtering digital samples in 
25 accordance with a 1-D2 pulse response (partial response, class IV) where D represents a 

one bit cell delay, and a 1 +D filter connected downstream of the fmite impulse response 
filter to provide digital samples filtered in accordance with a 1 +D-o2-n3 pulse response 
(EPR4), and wherein the Viterbi detector is connected to receive EPR4 equalized wide 
biphase samples from an output of the l+D filter. 

30 
11. The disk drive set forth in claim l 0 wherein the Viterbi detector detects 

surviving paths at a time k+ 3 in accordance with steps comprising: 

metricl = 2y(k-l) + 4y(k-2) - 2y(k-3) - By(k-4) - 2y(k-5) + 4y(k-6) + 
2y(k-7); 

35 metric2 = Sy(k) - 4y(k-1) + 4y(k-3) - 8y(k-4) - 2y(k-5} + 4y(k-6) + 
2y(k-7); 

if ( a(k-1) = = 0 ) then 

24 
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.. 

a(k+3) = ( metricl < 0 ) OR 

(( metricl < 4 ) AND ( metric2 < 2 )) 

else 

a(k-3) = ( mctricL < -4 ) OR 
. . ! . . 

5 (( me1ricl < 0 ) AND ( metric2 <. -2 )); 

10 

where a(k-1 ), which .represent& tlte merged surviving path at lime k-1; and 

y(k), y~-1) ... y(k-7), reJRSCllt equali~ and averaged wide biphase encoded servo 
information samples. 

12. The disk drive set forth in claim 1 wherein the servo spoke includes pluraJ 

servo information fields encoded in wide biphase. 

13. The disk dtjve set forth in. claim I wherein the wide biphase magnet patterns 

15 recorded in the plural· ~o.information fields are --++ for a binary zero information value 
and --++ for a binary one infonnation value. 

20 

14. The disk drive set forth in claim .13 wherein. one qf the plural servo 

information fields comprises ~ servo~ mark pattern. 

I 5. The disk drive set forth in claim I 4 wherein the servo address mark pattern is 

a nine-symbol word OOOJOOIOJ (binary) for marking the beginning of a servo block. 

16. The disk drive set forth in claim 1 wherein the at least one servo information 

25 field comprises a 1rack nwnbel'. binary pattern. of predetermined bit len~ the pattern 

being decoded as a wi4e biphase code and then decoded. as a Gray code with a code rate of · 

one. 

17. The disk drive set forth in claim 16 wherein the 1rack nmnber binary pattern 

30 includes a parity symbol, and further comprising means for receiving and decoding the 

track number binary pattern and checking the parity symbol. 

18. The disk drive set forth in claim I wherein the at least one servo infonnation 

field comprises two track number binary patterns of predetennined bit length, a first track 

35 number being an address of the track, and a second track nwnber being an address of a 

second track adjacent the track. 

25 
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19. The disk drive set forth in claim 18 wherein the second track number is 
recorded with a one-half track offset extending into the second track. 

20. The disk drive set forth in claim 19 wherein the at least one servo information 
5 field further comprises error correction code values calculated with respect to the first and 

second track numbers, and further comprising error cmrection code decoding and 
correcting circuitry coupled to the synchronous sampling data detection channel for 
decoding, checking and comcting the decoded values of the first and second track 
numbers. 

10 
21. A disk drive comprisiq: 
at least one rotating data storage disk, the disk having a major surface defining 

recording tracb divided into data sectors by narrow servo spolces, 
a data sector of a recording track for recording with user data encoded in 

15 accordance with a code having a predetermined distance and user data code rate, 
a servo spoke of the recording area having at least one preamble field and at least 

one servo infonnation field coded in a wide bipluise pattern at a servo code rate which is 
one fourth the user data code rate, 

a synchronous sampling data detection channel including: 
20 a data transducer head positioned by a servo-controlled actuator over the 

recording track, 

a preamplifier for receiving electrical analog signals magnetically induced 
by the data transducer head from flux transitions present in at least the servo information 
field, 

25 a digital sampler for synchronously sampling the electrical analog signals to 
produce digital samples, 

a partial response filter for filtering the digital samples to a partial 
response class IV target spectrum to produce PR4 samples, 

a l+D filter, D being a unit delay operator, connected to filter the PR4 
30 samples to EPR4 target samples, and 

a wide biphase Viterbi detector connected to receive and decode the EPR4 target 
samples taken from the servo infonnation field as most likely servo infonnation binary 
values. 

35 22. A difference metric Viterbi detector for detecting wide biphase encoded servo 
information within a p&rtial response, class IV, synchronous sampling data detection 
channel, the detector comprising: 

26 
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a difference ci~uit conn~ to '"1btract two times a present wide bipbase 
. . . ' . . 

encoded servo infonnation sample y(k) received from the channel from a difference metric 

m(k-1) to produce a.difference value ~ 

a first calculator.~~~. receive the diffcrcncc value a.for calculating logical 
5 values 0 and 1 for x ~ y, in~ .with x •a.> 1 and y =a< 1 and for calculating a 

state of surviv~g path at time K + 1 that ends at tilJlC k+3 in state 0 as aO(k+ 1 )=NOT y, 

and for calculating a state of surviving path at time k+l that ends at time k+ 3 in state 1 as 
al(k+l)=x, 

a survivor memory unit connected to the first calculator to receive states aO(k+ 1) 
l 0 and al (le+ 1) and having a predetennined path length,. for putting out detected servo 

information, 
a raw diffcrcncc metric calculator connected to the first calculator to receive x and 

y, and connected to receive the difference metric m(k-l) and the present sample y(lc) for 

calculating a raw difJ~ Jnetric z ~ accordan~_with: 
15 if (x,y) == (1,0), then z =-2y(k)- l, 

if(x,y) • - (0,1), then z,""'. ·2y(k) + 1, 

otherwise z =-m(k-1), . 

an intennediate cliff~ metric calculator connected to. n:ceive the raw difference 
metric z and to receive a time adjusted,sample y(k+ I) for calculating a present difference 

20 metric m(k+ I)• 4y(k+l) + z, and 

a delay register for ~civing and delaying the present difference metric m(k+ 1) by 
' . . . . . . . - . . 

a wide bipbasc clock interval to produce the difJerence metric m(k-1) • 

. 23. The difference metric. Viterbi det~r set forth in claim 22 wherein the 

25 channel includes a finite Impulse response filter adjusted to a partial. response, class IV, 

target spec1rum and w~ ,9ie difference circuit is connected to n1ceive samples from an 
output of the finite impulse response filter. 

30 
24. A tree-search Viterbi detector for ~big wide bipbase encoded servo 

information within a p..-dal response, class IV, synchronous samp~g data detection 

channel, the detector coni~: 
a difference circuit connected to the channel to receive and subtract two times a 

one unit time adjusted wide bipbase encoded servo information sample y(k+ t) from a 

present sample y(k) to prc>duce a difference value. a,. 
35 a first metric calculator connected to receive tile difference value a and a two-unit 

time adjusted sample y(k.+2) for calculating and putting out a first metricl = y(k) -

2y(k+ I) + y(k+ 2), 

27 
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a second mctri~ .calculator connected to receive the difference value a and a three­

unit time adjusted sample y(k+3) forcalculating·and putting Out a second metric2 = y(k)-

2y(k+l) + 2y(k+3), and 

a tree-search calculator for receiVing the metricl ~ melrici and a detector output 

5 value a(k-1 ), for calculating an intermediate value a(k+ 1) in accordance with: 

10 

if(a(k-l) = 0), then 

else 

a(k+l) =(metric 1<0) OR 

((metricl < l) & (metric2 < 0.5)), 

a(k+l) •(metric I < 1) or 

((metricl <O) & (metric2 < -0.S)), and 

a delay register for receiving and delaying the intermediate value a(k+ 1) by a wide 
biphase clock interval to produce the detector output value a(lc-1 ). 

15 25. The tree-search Viterbi detector set forth in claim 21 wherein the channel 
includes a finite impulse response filter adjusted to a partial response, class IV, target 

spectrum and wherein the difference circuit is connected to receive samples from an 

output of the finite impulse response filter. 

20 26. A difference metric Viterbi detector for deteeting wide biphase encoded servo 

information within a partial response synchronous sampling data detection channel, the 

detector comprising: 

a difference circuit connected to subtract two times a present wide biphase 

encoded servo information sample received from the channel tiom a difference metric to 

25 produce a difference value, 

a first calculator connected· to receive the difference value for calculating a plurality 
of logical values, for calculating a first state of surviving path, and for calculating a state of 

a second surviving pa' 
a survivor m.emoey unit connected to the first calculator to receive the first and 

30 second states and having a predetermined path length for putting out detected servo 
infonnation, 

a difference metric calculator connected to the first calculator to receive the 
. plurality of logical values, the difference metric and the present sample, for calculating a 

present difference metric value, and 

35 a delay register for receiving Bild delaying the present difference metric value by a 
wide bipbase clock interval to produce the difference metric. 
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27. A dift'eren~ ?fric Viterl>i detector for detecting wide biphase encoded servo 
information within a partw response synchronous sampling data detection channel 

equalized to an EPR4 '1"8~ spec1rUm, the d~tor for detecting the wide biphase 
encoded servo inf~tipn in accordance with: 

5 thr(k-1) - m(k-1) • 2y(k·l) - 4y(k·2) + 2y(k-3); 

if ( thr(k-1) > 2 ) then 

10 

15 

20 

-2; 

{ m(k+3) = 8y(k) + 2y(k-l) • 4y(k-2) - 2y(k-3) 

aO(k-1) = al(k-1) = l; 
!• both paths merge to state 1 • / 

} 

else if < thr(k-D < -2 >then.· 

else 

{ m(k.+3) = 8y(k) + 2y(k-1) - 4y(k-2) - 2y(k-3) + 2; 

aO(k-1) = al(k-J) - O; 
t• both paths merge to state 0 */ 

{ m(k+3) = • m(k-1) + By(k) + 4y(k-I) - 4y(k-3); 
aO(k-1) = 1; 

aJ(k~l) == 0 

I* the paths do not merge • / 

}, 
where aO(k-1) represents a state of a surviving path at time k-1 that ends at time k+3 in 

a state O; al(k-1) represents a state of a surviving path at time k-1 that ends at a timek+3 

in a state 1; y(k) denotes a received noisy samples, such as the average of two samples at 
25 time ~ after having been scaled to ideal values -2, -1. 0, l, and 2; mO(k)represents a path 

metric of state 0 at time k; Ml(k) represents a path metric of state 1 at time k; and, 

m(k) - mO(k) - ml (le), the difference metric. 

28. A tree-search Viterbi detector for detecting wide biphase encoded servo 
30 information within a partial response synchronous sampling data detection channel 

equali7.ed to an EPR4 target spcctrwn, the detector for detecting the wide biphase 
encoded servo information wherein two survivor paths merge at a time k-1, and wherein 

surviving paths at a time k+ 3 are detected in accordance with steps comprising: 
metricl = 2y(~-1) + 4y(k-2) - 2y(k-3) - 8y(k4) - 2y(k-S) + 4y(k-6) + 

35 2y(k-7); 
metric2 = 8y(k) - 4y(k-1) + 4y(k-3) - 8y(k4) - 2y(k-S) + 4y(k-6) + 

2y(Ic-7); 
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if ( a(k-1) = = 0 ) then 
a(k+J) = ( metricl < 0 ) OR 

(( metricl < 4 ) AND ( metric2 < 2 )) 
else 

5 a(k-3) = ( metricl < -4 ) OR 

10 

(( metricl < 0 ) AND ( metric2 < -2 )); 
where a(k-1), which iepresents the merged surviving path at time k-1; and 
y(k), y(k-1) .•. y(k-7), represent equali7.ed and averaged wide biphase encoded servo 
infonnation samples. 

30 


