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[0002] A typical magnetic data 3 @MW%H@Hm i ncl udes one or nore data
storage disks coaxially nounte a spindle notor. The spindle
nmot 6r rotates the disks at speeds tYPi*¥ally on the order of several
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di sks. T ICrudes one or nore outwardly extending

arnms to )g,h ah Iﬁ%hl ne.s pensmns are attached and onto which one or nore
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[0003] The actuator arms are interleaved into and out of the stack of rotating disks,
typically by means of a rotary voice coil assembly mounted to the actuator. The rotary
voice coil assembly generally interacts with a permanent magnet structure, and the
application of current to the coil in one polarity causes the actuator arms, suspensions and
sliders to shift in one radial direction, while current of the opposite polarity shifts the
" actuator arms and sliders in an opposite radial direction.
[0004)] In a typical magnetic digital data storage system, digital data is stored in the
form of magnetic transitions on a series of concentric, closely spaced tracks comprising the
surface of the magnetizable rigid data storage disks. The tracks are generally divided into
a plurality of sectors, with each sector comprising a number of information fields. One of
the information fields is typically designated for storing data, while other fields contain
sector identification, synchronization and radial position information, for example. Data is
* transferred to and retrieved from specified track and sector locations by the transducers
being moved from track to track, typically under the control of a position controller.
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M 10005] The transducer, also referred to as a read/wite head, is one of
the nost inportant conponents in a magnetic disk drive system The
transducer assenbly typically includes a read elenent and a wite el enent.
A cofmon type of read element is the nmagnetoresistive (MR) head. A
conventional read head operates by sensing the rate of change of magnetic
flux_transitions stored on the surface of a nmagnetic disk. The MR héad
produces an el ectrical output signal in response to the sensed magnetic
flux transitions. The MR head's output signal is velocity independent
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resistance. Thus, the MR stripe's voltage represents the magnetic signals encoded on the

disk surface. In other arrangements, a constant voltage is applied to the MR strips, and

the resultant current is measured to detect magnetic signals stored on the disk surface.

[0008) Although highly beneficial, MR heads are especially susceptible to certain

errors. Namely, the resistance of the MR stripe varies in response to heating and cooling

of the MR stripe, in addition to the magnetic flux signals encoded on the disk surface.

Normally, the MR stripe maintains a steady state temperature as. the slider flies over the

disk surfacs, separated by a thin cushion of air created by the rapidly spinning disk. In this

state, the stored magnetic flux signals contribute most significantly to the MR stripe's

output signals, as intended. An MR stripe, however, may experience heating under certain

conditions, especially when the MR head inadvertently contacts another object on the disk.

[0009] Physical contact with the MR head may occur in a number of different ways. For

_ instance, the MR head may contact a raised irregularity in the disk surface, such as a
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out put signals, as intended. An MR stripe, however, may experience heating
under certain conditions, especially when the MR head inadvertently
contacts anot her object on the disk. [0009) Physical contact with the M
head “may occur in a nunber of different ways: For instance, the MR head
may contact a- raised irregularity in the disk surface, such as a 2 defect
in the material of the disk surface or a contam nant such as a particle of
dust, debris, etc AI so the MR head nmay contact the disk surface during a
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As such, the readback signal may be understood as a composite signal comprising a
magnetic component and the thermal component. A detailed discussion regarding these
signal characteristics may be found in United States Patent Number 6,088,176, entitled
“Method and Apparatus for Separating Magnetic and Thermal Components from an MR
Read Signal,” which is hereby incorporated by reference.
[0013) Despite its undesirability, the thermal signal component has been used to
advantage in detecting any surface defects on disks. By monitoring the thermal signal
component of a readback signal, the foregoing problems related to thermal asperties may
be identified and eliminated or mitigated. One attempt to address the effects of thermal
asperities is by separating a thermal signal component from the magnetic component.
Once separated, the thermal signal component may be analyzed to determine the
presence of surface defects on a disk.



advantage in .detecting any surface defects on disks. By nonitoring the
thermal signal conponent of a readback signal, the foregoing probl ens
related to thernal asperties may be identified and elim nated or
mtiQated. One attenpt to address the effects of thermal asperities is by
separating a thermal signal conponent fromthe nagnetic conponent. Once
separated, the thernmal signal conponent nay be anal yzed to determ ne the
presence of surface defects on a disk. 3 [0014) However, conventi onal
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with reference to FIG. 1. FIG. 1 shows a readback signal 100 contained within an upper
envelope 102a and a lower envelope 102b. The sinusoidal modulation of the envelopes
102a-b is clearly visible. This gives rise to data errors in the readback signal 100.
[0018] As a result of the problems caused by head modulations, improving the
magnetic recording performance in a hard disk drive or a tape drive requires the
continuous monitoring of the envelope of the readback signal. An automatic gain control
(AGC), for example, uses a signal derived from the envelope of the readback signal to
maintain a constant amplitude of the readback signal before detection by the data channel.
A void in the magnetic-coating on the disk surface is easily detected as a very low level
output of the envelope signal. The timeffrequency analysis of magnitude variations in the
envelope of the readback signal can, in many cases, reveal problems with the head/disk
interference caused by defects on the disk surface, by suspension resonances, by
airbearing resonances, by local aerodynamic instabilities of the slider, etc.
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magneti c recording performance in a hard disk drive or a tape drive
requires the continuous nonitoring of the envel ope of the readback signal.
An automatic gain control (AGC), for exanple, uses a signal derived from .
t he énvel ope of the readback signal to maintain a constant anplitude of

t he readback signal before detection by the data channel. A void in the
magneti c-coating on the disk surface is easily detected as a very |ow | evel
out put of the envel ope signal. The tlne/frequency anal ysi s of nagnitude
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medi um arg;Ras B TME (NENTADNN activity of the head assenbly based on
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[0022] In one embodiment, a method comprises receiving an envelope of a frequency
modulated readback signal representative of data read by a head assembly from a storage
medium and determining modulation activity of the head assembly based on amplitude
characteristics of the envelope. Then, at least one of a read operation and a write
operation is terminated.

[0023) Another embodiment provides a signal- bearing medium, comprising a sorting
program for determining values of a readback signal envelope in order to determine head
modulation activity of a head assembly in a disk drive facility. When executed by a
processor the sorting program performs a method comprising receiving a frequency
modulated readback signal representative of data read by a head assembly from a storage
medium; and locating envelope samples within a window of the of the readback signal,
each envelope sample comprising an Nth largest envelope sample and an Nth smallest

envelope sample.
[0024) Still another embodiment provides an apparatus configured to determine head
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characteristics of the envel ope. Then, at |east one of a read operation and
a wite operation is termnated. [0023] Another enbodi ment provides a
signal, bearing nmedium conprising a sorting programfor determ ning

val ués of a readback signal envelope in order to determ ne head nodul ation
activity of a head assenbly in a disk drive facility. \Wen executed by a
processor the sorting programperforns a method conprising receiving a
frequency nodul ated readback signal representative of data read by a head
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i nhi bit of a reduced sorting
al gorit hrfollow[lmmaﬂ‘ teripgjan é‘-‘f’WBW ficet 'B’P a reduced sorting al gorithm
[ 0033] -Fliso2ey | SFIG. 3)is beysteni diggram of ananvelope Hetpctiatesystant.on and write/ read

I nhi bi't {0030] FIG. 4 is one embodiment of a write inhibit device.
[0031] FIG. 5 is a flow chart of a reduced sorting algorithm.
[0032] FIG. 6 is a flow chart of a reduced sorting algorithm.
[0033] FIG. 7 is a system diagram of an envelope detection and write/read inhibit
system.
[0034]' FIG. 8 is a system diagram of a predictive fail analysis system.
[0036] FIG.9is a graph showing envelope traces using a reduced sorting algorithm
dual envelope detector.
[0036) FIG. 10 is a graph showing a portion of the envelope trace shown in FIG 9 and
the readback signal shown in FIG. 1.
[0037] FIG. 11 is a graph comparing envelope traces using a reduced sorting algorithm
and envelope traces using conventional methods.
[0038] FIG. 12 is a graph showing a readback signal representlng a thermal asperity.
[0039) FIG. 13 is a graph showing envelope traces of the readback signal in FIG. 12
using a reduced sorting algorithm.
[0040] FIG. 14 is a graph showing envelope traces of the readback signal in FIG. 12

using conventional methods.



system [0034] FIG 8 is a systemdiagramof a predictive fail analysis
system [0035] FIG 9 is a graph show ng envel ope traces using a reduced
sorting algorithm dual envel ope detector. [0036] FIG 10 is a graph
showrng a portion of. the envel ope trace shown in FIG 9 and the readback
signal shown in FIG 1. [0037] FIG 11 is a graph conparing envel ope traces
using a reduced sorting algorithm and envel ope traces using conventi onal
met hods. [0038] FIG 12 is a graph showi ng a readback signal representing a

t hermal asperity 039] FILG, 13 | | races of the
r eadback lg‘ﬁghm FIG. &géahﬁaplhﬂﬁ’a‘gaas V*%aﬂé@ﬁg*’s%??%i‘j‘aﬁﬁéé’f%#%ﬁ# [0040] FIG
14 is a qosagh sHEG. 16 isagephmhowvngeadbackwugnal with herd goghiation.n F1 G~ 12
using co i o i | réSpdnse of hieapdiaier eignal of FIGe16 =l
responseqi{)‘ﬁglta t@rbﬁaq?gggge%ﬂh%?b ooﬁ‘g]hﬁ?q Gépd16 is a graph sr?g‘\?\/i ng a
readback ¥ gnal with head nodul ation. [0043] FIG 17 is a graph showing a
ther mal nE@APNSEFIG. 183 a graliraskowing reasyrofmelricGeadback1signgl ovtiuperiadic hegd s a
gr aph shovvi(p%%psymmtri c readback signal with periodic head nodulation. '
[ 0046] FITe® s a gr.aph showi ng. a nonsgé/m‘ret I the{]mal res clg;; %&ge
r eadback [0e#Bnal FIg: 1B isaigraph ¢bewingms aen @m%'"%ﬁ'?f@ﬁ respalicn ﬁ %éa)l k

si gnal vm'sti'dhdpgﬁ'qgj‘ig; head nodul ation. [0047] FIG 21 is a graph showi ng a

ST PO D St B el it
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[0049] FII®47R3 sHIGn214s 8 grarkRhewing aihernal{esRonge GEE'Pa{g?%?‘P"gﬁ!?’\ﬂf?ftéé 20.

oper ati Olfodief  aFIGe 224k fgrapR lsliowingesn ampified. thérab edspbhd obthei gignat of FIGs an

operation I n which every third sector is read while the other sectors are

witten. 10051] FIG 25 shows a nethod for determ nigé hﬁad rmdgl@%tion
i\

during a [pess} er nFKS. 23ashawsnatsequencsi ingvhiely apad cperali WP OREERPRA®N OF

THE P%F%ﬁgﬁgt MEF Sedt§052] Enbodi ments of systens, nethods and

article O[oosrl;?nu El% E1e|II\.ESEr(xﬁ/elsda% c}cp%rration in which every third sector is read while the other
sectors are written. '

[0051) FIG. 25 shows a method for determining head modulation during a pattem of
alternate reading and writing.

[0052] Embodiments of systems, methods and article of manufacture provide for
" readback signal detection and analysis. One embodiment provides an in-situ system to
detect envelope traces of a readback signal. Using the envelope data, the presence of
~ undesirable activity and/or storage medium surface conditions may be determined. For
example, periodic head modulation may be determined. Upon detection of a periodic
modulation event in a sector or a track, the compromised data may be recovered using a
signal processing system. Another embodiment provides for detection of a thermal signal
component in a readback signal. The thermal signal is processed for surface information
‘indicative of the storage medium surface condition. Information indicating a defect may
then be used to avoid storage areas having the defects. In addition to the foregoing, other
embodiments within the scops of the present invention will be recognized by those skilled

in the art.

[0053] FIG. 3 is system diagram of an envelope detection system 300. In general, the



readback signal detection and anal ysis. One enbodi nent provides an in-situ
systemto detect envel ope traces of a readback signal. Using the envel ope
data, the presence of undesirable activity and/or storage nmedi um surface
*condi tions may be determ ned. For exanple, periodic head nodul ati on may
be determ ned. Upon detection of a periodic nodulation event in a sector
or a_track, the conprom sed data may be recovered using a signa
processi ng system Another enbodi nent provides for detection of a thernal
signal conponent in a readback signal. The thermal signal is processed for
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out put of_ Al 4 .] into a RRWcontrol 316, which has the necessary
sanpl i ng f éﬁgg‘&ﬁﬂéﬁﬂ%ﬁﬁbg-to-di% tal (Al D) conversion for reading and. the
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control bfRskudlénvepe detetorsl7 isanfigured with madeduday sorting program 318 which,
when executed, locates a sample(s) of the readback signal x(n) over a series of
consecutive and adjacent windows each of M samples. The sample(s) to be located is
predetermined according to size. For example, a second largest sample and/or a second
smallest sample may be located. The sample located by the reduced sorting program 318
is used as a sample of the readback signal envelope shown as y(m) at the output of the
dual envelope detector 317. In particular, an upper envelope (referred to herein as
y_upper(m)) and a lower envelope (refered to herein as y_lower(m)) may be determined.
lllustratively, the sampling rate of the envelope y(m) is fs/M, where fs is the sampling rate
of the readback signal x(n) and M is a window length. Each window of length M will
provide one sample for the upper envelope, y_upper(m), and one sample for the lower
envelope, y_lower(m). One embodiment of the execution of the reduced sorting program
318 is shown in FIG. 5.
[0056) The envelope samples y(m) are sequentially assembled in an envelope
smoothing device '320. In one embodiment, the envelope smoothing device 320 is



[ oohs] The sanpl ed readback signal x(n) is provided to a dual envel ope
detector 317. The dual envel ope detector 317 is configured with a reduced
sorting program 318 which, when executed, |ocates a sanple(s) of the
readback signal x(n) over a series of consecutive and adjacent w ndows
each..of M sanples. The sanple(s) to be located is predeterm ned according
to size. For exanple, a second |largest sanple and/or a second snall est
sanpl.e may be located. The sanple |ocated by the reduced sorting program
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modul ati On {he input line 404 when head is not modulating. The threshold signal is adjusted to a

' point just above where a write inhibit would be generated. Alternatively, a training

sequence may be used. Once determined, the threshold signal may then be stored on
some persistent. storage device (e.g., a read only memory (ROM)) operably connected to
the input 404. In operation, the comparator 402 is configured to determine whether the
magnitude of the signal received from the bandpass filter 322 exceeds the threshold
signal. I so, a write (or read) inhibit signal is generated by the comparator 402 and
provided to an output line 406 connected to the R/W control 316. In response to the inhibit
signal the R/W control 316 operates to prevent a write or read operation, according to the
operation scheduled to be performed or being performed.

[0060] In one embodiment, data récovery is accomplished by a recording channel 340
which recsives a signal z(n) from the AGC system 304. As described above, AGC system



present. In the event of head nodul ation activity, a RRWinhibit signal is
produced by the RNV Inhibit nodule 324 and provided to the RFWcontrol

316. [0069] One enbodi ment of the RRWInhibit nodule 324 is shown in FIG

4. Tllustratively, the RNV Inhibit nodul e 324 conprises a conparator 402.
The conparator 402 receives a signal fromthe bandpass filter 322 and a
threshold signal on a threshold input Iine 404. The threshold signal may
be determ ned by adjusting the threshold signal on the input |ine 404 when
head is not nodul ating. The threshold signal is adjusted to a |, OiWiJ'USt'
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x(n) and then proceeds to step 504 where an iterative process is entered for some number
of consecutive and adjacent windows, each window having a window of length M.. The
window length M represents'the number of samples contained in the window. The number
of windows to be analyzed may be determined according to implementation and
experimentation. Similarly, the length, M, of each window may be varied according to
implementation. In general, the number of windows and the window length is sufficient to
identify the presence of any amplitude modulation in the readback signal.

[0064] In a particular embodiment, the size of the window is determined by Equation 1.

Equation1. M > fs/fw(low)

[0065) For Equation 1, fs is the'sampling rate used to derive sampled signal x(n), and
fw(low) is the lowest frequency component, i.e., the frequency-modulation (FM) frequency,
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360 determ nes an estimate of a thermal disparity. Illustratively, the
thermal asperity detector 360 perforns thernal asperity detection by
setting a threshold for Equation 6, described bel ow Enbodi nents of the
PFA System 370 are descri bed bel ow. [0062] FIG 5 shows a met hod 500 for
determ ning the sanpl ed envel ope values vy upper(nm) and y_lower(n). The
met hod 500 may be understood as one enbodi nent of the reduced sorting

al gorithm 318. Met hod 500 may be used to determine either or both of the
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det er ni negd6 tHrowghe 5¢0tardi repasted dior sstemaursberf of windows, which number may be
predetermined or may be determined on-the-fly after one or iterations of steps 506 through
510. Once a desired number of windows have been analyzed, the method 500 exits at
step 512. ,
[0070] One embodiment for determining the Nth largest and Nth smallest sample is
shown in FIG. 6. For brevity, the logic for determining the Nth iargest and Nth smallest
sample is shown as a single flow chart. Methed 600 is entered from method 500 at step
602. At step 604 the method 600 gets two samples from a window. At step 606, the two
samples are sorted as a two-element list. In the case of determining the Nth largest
sample, the list is sorted in descending order. In the case of determining the Nth smallest
sample, the list is sorted in ascending order.

. [0071} At step 608, another input sample from the window is retrieved. At step 610, the
method 600 queries whether the sample retrieved at step 608 is greater than the second
element in the sorted list, in the case of determining the Nth largest sample, or less than
the second element in the list, in the case of determining the Nth smallest sample. If step
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anplitude of the readback signal is determ ned. The anplitude nay be
defined as the peak-to-peak difference between the Nth | argest and Nth
smal | est sanple. In another enbodinent, the estimate is a thermal signal
conpbnent of the readback signal. Illustratively, the thermal signal.
conponent is defined as the average of the Nth |argest and N h small est
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t hen pr odé8de.gn @ magnetic 9isk)- The net hod 600 al so proceeds to step 616 from
Ztl gp ?%0 [6074) t heGénerally, tiatvrits ibibitisystem a8 e configueashial detbgming edwether AN st ep

o 100741 _ . .
agg%@}ggfﬁg s"% g.f;e%?m*\ﬁtdwadsw Sl el o b St deterRfhe whethenthez ed

con - ;
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?LL{J[ ”‘;‘; 'riﬁ‘?’;ﬁ%ii’ systHfi 778 'cBRBrER s pai bf RsmioRicTedBety bmpifudedétbay® 70728
summing device 729, a comparator 733, an estimator 739 and a inhibit signal processor
741. The provision of two harmonic frequency amplitude detectors 721, 723 allows
frequency detection for two different harmonic frequencies to occur in parallel. In another
embodiment, only one detector is used and the detection for each harmonic frequency is
performed in series. In addition, other embodiment may include more than two frequency
detectors.
[0075] In operation, the read/write head 701 produces a read signal comresponding to
the magnetic bits stored in a magnetic layer of storage medium 703. The read signal is
amplified and high pass filtered by the read signal preamplifier 709. The signal from the
read signal preamplifier 709 is sampled in sampler 710 to produce a sampled signal x(n).
The sampled signal x(n) is then provided to the AGC 711 which outputs a constant
amplitude signal to a recording channel which detects from the signal the data from the
storage medium 703. In addition, the sampled signal x(n) is filtered in a low pass filter 713,
which servers as an antialias filter. The low pass filter 713 is configured to restrict the
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[0073] FIG 7 shows another enbodi nent of an envel ope detection system 700.
In general, the system 700 conpri ses an AE nodul e 707, a sanpler 710, a
AGC 711, a low pass filter 713, a down-sanpler 715, a wite inhibit system
716 -and. a RAN control 619. |Illustratively, the AE nodul e 707 includes a
read signal anplifier 709 and a wite signal driver 706. The read signal
anplifier 709 and the wite signal driver 706 are both connected to a
read/ wite head 701 which is positioned in proxinmty to a storage nedi um
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confi gur edat ﬂé%r | Edr B&lﬁnpl&Ztrﬁaami Adteeidy et Nfal?)détermim tmabmgmdex k1

f

e o Ja, s eDt @b, The bekoh Mebidr7dathnal 'd‘éfdgf?ﬁ“ ?"*“W iredxses! oo
present irefetrbd i aenBlEFJIT@k@n dhexgmplitudsyouteuts of H’Q I ﬂedq4 C&E‘ﬁ@@%‘?d t he
out put S;&F@lo zhhﬁ?}ﬁﬁgalgbsagm gﬁaAilr%spé‘étﬁe[yo reduce aI | asi ng si nce the

?Iu][ ugtrgtli"vé]wy a_[sns% felpwing %F%&E@hqu’ S ﬁgdﬁgw &&a"r‘ﬁ qﬁgmugé;B 'S about

500 x 103igdrithrhOM 6§ dafireddasiineswingow lenpits t@etrmhégs é\qmmqm sgRPles T Hy
pass filtergztR Lifnd €A Wikdow. N is defined as the number of consecutive adjacent
windows. The Goertzel algorithm uses a recursive method to find the signal amplitude at a
harmonic frequency fk.
[0079] The frequency range of this envelope modulation frequency of interest is
between f1 and f2. Frequencies f1 and f2 are typically the lower and upper expected
airbearing frequencies, respectively. -
[0080] The Goerize! algorithm processes the results of N windows. Each window is
(previously) analyzed using the reduced sorting algorithm 318 in order to produce a single
number. Therefore, the Goertzel algorithm receives N numbers received from the reduced
sorting algarithm.
[0081] The appropriate values for k for GFFT@Kk are determined as show by Equations
2-3. For Equations 2-3, f1, f2 are defined as r * fs/N, where r must be an integer that is
less than or equal to N/2. The sampling rate of the down-sampler 715 is fs.
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attain a frequency spectrumat its output that is predomnantly below 1.5
MHz Accordingly, in one enbodi nent, the frequency spectrumis

predom nantly bel ow about 1.5 x 108 Hz. The output of the down-sanpler 717
is then provided to the wite inhibit system 716. [0077] In particular,
the output of the sanpler 717 . is provided to the pair of harnonic
frequency anplitude detectors 721 and 723. Each detector 721, 723 is
confirgured to detect the harnonic signal anplitude at a predeterm ned

frequency. 1n.on oliy Nz «N he harnonic frequency anplitude detectors
721, 723 em{gﬂpa&gﬁ‘)zgr%ﬁgﬁgorithm for finding the Discrete Fourier

Transform (DET) at pakt.i aly DFT index k, where k is an integer val ue.
For exanpl e, E&@%'pr‘ast et orN 721 may determ ne an DFT index k1,
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al gorit recel ves nu rs recelve U H m
l0051] | TRelHigiPORIa SERIR N ar Y é’%ﬂfﬂ‘%ﬁb@%ﬁ% i @%%‘339%'*“’%‘3 st
Equat i ongirb@arihg frequebgy astiroaler 733 computes 2 weightad everegeq dl qs"at"f@l- IE,SWX\V%F? er

must be LN gpt@é' | ss than or equal to NN2. The sanpling rate of
t he dom-%rs}g?r)bﬁgrggéidl |se¢1§?e*la§ Equation 2. k1 = fl1/fs * N Equation 3. k2 =

f2/fs * N [0082] The outputs of the detectors 721, 723 (which are anplitude
esti mates) ar €qsatian 4:btethiax] Ahektddd nkRldéd #A2¥29 and to the airbearing
frequency estimator 739. The sunmm ng device 729 conputes the sum of the

two anpl I[(t)o%gle esﬁerr%%ﬁ]se _%n?s '%eo (?r%%sgnc% resolution fo = foM. The frequency fo is
calculated based on the sampling frequency, fs, of the sampler 715 and the number of
samples, N, of the sampler oUtput used for the calculation of A1 and A2. Equation 5
provides one formula for determining fo. For example, if fs = 1.5 x 10° Hz and N = 20, then
fo = 75 x 10° Hz and k1 = 2 and k2 = 3, where k1 and k2 are the sacond and third DFT

harmonics, respectively.

Equation 5: fo = fs / M, where M is the down sampling rate taken by the down-
sampler 715.

[0085) Once calculated, the estimated airbearing frequency fa is provided to the inhibit
signal processor 741. In one embodiment, the estimated airbearing frequency fa is
compared to an upper and lower limit defining the expected range of airbeasring
frequencies. This comparison may be performed for typical limits between 150 x 10 Hz
(150 kHz) and 250 x 10° Hz (250 kHz). If the airbearing frequency, fa, falls within the
predetermined range, a write/fread inhibit signal is issued to the R/W controller 719,
thereby causing data from to R/W controller 719 to not be written/read. |If the airbearing
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sum S. The sumS is then conpared to a threshold value, T, in the
conparator 733. T may be tuned according to application and is selected
acco[dl ng to a statistical nethod in nmanufacturing. If Sis greater than
T, a’gate signal is sent to the airbearing frequency estimator 739. If S
is less than or equal to T, then no further processing is performed by the
}N;I Efg{jreeg]g IPEI bit system f716. In this manner, a prelimnary determ nation
| e presence 0 ' ' rbcds8imgtis petiarmedd
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[0088) The method 2500 is entered at step 2502 at a particular track for a given head
and proceeds to step 2504 where a readback signal for a logical sector on a disk is
acquired. At step 2506 readback signal envelope is analyzed for head modulation. At
step 2508 the method 2500 queries whether head modulation is present in the logical
sector from which the readback signal envelope was acquired. If so, the preceding and
following sectors (with respect to the sector from which the readback signal envelope was -
acquired) are placed in a rewrite queus, at step 2510. In addition, the data to be rewritten
to the sectors specified in the rewrite queue is stored in some buffer.
[0089] If step 2508 is entered negatively, or following step 2510, the method 2500
proceeds to step 2512 to query whether the last sector has been written. If not, the next
sequential logical sector is written at step 2514. Thus, a right operation takes place the
than in the event that head modulation is detected at step 2508. This is because by the
time the readback signal envelope has been analyzed for head modulation, the head is
already into the next sector. However, in another embodiment, dstection of head
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before and after each sector is witten in order to deternine the presence
of head nodulation. In sone cases, however, it may be desirable to wite
to multiple sequential sectors before readi ng a sector. FIG 24
illuStrates an operation in which every third sector is read while the
ot her sectors are witten. Miultiple sector sequential wites are conmon,
for exanple, for audio, video and other nultinmedia data files. Miltiple
sequeéntial sector wites may also be performed if the analysis for head
nodul ation takes several sectors. It should be noted that regard| ess of
t he read/modula&iqn"amaeir he done pefosereavingden realos feedn rwtich therireadhaskr gigealdi ng
capaci ty &y e v?’%s SEquIrEd.O ff i QaskNStep §ﬁ{agrt5ia taken toaétéblrﬁalﬂebﬁéwm% facility
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[0092] In one embodiment, a write verification methods employed to test for excessive
head modulation which occurred during a write operation. In general, the verification
includes attempting to read the data written. Based on the entries in the rewrite queus, the
disk drive facility can execute a read operation on the suspected badly written sectors to
determine whether the data can be read. If the data can be read, then a sector need not
be rewritten. In this case, the loop entered at step 2520 of the method 2500 may be
" avoided.
[0093) In addition, it is understood that any of the failure prevention embodiments
provided herein may be used either independently or in combination. Thus, any variety of
failure prevention steps may be taken upon determination of head modulation. For
example, a failure prevention operation may be selected from one of (i) issuing a read/write
inhibit signal and (ii) storing a reference to each suspect disk sector (i.e., a disk sector over
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examned for this iteration of step 2504 may be the sector inmediately
followng the sector witten at 2514 or naybe any nunber of sectors
thereafter. (0090] Returning to step 2512, if the |last sector has .been
witfen the method 2500 proceeds to step 2516 and queries whether any
sectors are present in the rewite queue. |If not, the method exits at step
2518. If the rewite queue contains a representation for at |east one
sector, the nethod 2500 enters a | oop which is repeated for each sector.
The loop is entered at step 2520 where a representation for a sector first
to be rewiéh Read sodutdtiohcearedimmbdipteB5@rior to leescheddlod wiita iogaation v dhalpe

Do, earred or .
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from ster?%w' PR EX rT’r%'?‘nod 2500 proceeds to step 2528 where the next

| ogi cal sector (i.e., the next adjacent sector follow ng the sector from
whi ch the readback signal envel pgmaRSigaafDbfegfiomt step 2522) is witten.

0091] Th t hod 2500 t to step 2520, '
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occurred | MIBMMELLY Rerdling the?dRfAITHHeF EnvEibhE sBRGERS! Y uppBr(ff @ihd digital
‘lower envelope sequence y_lower(m) of the overall readback signal. Accordingly, a a
thermal component signal th(m) may be expressed as Equation 6.

Equation 6. th(m) = (y_upper(m) +y_lower(m))/2.

Pradictive Eailure Analysi |

[0096] The thermal signal th(m) and the upper (or lower) envelope sample may then
inputted to the PFA System 370 for additional analysis. The PFA system 370 is generally
configured to determine the presence of a surface defect on a storage medium and/or
head modulation activity. Once such a condition is detected, evasive or recovery steps
may be taken. An illustrative embodiment of the PFA 370 is shown in FIG. 8.

[0097] In general, the PFA system 370 comprises a thermal signal component
processing unit 801A, an envelope processing unit 8018 and a PFA decision system 820.
The thermal signal component processing unit 801A and the envelope processing unit
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sector). I'nthe latter operati on, the data to be witten to each of the
suspect disk sectors is preserved for a subsequent wite attenpt (as
described with reference to FIG 25). In either case, the determnation of
head” nodul ati on nmay be made using the reduced sorting algorithm for
exanpl e. Thermal Signal Detection [0094] In one enbodinent, the reduced
sorting algorithm 318 al so conputes a thermal conponent signal, th(m. As
descri bed above, the overall readback signal consists of two conponents, a
magneti c conponent and a thermal conponent. The inventors have identified
any chan@es;Bleadhheompﬂsﬂ ieneediifier 1884y 84dbackandpassalfiltes (BEF) PG BI6dang @ he

t her mal Oé?é't ;;hJ pﬁlnﬁew. ! gémb&feni Br%w?dm@uﬁnedm@raaan@md l?@s

b di

det Qct.LE?&m SrRHPYLT 40 die PRO RSIAYSBISAL. D potalone PBoIlS wbap e
| i near it ys édnfiglr@dite pedsidearpoatpatid to ltmﬂﬁmdmlmomsystmh 8§0and t he ther mal

si gnal f@?ﬁ”e”tm %%Pat%ﬂdtﬁe%% Yo d Fec%%@%ﬁ'énﬁ%l%%&orﬁéﬂﬁé nd the

d/
band| err: upperh(er tiewen) mﬁ@aﬁ. ¥HPPSH ?9'?\3“3;9{33@@@%?% deterir 312 dshown, in her,

It he magnﬂ% 3) swtg@memmpm than) isoediiby b thereatifier 804, which reaycbeinaaifutiver a
on eri o in a-

hond, Bt white of a\dTE walyl réQ LY, *The rddified BRPORS 680y RSB 60S. PRferBbl,

Cher mal _ theofites abavecteristias foebaihtBRITS, BI6 809 SiiBrars Manticalans.siich that ArbesHRK
2:182?1) eTé&oﬁaﬁ&y ériéné?sr 8. bmcﬁandxaomnrtelgfbrwhammpamytﬁwudn@es 8.g NP2

o over ¢ MWl RasgpERIEn the SudtE. A derb etk BlteE Hiaha My FHFRE B sco
conponenis sompared td @ripnaklg abd diskpsusface-gpegifiicxefptenesignal i in therFomparaier) =

(y_upper @Bﬁ |Hg%ﬁi&l dutput T Bf 8l &dmparatbrBbB serves asysriesinb(0Rahe HRA
t her mal ggQ the upper (or lower) envel ope sanple may then
te

[ nputted m 370 for additional analysis. The PFA system 370
i s gener aiobgl cdiiiei gpperdervelopet e uppeném) IlﬁeSlpW@é)em; ied iy aslllwave ofed d@lf-on a

Storage d%geggelt@igﬂgfd arlteRE re@fiel Mg isPfferad bya bﬁh@pammbr (BRRYBYE, i The i S
cbodi meiscEs rarnptapbs Bt SR e %@PEQ"@‘ Getel t%éﬁgﬁfa“é ¥ﬁ% doba
syst em 3s0rfammgpecifieseferemaer srgmalsljlgmathec@mm%tﬁt 81@)r e inany legical ostput AJ
envel |°pe sBN@Q%§%ﬁé‘Qnd{Héﬁun l@uﬁtﬁtﬁ?%goﬁ%é‘yb?hgaﬁv.v@yst em 8(2)0 The ther mal
3016 eac OBy INBURTYR desripts magd By nPra R Susthif eRorire Mot i o7
and a Table I. If both logic states, T and U, are zero, i.e., (T U) (0 0), then the readback signal
x(n) is behaving normally or a void has been detected. If an airbearing resonance
occurred during the writing process, i.e., a head modulation event is present, then the logic
thermal output, T, is zero (T = 0), while the logic envelope response U is one (U = 1).
Thus, (T, U) = (0, 1). A pit is such that logical state T could be either zero or one, but the
logic envelope state U = 0. In this case, (T, U) = (1, 0). The three first entries in Table 1
may be considered non-critical and can be handled in various ways by the disk drive
controller (shown in FIG. 3). The last entry in Table |, i.e., (T, U) = (1, 1), could cause a
catastrophic failure (a disk crash) of the disk drive. ‘Conditions capable of producing (T, U)
= (1, 1) include bumps and other thermal asperities (TA). lllustrative graphical
representations of modulation events and bumps/TA events are described below with
reference to FIGS. 12 and FIGS. 15-23.

Table |
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conparator 808, 818. The thermal signal conponent processing unit 801A is
configured to provide an output T to the PFA decision system 820. The
envel ope processing unit 801A is configured to provide an output .U to the
PFA deci sion system 820. [0098] In operation, the PFA system 370 receives a
thermal response th(m and the upper (or |ower) envel ope, y_upper(n), from
t he dual envel ope detector 317 (shown in FIG 3). The thermal response
th(m is rectlfled by the rectifier 804, which may be in a full- wave or a
hal f- wave e .ebli.reﬂ=ﬁﬁfpﬁf=|s filtered by the BPF 806.
Preferably,=_4iﬁgi;_“ Y charact, 'both BPFs, 806 and 816, are

i dentical dnd guch thaw airbearlGuLJBﬂﬂﬂuuma e frequencies (e.g., 200 - 300
kHz) and tHerngl adperiqty fir 1 -2 WMZ) wll pass through
the filterd. % disdqretq redtified gyt put SI nal R(th) fromthe BPF 806 is
conpared tqa una e gnd qi sk- GiphG.CfA SPeC fic reference signal THin the
conpar at or =88&—% f ' output of the conparator 808 serves
as one input to the PFA Decision System 420. [0099] The upper envel ope

y _upper(m is simlarly rectified in a full wave or a half- wave rectifier
814, and the rectified output is filtered by a bandpass filter (BPF) 816.
The discrete rectified output signal R(up) fromthe BPF 816 is conpared to
a tunabl e and di sk- surface-specific reference signal UP in the conparator
818. The binary logical output U servBataas the another input to the PFA

Deci sion i ahe™ EtbrinledARRlusi g iHe prédehtdmbkafimshtatenibRfato o High Bbgree of

De

TR AR ML SR, L T

behavi ng ﬁg&!d&b layretbackvsiyl asinh @csharging Gleqendy). @ncedetected; thg envelopasce
rr uril n

gfgg en'? ey be ﬁﬁéﬂ% ﬂtér‘ﬂnﬂ% r{%ﬁ% of d@m eﬁtahS@rfﬁlt _‘%'u@ﬁ a8 Pie8d Rididulation

out put, , zero :0), whil e the
| ogi c en\mﬂ@pléaﬁ%gpf@ﬁg*e Uis one (U= 1) Thus (T, U (0, 1). Apit is
such thatypdss)i Cah @feaéseea mwb@brbmtenrtmuratm detecnrrgmeadback sugnaueogelope

crvel ope %Es&u%edl PrpgoVarhels b6 myrlionh mtrorts cp be *'a“’% \refpence
vari ous waydGBy 1t aed & §'Rd F1BESe9-1donkiS19 é'i‘°"(% ﬁB\MPpPFl eﬁY?ﬁ? % 4 @
entry.in éFﬁBioﬁe 18028 the fehdbadk sigrial 100 Jshowni HIG: s Fha encelopes 908MB wvere
E?—I | :j;e Sa%( od ﬁlq%gn) dlggoootlrngnt%ﬁgh%' V&bsﬁgﬁfjngltddﬁﬂﬁeé‘ralalﬁfegsr@d Sfatifticdfiter N9
Il ust ratprv\ed@d hprainalA MW?@Eﬂ‘aMVO% Has eS| t&tcf%?f AN '83%5 BEAE 1A
event s argedesKstrass ey prsciislythe reduced rdored-statisiiss filtar defthels| tiiSmotiblafiag
Table | 1e'agback signal envelope in both amplitude and time as compared to the prior art
.envelopes 202 and 204.
[00103] FIG. 10 shows a portion of the readback signal 100 from FIG. 1 and a
corresponding portion of the upper envelope 802A from FIG. 9. Note how closely the
upper envelope 902A “clings” to,' or tracks, the frequency-modulated and amplitude-
modulated readback signal 100. FIG. 11 is a comparative graph showing the
corresponding envelope portions of envelopes 202, 204 (shown in FIG. 2) and 902A
(shown in FIG. 9). In contrast to the envelope 902A, the prior art envelopes 202 and 204
fail to accurately represent the envelope of the readback signal 100. In particular, the
filtered full-wave approach exhibits significant phase-shift as compared to the negligible
phase shift of the envelope 802A. The presence of phase-shift is undesirable because of
timing-régistration errors in the envelope detector output.
[00104]  In another aspect, embodiments of the present invention facilitate detection ofa
thermal asperity over data that produces a frequency modulated readback signal. The
effects of a thermal asperity in data are illustrated in FIG. 12 which shows an exemplary

IIIC
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0 0 & Vold O Head Mddulation pit 1 1 BumTA Dth [oolol]
Experimentation using the present enbodi ments denpnstrates a high degree of
effegtlveness in the detection of envel opes over frequency-nodul ated data
(i.e.;, data which produces a readback signal having a changi ng frequency).
Once detected, the envelopes 'may be used to determine the presence of
detrimental conditions such as head nodulation and surface defects.
[00102] In one aspect, inprovements in accurately detecting a readback

signal envel o | ded, .I. . '
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Coner oo “gsRBeistdith 3he Mol RIS el BtolRANcta 8 o e 1 a7
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parti cul qootoshe Irf atiditiors do BOVelopRdistestion cBRPdineNts af Iha iRjRTeNt inygption also
BBSZ e- ? E Ie ,;,5},@5 efﬁtgmge?tﬁﬁhéa g,eehgﬁni é’?ﬁfu | cainpbFent. PREGS: 1bshlrfd 15L2tihstretevreadipack
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h 1t ng- 1 SRR e Hate SoiSiebalrd, HBATA reBRufe BGRE 1t i
anot her agmbodimentstprdvided hereirt. i Baoyld be awted thatdhe rQﬁﬁbﬁﬁgﬁlg‘FEt ])cPé deK8Non
of a theLpb of la¥ AR Fodki Which FpeRAEiue 8A amplifiestagedadhleahighipass

readback signal,” T ' ' i
AP e el RSN g SUPPL RS e s bt st o
t her mal aspardiffererstiatoraielgw thel autofl frequenty.e Therefore, the thermal responses ll?ustrate
FIGS. 15, 17, 19, 21 and 22 are shown differentiated. To obtain the true thermal response
the differentiated therma! responses have to be integrated appropriately. lllustrative
methods for such integration are provided in United States Patent Number 6,088,176,
entitled “Method and Apparatus for Separating Magnetic and Thermal Components from
"an MR Read Signal.”
[oo106] FIG. 12 shows an exemplary readback signal 1200 indicative of a thermal
asperity (as represented by signal portion 1202). A corresponding thermal response 1500
using the sorting algorithm 318 is shown in FIG. 15. The window size, M, for the thermal
response 1500 is equal to 10. As described above, a thermal asperity (TA) is a protruding
defect that makes direct mechanical contact with the MR-stripe. The contact causes
friction-heating and the resistance of the MR-element increases due to its positive
temperature coefficient. The increased MR-Tesistance causes the voltage across the MR-
element to increase for a constant MR-bias current. FIG. 15 is characteristic of such a
voltage variation of more than 0.2 volts. , ' \
[00107] FIGS. 16 and 17 show a readback signal 1600 and corresponding thermal
response 1700. The window size, M, for the thermal response 1700 is 100. The signals
1600 and 1700 are representative of traces occurring in the presence of a small bump. A
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correspondi ng envel ope signals, 1302A-B shown in FIG 13, are obtained
using the reduced sorting nmethods provided herein. A wi ndow |length of M=
10 and a sanpling rate of 50 MHz were used. The trace 1302A is identical
to the envel ope sequence y(m obtained fromthe reduced sorting algorithm
with M= 10. The thermal asperity detector system 360 (shown in FIG 3)
may use the upper envel ope 1302A to detect a thermal asperity. Note how
precisely the envel opes 1302A-B define the thermal asperity 1202 |n FI G
12 both in anltude and in time. For purposes of  conparison, shows

a pair oprotuding duep may2or. maysabeeme dn diesignechanicpb remtastawith met m;ﬁﬂpe

f El | - V"a\éet]g&%f)qp\bﬂl |ﬁrld%h661hdﬂfWh§lghdbhhé hirl¥daling SlideroThe FAG216 stivwsshdwithe
phase- shi

D o Sikiat Sid G e LAl HBod SRS Ul oS, TS e Bbbdrsstve
r epr esent100e usingr thel sarspesdale as| the1@apback sigoak 1600 tlfddl@ﬂieéls‘@m@ aiEbeaingon,
embodi Mends,in cbhﬁ‘E%éﬁé‘r?_t"gh uh@?Gahe%duﬁwméiﬁeafdaécldgbﬁﬂtmmm ad?mgmal

si gnal _corpenc Prr‘éfrieﬁe?ﬂ‘étfcer@?pf@l??euéﬁt’ i etggesg%ﬁ\(%lﬁced%[c E“g}?bgs@ %

and t hei rSe¥R-Fe&pLRA
enbodi menthermal cuspeseFi08i Thid falsetinfilencs can beaadudedibytinereasing theckize pHihgl s

x(nl) ?re Jvi%&QMﬁéeéB Hé%&%ed%io lr{m&llﬂﬁ whi ch op;ara]E es as an f
anplifier cascad as lte V|n a_cuto reque

o e e e afrﬂaib%mogﬁ[)a i N S

di f f er ent{g0OIn b presehee ofitpafibditremrdemogulatitrer diter periadie: head medulatisnpisnses
|| Tustratag ers'élewg,?h eylé Tcﬂﬂatﬂ\g sé‘i‘al gﬂﬂuoﬁ%e@e mo&lﬁﬁcﬁf gaivitﬂsedausgﬁ by

obtain the u Nt 1 a t her mal _r es nses

have to ben miibeaing: '@QOWdBrth%tSM%f dyring 19 Wat "I"Q’@a Wt‘?fBﬂ%ssf oM f
i nt egr at 'dlﬁtuﬂ)"ahc@ rﬁz(}g?d:ausladby aeptoffliding bup! aribosdupdrticle ®r @@brid atached to

entitled 'Ve L nami i f%téfé @d‘ﬁ&lﬂé‘@ﬁé@&tens ics
Corrponent‘gI £ (t %@ Eégﬁ%f fnéﬁf%%@%ig% | G I & ?}ﬁé&’gﬁl”’gﬁby

r eadback @i tj\&aﬁ'ldPZDO Earn ekthese Wdé'%é?aﬁ‘aFa“stB%ﬂqq%/
signal p rbdQchslaQ:%hcurﬁamQhém@thpagpm hmzransagnai esl-ﬂmveyer w&m thasdatg written

sorting a#%i‘ %,? iaﬁoﬁ ‘.%aE fgb h%%nt iM thb Gbadibick

t her rmal g4

asgremEl ty ?'mloﬁi‘?ﬁa'sd 'b?t'?aLRﬂ e&e gaim, lpe &%ﬁ'ﬁpﬁ 'HP'E%(""S?‘J&‘.%ct
with the éé%tdrtwduvﬂan&lme:affﬁwof whizhrsthefthermal oespoase |1BQOamay e esdused dyance

of the §|le§%tthé 0b BRER WiRldtsw Mhéeﬁ%yﬁﬁﬁédu&@d sorfl Ql'géﬁlhh%ﬁ!)ef ficient.

The incr el resrstance causes t € acro el ement to
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The differentiated thermal response 2100 using the same scal e readback -signal
clearly represents the airbearing resonance by modulating portion 2102. Again, the sharp '
glitches in FIG. 20 indicate servo-sector boundaries the effect of which on the thermal
response 2100 may be reduced by increasing the size of the window M used by the
reduced sorting algorithm 318.
[00110)  FIG. 22 shows the differentiated thermal response 2100 after amplification. The
amplified signal is referenced as the thermal response 2200 and accentuates the
airbearing resonance as modulating signal portion 2202.
[po111]  Thus, FIGS. 15-22 demonstrate how the thermal response varies between &
head modulation event and a bump/TA-event. Specifically, if the periodic head modulation
event produces little thermal response, an airbearing modulation event occurred while
writing the data.
[00112] While the foregoing is directed to the preferred embodiment of the present
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1600 and 1700 are representative of traces occurring in the presence of a
smal | bunp. A 20 protruding bunp nmay or may not cone in direct nechani cal
contact with the MRstripe, however, it will influence the flyheight of
the air-bearing slider. The FIG 16 shows how the slider airbearing
resonates after a being disturbed by a small bunp. The thermal response
1700-using the same scale - as the readback signal 1600 indicates sone

airbearin esonanc sharp, "alitches"

r eadback "g‘fe@h ﬁlﬁﬁc E‘Eﬂ’?eﬁ gegggtﬁbghgec thé B%‘@H 27 1@?’ r}%oco%tlﬁet hem?mf

i nfl uenccdepamng dronothechasis seppetteereptaand the mpetﬂl*ﬁiﬁﬁfdﬁ detesipineddythe glaims; s
fal se infy gﬁ,can be reduced by increasing the size of the w ndow M used
by the re uced sorting algorithm 318. [oolos] FIGS. 18-19 show a readback
signal 1800 and corresponding thermal response 1900 in the presence of

peri odi ¢ head nodul ati on. The periodic head nodulation is represented by a
nodul ating signal portion-1802.. Head nodul ation activity is caused by an
ai rbearng resonance in the slider during the witing/reading process. The
ai rbearing disturbance may be caused by a protruding bunp, a | oose
particle or debris attached to the slider (the latter results in dynamc
head instability due to altered flying characteristics of the slider)..
Each of these conditions can cause periodi c head nodul ati on which produces
a, concurrent thermal conponent in a signal. However, when the data witten
during head nodul ation is later read, no thermal conponent is present in
the readback signal. This is illustrated by FIG 19. Again, the sharp
glitches in FIG 18 indicate servo- sector boundaries the effect of which
on the thermal response 1900 may be reduced by increasing the size of the
wi ndow M used by the reduced sorting algorithm 318. [00109] FIGS. 20-21
show a readback signal 2000 and correspondi ng thermal response 2100 in the
presence of a relatively |arger bunp. Mdul ating signal portion 2002 of

FIG 20 illustrates how the slider airbearing is resonating after a being
di sturbed by the bunp. The differentiated thermal response 2100 using the
sane scal e as the readback signal clearly represents the airbearing
resonance by nodul ating portion 2102. Again, the sharp glitches in FIG 20
i ndi cate servo-sector boundaries the effect of which on the therma

response 2100 may be reduced by increasing the size of the w ndow M used by
the reduced sorting algorithm 318. [00110] FIG 22 shows.the
differentiated thermal response 2100 after anplification. The anplified
signal is referenced as the thermal response 2200 and accentuates the

ai rbearing resonance as nodul ating signal portion 2202. [00111] Thus, FIGS.
15-22 denonstrate how the thernmal response varies between a
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head nodul ati on event and a bunp/ TA-event. Specifically, if the periodic
head nodul ati on event produces little thermal response, an airbearing
modul ation event occurred while witing the data. [00112] Wiile the
foregoing is directed to the preferred enbodi nent of the present 21

I nvention, other and further enbodi nents of the invention may be devi sed
W t hout departing fromthe basic scope thereof, and the scope thereof is

det érm ned by& he clains,.that follow 22 What is clainmed is: 1. A method,
conpri si ng: bj$ Fr@ med Shvel ope of a frequency nodul at ed readback si gnal
representfat i ve\ méthodat@mprisiig: by a head assenbly from a storage medi um

based on anpl '%éé‘iﬁeggﬂré?%ﬁ)gfﬁf'acﬁe(fi?fen&wﬁ\oaﬂl‘éfédoraﬁd?é&tﬁéﬁal séﬂ!ﬂW@éﬂ on

activity of t asse ermnating at [east one of a read

oper at i orflatmeeag byra b@aq)memhhbfﬁomf stafgge MeAMR of claim 1, wherein
deter mi ni ng MpAsbebhamplitide\dHayacteristics sithe edesloparidetermining mudekatinn actiity

t her mal n adback signal. 3. The nmethod of claim1, wherein
if a wi t‘gﬁeﬁa ag{?%r%"{bgeahé sk sector is termnated, further conprising
witing to a demieating atdeawt ana-el: reat operation:antha wike epariaiPR. wher ei n

term nati ng corrprl ses issuing an inhibit signal. 5. The nethod of claim1,

further I-Si N et.er head
assenbl y Ji‘ 'ﬂ &ro&lequﬁfhgﬁ V{r%gélgt%?%{ﬁ:@rﬂﬁé?dl%%t'gﬁ%'V‘%ﬂéﬂgg%f claim
1, furthejetermumnmthewgeaemeorn@mmmpomtatthwgb@rk sigeal. head assenbly
I's due to an airbeari ng frequency of the head assenbly. 7. The nethod of

I 1, wh d ul at t
envel ope Sanpi 158 HETREPI A A s NG nitawafe Rereorf BB dlskEpedris .00
envel ope teamiphtedg furfiver sompriaimgNiritingtogredifferent diskisectosnpl e and an Nt h

smal | est envel ope sarrpl e. 8. The nethod of claim?7, wherein determning
nodul ation activit

rth assenblin the eny I sto

provi de ﬁsenﬂ"@d’“éﬁ\? 'mshwg%é%'"%ﬁm"i‘?‘mq %nqr%@sdggtg sgmﬁ\/g{@p?

sanpl es at an airbearing frequency and outputting a filtered signal; :
5. The method of claim 1, further comprising determining that the modulation

activity of the head assembly is due to a defect on the storage medium.

6. The method of claim 1, further determining that the modulation activity of the
head assembly is due to an airbearing frequency of the head assembly.

7. The method of claim 1, wherein determining modulation activity comprises
locating envelope samples within a window of the of the readback signal, each
envelope sample comprising an Nth largest envelope sample and an Nth smallest
envelope sample.

8. The method of claim 7, wherein determining modulation activity further
comprises: :
assembling the envelope samples to provide assembled envelope samples;
filtering the assembled envelope samples at an airbearing frequency and

outputting a filtered signal,
determining modulation activity of the head assembly if the filtered signal

exceeds a predetermined threshold indicative of normal non-modulating head
assembly operation.
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determ ni ng nodul ation activity of the head assenbly if the filtered signal
exceeds a predeterm ned threshold indicative of normal non-nodul ati ng head
assenbly operation. 23 9. The nethod of claim8, wherein the predeterm ned
threshold is calibrated at a |evel indicative of normal non-nodul ating

operation. 10. The nethod of claim 7, wherein |ocating envel ope sanples

conprises: (a) retrieving two sanples fromone of the w ndows; (b) sorting
the two sanples in a descending ordered list in the case of the Nh :

| ar gest envel Qpe; rti.ng, the twq sa S i.n ascendi ng.ordered |i st
in the cade o?‘%@f@gﬁﬁd?&scﬁﬁmg%ﬂm%ﬂmhﬁﬁg&&m'?@ﬁ'@%cﬁg |sac%,§%?teg ata
consecut i jegeldadipativd ofomorimad non-mbxyjating)openatidne case of the descendi ng
ordered list, replacing a second descending sanple with the next

consecutive sanple if the ne onsecutive sanple is reater. than the
second degbendir}?gngﬁ'r?&‘H;C'%{ﬁé}'("fc}}er?'ﬁﬁ?‘l’%m@ﬁ\é{e °tsﬁ§1p£%8?mpﬁ§°%rdered

| }St’h repl aci ng) a seienthgdwosattiphes fremrarlecofie Wirdosvsnext consecutive sanpl e
if the next c ecyt.l ' ‘ 4 |

sanpl'e. 11 THE) notRUlePeTRe Sarbift il Ghecendig drdfreSIRe I yBERB U NG |
descendi rithdargesteanvelepe;and t he ascending ordered list; and (h) repeating
steps (a)-(9) (kpr <ofihgshENWe sampldieinwinebeendihg ordéredriist irtheadaseladitine 11,
further C@WJFIP@%%E determ ning an estimte of an anplitude of the readback
si gnal . - 1M PAYRAOBY: claim 1, wherein deternining modul ation activity
conpri ses | odd} i ngetrieving a rextconserutive spEwia fromile Mo anpl es of a

predet er m ned (g} Ze QWS case GTARe BBs&IN kd et, repthcitth aseodndvi ndows.

(8} <. i ; . . 14.
Th th f c 1 I . .ned
accor di ngiesseasing semae WS pRxkanSRRlive el rNE atl KB cU e s ©
r eadback gregteatharatng segond desterwiing samplguendy conponent of the readback
signal represqptat iy m]é)cfsas% ofdRé és@éﬁd‘lﬂ\qzﬁrd%fed I, fi ¥ setandbscerding he
e

nmet hod of claim.13 eln locating the envel ope sar f .
pr edet er riafeRle withdhe psecHiye,3armp/e hRIt"ﬁ’% Bgﬁtr'v)&%g'ﬁéggg?ﬁ%?ghgﬂd an
Nth  smalthesbcend escareiisgsahpleof the readback signal.

“411.  The method of claim 10, further comprising:
(g) sorting the descending ordered list and the ascending ordered list; and
(h)  repeating steps (a)-(g) for each sample in the window.

12. The method of claim 11, further comprising determining an estimate of an
amplitude of the readback signal.

13. The method of claim 1, wherein determining modulation activity comprises
locating, from the readback signal, envelope samples of a predetermined size over a
series of consecutive and adjacent windows.

14.  The method of claim 13, wherein a length, M, of the windows is determined
according to an equation M > fs/fw, where fs is a sampling rate of the readback signal
and fw is a lowest frequency component of the readback signal representative of a
data portion of the readback signal.

156.  The method of claim 13, wherein locating the envelope samples of the
predetermined size comprises locating an Nth largest envelope sample and an Nth
smallest envelope sample of the readback signal.
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24 16. The method. of claim 13, wherein the envel ope sanples of the
predeterm ned size make up less than all of the envel ope sanpl es contai ned
in the readback signal. 17. The nethod of claim 13, wherein determ ning
nodulation activity further conprises: assenbling the envel ope sanples to
provi de assenbl ed envel ope sanples; filtering the assenbl ed envel ope
sanples at an airbearing frequency and outputting a filtered signal; and
determ ni ng nodul ation activity of the head assenbly if the filtered signal
exceeds a predeterm ned threshold indicative of normal non-nodul ati ng head

assenbl y mper atHeomettiod of OaimS, lwhireif thd anveldFe sametesi of thé prasieteratinedi ned
threshold.is calibr t Wafal L6, qafayey; abRckdiahaing
operati ons.'zig'.ai?r’i’g I%%?%o% ao| fébg?éﬁ]bi'gag\fﬁ@ lleélénccﬁ‘t(l)%lgtgali %{hﬁgf’ope slgnpl es
conprises: (a) retrieving two sanples fromone of the w ndows; (b) sorting
the two sanples in a descending ordered list in the case of the Nh

| ar gest enyel Qpe; SQrti. ﬂ;m.l- i ' giered |ist
in the caSe o?ﬁl%@gﬁhcﬁ&scﬁ[@ﬁ%e%p% eeﬁ'l%ld%pe; "?Q? nﬁbeﬂlaltg’\?\?%ggpﬁleﬁ
consecut icampé®st e fromthe window, (e) in the case of the descending

ordered |ist, 4RBhithhghéehRI6Hs sarfisies @ gidvide asgdntbled ehvélbpe samples;
consecutive s

second descen 3%@393%%339@%5 (e(f:")9 g'lgﬁg gﬁ@ﬁ%’i@% glrt.}]eZariggg @%ﬁ%hé’; gﬁg e'; 23

list, repbhatputtipga filtreddignat@ndi ng sanple with the next consecutive sanple
| T the next C%&&ﬁmggn?%g?wﬁi& htivity BRI hddtPassehibly FenefiReredairtil ng

le. 20. Th 19" furth () ing th
descond rkcapes AderpiErmined oisahaeiaiiibys o EfBynAh it g e, 0, 1°

steps (a)adsgmbipopertionsanpl e in the window, and (i) repeating step (h) for
each of the wndows. 25 21. The nethod of claim 20, further conprising

et hod of W61 ar FHe Mot eiRAM b RS BTG REoTR e dbrased ot 8"

level indicative of normal non-modulating operation.

19. The method of claim 13, wherein locating envelope samples comprises:

(a) retrieving two samples from one of the windows; '

(b)  sorting the two samples in a descending ordered list in the case of the
Nth largest envelope; ' '

(c) sorting the two samples in an ascending ordered list in the case of the
Nth smallest envelope, ‘

(d) retrieving a next consecutive sample from the window;

(e) inthe case of the descending ordered list, replacing a second
descending sample with the next consecutive sample if the next consecutive sample is
greater than the second descending sample; and

(f) in the case of the-ascending ordered list, replacing a second ascending
sample with the next consecutive sample if the next consecutive sample is greater than
the second ascending sample.

20. The method of claim 19, further comprising:
(g)  sorting the descending ordered list and the ascending ordered list;
(h)  repeating steps (a)-(g) for each sample in the window; and
(i repeating step (h) for each of the windows.
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envel ope snoot hi ng device. 23. A signal bearing nedium conprising a
sorting programfor determ ning values of a readback signal envelope in
order to determ ne head nodul ation activity of a head assenbly in a disk
drivé facility wherein the sorting program when executed by a processor,
perfornms a nmethod, conprising: receiving a frequency nodul at ed readback
signal representative of data read by a head assenbly from a storage

medi um and | ocati ng envel ope sanples within a wi ndow of the of the

readback signal, each  envel o S | e comprigi,ng an Nth |argest envel ope
sanpl e andl.an Naemethad @sﬁfa'"bﬁﬁ@@é% QImRIIsiNg é@f?%ﬁg‘%ﬁfbﬂﬁfm%@é’:’ iFg nmedi um
of cl ai mzRplitabietihe teadbttksigravel ope sanpl es conprises: (a) retrieving

two sanples froma wi ndow conprising a plurality of sanples; (b) sorting
the two sanples in a descendi ngﬁordered list in the case

_ | S of the Nh

| ar gest e2Rel o methodsefralainy? t HurtheirompnsingsoytRuRing 4e esYMAS 18@%er ed 1 st
in the -ca&wéﬁpggﬁoowﬁg Géutd est envel ope; (d) retrieving a next
consecutive sanple fromthe wi ndow, (e) in the case of the descendi ng
ordered list, replacing a second descending sanple -with the next
consecut i 28 saApignal bearing mediuny sepEistng @ serling Peogram 1gr dategnining,yalgs
lsec?nd d FsHdBacR sighaPenvasiébd in)order wu?tsmgteabauhmmmnmigitpoﬂama |

i st, replaci second. ascendi S Sy ye sampl e
if the ne?ﬁseé‘?r}ﬂ%E’t%sﬁ%eéjrg’gﬁﬁ?'ﬁgi%d?@gﬁgrsgpwwoé{éﬁ's%nﬁscen |ég
sanpl e. 2proc@ssorspesfierimsha methad, eomprsingt cl ai m 24, further conprising: (g)
sorting the degesRfig@rBader§inbddhtedteadibackasigrdl toprasontdtvedf datatread bf)
repeati ng gt egs a -I&géwgor teach Seicﬁpl _eaHa(? t he wi ndow, and (i) repeating
step (h) fopadasse ArPtarage megiyny wi ndows. 26 26. The signal
beari ng medi unoodting envelds sdmplesaithivapindawof thetos the raadask sigaal @agRe of
an anpl i t yelg e&&ﬁﬂe%@'lﬁ?%‘hgféﬂ%larégst ehlelopb anipldand BA NtABtallesof cl ai m

ng o

26, further conprislng putting the  estimate to an envel ope snoot hi ng
devi ce. 28NVelPPSBAAPYS us configured to deternine head nodul ation activity
of a head

24. The signal bearing medium of claim 23, wherein locating envelope samples
comprises:

(a) retrieving two samples from a window comprising a plurality of samples;

(b)  sorting the two samples in a descending ordered list in the case of the
Nth largest envelope;

(c)  sorting the two samples in an ascending ordered list in the case of the
Nth smallest envelope;

(d) retrieving a next consecutive sample from the window;

(e) inthe case of the descending ordered list, replacing a second
descending sample with the next consecutive sample if the next consecutive sample is
greater than the second descending sample; and

() in the case of the ascending ordered list, replacing a second ascending
sample with the next consecutive sample if the next consecutive sample is greater than
‘the second ascending sample. :

25.  The signal bearing medium of claim 24, further comprising:
(@)  sorting the descending ordered list and the ascending ordered list;
(h)  repeating steps (a)-(g) for each sample in the window; and
(i) repeating step (h) for each window in a plurality of windows.
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assenbly in a disk drive facility, conprising: a wite inhibit system
configured to output a readback signal and configured to' issue at least a
wite inhibit signal when threshold conditions are satisfied; and an

envel ope detector connected to the wite inhibit system and conflgur edto

| ocat e envel ope sanples of a predeterm ned size fromthe readback signal .
over.a series of consecutive and adjacent w ndows, each w ndow conpri sing
M sanpl es. 29. The apparatus of claim 28, wherein the readback signal is a

frequenc nogul at ed nal rage

medi um %5 Tﬂgeétﬁfﬁ’ §gggn%fne§1ﬁg$§f§§% ?é'rerf“' ‘ra'd%%ﬁ% 'ﬁﬂgdg{&m éﬁ cent er ed
at an ai ebtimatenof aﬁamqh@depfmraa@haclgﬁlged to receive a form of t he

sanpl es; wherein the wite inhibit systemis configured to receive a

filtered signal fromthe filter and fur onf| ured to

nodul at i 8A- acfrh9|5!qn96i’e?%%9 megiym, of elait ?Q f;mﬁﬁr cq ?’f%‘?%&“?“gﬁﬁ%gxceeds a
pr edet er gstietd forars bovalopersimoathingedeficeor mal  non- nodul ati ng operation. 31.
The apparatus of claim28, wherein the predeterm' ned threshold is

calibrated at a level indicative of nor non dul at,i ratlon 32.

The appa@8t usAbfaRpaEAtHE SENNIGHEH & HeﬁeF@'r@%ddB%d‘go@%?gqu???g

;:onf ' ?ﬁ”égserggl ylie@adisk divefacity, dompeiskgopl es and | ower envel ope sarrpl es
romthe rea ac :

envel ope det e@t‘m ®i '@l' @fggysteﬁmrceog}_%ﬁ eﬂﬂeﬁ@d’l%r‘&d%ﬁé %Rﬁ angm gﬁbnwhen

execut ed jssueciteast enwiterinbibit sionahwhea threshpld £aad 'HB’S%IP& safisged.and m og,

further conpr pgighverpeicidctbesdrneiied ke weite inbitit systerl ahd canfigured to he

readback  si gnal gnd o ite
i nhi bi t %E{W 9p%§gﬁ‘$ﬁeés éaflp}bp gplenfnlr%g i al mQ@ghe féél{l‘.)%'ck% nel B%rvﬁng an
envel ope series ohiconsegutive end édﬁﬁ@'&tt\é'ﬂdf"dsvtwé’héﬁ()@‘l"% ﬁBmBEP'é‘St Ee
configured to sequentially assenble the envel ope sanples output by the

envel ope , detector. 36. I sing at

| east on@Yof ﬁ%ﬁmﬁﬁ‘“ggﬁ‘é@f}@ba\%{”@ 9'[%1% rgﬁgﬁa?& s'é%li{gseaggﬁfyure anal ysi s
syst em c onouutated signahrepresentativeeofdate read 5o 39@9@@@@9% and the envel ope
snoot hi ng device. 37. The apparatus of claim28, wherein the sarrpl es

| ocat ed t he, envel I

signal . 39 ﬁé‘ ?@Pﬁé’ggﬁ‘g}zgi fufther 8%8'115'8@&?'#%‘08%’% é‘{éi d wﬁ

conf i gur dréquency andcenfagurm to regeiyesa fasmel e sarspies) wheredn VKTt' ﬁ |tl est

envel ope gy B clrfiBLfsdRto receive a filtered signal from the filter and further configured to
determine modulation activity of the head assembly if the filtered signal exceeds a

predetermined threshold indicative of normal non-modulating operation.

31.  The apparatus of claim 28, wherein the predetermined threshold is calibrated at
‘a level indicative of normal non-modul_ating operation.

32. The apparatus of claim 28, wherein the envelope detector is further configured
to locate upper envelope samples and lower envelope samples from the readback
signal.

33. The apparatus of claim 28, wherein the envelope detector is configured with &
sorting algorithm which, when executed, locates the envelope samples.

34. The apparatus of claim 28, further comprising an arm-electronic module
configured to amplify the readback signal and output the amplified readback signal to
the write inhibit system.
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wi ndow of the readback signal. 39. The apparatus of claim 28, further
conprising: an armel ectronic nodule configured to anplify the readback
signal and output the anplified readback signal to the wite inhibit
system and an envel ope snoot hi ng devi ce connected to the envel ope detector
and configured to sequentially assenble the sanples output by the envel ope
detector. 40. The apparatus of claim 39, wherein the envel ope detector is
configured to locate an Nth | argest envel ope sanple and an Nt h smal | est
envel ope sanple within a w ndow of the readback signal. 28

35. The apparatus of claim 28, further comprising an envelope smoothing device
connected to the envelope detector and configured to sequentially assemble the
envelope samples output by the envelope detector.

36. The apparatus of claim 28, further comprising at least one of a thermal asperity
detector and a predictive failure analysis system connected to at least one of the
envelope detector and the envelope smoothing device.

37. The apparatus of claim 28, wherein the samples located by the envelope
detector are of an envelope of the readback signal.

38. The apparatus of claim 37, wherein the envelope detector is configured to
locate an Nth largest envelope sample and an Nth smallest envelope sample within a
window of the readback signal.

39. The apparatus of claim 28, further comprising:

an arm-electronic module configured to amplify the readback signal and output
the amplified readback signal to the write inhibit system; and -

an envelope smoothing device connected to the envelope detector and
configured to sequentially assemble the samples output by the envelope detector.

'40.  The apparatus of claim 39, wherein the envelope detector is configured to

locate an Nth largest envelope sample and an Nth smallest envelope sample within a
window of the readback signal. :
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