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SYNCHRONOUS DETECTION OF CONCURRENT SERVO BURSTS 
FOR FINE HEAD POSITION IN DISK DRIVE 

Related Patent 
5 This is related to commonly assigned U.S. Patent Application 

Serial No. 08/174,895 filed on December 23, 1993, entitled: "PRML 
SAMPLED DATA CHANNEL SYNCHRONOUS SERVO 
DETECTOR", now U.S. Patent No. 5,384,671. 

10 Field of the Invention 
The present invention relates to positioning a data transducer head 

within a disk drive among a multiplicity of radial data track locations. 
More particularly, the present invention relates to a method and 
apparatus for synchronous detection of concurrently recorded servo 

15 bursts with a partial response, sync1¥'onous sampling data detection 
channel to provide fine head position information in a disk drive. 

Backaround of the Invention 
Disk drives, particularly but not necessarily magnetic hard disk 

20 drives, record blocks of user data in concentric data tracks defmed on 
major surfaces of a rotating rigid magnetic disk. A head structure 
supports and positions a data transducer head at each selected data track 
of an associated data· storage surface in order to carry out reading or 
writing operations. In order to seek to, and then follow, each selected 

25 data track, the head positioning structure must perform head tracking 
operations, typically by using a form of servo control loop. Most 
prevalently, servo loops derive head ·position information from servo 
sectors which are interspersed or "embedded" within the data tracks. 
As each servo sector is encountered, user data transfer-operations are 

30 suspended, and the head then senses prerecorded pattern~ of magnetic 

35 

· flux transitions which may ·include a· unique servo address mark pattern 
to coDfirm..that the head is reading from the servo sector, a coarse track 
nlimber which is typically Gray coded, and· fine position information 
which serves as a head position vernier within each track. 

Within disk drives having a multiplicity of concentric data tracks 
defined on a rotating magnetic storage surface, head tracking has 
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conventionally been carried out by asynchronously detecting Gray code 
track number information recorded within embedded servo sectors in 
order to provide coarse head position information to a head position 
servo loop. The servo control loop employed the coarse head position 

5 information, particularly during track seeking operations to control 
bead trajectory from a departure track to a desitination track. Once the 
destination track was reached, further information, known as "fine 
information" was needed to provide fme positional adjustments to the 
head structure, to be sure that the head was precisely following a 

10 centerline of the destination track. 

In prior peak detection recording channels, the fine head position 
information has been embedded within the servo sectors in generally f 
two different ways. One method employs a dibit, tribit or quadrabit 

15 pattern in which aligned flux transitions recorded in half-track-width 
patterns are summed and differenced within the magnetic data head 
structure. A discussion of the synchronous bit fine servo approach is 
provided in U.S. Patent No. 4,101,942 to Jacques entitled: "Track 
Following Servo System and Track Following Code". Another 

20 approach in which between-track positions are capable of being resolved 
is given in U.S. Patent No. 4,032,984 to Kaser et al., entitled: 
"Transducer Positioning System for Providing. Both Coarse and Fine 
Positioning". One drawback of these prior approaches was that they 
were particularly susceptible to noise interfering with the single or few 

25 flux transitions providing the fme position information. Another 
drawback was that they employed asynchronous peak detection 
techniques which required that the pulses carrying the head position 
information be spaced sufficiently far apart so as to eliminate any 
possibility of intersymbol interference from adjacent pulses, and the · 

30 resultant servo patterns required a considerable space within the servo 
sector format. Finally, even though some off-track position resolving 
capability existed, as described in the referenced Kaser et al. patent, the 
off-track signal was highly transitional and marginal, and was not 
capable of providing a robust, reliable position value. 

35 
Another prior peak detection servo pattern recorded in embedded 

servo sectors has been the plural burst pattern. In this approach, at 

2 
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least two (A and B) servo bursts are recorded in a radially offset, 
circUmferentially staggered arrangement within each servo sector. 
These patterns were sequentially read by the data transducer head, and 
resultant relative amplitudes were sampled, peak detected, integrated 

5 and then passed into a servo· data channel which asynchronously filtered 
the e.g. two, three or four separate and sequentially read sine wave 
burst fields (herein the "A", "B" and "C" bursts) using analog 
techniques. A position error signal (PBS) was derived by calculating 
the difference in playback amplitudes of a selected pair of the available 

10 bursts. Since each of the selected burst pairs is offset in radial position 
from the other burst pair, when the head is on-track, equal relative 
burst amplitudes are read from each of two bursts, e.g. the A and C 
bursts. For thin film read heads, equal amplitudes are read when 
approximately one half of the head is over each burst. In 

15 
In one prior example, when the head is not close to the· track 

centerline, as during track settling following a seeking operation, the 
head makes use of a third or B burst to obtain an accurate measurement 
of the off-track distance. For example, in one preferred pattern, 

20 depicted and described in commonly assigned U.S. Patent No. 5,170,299 
to Moon, entitled: "Edge Servo for Disk Drive Head Positioner", burst 
amplitudes from bursts B and C will be equal when the head is reading 
exactly 1/4 track' width off track centerline. The disclosure of u .s. 
Patent No. 5,170,299 is hereby incorporated by reference. 

25 
There are several· drawbacks stemming from the prior approach. 

One drawback is that the three servo bursts, A, B and C, and the gaps 
separating them require considerable area within each servo sector, 
thereby increasing the ser\To overhead and reducing the amount of user 

30 data that can otherwise be recorded on the storage surface. 

Another drawback is the requirement for separate analog 
circuitry for servo as in the case of a partial response, maximum 
likelihood ("PRML") read channel. While the digital peak detection 

35 · · process set forth in commonly assigned U.S. Patent No. 5,321,559 to 
Nguyen et al., entitled: "Detection of Embedded Servo Sector Data with 
PRML Channei in Disk Drive", improved somewhat upon prior 

3 
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approaches by usitjg the channel AID for conversion of peak values, a 

need remained for !a separate analog peak detection path, a path control 
and three burst s~ple and holdcircuits. These added circuits.and 
complexities have ~ed cost within the disk drive system. Also, the 

5 prior approach us~d the conventional A, B, and C burst arrangement 
described above w~ch is not particularly efficient or compact in terms 
of disk storage sp~e. The disclosure of U.S. Patent No. 5,321,559 is 
hereby incorporatcfd by .reference. A different asynchronous servo 
address mark dete¢tion method was described in U.S. Patent No. . ! . . . . 

10 5;255,131 to Coke~ et al., entitled: "AsynchronOU$ Servo 

Identification/ A~ss Mark Detection for PRML Disk.Drive System"'. 

Synchronou~ servo detection methods within synchronous user 
data detection ch~els such as PRML hold the promise of increased 

15 burst accuracy as ~ell as more effi~ient embedded servo sector patterns. 
In addition, by eli#rlnating separate analog burst sampling and detection 
circuitry including in some cases a separate AID converter for 
quantizing servo qursts, add~ cost can be reduced. Also, by using 
synchronous servq detection, the burst fields can be made niore 

20 compact, thereby increasing the storage area available for user data. 

One knownj method for performing synchronous servo detection 
is by employing. 1'e PRML.read channel. A slightly modified version 
of data read mode can be used to detect servo Gray code and obtain the 

25 A, B, and/or C burst information, as explained in the related, commonly 
assigned, copenciiµg Fisher U.S. Patent Application Serial No. 
08/174,895 filed qn December 23, 1993, entitled: "PRML Sampled Data 
Channel Synchronous Servo Detector", now U.S. Patent No. 5,384,671, 
the disclosure thereof being incorporated herein by reference. In this 

30 prior approach, tqe three burst servo scheme (or a four burst scheme 
for MR read heads) was retained. The servo burst sinewave values read 
by the head were low pass. filtered, then digitized by the read channel 
AID converter an~ finally accumulated. Due. to the unpredictability of 
the burst amplitu4e at any given time (burst values are acquired to 

35 ascertain track p~ition), PIDv.IL timing and gain lo()ps were not adapted 
during measurem~nt of the A. B and C burst relative amplitudes. It was 
thus assumed in qtls prior approach that the timing and gain loops 
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would "coast" over the servo burst regions, or that additional 

synchronization fields would be inserted between the bursts to enable 

resynchronization of the timing and gain loops thereby adding to the 

servo overhead on the disk storage surface. Thus, this earlier solution 

5 was less than optimal in perfonnance and continued to be wasteful in 

disk data storage area. Even though three distinct bursts were recorded 

in each servo sector, only two different values were of interest to the 

servo head position circuitry at any given time: the on-track position 

error signal A-C, and the off-track position error signal B-C. 

10 

15 

Thus, a hitherto unsolved need has remained for a more compact 

and efficient servo burst pattern from which position error signals may 

be detected with synchronous sampling techniques in a more efficient 

manner than before. 

, Summary of the Invention with Objects 

A general object of the present invention is to enable direct 

synchronous detection of fme head position signals recorded at a 

20 frequency otherwise resulting in intersymbol interference in a manner 

overcoming limitations, drawbacks and disadvantages of the prior art. 

Another object of the present invention is to provide a more 

efficient and compact servo burst pattern adapted for inclusion within 

25 an embedded servo sector and adapted for synchronous detection with a 

sampling data detection channel, such as a PRML channel. 

Another object of the present invention is to provide an embedded 

servo burst pattern which includes timing and gain loop information to 

30 enable updating of timing and gain loops of a sampling data detection 

channel in a manner overcoming limitations and drawbacks of the prior 

· art approaches. 

Another object of the present invention enabling synchronous 

35 servo burst detection is to reproduce phase coherent embedded servo . 

information without loss of phase lock/gain lock synchronism with 

adjacently recorded embedded servo data. 

s 
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Another object of the present invention is to provide a new servo 
burst pattern for ari embedded servo sector which eliminates the need 
for any DC erase gaps between successive burst fields. 

Another object of the present invention is· to provide a shortened 
and more efficient:servo burst pattern which is particularly suited to 
detection within a partial response, maximum likelihood synchronous 
detection channel. , · 

A further object of the present invention is to provide a method 
and apparatus for synchronous servo burst detection usable with either 
conventional thin film inductive or magneto-resistive read elements 
included within a hard disk drive sampling data detection channel. 

One more object of the present invention is to employ a discrete, 
gated matched tilter within a synchronous· servo burst detector for 
detecting head fine position from embedded servo burst information. 

· 20 A further object of the present invention is to provide a 
synchronous servo detection method which includes a single stream of 
data divided into three distinct phases: an on-track phase, ai least one 
off-irack phase, and a coherent phase. These phases may be written 
only once within the servo sector, or they may be repeated as desired or 

25 required by a particular servo loop. A plurality of off-track phases 
may be provided for use with narrow-read-width magneto-resistive 
read elements. 

In accordance with one· facet of the present invention, a method 
30 enables synchronous detection of fine position servo concurrent burst 

infonilation with· a• data transducer having· an eleetrical width not less 
than about two-thirds a width of a data track within a PRML data 
channel. The servo burst information is recorded as e.g. a 1/4T 
sinewave burst pattern within each one of a multiplicity of concentric 

35 data tracks of a storage disk, the servo concurrent burst pattern being 
phase coherent with one or more other servo data fields recorded in an 
embedded servo sector, the fme position servo concurrent burst 
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information including an on-track phase generating a position error 
signal which is linear about track centerline and an off-track phase 
generating a position error signal which is linear about track boundary. 
The new method comprises the steps of: 

5 reading the on-track phase and the off-track phase with a head to 
provide a fine position analog signal, 

amplifying and low pass filtering the signal, to normalize gain, 
synchronously quantizing the signal stream to provide 

synchronous digital burst samples, and 
10 passing the synchronous digital burst samples through a discrete 

gated matched filter structure including the steps of: 
multiplying the synchronous digital burst samples during 

servo sampling intervals by a normalization factor generated by a 
correlation signal generator to provide normalized samples, 

15 integrating normalized ~aniples originating during the on-
track phase to provide an on-track position error signal, and 

integrating normalized samples originating during the off­
track phase to provide an off-track position error signal. 

20 In accordance with another facet of the present invention, a 
synchronous servo burst detector detects a phase-coherent servo burst 
pattern for a head position servo loop for controlling radial position of 
a data transducer head relative to a moving media defining a 
multiplicity of adjacent data storage tracks within a partial response, 

25 maximum likelihood recording and playback channel. The pattern is 
recorded on the media in one-half track widths and includes in a 
sequence an on-track portion generating a position error signal which is 
linear about a centerline of each track,- and an off-track portion 
generating a position error signal which is· linear about a boundary 

30 between adjacent tracks. The new detector comprises: 
the transducer head for reading the· servo burst pattern as an 

analog electrical signal stream, 
an analog read channel for amplifying the analog electrical signal 

stream, 
35 a low pass filter for low pass filtering the analog electrical signal 

stream, 

7 
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an analog to pigital converter for synchronously sampling the 

filtered analog electrical signal stream and for putting out synchronous 

raw data samples, ~d 
a discrete gated matched filter structure comprising: . 

5 a corr~lation signal generator for generating a sequence of 

synchronous digital correlation valµes, 

a mul~pli~r for multiplying each synchronous raw data 

sample by a corres:ponding digital correlation value to produce a 

normalized quantiz~tion sample; and · . 

10 a digifal in~grator connected to integrate a ~~uence of 

normalized quantiz,ation SlUJ1ples obtai11ed from the on-track portion to 

provide an on-traq~ position error signal to the head positioner servo 

loop, and connecte~ to integrate a s~uence()f the normalized 

quantization samples.obtained from the off-track portion to provide an 

15 off-track position ~rror signal to th~ head positioner .servo loop. 

These and otper obj~cts,. advantages, aspects and features of the 

present invention will be more fully understood and appreciated upon 

consideration of the following detailed description of a preferred 

20 embodiment, presented in conjunction with the accompanying drawings. 

,Brief Description Of the Drawinas 

In the Drawings: 

25 Fig. lA re~sents an enlarged, lineal diagrammatic depi~tio11 of 

a magnetization p&ittem for one ·servo sector continuous PBS field in 

accordance with aapects of the present invention. Fig. lB represents 

PR4 synchronous $ample values derived from the Fig. lA pattern at 

known radial samp,ling positions of the head. Fig. 1 C represents a graph 

30 of cross-track pos~µon profiles put out by a Fig. 3 con:elator-integrator 

(discrete gated matched filter) circuit, showing on-track and 50% off­

track phase signals as a function of head-to-track position. 

Fig. 2 represents a series of graphs of analog electrical 

35 waveforms induced in a data transducer head at selected radial head 

positions relative to the Fig. lA magnetization pattern. 

8 
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Fig. 3 is a block diagram of a PRML data channel within a hard 
disk drive including a synchronous servo burst detection circuit and a 
correlator-integrator (discrete gated matched filter) for detecting the· 
Fig. lA magnetization pattern in.accordance with principles of the 

5 present invention. 

Fig. 4A represents an enlarged, lineal diagram of a magnetization 
pattern for a servo sector.continuous PES field for use with write-wide 
read-narrow head transducer assemblies such as those having inductive 

10 thin film write elements and magnetoresistive read elements, in 
accordance with further aspects of the present invention. Fig. 4B 
represents a graph of PR4 synchronous sample values derived from the 

.· Fig. 4A pattern. Fig. 4C represents a graph of cross-track position 
profiles put out by a correlator filter circuit, showing on-track, 33% 

15 off-track, and 67% off-track phase s.ignals as a function of head-track 
position. 

Fig. 5 is a partial block diagram of a PRML data channel within a 
hard disk drive including a synchronous servo burst detection circuit 

20 and a correlator-integrator for detecting the three-phase magnetization 
pattern illustrated in Fig. 4A. 

Detailed Description of a Preferred Embodiment 

25 The present invention improves upon the prior art approaches for 
recovering fine or vernier head position information from relative 
amplitudes of radially offset, circumferentially sequential servo burst 
patterns e.g. of constant frequency. The present improvement may be 
realized in several ways. Essentially, a burst field area 100 within each 

30 embedded servo sector 17 of a data storage disk 16 is coherently 
recorded (by conventional coherent-phase servo writing .techniques) in 
one ·half track width radial bands .or track increments, as shown in Fig. 
lA. 

35 Fig. lA depicts a new servo burst pattern in accordance with 
principles of the present invention from a perspective of recorded one­
half track width magnetization patterns~ wherein a plus symbol denotes 
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e.g. recorded magn¢tic domains of a first polarity (e.g. N-S) and 
wherein a minus sY1nbol denotes recorded·magnetic domains of an 
opposite polarity { ~.g. S-N) within a longitudinal recording pattern. 

I . 

The servo address *1ark·and track number patterns are·notshown in the 
5 Fig. lA example, hbwever, the servo address mark field 108 is shown 

in Fig. 2. . In the ~resent example, three phases of the fine position 
servo· burst portionl 100 are preferred· and therefore· illustrated. These 

I 

phases include an ~~-traek phase· 102, a· 50% ·off-track phase 104 and a 
coherent phase 106f between·the .on-track phase· 102•and the 50% off-

10 track phase which· qomprises· a repeating·phase-coherent magnetization 
pattern which does! not vary from track to track with radial 
displacement of th~ head relative to the disk~ The coherent phase 106 is 
provided to enable fhe synchronous sampling ·gain and timing loops to 
reset to precise tin$:g phase and gain following the on-track phase 102, 

15 for recovery of the!information in t\le 50% off-track phase 104. 

In the case of the on-track phase 102 the magnetization pattern 
changes at the cen~rlme of each track. Thus, in the on-track phase 102 
the magnetization patterns are of opposite polarity~ · When the head 26 is 

20 following the centedine of a track, it nominally electrically subtends 

each half width pa~m equally, and sums the opposite-phase patterns, 
resulting in zero amplitude position error signal (PES) samples (there 

may be a slight inequivalence in some magneto-resistive read response 

characteristics). 
25 

In the case of the50% off-track phase 104, the magnetization 

patterns are of opp~site polarity at the track boundary. If, for example, 
the head 26 is settlipg at a destination track location at the end of a track 
seeking operation, ·or the disk drive has sustained a bump or shock force 

30 which drives the h~ad: 26 off-track such that the head is now following a 
track boundary beriveen. adjacent.•tracks, rather than a track centerline, 

the head 26 will read afullamplitude.from the on•trackphase 102, and 
will realize servo samples representing a net zero amplitude output 
(PES=O) from the 50% off-track phase 104. 

35 
In the coherent phase 106, the magnetization patterns do not 

change along the <Usk radio~·( except. as the ·data transfer rates change at 

JO 
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zone boundaries as explained in the related, copending U.S. Patent 

Application Serial No. 08/174,895), either at the centerline, or at the 

boundary, of each track. So, ideally, the coherent phase I 06 provides a 

reference signal as may be useful in some PRML channels for updating 

5 of e.g. the timing, gain, and/or DC offset control loops. 

The on-track phase I02, off-track phase I04 and coherent phase 

I06 may include full-cycle l/4T repetitions of the magnetization pattern 

shown in Fig. IA to provide a desired number of sample values, so that 

I 0 each phase I 02, I 04 and I 06 represents a separate "burst". Each of 

these phases represents a "concurrent burst" in that the two half-track­

width sinewave portions of each phase are concurrently read. In the 

present example, each full cycle of the sinewave burst includes two 

positive samples and two negative samples or 4T samples. By 

I5 synchronous·sampling is meant·that.the digital samples are ideally taken 

at e.g. + 0. 707 of the positive and negative peaks of each full cycle. 

For example, there may be 12 4T magnetization patterns (48 clock 

cycles or T cycles) for the on-track phase I02 and the off track pha~e 

I04; and there may be 4 4T magnetization patterns (I6T cycles) of the 

20 coherent phase I06 (to restore timing phase and gain loop lock). 

Longer or shorter phases may be employed, ·depending upon system 

tolerances and control loop lock characteristics. Also, other sinewave 

periodicities may be employed, such as 6T, ST, etc. 

25 Thus, as shown in Fig. IA, if a data transducer head, e.g. the thin 
film read/write head 26 of Fig. 3, is precisely following a track 

centerline, the magnetization patterns will cancel themselves out when 

the head passes over the on-track phase 102. During the coherent phase, 

the patterns will add together, irrespective of radial displacement of the 

30 head, and the patterns will also add together during the 50% off-track 

phase I04 for so long as the head follows each track centerline. 

Fig. IB illustrates the new servo burst pattern from the 

perspective of equalized partial response, class IV (PR4) samples,. which 

35 are obtained when the head is centered either at track center, in head 
positions I, 3 and 5, or at track boundaries as in head positions 2, 4, and 

6, as illustrated in Figs. IA and IB. In the Fig. IB example, the "X" 
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values denote boUI¥1ary samples and do not in themselves yield usable 
PES information. 

Fig. lC illustrates· graphically_ two cross-track PES profiles which 
5 are put out by a cop-elation-integration circuit (discrete sample matched 

filter), for the on-tl'ack phase I02 and for the 50% off-track phase I04. 
The correlation-int~gration circuit is explaineQ. below. Since the e.g. 
thin film inductive !read/write head 26 has in tlJ.e present example an 
effective electrical .~ead-mode width e.g. of about two-thirds of one 

I 0 track width, each P;ES curve graphed in Fig. IC includes peak amplitude 
saturation regions '1Vherein amplitude remains invariant_ with change in 
radial head positioq.. In the on-track phase I 02, the saturation regions 
nominally occur at :the track boundaries, and in the 50% off ~track phase 
the saturation regi~ns nominally occ.ur at the tra~k centerlines. 

15 Fortunately, when ,amples from on-track phase 102 represent peak-
. .. 

saturation, samples: are obtained from the most linear region of the 50% 
off-track phase, and conversely so. In this sense the PES outputs from 
the on-track phase ~02 and the 50% off-track phase 104 result in PES 
amplitude values clpsely analogous to the values realized and discussed 

20 in the referenced ~d commonly assigned U.S. PatentNo. 5,I70,299. 
Also, by looking at. the_polarity of samples of the burst signal being read 
from the 50% off-track phase I04, it can be ascertained. from this phase 
information whether an odd track oran even track centerline is being 
followed (odd and even being related to an absolute track numbering 

25 system before e.g. Gray coding thereof). 

Fig. 2 proviqes yet another perspective from.which to consider 
the Fig. IA servo burst p~ttem. This perspective is the electrical analog 
signal waveform induced in the head 26 during passage. over the .servo 

30 sector 100. In Fig, 2; a synchronous servQ address mark field 108 is 
shown immediately precedllig the on~track phase I 02, coherent phase 
I 06 and 50% offset phase I 04 in the sense of relative motion between 
the head 26 and an .underlying, rotating data stQrage disk, such as the 
disk I6 shown in Fig. 3. In several locations which are marked by 

35 · circles in Fig. IA.and in Fig. 2, the magnetic_dipo~e patterns are 
arranged in like-poJe confrontation. This like polar confrontation of 
magneti~ domains marked in the magnetic patterns graphed in Fig. IA 

i2. 
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results.in phase discontinuities in.the recovered analog electrical signal, 
as shown in the also-marked portions of the Fig. 2 waveforms. 

Given the fact that the head 26 manifests an effective electrical 
5 width of about two-thirds track width, the Fig. 2 scheme employing an 

on-track phase and a 50% off-track phase is adequate to enable the head 
26 accurately to resolve head position for proper performance of the 
head position servo loop. 

10 With reference to Fig. 3, an exemplary high performance, high 
data capacity, low cost disk drive 10 incorporating a programmable and 
adaptive PRML write/read channel with synchronous servo burst field 
detection in accordance ~ith the principles of the present invention 
includes e.g. a head and disk assembly ("lµ>A") 12 and at least.one 

15 electronics circuit board (PCB) 14 connected to the HDA 12. The 
HDA 12 includes a base including a spindle assembly to which one or 
more disks 16 are mounted in a stacked relationship. A spindle motor 
18 rotates the spindle and disk stack at a predetermined rotational 
velocity. A head stack assembly 20 forming a rotary actuator mounted 

20 to the base positions each data head 26 relative to a corresponding data 
storage surface. A rotary voice coil motor 22 rotates the head stack 20 
to position the heads 26. The HDA 12·may follow a wide variety of 
embodiments and sizes. One example of a suitable HDA is given in 
commonly assigned U.S. Patent No. 5,027,241. Another suitable HDA 

25 is described in commonly assigned U.S. Patent No. 4,669,004. Yet 
another suitable HDA is described in commonly assigned U.S. Patent 
No. 5,084,791. Yet another HDA arrangement is illustrated in 
commonly assigned, copending U.S. Patent No. 5,255,136. The 
disclosures of these patents and this application are incorporated herein 

30 by reference thereto. 

A head select/read channel preamplifier 28 is preferably included 
within the HDA 12 in close proximity to the thin film heads 26 to 
reduce noise pickup. As is co.nventional, the preamplifier 28 is 

35 preferably mounted to, and connected by, . a thin flexible plastic printed 
circuit substrate. A portion of the flexible plastic substrate extends 

}3 
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15 
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25 

exteriotly of the ffPA 12to provide electrical signal connections with 
the circuitry carried on the PCB 14. · · · ' 

The electro~cs PCB 14 physically supports' and electric8lly 
connects the disk4rive electronic circuitj needed for an intelligent 
interface disk drive··subsystem, such as the drive 10. The electronics 

I 

circuitry containe~ on the PCB 14 includes'encode/write circuitry 30, 
drive electronics including a host interface 32 and a disk drive-host bus 
structure 34 over vrhich .commands and data are passed from the host, 
and status and datii are passed from the disk .. The drive electronics 32 
includes e.g. a seqµencer, an ENDEC/SERDES, ECC circuitry, a· · 
precOder, a cache ~uffer controller~ a cache buffer memory .array, a 
high level interfac~ controller implementing a bus level interface 
structure, such as.$CSI II.target,. for communications over a bus 21 with 
a SCSI Il host initjator adapter within: a host computing machine (not 
shown). An embd,dded; ·programin.~d digital microcontroller controls 
data forinatting an~ data transfer operations of the sequencer, data block 
transfer activities ~fthe interface; head positioning of the rotary 
actuator structure ~O via a servo loop including the head 26, the 
preamplifier 28 and synchronous data channel (in a manner explained 
hereinafter), and ai head position servo control loop circuit 24. The 
microcontroller al~o controls the spindle motor 18 via a suitable motor 
control/driver circhlt. These elements are not a part of the present 
invention and are not described in any· detail herein. · 

i 

The chaime1 of Fig. 3 may conventionally include the read 
preamplifier 28, a: data' path 29 leading to a first variable gain amplifier 
36Jor controlling /gain of the analog signal stream on the.path 29, an 
analog programmtble· filter/equalizer 40 which· functions to shape the 

30 spectrum of the ~og signal stream desirably to a partial response 
spectrum, an aital~g adder 42 which is used to control DC offset, a flash 
analog to digital ¢onverter 46, a digital adaptive finite impulse response 
filter 48, a Viterbi detector 52, and ·a postcoder 54. A dual mode gain 
control loop 38, ~d a dual mode timing loop 50 also provide important 

35 functions within the' synchronous data channel. All of these elements 
together compris~ a highly efficient, and presently preferred 
synchronous PRML data channel of a type described in the referenced, 

' , 

It 
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commonly assigned, copendmg U.S. Patent Application Serial No. 
07/937,064 entitled "Disk Drive Using PRML Class IV Sampling Data 
Detection with Digital Adapti~e Equalization", now U.S. Patent No. 
5,341,249, the disclosure thereof being incorporated herein by 

5 reference. The DC offset control circuit 44 receives unconditioned data 
samples from the output_ of the flash AID 46 and determines a DC offset 
correction value preferably in accordance with the teachings of 
commonly assigned, copending Ziperovich U.S. Patent Application 
Serial No. 08/276,817 filed on July 18, 1994, entitled: "Real-Time DC 

10 Offset Control For PRML Sampled Digital Data Channel", the 
disclosure thereof being incorporated herein by reference. The digital 
DC offset correction values are converted to analog values by an offset 
DAC (not shown) and used to adjust the DC offset at the analog adder 
42 in the analog data path between the filter/equalizer 40 and the flash 

15 AID converter 46. 

Alternatively, the synchronous data channel may _be realized 
differently. In one different, yet entirely satisfactory approach, a 
sample and hold circuit receiving the incoming data stream from the 

20 head 26 may be followed by an analog magnitude FIR filter, followed 
by an amplitude digitizer, and then by a synchronous interleave detector 
and postcoder , etc. 

In the synchronous data channel example illustrated in Fig. 3, 
25 magnetic flux transitions sensed by the selected data transducer head 26 

during playback mode are preamplified as an analog signal stream by 
the read preamplifier circuit 28. These signals will resemble the analog 
waveforriis graphed in Fig. 2 herein during passage of servo sector 
pattern 100 by the head 26 and depending on radial alignment of the· 

30 head 26 with the particular data track being followed. The preamplified 
analog signal streain is then sent through the path 29 to the analog 
variable gain amplifier (VGA) 36. After controlled amplification, the 
analog signaI stream is then passed through the programmable analog 
filter/equalizer stage 40. The analog filter/equalizer 40 is programmed 

35 so that it is optimized for the data transfer rate of a selected radial zone 
of data tracks from within which the transducer head 26 is reading data 
(the zones being arranged to optimize data transfer rate with disk radius 
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in conventional f~hion). The equalized analog read signal is then 
I . ··. . 

subjected to sampling and quantization within the high speed flash 
analog to digttal (~) converter 46 which, when synchronized to user 
data, generates ra~ digital data samples { Xk }'. The AID 46" is provided 

·5 with a suitable resplution, which is at least six·bits, and more 
preferably, eight ~its per sample { Xk}. 

· ·An FIR· ftlt¢r 48 is included for further filtering and conditioning 
the raw data samples { Xk}. The FIR filter 48 'employs adaptive ftlter 

10 coefficients· for filtering and conditioning the raw data samples { Xk} in 
accordance e.g. "1th desired charinel response characteristics (such as 

. PR Class IV (PR4), EPR4 or E2PR4) in order to produce filtered and 
conditioned· samples · { Yk}. Since the preamble comprises a .sinewave 
pattern, it is not n~cessary to equalize to a· PR4 response. 

-15 
The ftltere~ and conditioned data· samples { Yk} leaving the FIR 

filter 48 pass ove~ the path 49 to the Viterbi detector 50 which decodes 
the data stream, b~sed upon the Viterbi maxilnum likelihood algorithm 
employing a latti~e pipe.line structure implementing a trellis state 

20 decoder, for exmrtple. At this stage, the decoded data put out on a path 
96 is passed through a postcoder 52 which restores the original binary 
data values. 

Use of a di~tal gain control loop and a digital timing control loop 
25 has a number of *1vantages~ First, a gain (and timing) control loop 

controlled via di8'.tal samples· is less sensitive to variations in 
temperature, power supply and component tolerances than is a strictly 
analog control loc)p. Second, loop compensation or bandwidth may be 
easily· adjusted or varied simply by loading registers, or by switching 

30 between banks o~ registers for "on the fly" changes. This means that 
optimal loop com.Pensation may be·used during.both acquisition and 
tracking modes. Finally, the digital loop filter eliminates errors 
otherWise due to bias and offset that may exist in an analog-only loop 
filter implementation. In the present invention, ideally; the gain and 

35 timing control locl>ps are· able to be updated during passage over each 
coherent phase 106, so that there is no loss of gain· or timing control 
between the on-tiack phase 102 and the 50% off-track phase 104. 

lb 
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Upon detection of each servo SAM in the· ·neld 108, a signal 
resynchronizes a sector interval timer within a servo sector timing 
circuit 58. Following detection of the SAM in the field 108, the timing 

5 circuit 58 marks in time the locations of the on-track phase 102, 50% 
off-track phase 104 and coherent phase 106, and provides timing and 
control signals to control a servo Gray code decoder circuit 60. and a 
synchronous servo burst amplitude detector circuit 61 in accordance 
with the present invention. Details of the SAM decoder 56, servo sector 

10 timing circuit 58 and servo Gray code detector 60 are given in the 
referenced U.S. Patent Application Serial No. 08/174,895 referred to 
above. · 

Essentially, the synchronous servo burst detector 61 comprises a 
15 correlator-integrator circuit which manifests in discrete time the 

characteristics of a matched filter which has an impulse response which 
is the time inverse of the incoming signal. The detector 61 includes, in 
addition to the partial response channel, a multiplier 62 which multiplies 
filtered digital samples received via an output path 49 from the FIR 

20 filter 48 by values received from a correlation signal generator 64. The 
digital correlator multiplier· signal is matched in frequency to the 
written burst signal. Referring to Fig. lB, when a pattern of +2, +2, 
-2, -2, +2, +2 is being read, the correlation filter values put out by the 
correlation signal generator 64 are + 1, + 1, -1, -1, + 1, + 1, so that the 

25 product put out by the multiplier 62 is an amplitude value in which the 
sign has been selectively complemented. The relative phase of the 
correlator multiplier signal to the readback burst signal may be used to 
determine off-track direction. The correlation signal generator circuit 
64 is reset following detection of SAM by a reset control signal passed 

30 from the servo sector timing circuit 58 via a control path 90. 

The products put out by the multiplier 62 are selectively 
accumulated in a PES accumulator circuit 66. With the illustrated 
arrangement of a correlator generator 64, multiplier '62, and an 

35 accumulator 66, a discrete time domain matched filter is achieved which 
produces position samples in which output peak signal to noise values 
are maximized· relative to a Gaussian noise distribution. In other words, 

17 
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5 

when a multiplicity of samples having had their signs selectively 
complemented are accumu11Lt~ by the accumulator 66, the resultant 
summation provid~s .a·very robust head fine position signal in which a 
noise component h~ been minimized. 

: . . . . 

The accumuf.~tor circuit~6 iticluges S: summing circuit 68, a latch 
70 and a feedbac~ JMlth 72 frQn1 Jill output of the latch 70 to the 
summing junctio11 ~8. The. accumµlator circuit 66 is cleared by a 
CLEAR signal o~ .~ path 74 an4 tli.~n enabled by an ENABLE BURST 

10 signal on a path 7~ from the se~o ~~tor timing circuit 58. The 
ENABLE BURS'f:icontrol.sjgnal is 1-lS~erted after several initial data 
samples of the on-~k phase (denoted "X,X" in Fig. lB) have passed 
by as to be operative during the balance of the on-track phase I 02 to 
accumulate an on-~ack PBS and provide the on"."track PBS to an on-

15 track PBS latch 7~ .. The on-traclc PBS latch 78: is enabled by an 
ENABLE .ON-'fRA.cK contro,l 011 ~ p~th 80 from the servo sector 
timing circuit. Th;e latchecl on~tt$ck Peg is delivered to the head 
position servo co~trol loop circuit 24 via a path 82. The initial samples 
denoted X,X in Fis. lB are avoided ~ecause of potential phase 

20 discontinuities in ~e sinewave pa~~rns at the boundaries of the phases 
102, 104 and 106 which would res1ilt ~n asymmetrical sampling of the 
position sample~ (~ample phase d,i~ontinuities). One advantage of the 
present discrete matched fil"'r arrangement is that the correlation signal 
generator 64 and ihe accumulator circuit 66 may be selectively turned 

25 on during phases. ;102 and 104, alld t1Jmed off during the coherent phase 
106 without intro(.luction of any '11J.Wanted artifacts or aliases which 
could accompany. switching in and out of an analog matched filter, for 
example. 

30 Responsiv~ to the CLEAR control signal on the path 74 and to the 
ENABLE BURST control signal on the path 76, the accumulator circuit 
66 is cleared and ithen .enabled afte:r several initial samples of the 50% 
off-track phase (also denote4 ''X,~n in Fig. lJ:I) have Passed by as to be 
operative during ~e 50% off-track phase 104 to accumulate an off-

35 track PBS and prpvidethe off-trackPES to an·off-track PBS latch 84. 
The off-track PE.$ latch 84 is ena~led by an ENABLE OFF-TRACK 
control on a patb/.86 from servo sec~r timing circuit 58. Once enabled, 
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the off-track PES Jatch 84 latches the 50% off ~track PES value and 
supplies it to the ii~id·position servo control l~dp:circuit 24 via an 
output path 88. 

5 Fig. 1 C graphs the on-track PES put out on the path 82, and 
graphs the 50% off-track PES put out on the path 88, as a function of 
radial head displacement relative to the concentric data tracks. As 
shown in Fig. 1 C, the on-track PES is most linear at each traek 
centerline, whereas the 50% off-track PES is most linear at each track 

10 boundary. The head position servo control loop circuit selects between 
the on-track PES and the 50% off-track PBS for fine head position, 
depending upon which PES is in its linear range. 

While in the Fig. 3 embodiment the multiplicand feeding the 
15 multiplier 62 is taken from the output of the FIR filter 48 via the path . 

49, it should be understood that the FIR filter 48 is optional for 
synchronous servo burst detection. It should be understood by those 
skilled in the art that as the burst comprises a sinewave pattern, 
equalization to a particular partial response spectrum response is not 

20 required. The filtering and equalization should be selected. and applied 
in order to minimize distortion occurring at the transiti~ns between DC 
erase zones and burst zones, for example. If the channel is not 
effectively equalized, when a transition from DC erase to the l/4T burst 
pattern is reached,· resultant distortion will span multiple raw data 

25 samples taken in the transition region. If such distortion is present, the 
servo burst intervals must be extended, thereby unnecessarily and 
inefficiently extending the overhead areas at the expense of user data 
storage. The multiplicand could be provided by unconditioned data 
samples x{k} on the path 47 at the output of the flash analog to digital 

30 converter 46. However, since the FIR·filter 18 is present, it makes 
good sense to use it for further filtering of the data samples. 

Figs. 4A, 4B and 4C illustrate a servo burst pattern which is 
adapted to head structures which have electrical widths which are 

35 effectively less than e.g. about two-thirds of a track width, as is 
frequently the case with write-wide/read-narrow thin film inductive 
write-magnetoresistive read data transducer heads. When a narrower 

I~ 
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electrical read wi~th is present; the peak ~pli~de saturation region for 
each pattern.is ex~1,1ded, and 1:he. }inear·region is reduced. In this 
example, servo paftems may be written in one-third track widths, so 
that there are e.g. µtree patterns within the width of each data track, 

5 measured from ce'1terline..to ce:n~rUne. In this pattern an·on-track 
phase 112 and a c~herent.p.,_~ 114 are followed bya 33% off-track 
phase 116 and.a 61]% 9{f-~ck pha,.se 118. Fig. lB shows the · 
synchronous da~ ~ples. The, on-tr:ack phase provides a linear PBS 

. I 

signalfor 33% of/~e-t:rack_wicith from track centerline. The next 33% 
10 of the track widtb / ~ covered ~y the .33% :. 9ff~track phase 116, and the 

final 33%is provi,aed ~y.~e (j7~off-track phase, with some overlap of 
the linear ranges tjf.: each ph~, as shown in Fig . . 4C, as determined by 
the effective electl-ical read width of the data transducer head. In order 

I· 

to implement this) particultU" approach, the detector circuit 61 of Fig. 3 
15 includes an additipnal ·accumulator. circuit, and the timing circuit 58 

provides three sequentjal reset and ~<;:umulation enable control signals 
to control operati~11s of the three acclJIIlulators. 

i" 

Fig. 5 illusfrrates a synchronous servo burs,t detection circuit 161 
20 which has been a4f~pted to detect the Fig. 4A pattern. The servo bW'St 

matched filter de(ection circuit 161 is particularly useful when a write 
wide/read narrow! llead structure _is employed in \Vhich the effective 
electrical width of the read eleme11t is less than two-thirds of the track 
width or track wi(ith .. AccordiJlgly,. tlie Fig. 5 embodiment is 

25 particularly usefi¥ within disk drives employing, inductive . 
write/magnetoresjstive read he$d transducer assemblies, for example. 
In the Fig. 5 ex~ple circuit elements which.~ unchanged from the 
Fig. 3 embodimept bear the SaJlle reference numerals, and other 
unchanged elem~nts are omitted ironi the discussion-of Fig. 5. The 

30 explanation give~ above for.the same elements applies with equal force 

to the Fig. 5 ex~ple. 

In the moqified. discrete. matched .filter detector 161, a multiplier 
162 multiplies thb filte~ digital samples.ta1cen from the Fig. 4A 

35 pattern by value~ r~eived from a correlation signal; generator 164, as 
previously explafne.d a~ove for the Fig. 3 example .. The correlation 
signal generator· ~64, is_reset following detecpon of SAM by a reset 

; 
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control signal pas~~4 from the servo sector till)j.ng circuit 158 via a 
control path 190. :.::.->J .::tT(~'{ · 

The products put outby the multiplier 162 are sequentially 
5 accumulated in a PBS accumulator circuit 166. The accumulator circuit 

166 is active during receipt of the samples from the on-track phase 112 
of Fig. 4A and includes a summing circuit 172, a latch 174 and a 
feedback path 176 which feeds the output of the latch 174 back into the 
summing circuit 172 and which also provides an on-track phase PBS to 

10 an on-track PBS latch 178. The latch 174 is cleared by a CLEAR 
control signal supplied via a path 180 from the servo sector timing 
circuit 158. The on-track PBS latch 178 is enabled by an ON-TRACK 
ENABLE control supplied over a path 184 from the servo sector timing 
circuit 158. An output path 186 supplies the on-track PBS signal to the 

15 head position servo· control loop c~cuit 124. 

After being cleared, the accumulator circuit 166 then accumulates 
samples from the 33% off-track phase 116 of Fig. 4A. A 33% off-track 
PES signal is then transferred to a 33% off-track PES latch 188 which 

20 is enabled by a 33% OFF-TRACK ENABLE control supplied over a 
path 190 from the servo sector timing circuit 158. The accumulated 
33% off-track PBS in the latch 188 is then supplied over an output path 
192 to the head position s·ervo control loop circuit 124. Then the 
accumulator latch 174 is disenabled by deassertion of the ENABLE 

25 BURST control on the path 182, and again cleared by the CLEAR signal 
asserted over the control path 180. 

During receipt of the samples from the 67% off-track phase 116 
of Fig. 4A, the accumulator circuit 166 is again enabled by assertion of 

30 the ENABLE BURST control over the path 182, and accumulates the 
samples from the 67% off-track phase. A resultant 67% off-track PBS 
is then supplied to a 67% off-track PBS latch 194 whic:h is enabled by a 
67% OFF-TRACK ENABLE control signal supplied via a path 196 
from the servo sector timing circuit 158. An output path 198 from the 

35 67% off-track PBS latch 194 provides a 67% off-track phase PBS to the 
head position servo control loop circuit 124. 

,, . 
.4/ 
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Having thu~ described an eD1bodimentofthe invention, it.will 
now be appreciate~ that the objects of the invention have been fully 
achieved, and it wµ1 be understood by those skilled in the art that many 
changes in cons~ction and widely differing embodiments and 

5 applications of thej invention will. suggest themselyes without departing 
from the spirit an4 scope of th~ invention. The disclosure and the 
description hereini are purely illustrative and are .not intended to be in 
·any sense limitingt 

· What is claqned is: 

22-
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1. A method for. synchronously detecting fine head· position 

information re~orded within an embedded servo sector on a rotating 

magnetic disk as a double-sinewave phase coherent burst in phase 
opposition along a centerline of a data track including the embedded 

5 servo sector with a magnetic read head and a partial response maximum 

likelihood sampling data detection channel, wherein the double-sinewave 

is recorded at a rate manifesting intersymbol interference within the 

sampling data detection channel, co~prising the steps of 
reading the double-sinewave phase coherent burst with the 

10 magnetic read head to produce an analog signal stream, 
analog filtering the signal stream with an analog filter within the 

sampling data detection channel to produce a filtered analog signal 

stream, 
synchronously quantizing the signal stream to provide 

15 synchronous digital burst samples, · 
filtering the synchronous digital burst samples within a matched 

filter to maximize output peak signal to noise to produce a filtered fine 

head position value, 
providing the fine head position value to a head positioner circuit 

20 for positioning the magnetic read head~ 

2. The method set forth in claim 1 wherein the step of filtering 

the synchronous digital burst samples within a matched filter comprises 

the steps of: 
25 multiplying the synchronous digital burst samples by a 

normalization factor generated by a correlation signal generator to 

provide normalized samples, 
integrating the normalized samples within an integrator to 

produce the fine head position value, and holding the fine position value 

30 in a latch for use by· the head positioner. 

3. The method set forth in claim 1 wherein the embedded servo 

sector includes at least a synchronization field preceding· the double­
sinewave phase coherent burst and wherein the step of synchronously 

35 quantizing the signal stream includes the further step of phase locking a 

quantization timing loop in synchronism with the synchronization field. 

23 
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5 ... The metbod set forth i:n claim 4 comprising the further step of 
30 equalizing the syn~hronous digital burst samples before the multiplying 

step is carried out. 

. . 

6. The met#od set forth in claim 4 whe~ein the step of 
amplifying and low pass filtering tµe signal. stream includes the step of 

35 normali:zing gain_ of the signal stream.with a gain control loop 

responsive to the srochronous digital burst samples. 
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7. The method set forth in claim 4 wherein the step of 
synchronously quantizing the signal stream includes the step of 
controlling an analog to digital converter with a timing control loop 
responsive to the synchronous digital burst samples. 

8. The method set forth in claim 4 wherein the servo burst 
information is recorded as phase coherent half track width patterns 
bounded by track centerline and track boundary. 

10 9. The method set forth in claim 4 comprising the further steps 

15 

of providing a coherent phase between the on-track phase and the off­
track phase and updating synchronous quantization of the signal stream 
with a timing control loop responsive to synchronous digital burst 
samples taken from the coherent phase. 

10. The method set forth in claim 4 comprising the further steps 
of providing a coherent phase between the on-track phase and the off­
track phase and updating gain normalization of the signal stream with a 
gain control loop responsive to synchronous digital burst samples taken 

20 from the coherent phase. 

11. The method set forth in claim 4 comprising the further step 
of providing a servo address mark within a servo sector and preceding 
in time the servo burst information, detecting the servo address mark 

25 and thereupon resetting a servo sector timing circuit, and controlling 
integration timing of the integration steps with the servo sector timing 
circuit. 

12. A method for synchronously detecting fme position servo· 
30 burst information with a data transducer having an electrical width less 

than about two-thirds width of a data track within a partial response 
maximum likelihood data channel wherein the servo burst .information 
is recorded as phase coherent sinewave, one-third track width patterns 
bounded between track centerline within each one of a multiplicity of 

35 concentric data tracks of a disk, each pattern including an on-track 
phase generating a position error signal which varies approximately 
linearly with head displacement about track centerline, a 33% off-track 
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phase generating a position error signal which varies approximately 

linearly with head displacement about a location one third track width 

displaced from tra~k centerline, and a 67% off..;track phase generating a 

position error signal which varies approximately linearly with head 

5 displacement about a location two thirds track width displaced from 
track centerline, comprising the steps of: 

reading the on-track phase, the 33% off-track phase, and the 67% 

off-track phase with a head to provide an analog signal stream~ 

amplifying and low pass filtering the signal stream to normalize 

10 gain of the signal stream, . 
synchronously quantizing the signal stream to provide 

synchronous digital· burst samples, 
multiplying' the synchronous digital burst samples during servo 

sampling intervals by a normalization factor· generated by a correlation 

.15 signal generator to provide nonnali.zed samples, 
integrating normalized samples originating during the on-track 

phase to provide an on-track position.error signal and holding the on­

track position errbr signal, 
integrating normalized samples originating during the 33% off-

20 track phase to provide a 33% off-track position error signal and holding 

the 33% off-track position error signal, and 

25 

integrating normalized samples originating during the 67% off­
track phase to provide a 67% off-track position error signal and holding 

the 67% off-track position error signal. 

13 The method set forth in claim 12 wherein the step of reading 

the on-track phase, the 33% off-track phase, and the 67% off-track 

phase is carried out with a magnetoresistive read head. 

30 14. The method set forth in claim 12 comprising the further step 

of equalizing the synchronous digital burst samples before -the 

multiplying step is carried out 

15. A synchronous servo burst detector for detecting a phase-

35 coherent sinewave servo burst pattern for a head position servo loop for 

controlling radi~ ·position of a data transducer head relative to a 

. moving media defining a multiplicity of adjacent data storage tracks 

,, 
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within a partial response, maximum likelihoocl. ~cording and playback 

channel, the pattern being recorded on the media in fractional track 

widths and including in a sequence an on-track portion generating a 

position error signal which varies approximately linearly with head 

displacement about a centerline of each track and an off-track portion 

generating a position error signal which varies approximately linearly 

with head displacement about a location offset from track centerline and 

related to a boundary between adjacent tracks, the detector comprising: 

the transducer head for reading the servo burst pattern as an 

analog electrical signal stream, . 

an analog read channel for amplifying the analog electrical signal 

stream, 
a low pass filter for low pass filtering the analog electrical signal 

stream, 
15 an analog to digital converter for synchronously sampling the 

filtered analog electrical signal stream and for putting out synchronous 

raw data samples, 
a matched filter for filtering the synchronous raw data samples 

from the on-track portion and for filtering the synchronous raw data 

20 samples from the off-track portion, 
an on-track position error signal latch for holding the on-track 

position error signal and for supplying it to the head positioner servo 

loop, and 
at least one off-track position error signal latch for holding the 

25 off-track position error signal and for supplying it to the head 

positioner servo loop. 

16. The synchronous servo burst detector set forth in claim 15 

wherein the matched filter comprises: 

30 a correlation signal generator for generating a sequence of 

synchronous digital correlation values, 
a multiplier for multiplying each synchronous raw data sample by 

a corresponding digital correlation value to produce a normalized 

quantization sample, and 
35 a digital integrator connected to integrate a sequence of 

normalized quantization samples obtained from the on-track portion to 

provide an on-track position error signal, an~ connected to. integrate a 
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sequence ofthe normalized quantization samples obtained from the off­
track portion to provide at least one off-track position error signal, 

17. The synchronous servo burst detector ·set ·forth in claim 15 
5 further comprising a servo address mark pattern recorded in a servo 

area of the media iadjacently before the servo burst pattern and a servo 
address mark pattern detector for detecting the servo address mark, and 
a servo timing cirCuit including an internal se.rvo area timer which is · 
reset upon detection of the servo address mark pattern for timing 

10 increments inclucijng the on-track portion andthe off-track portion, and 
for resetting and enabling the digital integrator and the on-track 
position error signal latch and the off-track position error signal latch, 
and for resetting the correlation signal generator. f 

15 18. The sylilchronous servo ~urst detector set forth in claim 15 

20 

· wherein the analog to digital converter includes a timing control loop 
responsive to synchronous raw data samples for generating quantization 
timing control values for controlling synchronous quantization of the 
analog electrical signal stream. 

19. The synchronous servo burst detector set forth in claim 15 
wherein the analog read channel includes a first variable gain amplifier 
and a gain control. loop responsive to synchronous raw data samples for 

· generating· gain control values for controlling gain of the first variable 
25 gain amplifier. 

20. The synchronous servo burst detector set forth in claim 15 
wherein the. analog read channel includes a second variable gain 
amplifier and a DC offset control loop responsive to synchronous raw 

30 data samples for g¢nerating DC offset control values for controlling 
DC offset of the filtered analog electrical signal stream immediately 
before it is synchronously quantized by·the analog to.digital converter. 

21. The synchronous servo burst detector set forth in claim 15 
35 wherein the·moving media comprises a magnetic data storage disk, and 

the multiplicity of ~ks are defined: to be concentric with an axis of 
rotation of the disk.· 
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22. The synetlronous servo burst detecfof'set forth in claim 21 
wherein the phase coherent servo burst pattern is included within each 
one of a plurality of circumferentially spaced-apart servo sectors 

5 embedded within the concentric data tracks. 

23. The synchronous servo burst detector set forth in claim 15 
further comprising a digital FIR filter connected between the digital to 
analog converter and the multiplier, the digital FIR filter for equalizing 

10 the synchronous raw data samples in accordance with a predetermined 
equalization characteristic. 

24. The synchronous servo burst detector set forth in claim 15 
wherein the phase coherent sinewave servo burst pattern is recorded on 

15 the media in a plurality of _fractionaj. track widths and includes at least 
three fractional width burst patterns bounded between track centerline 
within each one of a multiplicity of concentric data tracks of a disk, 
each pattern of a data• track being phase coherent with data recorded in 
the data track and including an on-track portion generating a position 

20 error signal which is linear about track centerline, a first fractional off­
track portion generating a position error signal which is lin~ about a 
location a first fractional track width displaced from track centerline, 
and a second fractional off-track portion generating a position error 
signal which is linear about a location a second fractional track width 

25 displaced from track centerline, the digital integrator connected to 
integrate a sequence of normalized quantization samples obtained from 
the on-track portion to provide the on-track position error signal, 
connected to integrate a sequence of the normalized quantization 
samples obtained from the first fractional off-track portion to provide 

30 a first fractional portion off-track position error signal, and connected 
to integrate a sequence of the normalized quantization samples obtained 
from the second fractional off-track portion to provide a second 
fractional portion off-track position error signal, wherein the at least 
one off-track position error signal latch holds the first fractional 

35 portion off-track position error signal, and further comprising a second 
fractional portion off-track position error signal latch for holding the 
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second fractional portion off-track position error signal and for 

supplying it to th~ head positioner servo loop. 

25. The sypchronous servo burst detector set forth in claim 24 

5 wherein the first fractional off-track portion is recorded at a 33% off­

track width, and wherein the second fractional off-track portion is 

recorded at a 67% off-track width. 
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