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SYNCHRONOUS DETECTION OF WIDE BI-PHASE CODED SERVO 
INFORMATION FOR DISK DRIVE 

Cross Reference to Related A,£tplications 
5 This application claims the benefit of U.S. Provisional Application 

10 

No. 60/006013 filed October 23, 1995. This application is a continuation­

in-part of, and claims the benefit of, U.S. Patent Application Serial No. 

08/320,540 filed October 12, 1994, and U.S. Patent Application Serial. No. 

08/686,998 filed on July 24, 1996. 

Field of the Invention 
The present invention relates to apparatus and methods for storing, 

detecting, and synchronously detecting servo information stored on disk 
drive media, and in particular to apparatus and methods useful within 

15 partial response, maximum likelihood detection channels and magnetic disk 
media. 

Backaropnd of the Invention . 
By reading servo infonnation recorded within data tracks on.a disk 

20 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 head) addresses and 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 

25 patterns frequently 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 infonnation to approximately estimate the position of the read 
head and the servo bursts are used as fine positioning information 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 supe.rposition of signals from both tracks. One solution to this 
ambiguity is to encode the track addresses into Gray-coded addresses so 

35 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 between two tracks, the ambiguity after decoding the address is one 
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track, and an error of one track can be resolved during seek settle time, by 
reference to the servo burst or fine-position pattern. 

In accordaflce with one knoWll technique, each data track is divided 
5 into plural sectors. Each sector itteludes a header section, followed by a 

data section. The header sectitih rtiay typically inclUde a DC erase field, a 
preamble field, a header syncbi'Onb:ttion character,- a track address field 
(coarse servo information) and a servo burst field (fine servo information). 
The data section may t)'pically include another preamble field. a data 

10 synchronization character, a blnck of user data, and error correction bytes. 
In this example, the header section is recorded at the same data rate as the 
data sectiont and synchronous ~ detection through a single read channel 
structure in the disk drive is erllplnyed to read the infotmation in both the 
header section and the data section.. An example of thi~ approach is found 

15 in commonly assigned U.S. Pat~ttt No. 5,036t408 to Leis et al., entitled: 
tlHigh Efficiency Disk Format and Synchronization System", the disclosure 
thereof being incorporated herein by reference. 

Another known technique is to employ radial zones or bands of 
20 concentric data tracks, each zone haVitig a dlta transfer rate associated with 

disk radius ofthe zone. In thi~ ex.ample, data areas are separated by a 
series of radially extending ern6Cdaed servo sectors which are factory 
recorded With servo information at il single data transfer rate. A servo 
data recovery circuit asynchronously (i.e. without phase lock· to incoming 

25 servo data) recovers a servo addte$s mark, a track number and fine 
position information from inf<>nn~tion read by the data transducer while 
passing over each sector. The servd teeovery circuit is separate from the 
read channel electrariics empl09ed fdt peak detection of user data 
information. This ·example is described iii commonly assigned U.S. Patent 

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

One factor which bas l~d i:hita storage densities in magnetic 
35 recording employing peak oet~tiori techniques has been intersymbol 

interference, arising when flux transitions are increasingly close to each 
othet. ·One technique for increasing flux densities in magnetic recording 

2 



5 

10 

15 

W097116010 PCTJUS96/l6781 

while still accurately reading feconJed data is to employ synchronous 
sampling data detection. This technique, frequently referred to as ''partial 
response, maximum likelihood". (PRML) signaling, has provided some 
improved data storage densities,-~~ the expense of increased circuit 
complexity, including a fast analog to digital conver$ion. process, and 
channel equalization,. 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. Patent No. 5,345,342, to Abbott et al., 
entitled: "Disk ·Drive :Using ~ Synchronous·Saiµpling Data Detection 
and Asynchronous Detection of Sector Servq'~,: th~ disclosure thereof being 
incorporated here~ l;>y reference. The approach. described in this patent 
enabled special circuitry withi~ the ~ynchronous sampling data detection 
channel to asynchron9usly. detect track number val11es in embedded servo 
sectors recoldeci at a constant servo data rate whereas the. user data rate 
differed by radial data:;zone across the recording disk. The servo bursts 
were read and processed using conventional peak de~ection, and sample and 
hold techniques. 

An improvement over the asy~chronous servo sampling technique 
20 taught by the Abbott et al. patent referred to above is found in a later, 

commonly assigned U.S. Patent No •. 5,384,67;lfto Fisher, entitled: "PRML 
Sampled Data Channel Synchronous Servo Detector", the disclosure thereof 
being incorporated. herein by reference. In this approach a timing loop of 
the synchronous sampling data detection system is. phase locked to servo 

25 information, the servo information including track address and fine 
position information is-,,synchronously sampled and decoded. In this 
approach the servo preamble field is recorded as a conventional 1/4T sine 
wave pattern, which corresponds to a 2T pattern in a peak detection 
channel (T representing a unit sample cell or interval). 

30 
While these prior approaches have worked well in their respective 

times, increasing data storage capacities and data transfer rates per unit size 
disk have led directly to a hitherto unsolved need .for an improved disk 
drive head servo format and synchronous sampling ~rvo detection method 

35 and architecture. 

Summary of the Invention with OQjects 
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A general objeet of the presdit invention is to·' provide improved and 
simplified methods, apparatus, and data format for providing. information 
for: positioning data tnmsducer beads relative to· data tracks· in a disk drive 
iltclUding a partial·Tesponse, maximum likelihood ML) synchronous 

5 sampling data detection channel. 

10 
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Another object of the present invention is to provide a servo form.at 
and apparatus for a PRML disk drive which does not require separate 
peak-detection hardware for detecting embedded servo information. 

Yet another object of the present invention is· to reduce impact of 
radial incoherence upon a head position servo system of a disk drive 
thereby facilitating higher track densities in a manner overcoming 
limitations and drawbacks of the prior art. 

A further object of the pr'eS"nt invention is tg;provide a synchronous 
sampling servo 'inf01'Dlation· estlifultit>n· niethod-an~paratus which makes 
substantial use of circuit elements of a PRML synchronous sampling data 
detection channel, thereby reducing overall circuit complexity and cost 

20 while providing for robust recovery of the servo information. 

25 

A further object of the preserit invention is to provide a simplified 
address decoding method and apparatus within a PRML sampling data 
detection disk drive. 

One more obj~t of the pfe~nt invention is -t!P.rovide a more 
compact and higher efficiency s~o addi'ess format enabling use of higher 
code rates, smaller cell times and less redundancy within embedded servo 
sectors which are synchronously sampled and detected within a PRML disk 

30 drive. 

Yet another object of the present invention is to employ a species of 
bi-phase self-clockirig code, known as "wide bi-phase code" for encoding 
head position servo fo.foimition tiebtded within embedded servo sectors 

35 on a stt>rage disk surface of a 'disk dtlve including a PRML synchronous 
sampling data detection channel, in a manner facilitating use of many 
channel elements during servo information recoveq,,ope.rations. 

(ft_ 
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Still one more object of the p~esent inv~ntion is to provide a most-
significant-bit (MSB) detector for detecting wide bi-phase encoded head 
position servo information within a PRML synchronous sampling data 

5 detection channel of a hard disk drive. 

Yet one more object of the present invention is to provide a plurality 
of servo burst detection architectures for detecting antipodal and frequency 
modulated servo burst patterns in order to produce head position error 

10 signals within a hard disk drive including a synchronous sampling data 
detection channel. 

In accordance with principles of the present invention, a magnetic 
disk drive has at least one rotating magnetic data storage disk defining 

·: .. ~~- 15 recording tracks divided, into data .sectors by narrow servo spokes. A data 
sector lying between servo spokes of a recording track on the disk is 
recorded with user data encoded in accordance with a code having a 
predetennined distance and user data code rate. Each servo spoke of the 
recording area has at least one servo infonnation field encoded in a wide 

20 bi-phase pattern at a servo code rate which is selected to be reliably robust 
in view of the synchronously. detected data code rate. The disk drive 
further includes a synchronous sampling data detection channel for 
synchronously sampling and detecting both the servo information field and 
the coded user data. The detection channel includes: 

25 a data transducer head positioned by a servo-controlled head 
positioner over· the recording track, 

a preamplifier for receiving electrical analog signals magnetically 
-~=·*· induced by the data transducer bead from flux transitions present in at least 
. ' 

the servo information field, 
.. 30 a digital sampler for synchronously sampling the electrical analog 

~ ;~.:.:.: signals to produce digital samples, and· 
wide bi-phase decodin~ circuitry including a most significant bit 

detector coupled to receive digital samples from the synchronous sampling 
data detection channel for decoding the coded· wide bi-phase pattern. 

35 
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In one aspect of the present invention, the data detection channel 
includes a chunk synchronizer for gerl.etating and applying a wide bi-phase 
synchronization signal to the most significant bit detector. 

5 In another aspect of the present invention, the wide bi-phase magnet 
patterns recorded in plural servo information fields of each spoke are ++-­
for a binary zero information value and --++ for a binary one infonnation 
value. 

10 In another aspect of the present invention, one servo information 
field within each spoke comprises a track number binary pattern of 
predetermined bit length, the pattern being decoded as a wide bi-phase code 
and then decoded as a Gray code with a code rate of one. Also, the track 
number binary pattern may include a parity or cyclic redundancy check 

15 (CRC) symbol. and has circuitry for receiving and decoding the track 
number binary pattern and for cheeking the parity or CRC symbol. 

In a further aspect of the ptesent invention, one servo information 
field within each spoke comprises two track number binary patterns of 

20 predetermined bit length: a first track number being an address of the 
track, and a second track number being an address of a second track 
adjacent the track. In this aspeclt the second track number may be 
recorded with a one-half track offset eXteriding into the second track, and it 
may further include error correction code values calculated with respect to 

25 the first and second track numbers. Iri this aspect, error correction code 
decoding and correcting circuitry is coupled to the synchronous sampling 
data detection channel for decoding, checking and correcting the decoded 
values of the first and second track numbers. 

30 As another facet of the preShrit invention. a data recording disk has a 
pattern of radially spaced tracks and a plurality of circumferentially spaced 
angular servo sectors lying in data secturs. The servo sectors include 
prerecorded servo head positioning information for identifying track and 
sector locations, each of the ret'Vo seritors having at least one identification 

35 field including servo symbols enbbaed in accordance with a wide bi-phase 
code. Each of the data sectd~ is recrirded with data symbols in 
accordance with a maximum di~wtce code such that the servo symbols and 
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the data symbols may be detected by passage through a single synchronous 
sampling data detection channel, such as a PRML channel, with which the 
disk is physically assembled and used. 

5 These and other objects, advantages, aspects and features of the 

IO 

15 

present invention will be more fully understood and appreciated upon 
consideration of the following detailed description of a preferred 
embodiment, presented in conjunction with the accompanying drawings. 

Brief Description of the Drawin&s 
In the Drawings: 

FIG. 1 is a block diagram of a disk drive read channel providing 
PR4 and EPR4 targets. 

FIG. 2 is a schematic diagram of a recording surface of a disk in the 
disk drive. 

FIG. 3 illustrates a signal recorded on a servo sector on a track of 
the disk. 

FIG. 4 is a block diagram of the fields ofthe servo sector. 
20 FIG. SA is a graph of an analog signal response from a magnetic 

recording of a single write current pulse wherein the channel has been 
equalized to an EPR4 target spectrum. 

FIG. SB is a graph of an analog signal response to e.g. a binary one 
(" --++ ") wide bi-phase write current sequence. 

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

FIG. SD is a graph of an analog signal response to a wide bi-phase 
sequence e.g. a binary 100 sequence("--++++-++--"). 

FIG. 6A illustrates a first servo sector layout for track numbers 
30 without radial interference. 

35 

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

FIG. 7 is a block diagram of a portion of servo sector logic 
including a MSB detector.a chunk synchronizer, and an error generator. 

FIG. 8 is- a block.diagram of a l+D filter. 
FIG. 9 is a block diagram of a chunk synchronizer. 
FIG. 10 is a block diagram of a MSB detector. 
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FIG. 11 is a block diagram of an error generator. 
FIG. 12 is a block diagrani showing a burst detector in the servo 

sector block diagram. 
FIGS. 13A-13E are diagrams illustrating servo bursts fonnats. 

5 FIGS. 14A-14B are block diagrams of servo burst detectors. 
FIGS. 15A-15B are block diagrams of alternative servo burst 

detector architectures based on the FIGS 14~ 14B approaches> 
respectively. 

1 O Detailed Delcdl)tiou of P(.efemd Embodiments 
Turning to FIG. 1, a disk drive 10 incorporates a programmable and 

adaptive PR4,ML read channel. The disk drive I 0 may be one of a variety 
of embodiments, such as that disclosed in commonly assigned U.S. Pat. No. 
5,341,249 to Abbott et al., entided: "Disk Drive Using PRML Class IV 

15 Sampling Data Detection with Digital Adaptive Equalization", the 
disclosure thereof being incorpoiattd herein by reference. (nlis patent is 
the parent of the Abbott et al. tl.S. Patent No. 5t345,342, referenced 
bereinabove.) 

20 The drive 10 includes at least one data storage disk 16. As is 
conventional, a data transducer head 26, for example. a magneto-resistive 
head, is associated in ·a "flying" relatibttship over a storage surface of each 
disk 16. The head 26 is positioned relative to selected ones of a 
mUltiplicity of concentric data storage tracks 71 defined on each storage 

25 surface of th-e rotating disk 16, see FIG. 2. 

Embedded servo patterns are Written in a conventional servo writing 
process during drive manufacturing on selected data storage surfaces of the 
disk 16, see FIG. 2, for example, in accordance with the methods described 

30 in a commonly assigned U.S. Pat No~ 5,170~299, the disclosure of which is 
incOrporated here by this reference~ 1di'etnatively, the drive 10 may self­
write some or all of its servo patterns during a post-assembly servo writing 
process. 

35 During reading, flux traiisitlohs jeilsed by head 26 as it flies in close 
proximity over the selected 'data tiiitk 71 are preamplified by a read 
preamplifier circuit 28. The preamplified analog signal (or "read signal") 
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is then sent into an analog variabJe gain amplifier (VGA) 38. After 
controlled amplification, the read s•gnat is then passed through a 
programmable analog filter/equalizer stage 40. 

5 The analog filter/equalizer 40 is prognunmed so that it is optimized 
for the data transfer rate of the selected data zone 70 from within which 
the transducer head 26 is reading data. The equalized analog read signal is 
then subjected to sampling and quantization within a high speed analog to 
digital (AID) converter 46 which, when synchronized to user data, 

10 generates raw data samples { x(k)} of at least five bits resolution. 

15 

20 

25 

An adaptive digital FIR filter 48 employs adaptive filter coefficients 
for filtering and conditioning the raw data samples ( x(k) l in accordance 
with the desired PR4 channel response characteristics in order to produce 
filtered and conditioned .samples { y(k)}. The bandpass filtered and 
conditioned data samples ( y(k)) from ·FIR filter 48 are then passed over a 
data bus path 49 to 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)} from FIR filter 48 are 
also passed through a target (e.g. l+D) filter 50, the output path 51 of 
which provides the signal filtered to e~g. EPR4 channel response 
characteristics. Other targets than PR4 and EPR4 are within the 
contemplation of this invention, and the target filter 50 would be adapted to 
the selected target. (If only a single PR4 or EPR4 target spectrum is 
desired, FIR filter 48 is programmed with appropriate coefficients 
directly, and a second target filter 50 is not needed.) 

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 

30 time period T. This tillle T corresponds to a "bit cell0 or, more simply, a 
"cell", at the sampling rate. A timing loop 53 may receive e.g. the PR4 
target samples on path 49 and synchronize sampling and quantization by the 
analog to AID converter 46 at desired sampling locations. Similarly, a gain 
loop 54 may control the VGA 38 based e.g. on error values produced by 

35 an error measurement circuit 58 connected to receive the e.g. PR4 target 
samples on path 49. A DC offset control loop (not shown in Fig. 1) may 
also be provided to adjust for DC offset based on the PR4 target samples. A 
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target detector 61, which may include a path memory, such as a Viterbi 
detector, or a complexity-reduced target post-processor of the type 
described in commonly assigned U.S. Patent No. 5,521,945 to Knudson, 
entitled: "Reduced Complexity EPR4 Post-Processor for Sampled Data 

5 Detedtion", the disclosure thereof being incorporated herein by reference 
·thereto. 

The drive 10 also includes a wide bi-phase detector 52 for detecting 
wide bi-phase encoded servo information symbols, in accordance with 

10 framing patterns generated by a chunk synchronizer 56. The detector 52 
and synchronizer 56 may receivb servo symbol sample values on the path 
49, or the path S 1. The circuit &lsd includes a synchronous burst detector 
55 which likewise receives sampJC values either from path 49 or path 51. 
A conventional servo fields deedder 63 receives, frames and decodes servo 

15 symbols from servo fields decdaed t;y the wide bi-phase detector 52, and 
may follow the approach shown in commonly assigned U.S. Patent No. 
5,420,730 to Moon et al., entided: "Servo Data Recovery circuit for Disk 
Drive Having Digital Bmbedded Sector Servo", the disclosure thereof 
being incorporated herein by reference. Position error signals (PES) from 

20 the burst detector SS and servo field mfonnation from the decoder 63 
enter a servo control process cirettit 6S wherein actuator current command 
values are generated. These values are applied to a head position servo 
driver circuit 57 and resultant driving currents are supplied to drive a 
voice· coil motor (VCM) 69 which positions the head 26~ 

25 
Ideally, some or all of the elements 38, 40, 46, 48, 50, 52~ 53. 54, 

SS, 56, 58, and 63 may be included in one mixed-mode application-specific 
integrated circuits (ASICs), or bi several analog/digital ASICs. 

30 As shown in FIG. 2, an exeriipbity data storage surface of a storage 
disk 16 has multiple concentric ctilta tracks 71 which are preferably 
arranged in a plurality of data reclidffig zones 70 between an inner landing 
zone area LZ and a radially outeiliiiiit peripheral data track zone 70-1. In 
the filustrated example, the data ttahts llie shown as arranged into e.g. nine 

35 data zones including the oUterin~t zon~ 70-1, and radially inward zones70-
2, 70-37 70-4, 70-5, 70-6, 70-7, 10-8 aiid 10-9, for example. In practice~ 
more zones are presently prefelred. Bath data zone has a bit transfer rate 
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selected to optimize areal transition domain densities for the particular 
radius of the zone. 

FIG. 2 also depicts • series of radially extending embedded servo 
5 sectors or "spokes" 68 which e.g. are substantially equally spaced around 

the circumference of the disk 16. While the Fig. 2 depiction illustrates the 
servo spokes 68 as generally trapezoidal, in practice the servo wedges are 
slightly curved along the disk radial dimension. ·By way of the FIG. 3 
.overview, each servo sector 68 essentially includes a servo preamble field 

10 68A, a servo identification field 68B, and a field 68C of circumferentially 
staggered, radially offset servo bursts, for example. While the number of 
data sectors per track varies froin.: <.fata ione to data zone, the number of 
embedded servo sectors, e.g. 68 per track, remains constant throughout the 
surface area of the disk 16, in the present example. 

15 
The servo sectors 68 are preferably recorde<i at a single data cell 

rate and with phase coherency from track to.track with a conventional 
servo writing apparatus at the factory. Servo writing may be 
conventionally carried out by a laser servo writer and head ann fixture as 

20 described for example in commonly assigned U.S. Pat. No. 4,920,442, the 
disclosure of which is incorporated here by this reference. Alternatively, 
the servo sectors are written at zoned data cell rates, .as described in 
commonly assigned U.S. Pat. No. S,384,671, already discussed above. 
The disk drive may alternatively employ partial or complete "self servo 

25 write" techniques in order to carry out servo writing. 

30 

35 

Turning to FIG. 4, each servo sector 68 or 0 spoke" has a servo 
identification field of embedded servo information such as is illustrated, 
for example. A optional DC erase field 731 of size e.g. 40 cells (illustrated 
in FIG. 4 with the time "40T" below the field) in a clean area on the disk 
with substantially no or a few transitions, which can be used to flag the 
onset of a servo sector 68. A preamble field 732 of size e.g. 160 cells can 
be written in a 2T repeating pattern such as "--++ --++ --++" of the desired 
length. The preamble 732 is used by timing and gain loops to establish. 
correct gain and phase lock relative to the incoming analog signal thereby 
to control sampling quantization by the analog to digital converter 46. 

11 
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Together, the optional DC erase field 731 and the preamble field 732 
comprise the preamble field 68A of Fig. 3. 

A servo address mark 733 is used to reset the framing clock. This is 
5 followed by the e.g. three least significant bits (LSBs) 73~ of the track 

number. The full spoke number 735 is optional, although at least one bit 
of information should be provided to enable rotational position to be 
determined. The entire track number 736 is recorded at least once. The 
bead number (not shown) may also be recorded as part of the servo 

10 addressing information. Together, the servo address mark 733, the LSB 
field 734, full spoke number field 135 comprise the servo identification 
field 68B of Fig. 3. 

Following fbe ·addressing lnfomiation, servo bursts 737 are 
15 recorded, Which are used to detemune head position With respect to track 

center, as will be described. Examples of a variety of servo patterns are 
given hereinafter. These patterns in field 737 correlate to the field 68C of 
Fig. 3. The lengths of some or aiI th~ fields of the servo sector 68 may be 
of prograitUnable size. Other fi~lds of inforiiialion may also be recorded 

20 among or after the fields that have been described. For example, the drive 
may record servo burst correctiott vatues (BCVs) in a short field 738 
located immediately after the lliSt servo burst pattern 737' as taught in 
commonly assigned, copending U.S. Patent Application Serial No. 
08/607 ,507 filed on February 27, 1996, by Shepherd et al., entitled: t'ln-

25 Drive Correction of Servo Pattern Errors", the disclosure thereof being 
incorporated herein by reference. 

We turn now to 'describe wi& bi-phase encoding, which may be used 
for some or all of the 'digital data Stthing fi~1& of servo sector 68, such as 

30 the servo address mark 733, LSB fibld 734~ spoke' number field 735 and 
track number field 736, for exam.pie. 1n writing digital: data, one begins 
with an unencoded bit (that iS, eiiher a (j or ti 1), which is referred to as a 
symbol. Symbols are recorded on a disk by a coding that assigns one or 
more signs or magriem (+or-) to a bell. (Somewhat arnbigUously, the 

35 signs may also be referied to aS tieing eithet 0 or 1.) In bi-phase code (a 
self~cloekmg code also known ih the ·art as Mailchestet, frequency 
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doubling, or frequency modulation code) two signs are used, and symbols 
may be encoded as follows: 

1-> +-
5 0-> - + 

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

10 The DC erase field 731, which should have no flux transitions, 
cannot be WBP encoded. 

The preamble field: 732 may be WBP encoded with e.g. 40, or a 
programmable number of, WBP symbols 'l' (or cells"- - + +11

), for PLL 
15 and AOC lock. 

The servo address mark ("SAM") 733 may be a nine-symbol word 
'000100101' encoded in WBP that marks the begi~1;1g of a servo block. 
This SAM has the property.that all shifts (auto co~lation) disagree in at 

20 least 5 positions and therefore allows for 2 independent errors without loss 
of synchronization. When appended to the preamble 732 just described, 
the sequence looks like ' •.. 1111111000100101 '. This is a modified 
Barker sequence. 

25 The track number 736 may be a 14 symbol address or larger that is 
first encoded with a normal Gray code (with code-rate= I) and then a 
parity symbol may be ,ll(fded. 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 errors when 

30 simultaneously reading two adjacent track addresses when the read head 26 
is between tracks during track seeking operations. 

In an alternative servo sector layout, track addresses (track numbers) 
are written twice in each servo sector 68, and the paired track addresses 

35 are different from each other. In FIG. 6A, odd track addresses (Al, A3, 
AS, A7) ~written first and even trllck addresses (A2, A4, A6, AS) are 
written second, in what appear as radial columns in the figure. In FIG. 6B, 
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the second column teeords the sam~ track numb~ as does the first, but the 
second column is recorded with a half-track offset. In both fonnats, 
during track following every position of the read head 26 can read an 
address without interference from an adjacent track in at least one of the 

5 two columns. For this reason, Gray cOding is not needed and one can 
append BCC fields to each address. ~ shown. In the first format (FIG. 
6A), the uncertainty is one track; in the second (FIG. 6B), the uncertainty 
is half a track. In seeking, one may recognize the column to be read by 
using a position error signal from. tJte servo bursts which have a period of 

10 two tracks. For this use, the servo bursts should be positioned close to the 
track· addresses so that the radill ~tion of the read head 26 does not 
change significantly from the time the head is reading the servo burst and 
the time it is reading the track addresses. 

15 MSB Detector and chul1k Synch for WBP Codes 

The WBP servo information coding arrangement described above is 
advantageously employed withi~ ~ PR.:ML sampling data detection channel 
in that many circuit element& ~f the chaiinel may be used for recovering the 

20 servo infonnation. For example, a single read channel application-specific 
integmted circuit (ASIC) may iitcl!tde a small amount of additional 
circUitry thereby enabling the ASIC to detect coded user data symbols as 
well as WBP coded servo informati~ symbols. For example, a path 
sequence detector, such as a Viterbi detector 60 (Fig. 12) may be employed 

25 to detect the WBP coded servo iiifonnation, as described for example in 
conurionly assigned, copending U~S~ Patent Application Serial No. 
081686,998. filed on July 24, 1996, entitled:· "Wide Bi-phase Digital Servo 
Itifonnation and Estimation for Di$k Dnve Using Viterbi Detection", the 
disclosure thereof being incorponiied iierein by reference. Alternatively, 

30 the WBP coded servo information ~ay be recovered by a t'most­
significant-bit" (MSB) detector wi~ ~e Syilcbronous dat.a detection 
channel. In an MSB detector, a sei1es of points are sampled along a signal. 
When a transition is detected, ~e channel decides whether the transition is 
a logical If l" or a logical "0". This may be determined by considering the 

35 most significant bit of the 2's complement of the sample point (e.g. 6 bit 
sample) and applying the following analysis: 

14 
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Turning to FIG. 7, a most-significant-bit ("MSB") detector 52 for 
detecting wide bi-phase codes may be connected 'to receive an EPR4 target 

5 data stream from an output of a l+D filter 50. Alternatively, the MSB 
detector 52 may be connected to the input of the 1 +D filter 50 to receive a 
PR4 target data stream. MSB detector 52 uses Phase information from 
chunk synchronizer 56 to decode WBP codes. The decoded data from 
MSB detector 52 is compared with raw data on filter 50 output path 51 in 

10 error generator 58 tQ generate error signals for the PLL, AOC and DC 
offset loops. 

15 

20 

Turning to FIG. 8, I +D filter 50 is shown in otherwise superfluous 
detail to illustrate the technique of separating computations into even and 
odd parts that is used to realize the required sample processing bandwidth 
with minimum clock frCquency. Filter 50 receives ~dd and even 6-bit 
samples, pr4_o[S:O] and pr4_e[5:0], respectively, fn;>m FIR filter 48. The 
samples are delayed at registers 501 and 502, as shown, and summed at 
adders 503 and 504, as shown, to produce 7-bit sums that are the odd and 
even EPR4 samples, epr4_o(6:0] mid epr4_e(6:0], respectively, through 
buffer registers 505 and 506. Operating separately as it does with odd and 
even samples, filter 50 runs at 2T, half the channel clock rate. 

Turning to FIG. 9, the chunk synchronizer 56 locks to the WBP 
25 symbols, that is, it locks to one of the four possible phases of the preamble 

sine wave (each phase:is one cell apart). The chQDk synchromzer 56 inputs 
the EPR4 waveform from 1 +D filter 50 and chooses one of the four cells 
as the reference cell from which the MSB detector will make a decision and 
the error generator 58 will generate errors. To accomplish this, it 

30 multiplies the incoming EPR4 signal with two orthogonal reference signals 
for some window length, e.g. 12 cells and then accumulates the multiplied 
signals. The two orthogonal signals are, for example, in cell clock 
intervals, 

1 0 -1 0 1 0 -1 0 
35 and 

0 1 0 -1 0 1 0 -1 

15 
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Denoting the two Ac~bmulated val~es by acc_e ~l~cc_o, for even and odd 
streams. respectively, the position of the phase of the preamble is estimated 
as follows: 

pos[l] = tacc_el > Jact_oJ; 
if ( lacc_el > tacc_ol ) then 

pos[OJ = sign (acc_e) 
else 

pos(O] = sign (acc_o). 
The two bits of position, pos[f :OJ, indicate the position of the '-1 to • +' 

10 transitions in preamble. Recall ·that the preamble magnets (-++ --++ --++ 
... ) may be thought of as a sequence of WBP-encoded l's. Note that one 
cannot have a 0 sample in the middle of a WBP code series of multiple 
cells, i.e., a preamble field, betd.b~e there is always a transition there. 
Thus, of the 5 ideal levels that ~flit be sampled with an EPR4 target (e.g.t 

15 -1, -1/2, 0, 1/2, 1), only two are posSible in the middle of a WBP code: -1 
and 1. Because of the re'peateti ·~.:.· or '++' before the transition, -1/2 and 
112 are also not possible there. Thus, the EPR4 samples in the preamble 
will include a stream of regularly spaeed + 1 's whose position indicates the 
center of the WBP code. This position is indicated by pos[l :OJ. In 

20 practice, servo data input to the MSB d~tectot 52 is given a polarity sign 
during transformation into servo samples by the analog to digital converter 
46. 

The orthogdnal reference signils '. . . I O -I 0 . . . ' are 
25 implemented by a register 561 cntth~ted to alternate between values 1 and 

0 and multiplexers 562 and 563, which in response to the value from 
register 561, output either th'eir ooritial or their inverted input, thus 
alternating betWeen multiplying die samples by 1 and ·I. The high order 
e.g. 4 bits epr4_e{6:3} of the 'even samples are input into the 0 input of 

30 multiplexer 562, and their inver., is input into the I inj>ut of the 
multiplexer. Similarly .. the high 1oraet 4 bits epr4_o[6:3] of the odd 
samples are input into multiplexer Sd.3. Adder 564 sllins' the even sequence 
acc_e using register 565 to accurtfubite the resnit. sfinilarlyt adder 566 and 
register 567 accumut~te acc_o. "tlle h.&sblute vllues of acc_e and acc_o are 

35 compared ·tn comparator 568 to genenite the bit pos[lJ, and that bit is also 
used to select in multiplexer 569 tii~ vatlie bf bit p~O], either the sign of 
acc~e (i:e., acc_e[6]) or the sign of acc_o. 

16 
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Turning to FIG. 10, MSB detector 52, multiplexer 521 uses pos[l:O] 

from chunk synchronizer 56 which estimates the loc~tion of the WBP code 

center, to select one of four consecutive samples' high order bits as the 
5 decoded value of the WBP synibol. nese 4 bits are epr4_o[6] 522, 

epr4_o[6] delayed 2T 524, epr4_e[6] 523, and epr4_e[6] delayed 2T 525. 

The 2T delays are provided by registers 526 and ~27, respectively, and 

these are clocked at half the cell rate. The inverted output of multiplexer 

521 is provided through register 528, which is clocked at one-quarter the 

10 cell rate, to provide one decoded symbol every 4T. 

In an alternative embodiment, the MSB detector of FIG. IO can 

provide error informati()n as well as MSB decoding .. By expanding 

registers 526 and 527 ~d multiplexer 521 to accept the full sample values 

15 (rather than just the high order bits, as illustrated), the output at register 

528 is the entire selected sample, and not just its high order bit. The high 

order bit is still used to provided the decoded. WBP symbol, but the entire 

value may now be used to generate an error signal if the selected value is 

closer than a threshold value to zero. (Recall that with WBP coding, the 

20 noiseless sample value should be either a maximum or a minimum and 

never zero.) 

25 

30 

35 

It will be appreciated by those skilled in the ~ that the WBP code is 

polarity sensitive, in that a "1" is defined as --++ and a "O" is defined as 

++--. If, for example, a head transducer is reversed in polarity in the 

wiring connections, pry=amble and chunk sync (which·are not polarity 

sensitive) will be detected, but a correct SAM and other data fields will not 

be read correctly, because chunk synchronization will be 180 degrees out 

of phase and the magnitude of the data sample will be inverted. In order to 

protect against a reve:rsed polarity read element. a flip·bit.control flag is 

used. In this situation~ a control processor or state m.achine will time out 

after a number of failed attempts have been made to detect a correct SAM, 

whereupon the flip control bit is set and the SAM searching sequence is 

repeated. The flip control bit is input to -the Chunk Sync and MSB detector 

functions. Logic to correct for the polarity flip is: 
1. if FLIP, then phase pos[l:O] = 0 is actually what appears to 

be phase pos [1 :0] = 2. 

17 
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2. if FLIP, then invert the MSB of tb~'.:data passed to the 
MSB-Detector. 

Turning ·to FIG. 11, error_ generator 58 first generates the ideal 
5 wavefonn from the output of MSB detector 52 and then subtracts that ideal 

wavefonn from the signal actually read to generate an error signal. The 
error signal and the ideal signal are used to update the phase detector, gain 
loop, and DC offset loop. 

10 A pair of consecutive symbols decoded by MSB detector 52 are used 
as a two-bit index in lookup table 583 to select 4 values for the ideal EPR4 
wavefonn. using ref_pk( 6:0] at hiput S8 l as the peak value of the ideal 
wavefonn. (The earlier of the p~r of symbols is provided by register 582, 
which is clocked with the WBP period 4T.) The 4 values provided by 

15 lookup table 583 are tabulated below. (The peak value for the ideal 

20 

25 

wavefonn is shown as 11r".) 

Current Previous Outputs 
S)!Dlbru S:tmbJll l 2 3 4 

0 0 0 r 0 -r 
1 0 -r/2 0 r/2 r 
0 1 t/2 0 -r/2 -r 
1 1 0 -r 0 r 

The 4 values provided by table 583 for each symbol pair are selected by 
multiplexers .584 and 585, which select alternate inputs 0n a 4T period. to 
produce through registers 586 and 587 the ideal even and odd BPR4 

30 waveforms, respectively. the i. 2, 3 and 4 outputs of lookup table 583 are 
also the 1, 2, 3., and 4 inputs to a group of subtractors 591. 

Multiplexer 590 uses chunl ~)rhChronization phase pos[l :O} to 
properly match EPR4 samples 'epr4.,..o[6:0] and epr4_e[6:0] from l+D filter 

35 50 to the ideal waveforms generated by use of lookup table 583, which has 
just been described. The odd ~4 samples are provided ~ndelayed at path 
593 and are successfully delayed it by registers 593a, 593b, and 593c, 

18 
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whose outputs are also provided to multiplexer 590 as shown. The even 
EPR4 samples are similarly provided at path 594 and through registers 
594a, 594b, and 594c to multiplexer 590. The following table shows the 
outputs 5., 6, 7, and 8 ofmultiplexer 590 based on the phase pos[l:O] and 

5 the even and odd EPR4 sample values, denoted by y_e(k) and y_o(k). (The 
time index k increments in steps of 2T.) 

10 

15 

Outputs 
Phase s 6 7 8 

00 y_o(k) y_e(k) y_o(k-1) y_e(k-1) 
01 y_e(k) y_o(k-1) y_e(k-1) y_o(k-2) 
IO y_o(k-1) y_e(k-1) y_o(k-2) y_e(k-2) 
11 y_e(k-1) y_o(k-2) y_e(k-2) y_o(k-3) 

The ideal values from lookup table 583 are subtrac~ from the 
corresponding sample values from multiplexer 590, by subtractor group 
591, as shown, so that the I output of table 583 is subtracted from the 5 

20 output of multiplexer 590, the 2 output from the 6 output, and so on. The 
results of these subtractions are the error signals, which are buffered 
through multiplexers 595 and 597 at a 4T period (corresponding with the 
WBP symbol input rate to lookup table 583), and then buffered through 
registers 596 and 598 to provide a stream of even and odd error signals 

25 err_e[6:0] and err_o[6:0], respectively. 

· Turning to FIG. 12, a Viterbi detector 60 for PRML detection of 
WBP codes with EPR4 targets can be used to detect all WBP-encoded 
digital information in the servo sector, such as track number, head number, 

30 and sector number. Viterbi detector 60 may bea difference-metric 
detector or a tree search detector, or a conventional Viterbi detector, as 
described in commonly assigned, copending U.S. Patent Application Serial 
No. 08/686,998, filed on July 24, 1996, and entitled: "Wide Bi-phase 
Digital Servo Information and Estimation for Disk Drive Using Viterbi 

35 Detection 11
, the disclosure thereof being incorporated herein by reference. . . .· . . 

Alternatively, in place of an EPR4 detector., WBP.;encoded data in the 
servo sector may be decoded by a Viterbi detector for WBP codes with 

19 
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PR4 targets, such as a difference-metric detector or a tree-search detector, 
or by a conventional Viterbi detector, also as described in the copending 
patent application referred to hereinabove. 

5 Returning to FIG. 12, a digital servo burst detector SS also receives 
the EPR4 target output signal from target filter 50. Alternatively, burst 
detector 54 may receive a PR4 target from the output of the FIR filter 48, 
where burst fonnats are used that can be detected with e.g. a PR4 target. 

10 Turning to FIG. 13A-13E, five servo burst fonnats will be 
described. 'lbe centers of the data traeks are indicated by TKO, TKl~ TK2, 
and TK3. The bursts in each fdtmat repeat with a periOd of two servo 
tracks. The first format, which we will call the type I format, i.e. full 
track bursts, is illustrated diagtathinatically in FIG. 13A. The type I bursts 

15 A, B, and C (and. optionally, D) are written to be the width of a data track. 

20 

Because the write head is less ·thbn this wide, the burits are written in at 
least two passes and at least one tirase band (not shown) will be found 
within each burst. There is also ·an erase band (not shown}, for example, 
between burst A and burst C, thm nms along TKl. 

The second fomlat, which we will call the type n format, i.e. 
narrow bursts, is illustrated diligtanllnatically in FIG. 13B. In this format, 
each burst, E, P, G, and H, is written only once; thus there is no erase band 
within the burst. The distance·betWeeh radially adjacent bursts (such as E 

25 and F) is half a track width. The write head will generally exceed this 
width, so each burst will normally extend over one track center. 

30 

In both iype I and type If fOrttiats, the bursts themselves are 
normally sinusoids of constiui\ frequency and amplitude. 

The third format~ which we will call the antipodal format, is 
illustrated diagrammatically ht ·AG .. 13C. In this format, the bursts --J, K, 
L, and M -- ate written to fill thi space left· blank, tot example, between 
the A and B bursts in the type lfdffiidt (FIG.- l3A). The unrecorded areas 

35 are fdled with a sinusoidal <iviv~rlH bf dpPiisltEi (or· 8kitipodal} polarity. 
Thus, if the signal iil bn ~ ~s itB(ij; the sigif.tl ini·bµtst I( is -sin(x). The 
waveforms in bursts L add M bifi!~poiid ta ih6se of bUrsts I and K. 

20 
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Unlike the situation with type I and type II, phase information. is 
important in the antipodal format. Thus, the PLL sampling phase is locked 
and not updated while reading this burst format, so~ not to "correct" the 

5 phase information. For the flaJll.e. rea~OJ:l, .tllls fopnat is subject to errors 
arising from the erase band within the bursts, radial phase incoherence, and 
accumulated phase error .. To allow the disk drive to limit the effect of 
such errors, an optional resynchronization pattern (not shown) may be 
recorded before bursts themselves, as taught in the above-referenced, 

10 copending U.S. Patent Application Serial No. 081320,540 ·filed on October 
11, 1994, entitled: "Synchronous Detection of Con~nt Servo Bursts 
for Fme Head Position In Disk Drive", now U.S. Patent No. 5,576,906, the 
disclosure thereof being incorporated herein by reference. 

15 The fourth format, which we will call the. compressed format. is 
illustrated diagrammatically in FIG. 13D. This format is like type lin 
form, with the difference that, unlike the situation with the other fonnats, 
in compressed format the servo infol'JD~tion is written on. spoke tracks 
SPOKE TKO, SPOKE TKl, SPOKE TK2, and SPOKE TK3 that do not 

20 correspond to the data tracks, which here are denoted DATA TKO, DATA 
TKI, and DATA TK2. Eac:h ;l>urst P, Q,. R, and .. S 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 DATA TKl, :the disk drive will not 

25 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 the burst 
format must be used tQ.'.resolve the track number ambiguity between the 
Gray coded numbers received from spoke tracks SPOKE TK.l and SPOKE 
TK.2 while tracking data track DATA TKI, for example. 

30 
The iifth format, which we will call the frequency format, is 

illustrated diagrammatically in. FIG. 13E~ In this format, unlike the ones 
previously described, the burst wavefonns are not an recorded at one 
frequency. The frequency. format bursts are recorded across the full radial 

35 width of the half tracks. As illustrated in Fl(l. t9:a, 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 is: Sis sinwlt; Tis 
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sintw2; U is -sinwlt, And V is -sinw2t. The two frequencies must be 
different and should be selected to have no intersecting harmonics. 

Turning to FIGS. 14A-14Bt burst detettor 54 will take different 
5 forms depending on the format iit which the servo bursts are recorded. 

Turning to FIG. 14At burst detector 541 is useful for synchronous formats 
such as the antipodal .format and the ~ijuency format. Multiplier 542 
multiplies the 13PR.4 sample waV'eforfus by a sine wave 1 o -1 O. The 
result is accumulated by adder 543 in register 544. The output of the 

10 detector from register 544 represents the signed amplitude of the 
(generally) composite signal produced by two radially adjaeent bursts, such 
as bursts Kand J of FIG. 19C. This output will ideally be zero when the 
read head is exactly between the· tWo bursts and on. for example, the track 
TKl. 

15 
Turning to FIG. 14B, burst detector SS is useful for non­

syncbronous burst formats such a8 the tyPe I; the type H, and the 
compressed formats. Burst detect0r SS calculates a pha8e-amplitude vector 
of the burst sigilal by multiplying the BPR4 sample wa\Feforms·by two 

20 orthogonal· sine waves with a phase offset of 900; the first sine wave 1 o 
-1 0 is used in multiplier 551, adder SS2, and accumulating register 553; 
the second, orthogonal , sine wave 0 -1 0 1 is used in multiplier 554, 
adder- 555, and accumulating register 556. The result of this process is a 
phase•ainplitude vector whose real patt is in register 553 and whose 

25 imaginary art ls in register 556. ·When the burst has been read, the 
amplitdde of die burst is calculatta as the square root. circuit 560 of the 
sum, adder 559, of "Che squares of ·die teal part, circuit 557,· and the 
imaginary part. circuit SSS, of the p1iase-amp1itude veetor. This calculated 
amplitude estimates the degree of dverlap between the burst and the read 

30 head and is used later to estimate the head position with respect to the 
repeating two-track burst pattern. (Note than in the non-synchronous type 
I, type Il, and compressed burst formats under consideration, no two bursts 
are radially adjacent, so the burst detector will have only one burst to 
process at a time.) 

35 
Two alternative burst detectors for the frequency format will now be 

described. The first alternative operates as a pair of the FIG. 14A burst 
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detectors 541 as illustrated in RO. l SA. The sine wave input to the first 

detector 54 lA of the pair has an input to multiplier 542 ·which is a sine 

wave with an angular frequency of ml. The second, detector 5418 has a 

sine wave input to its multiplier 542 at an angular-frequency of m2. The 

5 output of each detector 541A, 541B is the signed amplitude of the burst 

signal at the correspo11ding angular frequency, and these signed amplitudes 

are compared in a comparison circuit 545 to estimate the position of the 

read head. 

10 The second alternative burst detector for .tlie frequency format, 

unlike the first altemativejust_clescribed, is l'.lOt sensitive to radial phase 

incoherence or phase error. The second altein~tive, shown in FlG. 15B, 

duplicates the operation of a pair of the burst detectors 55 illustrated in 

FIG. 148. The sine wave input to multipliers 551 and 554 in the first of 

15 the pair of detectors 55.A has an angular frequency. of ml. The sine wave 

input to the multipliers 551 and 554 of the second 4etector 55B has an 

angular frequency of m2. The outputs of the tw.o detectors SSA and 558, 

each of which estimate the unsigned amplitude of the burst signal at the 

corresponding frequency, are compared by a comparison circuit 546 to 

20 estimate the position of the read.head. 

Having thus described an embodiment of the invention, it will now 

be appreciated. that the objects of the invention_ have been .fully achieved, 

and it will be. understood by those skilled in the art that many changes in 

25 construction and wi~ly differing embodiments and applications of the 

invention will suggest-~emselves without departing from the spirit and 

scope of the invention._, The disclos\ll'C and the description herein are 

purely illustrative and are not intended to be in any sense limiting. 
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What is clairn~a is: 
1. A disk drive compriSing: 
at least one rotating data storage disk, the disk having a major 

·'surface defining recording tra:ckS· Having data storage sectors separated by a 
5 plurality of servo spokest 

at least one data sector of a recording track recorded with user data 
encoded in accordance with a 'cod~ having a predetermined distance and a 
predetennined user data Code rate. 

at least one servo spoke having servo infonnation symbols recorded 
10 in a wide bi-phase code patternt 

a synchronous sampling data detection channel including: 
a data transducer head positioned by a servo-controlled 

actuator over the recording track, 
a preamplifier for receiving electrical analog signals 

15 magnetically induced by the data transdiicer head from flux transitions 
present in at least the servo information field, 

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

data detection path ni•s connected to receive the digital 
20 samples and for maximum likelihood detection of the user data, and 

25 

wide bi-phase decoding circuitry coupled to receive digital 
samples of the wide bi-pbise code pauetn from the synchronous sampling 
data detection channel for decoding the coded wide bi-phase code pattern 
into recovered servo information symbols. 

2. The disk drive set forth in claim l wherein the synchronous 
sampling data detection channel includes· channel filter/equalizer means for 
equalizing channel response to a predeteniiined target spectrum. 

30 3. The disk drive set forth in claim 1 wherein the wide bi-phase 
decoding circuitry comprises a most significant bit detector. 

4. The disk drive ·set fOhb lli claiiin 3 further comprising a chunk 
synchronizer coupled to the syrtcm~tibs ~atbpling data detection channel 

35 for generating and app1yhig a wide 61-phclse synchronization signal to the 
most significant bit detector. 
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5. The disk drive set ~orth in clarim 4 wherein the wide bi-phase 
decoding circuitry includes flip-bit means for inverting the polarity of 
servo information after a failed attempt to recover the servo information 
symbols. 

6. The disk drive set forth in claim I wherein the servo information 
symbols include plural servo infonnation fields having symbols encoded in 
wide bi-phase code. 

10 7. The disk drive set forth in claim 6 wherein magnet patterns of the 
wide bi-phase code are ++- for a binary zero information value and --++ 
for a binary one information value. 

8. The disk drive set forth in claim 7 wherein one of the plural 
15 servo information fields comprises a servo address mark pattern. 

20 

25 

30 

'· 
9. The disk drive set forth in c:laim 8. wherein the. servo address 

mark pattern is a nine-symbol word 000100101 (binary) for marking the 
beginning of a servo block. 

10. The disk drive set forth in claim I wherein the servo 
information symbols comprise a track number binary pattern of 
predetermined bit length, the pattern being.decoded as a wide bi-phase code 
and then decoded as a Gray cooe with a code rate of one. 

11. The disk dtjve set forth in claim I 0 wherein the track number 
binary pattern include~, a parity symbol, and further comprising means. for 
receiving and decoding the track number binary pattern and checking the 
parity symbol. 

12. The disk drive set forth in claim 1 wherein the servo 
information symbols comprise two track number binary patterns of 
predetermined bit length. a first track number being an address of the 
track, and a second track number being an address of a second track 

35 adjacent the track. 

25 
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13. The disk drive set fonh in claim 12 wherein the second track 
number is recorded with a ·onb-h1tlf track offset extending into the second 
track. 

5 14. The disk drive set forth in claim 12 wherein the servo 
information symbols further coniprise error correction code values 
calculated with respect to the first ind second track numbeis, and further 
comprising error correction cOde decOdirig and correcting circuitry 
coupled to the synchronous sanipliiig data detection channel for decoding, 

10 checking and correcting the dee~d values of the first and second track 
numbers. 

15. A disk drive comprisitig: 
at least one rotating data jtbrage dislc, the disk having a major 

15 surface defining recording tracks divided into data sectors by narrow servo 
spokes, 

a data sector of a recording track for recording with user data 
encoded in accordance With a code having a predetermined distance and 
user data code rate, 

20 a servo spoke of the reeordihg area having at least one preamble 
field and at least one servo mfotmati.an field coded in a wide bi-phase 
pattern at a servo code rate which is one fourth the user data code rate, 

a synchronous sampling data detection channel including: 
a data transdllcer bead positioned by a servo-controlled 

25 actuator over the recording trade, 
a preamplifier for recei.Ving electrical analog signals 

magnetically induced by the data transducer bead from flux transitions 
present in at least the sel'\10 ibforliilitioil field, 

a digital sampler fOr iiynchronously sampling the electrical 
30 analog signals to produce digital s~ptes, 

a partial respanse ~for filtering the digital samples to a 
partial response class IV target spectrum to produce PR4 saniples. 

a l+D filter, D being a unit delay operator, connected to filter 
the PR4 samples to EPR4 'tittg1et SWbples, and 

35 wide bi-phase decoditti cli€ditij bOup1~ to reOeive digital samples 
from the synchronous samplihg ·aaia detection channel for decoding the 
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coded wide bi-phase pattern, the wide bi-phase decoding circuitry 
including: 

a most significant bit c:letector connected to receive the EPR4 
target samples and for detecting an~ putting out most significant bits as 

5 decoded wide bi-phase binary values, ~d, 
a chunk synchronizer connected to receive the EPR4 target 

samples and responsive to the preamble field for choosing one of four cells 
as a reference cell and for applying the J;"eference cell as a wide bi-phase 
framing signal to the most significant bit detector for framing the wide bi-

10 phase coded servo information field. 

15 

16. The disk drive set forth in claim 15 wherein the most significant 
bit detector includes circuitry responsive to a control signal f~r inverting 
polarity of decoded wide bi-phase pattern data. 

17. The disk drive set fortJI in claim 15 wherein the wide bi-phase 
decoding ·circuitry further comprises an error generator circuit connected 
to the most significant bit detector, to the chunk synchronizer, and to 
receive the EPR4 target samples, for comparing the EPR4 target samples 

20 with the most significant bits in order to generate error signals. 

18. The disk drive set forth in claim 17 wherein the synchronous 
sampling data detection channel further comprises a timing control loop 
for controlling timing of the digital sampler, and wherein the error signals 

25 are fed back to the timing control loop to correct for timing errors. 

19. The disk drive set forth in claim 17 wherein the synchronous 
sampling data detection channel further comprises a variable gain amplifier 
and a gain control loop for controlling gain of the variable gain amplifier, 

30 and wherein the error signals are fed back to the gain control loop to 
correct for gain errors. 

20. The disk drive set forth in claim 17 wherein the synchronous 
sampling data detection channel further comprises a DC offset adjustment 

35 circuit, and a DC offset control loop for controlling the DC offset 
adjustment circuit, and wherein the error signals are fed back to the DC 
offset control loop. 
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21. The disk drive set fciith in claim 17 wherein the l+D filter 
includes odd and even saniple s&piitation circuitry for separating the 
samples into EPR4 odd samples and BPR4 even samples. 

22. The disk drive set forth in claim 21 wherein the chunk 
synchronizer includes: 

multiplying means for multiplying the incoming EPR4 odd samples 
by an odd orthogonal sign8l to produce ari odd product, and for 

10 multiplying the incoming Bf>R.~ even Sam.pies by an even orthogonal signal 
to produce an even product, 

accumulatiotl means for acctirliulating ihe odd product over a 
predetennined cell window length to produce an odd accumulation acc_o, 
and for accumulating the even product over the predetermined cell window 

15 length to produce an even atcUriihlation ace_~ and 
estimation means for estimating· reference wide bi-phases of the 

·preamble field in accordance with: 
pos{l] = lacc_el > lacc~ol; 
if (facc_el > facc_ol) then 

20 pos[O] =sign (acc.,:e) 
else 

pos[O] = sign (acc_e) 
wherein pos{l] estimates positfoh of a - magnet, and pos[O] estimates 
position of a + magnet, in the prebtn.ble field, and for putting out a 

25 selectit>n signal pos{t ;0] to the most signific•nt bit detector for marking a 
phase center·or the wide bi-Pbue cooed infonnation in the servo 
information field. 

23. The disk drive set forth in claim 22 wherein the most significant 
30 bit detector comprises: 

first register m~ns clacked lit a dne-half Clock rate for receiving the 
EPR4 odd samples and for litliiµJ e"\'ery bther EPR4 odd sample, 

second register mean~ &ldtkett at the one-half clock rate for 
receiving the EPR4 even samples and for latching every other EPR4 even 

35 sample, 
a firSt multiplexer dleifui fdr receiving ublatcbed and latched EPR 

odd and even samples, the -first iblitttpl~xet In.ems being controlled by the 
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selection signal pos[l :OJ for selec::ting or.ie received value as a decoded 
binary symbol from the servo information field. and 

third register means clocked at a ~e-quarter clock rate for holding 
and putting out the decoded binary symbol at a ~de bi-phase decoded data 

5 rate. 

24. The disk drive set forth in claim 23 whe~in the wide bi-phase 
decoding circuitry further comprises an error generator circuit connected 
to the most significant bit detector, to the chunk synchronizer, and to 

10 receive the EPR4 target samples, for comparing the EPR4 target samples 
with the most significant bits in order to generate ei:ror signals, the error 
generator circuit comprising: 

a generator resp()nsive to decoded binary symbols supplied from the 
third register means for generating ideal EPR4 wav~forms, 

15 a second _multip!~xer means CQntrolled by the selection signal 
pos[ 1 :O] for receiving ~d matching in time actual BPR4 odd samples and 
EPR4 even samples from the I +D filter with the ideal BPR4 waveforms, 
and, 

a subtractor circuit for differencing matched actual and ideal BPR4 
20 values to produce the error signals . 

. 25. The disk drive set forth in claim 24 wherein the error generator 
circuit further comprises third and fourth multiplexer means for separating 
the error signals into odd error signals err_o, and even error signals err_e, 

25 and fourth and fifth register means clocked ~t a one fourth clock rate for 
buffering and putting out the odd error signals err_o and even error 
signals err_e at the wide bi-phase decoded data rate. 

26. A wide bi-phase detector within a synchronous sampling data 
30 detection channel~ the detector for detecting wide bi-phase encoded servo 

symbols from servo sectors embedded within data sectors of a data track of 
a magnetic storage medium with which the channel is associated and 
comprising: 

35 chunk synchronizer means connected to receive multi-bit digital 
samples from the data detection channel for generating a framing control 
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signal for framing th~ digital samples into wide bi-phase servo symbols, 
and 

a most significant bit detector lneans responsive to a most significant 
5 bit position of the multi-bit digital samples and to the framing control 

signal for decoding the wide bi-phase servo symbols into servo infonnation 
symbols. 

27. The wide bi-phase detector set forth in claim 26 wherein the 
10 most significant bit detector tneiins includes means for 2s complementing 

each multi-bit digital sample and analyzing the most significant bit position 
such that a zero equals a servo s}'mbol value of one and a one equals a 
servo symbol value of zero. 

IS 28. The wide bi-phase detector set forth in claim 26 further 
comprising flip bit means connected to the chunk synchronizer means and 
to the most significant bit detector means for reversing polarity of 
incoming multi-bit digital samples. 

20 29. A synchronous servo pattern detector within a synchronous 
sampling data detection channel~ the detector for synchronously detecting 
head fine position offset values read frOm a servo sector embedded within 
data sectors of a data track of a magnetic storage medium with which the 
channel is incorporated by a playback transducer, the servo sector 

25 comprising one of antipodal and frequency modulation seivo burst pattern, 
the detector comprising: 

a multiplier for niultiplyihg synchronous samples of the servo burst 
pattern by a predetermined petlddle angular function to produce a product, 

an adder for accumulating the product, and 
30 a register for holding die At:cumulated product. 

30. A synchronous servo })attem detection architecture within a 
synchronous sampling data detection channel, the architecture for 
synchronously detecting head fiDi~ lJosition offset values read from a servo 

35 sector embedded within data sebtots of a data track of a magnetic storage 
medium with which the c&8miei ls ihcnrporated by a playback transducer, 
the servo sector comprising one of antipcjdru and frequency modulation 
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servo burst pattern having a first frequency col and a second frequency 

co2, the architecture comprising first and second servo pattern detectors, 

the first detect~r for receiving and decoding servo burst components 

at the first frequency col, and 
5 the second detector for receiving and Pecoding servo burst 

components at the second frequency co2, 

the first and second detectors each comprising: 

a multiplier for multiplying synchronous samples of the servo 

burst pattern by a predetermined periodic angular function to produce a 

10 product, 
an adder for accumulating the product, and 

a register for holding the accumulated product as an output; 

and, 
and further comprising comparison means for comparing outputs of 

15 the first and second d~tectors to detennine the head fine position offset 

values. 

31. A synchronous servo pattern detector within a synchronous 

sampling data detection channel, the detector for synchronously detecting 

20 head fine position offset values read from a servo sector embedded within 

data sectors of a data track of a magnetic storage medium with which the 

channel is incorporated by a playback transducer, the servo sector 

comprising one of antipodal and frequency modulation servo burst pattern. 

the detector being insensitive to radial phase error and comprising: 

25 a first detector section comprising: 
a first multiplier for multiplying synchronous samples of the 

servo burst pattern by _a first predetermined periodic angular function to 

produce a first product, 
a first adder for accumulating the first product, 

30 a first register for holding the accumulated first product, and 

a first squaring circuit for periodically squaring the 

accumulated first product, 
a second detector section comprising: 

a second multiplier for multiplying synchronous samples of 

35 the servo burst pattern by a second predetermined periodic angular 

function to produce a second product, 
a second adder for accumulating the second product, 
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a second register for holding the accumulated second product, 
and 

a second squaring circuit for periodically squaring the 
'tooumulated second product, 

5 an adder circuit for combining the squared a.Ccumulated first product 

10 

--and the squared accumulated second product to prOduce a position error 
sum, and 

a square root circuit for obtaining a square root of the position 
error sum. 

32. A synchronous servo pattern detector architectui;e within a 
synchronous sampling data detection channel, the architecture for 
synchronously detecting bead fine position offset values read from a servo 
sector embedded within data sectori of a data track of a magnetic storage 

15 medium With which the channel is incorporated by a playback transducer, 
the servo sector comprising one of antipodal and frequency modulation 
servo burst pattern having a rust frequency ro 1 and a second frequency 
m2, the architecture comprising first and second servo pattern detectors, 
the first and second servo pattern detectors being insensitive to radial phase 

20 error, 
the first servo pattern detector for receiving fhe first frequency m 1 

and including: 
a first detector section comprising: 

a first multiplier for multiplying Synchronous samples 
25 of the servo burst pattern by a first predetermined periodic angular 

function to ;produce a first product, 

product, and 

a first adder fot accumulating the first product, 
a first register for holding the accumulated first 

30 a first squaring circuit for periodically squaring the 
accUm.ulated first product, 

a second detector section comprising: 
a second multiplier for multiplying synchronous samples 

of·the servo burst pattern by a s~ttiritl l>redetermined periodic angular 
35 function to produce a second prOdtict, 

a second adder for aceulilUlating the second product, 
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a second register for holding the accumulated second product, 
and 

a second squaring circuit for periodically squaring the 

accumulated second product, 
5 . an adder circuit for combining the squared accumulated first 

product and the squared accumulated second product to produce a position 

error sum, and 
a square root circuit for obtaining and putting out a square 

root of the position error sum for the ml frequency; 
10 the second servo pattern detector for receiving the second frequency 

m2 and including: 
a first detector section comprising: 

a first D1Ultiplier for multiplying synchronous samples 
of the servo burst pattem by a first predetermined periodic angular 

15 function to produce a :first product, 

20 

25 

30 

35 

product, and 

a first adder for accumulating the first product, 
a first register for holding the accumulated first 

a first squaring circuit for periodically squaring the 
accumulated first product, 

a second detector section comprising: 
a second multiplier for multiplying synchronous samples 

of the servo burst pattern by a second predetermined periodic angular 

function to produce a second product, 

product, and 

a second adder for accumulating the second product, 
a s~~ond register for holding the accumulated second 

·'',;i 

a second squaring circuit for periodically squaring the 

accumulated second product, 
an adder circuit for combining the squared accumulated first 

product and the squ;\red accumulated second product to produce a position 

error ~um, and 
a square root circuit for obtaining and putting out a square 

root of the position error sum for the m2 frequency; and 
comparison means for comparing the square roots of m 1 and m2 

frequencies to produce the head fine position offset values. 
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33. A data recording disk having a pattern of radially spaced tracks 
and a plurality of circumferentially spaced angular servo sectors lying in 
data sectors and having prerecor<led servo head positioning information for 
identifying track and sector locations, each of the servo sectors having at 

5 ·1east·one identification field includin& servo symbols encoded in accordance 
with a wide bi-phase code, and wherein each of the data sectors is recorded 
with data symbols in accordance with a maximum distance code, such that . 
the servo symbols and the d~ symbols may be read by a data transducer 
tlying relative to the disk and detected upon passage through a synchronous 

10 sampling data detection channel of a disk drive including the disk and 
transducer. 

34. The data recording disk set forth in claim 33 wherein the 
channel comprises a partial response, maximum likelihood sampling data 

15 detection channel. 

20 

35. The data recording disk set forth in claim 34 wherein the 
channel includes an equalizer means for equalizing the channel response to 
a partial response, class IV, target (PR4). 

36. The data recording. disk set forth in claim 34 wherein the 
channel includes equalizer means for equalizing the channel response to an 
extended partial response, class IV, target (EPR4). 

25 37. The data recording disk set forth in claim 33 wherein magnet 
patterns comprising the wide bi-phase code are ++-- for a binary zero 
information value and -++ for a binary one information value, and 
wherein the synchronous sampling data detection channel synchronously 
samples the magnet patterns and includes a detector for converting the 

30 samples into binary zero information and binary one information. 

38. The data recording disk set forth in claim 37 wherein the 
detector is a most significant bit detector. 
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