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magnetic discs nmounted for rotation on a hub or spindle. A typical
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bearing which flies above each magnetic disc. The transducer and the
hydr odynam c air bearing are coIEizhpyggyzggﬂamﬂgmgl__as a data head.

A drive contgoller IS convepli égéﬂhLiﬁvé%tlﬂ$'&%&aE§ tE8|$éﬁ$&§%}44¥ sc

drive based on commands 20 recel ved oSt sy
controller gyatenss t hMoFiescparticularly: rithee Présentt i imventdmn he

magnetic discs apgyiPestOhCal BYREER EOP Q8tLARIFBINANUS bit eidF Srate
of a sampled data system including a disc and a data
head used to write data to the disc and retrieve data

10 from the disc.

BACKGROUND OF THE INVENTIO

A typical disc drive includes one or more
magnetic discs mounted for rotation on a hub or spindle.
A typical disc drive also includes a transducer
15 supported by a hydrodynamic air bearing which flies
above each magnetic disc. The transducer and the
hydrodynamic air bearing are collectively referred to as

a data head. A drive controller is conventionally used
for controlling the disc drive based on commands

20 received from a host system. The drive controller
controls the disc drive to retrieve information from the
magnetic discs and to store information on the magnetic
discs.

An electromechanical actuator operates within

25 a negative feedback, closed-loop servo system. The
actuator moves the data head radially over the disc
surface for track seek operations and holds the
transducer directly over a track on the disc surface for
track following operations.

30 Information is typically stored in concentric
tracks on the surface of magnetic discs by providing a
write signal to the data head to encode flux reversals
on the surface of the magnetic disc representing the




An el ectronechani cal actuator operates within 25 a negative feedback,

cl osed-| oop servo system The - actuator nopves the data head radlally
over the dvees10990 surface for track seek operations and MRETASSIBHEES
transducer directly over a track on the disc surface for track
foll owi ng operations. 30 Information is typically stored in
concentric tracks on the surface eg-magnetic discs by providing a
wite signal to the data head to encode flux reversals on the surface

of the nagnetdatdi &o bepstseadLngIhhmetrievxnﬂ[ﬁaﬁélﬂﬁeﬁ the disc,
PCT/ US98/ 1776

st or ed.
In retrievi ngégat adlf]%em £ ﬁntaoller confthrolgr [ t\:/téecéan ech&%E%hg F"gﬁs t he
el ectT onechanachhator setthabrths daltat head ﬁhiesrﬁhQVGIuh@smabneelche

magneti c &hég §@ﬁ§}ﬁga&iﬂs B :Eé)’é%ﬁ%ﬁé & éﬂée dsggﬁ%%wa%ac and

generatlng a read signa sed on thos The réad signal
i s typicaPly esddigepptatirg a repdn shanale bﬁﬁeﬁheoarlﬁmﬂﬁ)ntfllwq er to

[ecover data reve&@auasenm@ re%df éigna:@\&@ %%icalw%mﬁﬂﬁxé@%at Ic

di sc, and consequen resent ed e read nal 10 provided by the
dat a head. %gn déééd by t e drgve controlfeg to recover data y

represented by flux reversals stored on the magnetic
disc, and consequently represented in the read signal
10 provided by the data head.

A typical read back system includes the data
head, preconditioning logic (such as preamplification
circuitry and filtering circuitry), a data detector and
recovery circuit, and error detection and correction

15 c¢ircuitry. The read back system can be implemented
either as discrete circuitry, or in a drive controller
associated with the disc drive.

In disc drives, it is important that the error
rate per numbexr of bits recorded (the bit error rate) be

20 maintained at a relatively low level. In a functioning
disc drive, bit error rate can be estimated in a number
of ways. TFor example, various data patterns can be
continuously written to and read from the discs in the
disc drive, and the number of errors encountered in

25 reading the data can simply be counted. During the
development of next generation disc drives, however, it
is not uncommon for a drive manufacturer to test and
evaluate a number of different data heads, or different
types of data heads, before choosing a data head for

30 implementation in the next generation disc drive. The
development of data heads often precedes the development
of read channel circuitry which will eventually be used
with those data heads. Therefore, it becomes difficult
to estimate the bit error rate of a system employing
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The present invention is directed to a system

15 that addresses these and other problems, and offers
other advantages over the prior art.

SUMMARY OF THE INVENTION

A system determines bit errox rate in a

sampled data system having a disc formed of a magnetic

20 wedium and a data head for writing data on the disc and

retrieving data from the disc. A pattern is written on

the disc which includes M isolated instances associated

with a predetermined event. The pattern is retrieved

from the disc and the M isolated instances are combined

25 to obtain a representative instance having a reduced

electronic noise component. The representative instance

is combined with each of the isolated instances to

obtain M noise sequences. An autocorrelation component

is obtained based on the M instances read from the disc

30 and the M noise sequences. A channel filter is

developed having an impulse response based on the

representative instance and based on the channel

requirements for a predetermined channel model. A

representative instance is passed through the filter to
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3 is a block diagram illustrating a
system for determining the bit error rate associated
with a data head without use of the read/write channel

15 electronics.

FIG. 4 illustrates a dominant error event.

FIG. 5 is a flow diagram illustrating the
operation of-the system shown in FIG. 3. '

FIG. 6 is a block diagram illustrating the

20 system shown in FIG. 3 in more detail.

FIG. 7-1 illustrates a pattern of isolated
pulses in accordance with one embodiment of the present
invention.

FIG. 7-2 illustrates manipulation of the

25 isolated instances shown in FIG. 7-1 in order to obtain
a noiseless sample.

FIG. 8 is a flow diagram illustrating the
operation of the system shown in FIG. 6 in accordance
with another aspect of the present invention.

30 FIG. 9 illustrates the autocorrelation matrix
at a filter input in accordance with one aspect of the
present invention.
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the need of having read/write channel circuitry normally
agsociated with a disc drive employing the data head.
However, for purposes of a full understanding of the
present invention, a disc drive, and its associated
read/write channel circuitry are described herein for
the purposes of clarity.

Referring to FIG. 1, a rotary magnetic disc
drive system is shown in diagrammatic form and is
referred to generally at 110. A plurality of magnetic
information storage discs 112 are journaled about a
spindle motor assembly 114 within a housing 116. Each
magnetic disc 112 has a multipiicity of concentric
circular recording tracks, indicated schematically at

118 for recording information. Each track 118 is
subdivided into a plurality of sectors, indicated
schematically at 120. Data can be stored on or

retrieved from the discs 112 by referencing a specific
track 118 and sector 120. An actuator arm assembly 122
is rotatably mounted preferably in one corner of the
housing 116. The actuator arm assembly 122 carries a
plurality of head gimbal assemblies 124 that each carry
a slider 125 haﬁing a read/write head, or transducer
126, for reading information from and writing
information onto the magnetic discs 112. A voice coil
motor 128 is adapted to precisely rotate the actuator

arm assembly 122 back and -forth such that the

§§§§H§eﬁ§g‘b§§ﬂb &' B9ta®hell can pe detemingh%ighioﬁta flow
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pHocgssing information to be written to or received from
the discs 112, A microcontroller 134 directly
implements all of the primary functions of the disc
drive system 110. A read/write support and interface
control c¢ircuit, indicated generxally at 136, and a motor
and actuator controller 138 are connected to the
microcontroller 134 by a general purpose data, address,
and control bus 140. Circuit 136 in general provides a
hardware interface between the disc drive system 110 and
a host computer system {not shown) via a communications
bus 142. Also, circuit 136 in general provides an
interface between the motor and actuator controller 138
and a read/write channel 144. The read/write channel
144 acts as an interface between the microcontroller 134
and the transducers 126 over lines 145. The read/write
channel 144 also provides signals over line 146 to the
motor and actuator controller 138. Controller 138 is
provided as an interface between the microcontroller 134
and the wmotor assembly 114 over lines 148, and an
interface between the microcontroller 134 and the
actuator arm assembly 122 over lines 150.

Data to be written to disc 112 is provided to
read/wfite support interface circuit 136 which, in turn,
provides the data to read/write channel 144. Read/write
channel 144 passes the data to data head 126 which acts
to encode the data on the surface of disc 112.

In order to read data from disc 112, head 126
passes over a track on the surface of the disc 112 on
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back and forthdggggté Eﬁaéé“is provided, typically to a decoder where
the data is decoded and passed on for further
processing. |
| When a manufacturer is evaluating a new or
15 different data head 126, the drive manufacturer may not
have access to read/write channel circuitry 144 which
will be used along with the new data head. The
réead/write channel circuitry 144 may typically not be
completely developed at the time that the data head is
20 being tested and evaluated.
FIG. 3 is a block diagram of a bit error rate
measuring system in which the bit error rate of a
sampled data system, including head 126 and disc 112.
The system shown in FIG. 3 includes controller 200,
25 servo controller 202, data head 126 and disc 112.
Controller 200 includes pattern generator 204 and bit
exrror rate (BER) component 206. A bit error rate is
calculated directly from measurements made using head
126 and media (or disc) 112, and the read/write channel
30 electronics are not required.
The measurements in accordance with the
present invention allow calculation of the probability
of error for some specific error event.
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written on disc 112 directly from head 126, without
associated read/write channel circuitry. The raw read
signal from head 126 {after undergoing conventional

15 amplification and conditioning) is used by BER component
206 to measure the bit error rate associated with the
system.

FIG. 4 illustrates a first wave shape 208 and
a second wave shape 210. It has been observed that one

20 dominant error event in such systems results from
writing a dipulse illustrated by waveform 208 in FIG. 4
to the surface of disc 112 and reading a constant
magnetization indicated by wave shape 210. In other
words, the dominant error event results from expecting

25 samples +/- (10-1) and reading samples (000). Thus,
while the bit error rate can be measured for any desired
error event, the present description proceeds with
respect to the error event in which a dipulse is written
and a constant magnetization is read.

30 For the purposes of clarity, the expression
for the probability of error encountered using a trellis
detector is now derived. Consider the probability of
some specific error event when a decision is being made
by a trellis, as is the case for a Viterbi-type
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When a manufacturer is evaluating a new or 15 different data head 126, the
drive manufacturer nayPneb(Error)-Prob [M, < M,

~Prob (Sk - bk)Z < (Sk - ak)z]

10 where s, represents noisy samples and a, and
b, represent the noiseless values of path a and path b,
respectively.

Eg. 1 can be rewritten as follows:
(Eq. 2)

Prob(Error) - PIOb[’ZE mee > Y, eﬁ]

15
where €, = ai,-b,, and n, represents it:he noise
sample at time k. Note that the sequence [e,] is the
error event causing the error. In the case of a PR4
channel, [e,] = {10-1} or [-10l1]. For an EPR4 channel,
20 [e] = [11-1-1] or [-1-111]. |
Of course, other error events can also be
. considered. We will assume that the sum over ne, will
be very nearly Gaussian. Therefore, the standaxrd Q (or .
error) function can be used. Thus, Eq. 2 becomes:

25
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event (or any OINEl (gSNR) by the following expression:
5 (Eq. 4)

Prob (Error) = BER= Q[ESNR]

Specifically, for a PR4 channel:

(Egq. 5)
BER= O Smp
10 For an EPR4 channel:
(Eq. 6)
- 2smp
BER Q(————DEN)
where
DEN =
15 R (t,, t;) + R (t,, t;) + R (t;, t3) + R (t,, &)

+ 2R {t, t;) - 2R (t;, t3) - 2 R (t;, t,)
- 2R (t,, £t} - 2 R (t;, t,) + 2 R (t;, t,)
Having obtained an expression for bit error
rate generally, and specifically for a PR4 channel and
20 an EPR4 channel, the system in which measurements are
taken to obtain the bit error rate value can now be

described in greater detail.
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microcontroller with assoc1ated program modules, memoxry

15 and timing circuitry. The operation of BER component

206 is described with respect to both FIGS. 5 and 6.

Pirst, an appropriate pattern is written once
beginning with an isolated pulse which is used for
signal alignment. Por purposes of the present

20 discussion, in which the error event is that of writing
' a dipulse and reading a constant magnetization, the
appropriate pattern is an isolated dipulse. The written
pattern preferably contains a plurality (for example M)
isolated instances that reflect the error event. One
25 illustrative example of a pattern written on the surface
of disc 112 is illustrated in FIG. 7-1. FIG. 7-1 plots
voltage along axis 242 and time along axis 244.
Alignment pulse 246 is provided in a first frame of the
pattern. Thereafter, a plurality of isolated dipulses

30 248 are recoxded. '

Of course, if the error event in question were
a shifted tripulse, M isolated tripulses would be
written to disc 112.
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-9- det ect or. Such an error event occurs when the path metric of
the incorrgelogigol i S smaller than the path metric of pdgussnrRst path
through the trellis. Assume the correct path is path "a" having a path
metric Merr] at 5 the nerging state. Assune further that the incorréct
path is path "b" with a path metric Mg {9 at the nmerging state. Then
(Egq. 1) Prob (Error) -Prob [Merr] < Merr]]

(AErOb (ES[ e]rr] - b[er[])xn[ lel 31<1§[s§§a§rllvag@h§%§méﬁl fgg:? SEESTD ot he
ere sf[err esent s noj s

noi sel ess val E@g‘tﬁ‘f"nﬁa?ﬁ at %haﬁﬁq?tances Wééﬁbc’e'?f/@ciﬁ the error

Eq. 1~ ;:an be resamnitt.t en m;tfiﬂ;éo\w the pattern onto disc 112 is

(Eq. 2

e[e'lr-r] = a[errJ]l]'b"’[sé:l’rr?]ted E&o% %oéégeﬁggfég%m se - \(\he.re

Next, pattern .retrieving component 212
retrieves the pattern from disc 112. Pattern retrieving
component 212, in one illustrative embodiment, includes
conventional amplification and signal conditioning
c¢ircuitry for receiving the read signal from data head

10 126. Pattern retrieving component 212 then provides a
signal indicative of the read signal from disc drive 112
to data storage component 214, which illustratively
comprises one or more solid state memory devices.
Reading and storing the pattern is illustrated by block

15 232 in FIG. 5.

In one illustrative embodiment, the bit error
rate which is substantially independent of electronic
noise can be obtained. In order to do this, pattern
retrieving circuit 212 reads the pattern a plurality of

20 times (such as twenty times) and stores each of the read
patterns in data store 214. This is indicated by block
234 in FIG. 5. The reason for reading the pattern a
plurality of times is that the plurality of patterns
read from disc 112 can then be averaged in order to

25 suppress the electronic noise associated with the read
signal. The average pattern will thus have a
significantly reduced electronic noise component
associated therewith. Of course, the more times the
pattern is read and averaged, the less will be the

30 associated electronic noise component. If the
electronic noise is to be included in the calculation of
the bit error rate, then the pattern is only read once
from the surface of disc 112.



sanpl e at WO/H99Not e t hat t he seq.uence [e[err]] is the PCT/ESMATIRYENT

causing the error. |In the case of a PR4 channel, [e[err]] = [10-1] or
[-101]. For an EPR4 channel, 20 [e[err]] =[11-1-1] or [-1-111]. .
OF course, other error events can al so-hs- considered. W will assune
that the sumover n[err]e[err] wll be very nearly CGaussi an.

‘tI)'heref o.re,25t he st andardI}Q ényocase,eifou:})e fpautdmn icareld woee thaws, Eq. 2
P?:%’?ngé/ 177680Ce, W‘Pxe%? &9&% of those patterns ag%_retrieved from

(Eg. 3) data store Frob{Fr rparterBEREIBymdent and averaging FEq. 3
deftnes, the eiddifidnthes! O, 10 "htfern  al AlhRedfSBha®Y abB2aG8hg™ 19
4) 5 component 216 uses the alignment signal 246 (an isolated
pulse in one illustrative embodiment) to properly align
all of the patterns. Component 216 then averages all of
the patterns to obtain an averaged pattexrn. If the
pattern is read N times and the N patterns are averaged,

10 the electronic noise component associated with the

pattern will be reduced by a factor of 1/JN.

Further, the velocity with which the spindle supporting
disc 112 rotates may be susceptible of variation. Thus,
component 216 can optionally adjust the length of the
15 patterns to accommodate for spindle speed variations,
prior to averaging. Alignment and averaging of the
patterns, and adjustment of the iength of the patterns

is indicated by blocks 236, 238 and 240 in FIG. 5.
Recall that the pattern written on the disc
20 contains M isolated instances. Once an average pattern
is obtained, the M isolated instances in the averaged
pattern are separated and temporally aligned such that
they can be averaged in order to suppress any media
noise component associated with the M isolated
25 instances. FIG. 7-2 is a graph which has time plotted
along axis 250 and voltage plotted along axis 252. FIG.
7-2 illustrates a plurality of isolated instances 254
which have been aligned for averaging. In oxrder to
average the isolated instances 254, representative
30 instance generator 218 retrieves the averaged pattern
from data store 214, separates the pattern into M
isolated pulses, aligns-the pulses, and averages them.




Prob (Error) = BER = Q [ ESNR] Specifically, for a PR4

channel : . . (Egq. 5)
[err] 16v0 99/10990 For an EPR4 channel : ' PCT/US98/17768

(Eq. 6) BER [err] err]

wher e DEN = 15 R(t[err], t[err]) + R(t[err],
tlerr]) + R(t[err], tlerr]) + R (t[ecgh. tlerr]) + 2 R
(t[err], tlerr]) - 2 R(t[err], t[err]?’ 2 R (t[err], t[err])

- 2R (E [errinid lief Hdivated § By1 Blédk eﬁag;lrd F18. Sﬁe(gfé‘%é?ﬁ fagsarﬂ
ing obtained an expressio i
sp\ém 19 ically ?J(ﬂnagl Pﬁzd@ﬁ&ﬂH@Fegn&viﬁ’ whirhhae anguREressnd @?é%ém in

whi ch™ neasur en®ides abfponentt akerhtig, okika nsibﬁab' tg S(APT Hadt ep¥ahue can
now be 3 1\;'99? d11'1 s cr:}?at e&ageél?ét electronic noise and media
5 noise are both removed therefrom
The signal s,,(n) is then subtracted from the
M isolated (and noisy) instances in order to obtain a M
noise sequences. Noise sequence generator 220 retrieves
both the M isolated noisy sequences, and the noiseless

10 sequences {(contained in S,,{n)) from data store 214, and
subtracts one from the other. This generates the M
noise sequences which are provided to autocorrelation
matrix generator 222. This is indicated by block 258 in
FIG. 5.

15 Autocorrelation matrix generator 222 averages
the M noise sequences over the M isolated nois;y
instances in order to obtain an autocorrelation matrix,
R. The expression for the autocorrelation matrix is as
follows: .

20 (Eq. 7}

RU, 3 -3 1, (4) n, ()

where k is summed from 0 to M - 1 over the M

noise sequences. The indices i and j refer to points in

a specific noise sequence. The length of the noise

25 sequence is L. Generation of the autocorrelation matrix
is indicated by block 260 in FIG. 5.

Next, channel filter generator 224 generates

a channel filter. In doing this, channel filter

generator 224 uses the signal s, (n) as the channel

30 filter input and imposes channel requirements on the

channel filter output. The channel requirements
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-11- FIG 5 is a flow diagram (from bl ocks 230-272)
illustrating the operation of BER conp(igent 206 shown in FIG 3. In
addition, FIG 6 is a nore detailed ~ functi onal bl ock di agram of BER

conmponent 206, one 2 | des n_retrieving
conmponent 215°r%g§g0&%r L Ztlrﬁe Ef)%&‘? ?‘f“%ﬁr&f% ?rgntﬂ aemrgg E‘F‘ ﬁ
conponent 2iGdelr efr.esenttzhe vehanmsl aeqaallzatgenetatget) Eh&sen noi se
sequence 0, tr tor,_222,
channel fil tg& g&%rtgaé"rfgerz at%lrm3 23‘13’% E%&%g%éﬁg?g? %rg §n R

det erm nat i omne illustpatdve Eﬁlbodh.tnesboutd dme nof e:(het PR4 ehasnadtial |y

all of ‘the fyics koRal RLARKS | LhySAGEHRoRhEhe P COlLced udify REf 0T ed i

a single | nt (g@ croprocéessor or m cr ocont associ at ed
progr am nodul nneénﬁaslts.es input andyitig c:haaneilryequ:rmm@w att ¢heof BER

conponent 2007 Seeseti RaAWE,D ERSRRET QRN gé@raéo:@n@ﬁ

First, an appropriate pattern is witten once bedi nni ng W {
i sol at ed pul Sengnaties sayspms filtergiith an ghwenlse reﬁmonsmjr poses

of the presnem(} 20 rheli Sl BF tHE W 4 & IRl s 2 YRR '1% taﬂ%to of

writing é&)ul se, and readl%g a constant magneti zat i on,

appropr il e pat t S saindigaied Ry RAK 26% W& iBi%n 5- pattern
preferably contains a pasd) i t R (f ferfeaiihe Mp2e gésotat&s | ngdeances
that reflect aEtPt:eocechr‘xgerla?é/EOnn mogrlx at the channel filter output
(R,) . In order to do this, R, generator 226 first
generates a matrix H, which is a 2L-1 by L matrix (note
15 that R is an L by L matrix). The H matrix is generated
from h(n) in the following manner:

(Eq. 8)

H(F,k) = h(j-k) when0 < (j-k) < (i-1)
H(7,k) = 0 otherwise
where 0< 7 < (2L-2)and 0 < k < (L-1)

and where L is the length of the noise
20 sequences.

The autocorrelation of the noise at the output
of the channel filter, which is at the Viterbi trellis
input, can be computed from R and H described above.
The autocorrelation matrix of the channel filter output

25 is defined as. follows:

(Eq. 9)

R,(i,7) = Eln'(i}n/(j)]




25 illustrative exanple of a pattern witten on the surface of disc
112 is illustrated in FIG 7-1. FFG 7-1 plots vol tage al ong axis 242
and tinme awowiasses 244. Ali gnment pul se 246 is provi gegrusosgrés r st

frame of the pattern. Thereafter, a plurality of isolated dipulses 30
248 are recorded. of course, if the error event in question
wer e a shifted tripulse, Misolatgd tripulses would be witten to

disc 112. WO 99/ 10990

PCT/ US98/ 17768 h E i . -12- , 12y N one
illTustrative, enbodi rrpn‘g,ezt.%e plast ter nexPethaanltoé’f n?efﬁgofsgpgt 84 Mhst ances
whi ch refl ecs tre fibiered noise sequanas.ng of the pattern onto disc 112

is T illustrated by Chey iy FLG 5. Next, attern
retrieving .conponent ﬁéﬁzkﬂa“%ﬁ‘l&ﬁri%&%ét ﬁetspg'%lteer%h %er% df&é%tf 2. Pattern
retrieving CUtRBrpbRefvenbYin one illustrative enbodi ment, inctudes
conventignal anplification and signal conditioning Ci r( i t 5.36)f or
receiving the read signal fromdata head 10 126. Pattern retrieving
conponent 212 then provides a frgnal indicative of the read signal
fromdisc drive 112 n/(i)= kn(k)b(i-k)

where n(k} is the channel filter input noise

sequence and h(n) is the unit sample response of the
channel filter. The length of n(k) and h(n) is 1. By

10 substituting Egq. 10 into Eq. 9 above, the following

follows:
(Egq. 11)
R (i,j) = E %n(k)h(i—k)%:n(l)h(j—l)
- %h(i-—k)%h(j-l)Efa(k)n(l)]
- X B(i-K) 2 h(F-1) R(k, 1)
k 1
where
0<ig2L-2, 0£7<2L-2, 0<k<L-1,and 0<l1<L-1
15
Eg. 11 can written in matrix notation as

follows:
' (Bq. 12)

R =HRHT

20



to data stdY@8¥1®¥hponent 214, which illustratively CcOMGI/USIBL788e or

nore solid state nenory devi ces. Readi ng and storing the pattern is_
illustrated by block 15 232 in FIG 5. In one illustrative
enbodi nent, the bit error rate whpgh i s substantially independent of

el ectronic noi se can be obtained. In order to do this, pattern

retrieving circuit 212wheaw#s the pattern a plurality of'20 times (such as

twenty tinmes) and storgp @_acr})of 2&2?;;?2"8@ 0 ga?ﬁi Ioﬂ fata store 214.

This is indicated by bloc or reading the
pattern a pluralit @ ti)res 0i othhawishe pIurallty of patterns

read fromdisc 112 cangdigfinke & ag@d ng_[hq_r erar;&) %erlé#%re t he

el ectroni ¢ noi se associ at.ed mnth the rage
pattern %MIIaUQQRR¥rq%%R§°Qamatrlxéﬁ@nﬁhﬁc&hﬁpvelréd&&eu oukputr 8pi ¢ noi se’

conponent is agridaaiedy] Hyﬂmwdshzmoanaogéé%ntbfgmﬁe times the

pattern is read and av ged qg | e F%ﬁq be the 30 associ at ed

el ectronic noise conggﬁé igna Bk 18 fhen paggeditlyreughotbe is to be
i ncl uded in tihil et halvdnigoohef 1mpulsé heedpdnsd HQm)r.at ehikhsrot{gepattern is

onl y read once,sce efd@LLRSLENTE7CC (Bl B0 L) ar 1R OShASRer

10 filter output, where smp represents a sample value.
Thus, there is now enough information to compute the bit
error rate as defined by Egs. 5 and 6. Specifically,
for the PR4 channel, the bit error rate can be
calculated as follows:

15 {(Eq. 13)

BER= Q SIp

where Q is the standard Gaussian g-function.
The bit error rate determination component thus
retrieves the appropriate values of the autocorrelation

20 component at the channel filter output R, from R,
generator 226, and retrieves the noiseless samples from
channel filter 224, and calculates the bit error rate
229. This is indicated by blocks 268, 270 and 272 in
FPIG. 5. It should be noted that this can be done

25 without the read/write channel circuitry and without
significant approximations.

A total BER including a BER corresponding to
more than one error event is also contemplated by the
present invention. FIG. 8 is a flow diagram

30 illustrating the calculation of such a total bit error




In any case, if the pattern is read nore than once, then each of those

patterns are retrieved from data store 214 by pattern alignnment and
aver agi ng wogeiosgoonent  216. Pattern alignnment and Q&@mﬁ;ﬂgés‘:)
conponent 216 uses the alignnment signal 246 (an isol ated se I n one
Il lustrative enbodinment) to properly align all of the patterns
Conmponent 216 then averages all of the patterns to obtain an averaged
pattern. If the pattern is readllqtlmas and the N patterns are

averaged, 10rat&e elieghr Oﬁiﬁtﬂﬁlé UGN Q%FZ'?’??R&{ etq’F %%ei'fﬁt he

pattern will be reduced'b fact or. of
vel ocity witBAGH| RRCEHEn ‘fﬁd}% iaqdaded ﬂQStanCQSs@SE!QQlabeét withay be

suscepti bl e Qi fEarént icror BYents. mrg)ggemdgé&g@ }pg&bgﬂgl by,;adj ust the
length of the 15 at%Alfns :‘?e ccomodat e. for spindl e’speed vari ati ons,
prior to ave?ﬁé %-Q‘P freRt Ghe ‘Eg’e‘? iRl pasterns is SS&P%?QS and

adj ustgeﬁt oéndé hehé doip henfo:t fmwtdsydﬁaltled *F]vithnéhéaéQQQEYebéﬁ‘éks 236, .
238 and 240 Reca attern witten on the
di sc 20 con%%’%%ﬁ‘?%%l bY o Fats (RARSED Jcﬁcé gﬁrﬁg’@?‘g Py 48 i s

obt ai ned, thénddtatedtly blrtkm@rs and ImOavemhgedetermlnatiehnoﬂr e

ted h b d
o tor 1o supprecaro e zok ate"EE el ik Bhnatans 1ALk, BHk B5n FROThe

i sol ated 25 aSnézth@rtce@escnhgd 7withs respegth twhl FAGhas ¢ i rrerﬁa| anyed
| 2 d 2 =
al ong axps ggté‘éﬂn% OkEﬁ\Q?nP Q?ﬁaﬁe FeONE 168 & %ixd ey Rt eﬁgvg been

illustrates [ura i nstances 2
aligned for &® gagq;sp@clatq witdethpse pattemns dgeallse debbamédelnst ances

254, represephaki ¥8 §Qd1¢5§é@r}§ﬁ KERH AR 248 hehri eves the averaged
pattern After all of the bit error rates have been
calculated, they are weighted according to their
15 dominance on the overall bit error rate. The weighting
functions are preferably determined empirically. This
is indicated by block 286. All of the weighted bit
error rates are then added together in order to obtain
the total bit error rate for the various error events
20 considered. This is indicated by blocks 288 and 290.

FIG. 9 is a plot of the autocorrelation matrix
at the channel filter input. Time is plotted in
nanogseconds along axis 300 and 302 and voltage is
plotted along axis 304. The transition spacing of the

25 isolated instances in the patterns is 10 microinches
(254nm) and axis 304 is in units of volts® x 10°%.

FIG. 10 illustrates the autocorrelation matrix
at the filter.output (R,) plotted on similar axes to
those shown in FIG. 9.

30 Thus, it can be seen that the present
invention can be used to obtain the bit error rate of a
data sampling system without the need for the
development of the read/write channel circuitry, and
without wmaking any significant approximations. It has



fromdata STOr&'®% separates the pattern into M i sol BETYSHATLESs

aligns the pul ses, and averages them WO 99/ 10990 .
PCT/ US98/ 17768 -14 - This is indicated
by block 256 in FIG 5. The averaged -19-signal is designated s[err](n)
whi ch has a suppressed nedi a noi se conponent.- Thus, the signal
s[err](n) habesBencbsexuad vethath stlé aenbirehatmeabarkmentc neikes: and

media 5 noi g i 2 ] 0. . The i gnal
s[err](n) is Pﬁen ;%E%;ggg%?%oﬁ%ﬁﬁﬁgéé ghﬂ/l 38 e“lcfle(dar%‘drl A& st ances
in order to 88ta Merdystrugiizes sand eperrarieg sdiffquentekdadsr atfor 220
retrieves dalkat hdday Mdso LSy SEgUen | sgl ess 10
sequences (¢ r?t,ai ned i nws?ir%ﬁﬁ%é%%%gt%@sﬁ%?g g%gé:gﬁ,&%% %%sslfbt racts
one fromt he%ﬁlw&s.* This generates-the M noi se sequences which are

provided to autocorr el atiedPpresentBl hiringEBA" B4R be 2ampldtishi S I {licat ed by
bl ock 258 in FIG_5 1? nAut ocorreﬁ)gaflﬁn&lér%a r%%dg&{éy?]ear ator 222

aver ages methog 9 g@%ﬁéﬂé’@s e g Wetsolim @d seoipded datianst ances
in order to elyistiem havangosodist atiDForked ¥ a madhediE RPHESSI for the

autocorrel at |aorha@at rl'lé(aéslgg for writing data on the disc 112 and
10 retrieving data from the disc 112. The method includes
the step 230 of writing a pattern on the disc 112, the
pattern including M isolated instances 248 associated
with a predetermined error event. The method also
includes the step 232 of retrieving the pattern from the
15 disc 112 and combining (at step 256) the M isolated
instances 248 to obtain a representative instance s, (n)
having a reduced media noise component. The method also
includes the step 258 of combining the representative
instance with each of the M isolated instances 248 to
20 obtain M noise sequences, obtaining (at step 260) an
autocorrelation component R based on the M instances
read from the disc 112 and the M noise sequences,
obtaining (at step 262) a channel filter having an
impulse response h(n) based on the representative
25 instance and based on channel requirements for a
predetermined channel model, passing (at step 268) the
representative instance through the filter with the
impulse response h{(n) to obtain a filter output sample
(smp), and determining (at étep 270} an error value
30 indicative of the bit error rate (BER) based on the
filter output sample and the autocorrelation component

R.
In one illustrative embodiwment, the wmethod
further includes the step 232 of storing the pattern




i

follows: 20

where k is summed fromO to M- 1.over the M noi se sequences. The

i ndices i apgodngosd er to points in
| ength of the noise 25

(Eq. 7)

[err]

a specific noi se se@p¢gAss17766€
sequence is L. Ceneration of the autocorrelation

mat ri x I's indicated by bl ock 260 in FIG 5. Next, channel
filter generator 224 generates ritnnel filter. In doing this,
channel filter generator 224 uses e signal s,(n) as the channel 30

filt t 04 RO t filt
O:Jt pﬁ[ InlouThe anneIejqzrg)(t,‘&(é]lt'njltlgfféemrs\dﬁ'tl(l:I T 9&3/ flxg%e&@n% e

PCT/ US98/ 1776581rther corpsrksap airrnieving theuipadherns fabom dedddisced

channel npgdel of i urauheycwr@imé&uilétzgftbgn 43an96tg 8?? g For
I nst ance, t he channe ulrenents COI’I’ESpOI’l one | rative
enbodi ment , tR igvathyatterng Wéldamé‘k%}ﬁ’&mgel(ataﬁ&epne

E[err] PR[Err]zm)arlﬂﬁé retBﬁ&&dadJFthtté’ﬁls to obtain a representative

10

15

20

25

30

retrieved pattern with a reduced electronic noise
component.

In an illustrative embodiment, the step 238 of
combining the retrieved patterhs further includes
temporally aligning the retrieved patterns and averaging
the retrieved patterns.

The disc 112 can rotate at a velocity, and the
step 238 of temporally aligning the retrieved patterns
comprises, in one illustrative embodiment, the step 240
of adjusting a length of the retrieved patterns to
accommodate for variation in the velocity.

The step 256 of combining the M instances
further includes, in an illustrative embodiment, the
step 256 of temporally aligning the M isolated instances
248 and averaging the M isolated instances 248 to obtain
the representative instance. .In one preferred
embodiment, obtaining the M noise sequences is performed
by the step 258 of subtracting the representative
instance from the M instances. Furthexr, the step of
obtaining the autocorrelation component illustratively
further comprises the step 260 of averaging the M noise
sequences over the M isolated instances 248 to obtain an
autocorrelation matrix R.

Further, a plurality of patterns can be
written on the disc 112, each pattern including a
plurality of isolated instances 248 associated with a
different error event. An error value indicative of a
total bit error rate corresponding to the error events
is determined based upon weighted error values.



channel filW@P%Iepit and t he channel requirenents at the  PCTARSMTIS

filter output, channel filter generator 224 generates a channel filter
wi th an inpul se response h(n). The length of the inpulse response h{n)
is also 10 L. This is indicated by bppck 262 in FIG 5.

Next , Rlerr] generator 226 generates the autocorrelation matri x

at the channel filter ou’h@upresent(ﬁ[xﬁﬂth)on cahnaméd%etﬁnﬂfhxﬁé}i@ed Rierr]
generator 226 _first g‘gnerinﬁ ? ﬂy}:& is a2lL-1 by L matrix
(note 15 th&f &Y ¥PRHT Fh&FD i nﬁ FFQF‘PP?‘ePE %%‘hé’f%’t%%ﬁ
fromh(n) in the fpittermgonmarttes : disc 112. pattern retrieving

I(—I(qu k)8) 0 ot fSMponent 214 .lceg}lev%J t‘r}ée; @Wg:%r?x J[e{‘ %ﬂ‘ tEZJL ‘%al‘h’]r@ 0- 1.)

[err]k[erS] (lcobponent 218 obtains thad repeeeehtativée imemgieqf & he noise
20 sequence

or at ft noi se, at the
out put of SRR SRt E%ﬁ%% ﬁEI ség{) (jﬂﬂ%fortlserrt}f%‘?rerﬁ”r%
i nput, can be SESMSPCES .f rand Faran@uwmmlmramnx@onent gémerator

autocor rel ati @ gkhb¥abbst 8 AltNUErIieh CohPiter® r. | & delifed as

fol | ows: .9
Rlerr](i,j) = fE'[lrF‘e(rl )q?nﬁr)a]tor 224 generates the channel filter, antg )
10

an error determination component 228 determines an error
value 229 indicative of the bit error rate based on the
filter output sample and the autocorrelation component.
The pattern retrieving component 212, in one embodiment,
also includes a data store 214 and is configured to

15 retrieve the pattern from the disc 112 a plurality of
times.

It is to be understood that even though
numerous characteristics and advantages of wvarious
embodiments of the present invention have been set forth

20 in the foregoing description, together with details of
the structure and function of various embodiments of the
invention, this disclosure is illustrative only, and
changes may be made in detail, especially in mattexrs of
structure and arrangement of parts within the principles

25 of the present invention to the full extent indicated by
the broad general meaning of the terms in which the
appended claims are expressed. For example, the
particular elements may vary depending on the particular
equalization target and error events for which the BER

30 is desired while maintaining substantially the same
functionality without departing from the scope and
spirit of the present invention.




MD 99/ 10990 PCT/ US98/ 17768

where E is an expéctation operator and n' (i) Is the '
flltered nSYR WP ence. The filtered noise at tRETAMRASHER8Ti|ter
output is given by: 5 (Eg. 10) _ .
n"(i)ferr] n(k)h(i-k) where n(k) is the channel filter input
noi se sequence and h (n) is the uni-22sanpl e response of the channel

filter. The length of n(k) and h(n) is 1. By 10 substituting Eq. 10 into
Eq. 9 above, EﬁgiiﬁﬁLﬁhAB@ﬂliﬂiblIoms:
(Egq. 11) 1. RIEM hbthbd] of “BEE&dmining bit error rate in a
- sampled data system having a disc formed of a ﬁagnetic
recording medium and a data head for writing data on the
disc and retrieving .data from the disc, the method
comprising steps of:

(a) writing a pattern on the disc, the
pattern including isolated instances
associated with a predetermined error
event;

(b) retrieving the pattern from the disc;

{c) combining the isolated instances to
obtain a representative instance having
a reduced media noise component;

(d) combining the representative instance
with each of the isolated instances to
obtain a corresponding number of noise
sequences;

(e} obtaining an autocorrelation component
based on the isolated instances read
from the disc and the noise sequences;

(f) obtaining a channel filter having an
impulse response based on the
representative instance and based on
channel requirements for a predetermined
channel model;

(g) passing the representative instance
through the filter with the impulse
response to obtain a filter output
sample; and

{h) determining an error value indicative of
the bit error rate based on the filter
output sample and the autocorrelation
component.
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[err] WO 99/1099%here [err] 15 Eg. 11 can w PCTAIS9S/rT768A1L I i X

not ati on as fol |l ows: (Eq. 12) [err]
20 WO 99/ 10990 PCT/ US98/ 17768
-17- wher e _29_(i, j) =h (j-i) for O [err]
(j-1) [err] L-1 H (i, j) =70 otherw se. For m ng

the H matrix gnd derividgel haehoa!beCR1LERL! GeUBER ¥ndt AL0g; 20300C!
filter output R err] . _
step comprises dteps of:

(b) (1)} retrieving the pattern from the disc a
plurality of times to obtain a plurality
of retrieved patterns; and

(b) (ii) combining the retrieved patterns to
obtain a representative retrieved
pattern with a reduced electronic noise
component.

3. The method of claim 2 wherein the combining
step (b) (ii) comprises steps of:

{(d) (i) temporally aligning the retrieved
patterns; and

(d) (ii) averaging the retrieved patterns.

4. The method of claim 3 wherein the disc rotates
at a velocity and wherein the temporally aligning step
comprises a step of adjusting a length of the retrieved
patterns to accommodate for variation in the velocity.
5. The method of claim 1 wherein the combining
step (¢) comprises the steps of:

(c) (1) temporally aligning the isolated
instances; and '

{c) (1i) averaging the isolated instances to
obtain the representative instance.

6. The method of claim 1 wherein the obtaining
step (e} comprises a step of averaging the noise
sequences over the isolated instances to obtain an
autocorrelation matrix. '

7. The method of claim 1 wherein the Qriting step
comprises a step of writing a plurality of patterns on
the disc, each pattern including a plurality of isolated
instances associated with a different error event.

[




I's indicated by bl ocks 264 and 266 in FIG 5. The si gnal

s[err](n) is then passed through the - filter having the inpul se response
h(n). Thi WQsuisabes noi se free sanples +/- (snp, 0, -pEWUSas/11TEE
channel 10 filter output, where snp represents a sanpl e val ue. Thus@,
there is now enough information to conpute the bit error rate as
defined by Egqs. 5 and 6. Specifically, ,, for the PR4 channel, the bit
error rate can be cal cul ated as fol?%vv_s: 15 dard Ca _

Eq. 13 err : S e ndar ussi an

((:]19 unct |) Ol[‘l. B. The bit “orraeehed ea%g{lérl‘rﬁ ?a?‘%lgnf‘g%ﬁlb%ﬁe?ﬁm?ﬂh%lng'

retrieves the appropri aFergatieg, offeme eantoc ofr ethei oplﬁ:@alégtéypoaagnt at
t he channel filter out put m ] t , an
p R[?éf:i:eiﬁ@, ﬂé%%a%)e  EREGEER

retrieves the_noisel ess_sanples from L | 4, and cal cul ates
the bit error’rate Qm?ﬁﬁgdi of i Glptat 8 ARy Brodher Xewmrisinad 272 in
FIG 5. It sktepd b&:noted that this can be done 25 wi.thout the

read/ wite channel circyigtry, ag 4 £ hout siLgnificant approxjmtions.
A total BER including ateEER ‘é’gg&éé\%%%diﬁﬁc?o ot T e FHEOF on%RER®Sr event

i s also contenplated by the detepmésedt tonvebtaim. weighted eBrors a
flow diagram 30 illustrati le{lgg;cghgul ati oh of such a total bit error

(3) determining a total error value
indicative of a total bit error rate
corresponding to the error events based
on the weighted error values.

10. An apparatus for determining bit error rate in
a sampled data system having a disc formed of a magnetic
recording medium, the apparatus comprising:

a pattern writing component arranged relative
to the disc to write a pattern on the
disc, the pattern including isolated
instances associated with a
predetermined error event;

a pattern retrieving component arranged
relative to the disc to retrieve the
pattern from the disc ;'

a first combining component, coupled to the
pattern retrieving component, combining
the isolated instances to obtain a
representative instance having a reduced
media noise component;

a second combining compénent, coupled to the
first combining component, combining the
representative instance with each of the
isolated instances to obtain a
corresponding number of noise sequences;

A A




WO 99/ 109980 99/10990 PCT/ US98/ 1 P¢EAS98/17768

- 18- rate. First, nmultiple patterns are witten to disc 112, each
pattern having isolated i nstances associated with different error
events. This is indicated by bl ocks 27s5- and 276. A first of the
multiple patterns is selected, 5 and the bit error rate associated with
the error event remmsemm@dqrmﬂatlpattewmnpmdm er genedtatorThis is

i ndi cated by bl ocks 278 and 1a4'€ qg er pjati %%c%rn[d des'gﬂﬁb"eé \%e'[ Lor

rate is done in substantially e Same way
respect to FIG S | f anycmﬁporpam.egﬁgeretmng an apogosredsdond and the

bit error rate associ ate 0s§, natd er S SO ed.
This is indicated by bl ocks (g% dﬂt’g ke & tﬁleAftngg%%gf the bit

error rates have been cm%mmw r?ﬁéy fxraam wehghdd@cacaA dithg to their

15 dom nance on the overal |ngi§eeéé@eﬁ@é§ The wei ghting functions
are preferably determ ned errpl rically. Thi I's indicated by block 286.
Al of the weighted bita changelqf Jrlé:teé‘s %ﬁ‘%e‘-f%'ad%‘&’%%e%:ﬁe hen order

to obtain t he total bi tfgfg@rcds@gﬂn{ é&@ﬁ@éﬂ@usgeeferﬁrtlefge@ts 20
considered. This is indicat eﬁ Hxﬁﬁ é:lsl d 290. FIG 9
is a plot of the autocorrel aff'® tri af’ﬁﬁgcha?ﬁel impudse i nput .
Time is plotted in response based on the representative

instance and based on channel

requirements for a predetermined channel

model, wherein the channel is arranged

to receive the representative instance

and provide a filter output sample; and

an error determination component, coupled to

the autocorrelation component generator

and the channel filter, determining an

error value indicative of the bit exror

rate based on the filter output sample

and the autocorrelation component.
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nanoseconds al ong axis 300 and 302 and voltage is pl otted al ong axis

304. The transition spacing of the 25
i's 10 m crwongmso

- isolated instances in the patterns
(254nm) and axis 304 is in units ofPGRAUISISAEIE] X

10[err]. FIG 10 illusttA®es the autocorrelation matrix
at the filter output (Rerr]) plotted on simlar axes to t hose shown
in FIG 9. 30 Thus, it seen that the present
i nvention can be used to obtain the bit error rate of a data sanpling
system wi t hout the need for t devel gpnent of the read/wite channel
circuitry, and wi t hout I ng any sigmificant approximtions. It has
WD 99/ 10990 PCT/ US98/ 17768
-19- - been observed that th& entire nmeasurenent takes appr oxi mat el y
three mnute Re—can—be—used—H ini a—-head et ukes and
conparing d| (Y y’ --u?‘i‘i‘/-‘\*-; La--heac i npl @entatio nexg
gener ati on {I*€c A4 : H ent inveRtion be =
i mpl enent ed : .."\ @in a sanpt’ed data
syst em havi hg Sum B . L
126 for wil 2 \
112. The m
112, tR®

N

o™~

o

— ]

| )
A %
w
- ©
-—

FIG.
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pattern i n%’PL?a’.lP?d"M i sol ated i nst ances%; 8 associ at ed &c;#;sgmn%s
predeterm ned error event. The net ho | so i ncludes the step 232 of
retrieving the pattern fromthe 15 disc 112 and conbining (at step 256)
the Misol atggd @instances 248 to obtahn a representative instance
s[err](n) = havimg a reduced nedi a noi®®e conponent. The net hod al so

i ncl udes the step.-268—ef_.conbining the repxesentative i nstance with
each of the MXSol at ed\j nsthaqces 248 &40 20-Mohtain M noi se sequences,
obt ai ni ng (at” skep 260) aut oc&¥rellati on conmponent R based on the M

i nst ances regd from tike diss 112fand |t he M hoi se sequences,
obtaining/(at step 262) a Bs fifter jhavi ng{an i npul se response
h(n) basegd on the Xepresent at X5/ i nstlance pnd based on channel
requi rengnts for ¥ \fied chlannel f[rodel, passing (at step 268)
t he epresentatyve 'nstanc. t hitQugh thhe filter®@ith the i mpul se
responsel h(n) to obtainja filte sl e snp), and determ ning
(at step}270) an errs al ue 30 N\ ndi cat of 1 it error rate (BER)
based on\t he filger output sgqpl e and\¢he | ati on conponent

R In one illustrafiwe enbod nent t hod further

i ncl udes tRe step 232jof storing/the patts
PCT/ US98/A7R68 St
s |

99/ 10990
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- 20- retrieved fromthe disc 112. The retrieving step further

conprises retrieving the pattern fromthe disc 112 of plurality of
times (at whosnesdet) to obtain a plurality of retrievedqrusssnriss and
conbining (at step 5 238) the retrieypg patterns to obtain a
representative . retrieved pattern wth a reduced el ectronic noi se
conponent . In an illustrative enbodi nent, the step 238 of
conbining the retrieved patterns further includes 10 tenporal ly aligning
the retri evPq@at #ferns and averagi ng the retrieved patterns.
The disc 112 can rotate at a velocity, and the step 238 of tenporally
aligning the retrieved patterns conprises, in one illustrative
enboci ment, the step 240 15 of ladjustingl a | ength [of the retrieved
patterns to accoqmodate fol variatioh in the velocity.
The step 256 of conbiging the Minstancesi furtpher includes, in an
illustrative enbodi negt, the step Z25p of tenpoyally aligning the M
i sol ated i nstances 20 248 andjaveragi ngjthe M isoLE;Qgginstances 248 to
obt ai n the reprgsentative| instance I n e preferred
enbodi nent, obtaining,the M noi se sequenceés is perfprned by the step
258 of subtracting(lhé repPesentlati vd | insQance! fQomthe Minstances.
Further, the step of_25 obtainilng the aulocorrel atlon conponent ' '
illustratively fdrther conprises thejstep 260 bf averagi ng the M noise.
sequences over the Milsol ated instances 248 to obt ai
autocorrelation matrid R ] fFurther, alplUrality of patterns
can be
CONTROLLER 200
PATTERN
GENERATOR
204
SERVO
CONTRGOLLER
202
112
BER v
COMPONENT L———-l _
206
229__,___\$ 126

= FIG. 3



30 witterVOA910980 di sc 112, each pattern including a POTAUISSNI7V68 Of

| sol ated i nstances 248 associated wth4¥9 different error event. An
error value indicative of a total bit error rate corresponding to the
error events i s determ ned based upon wei ghted error val ues. WO
99/ 10990 PCT/ US98/ 17768

-21- The presess I nvention can al so be inpl enented as
an apparatus. A pattern witing lonponent 204 wites the pattern on the
di sc 112. A p i el ng conponent 212 retrieves the pattern. A
first conbini ng\5 f’rp ent 218 obtains the representative instance, a
second conbi ni ng conponent 220 obtains the noise sequences, and an

aut ocorrel ati on n gengaﬁt or 222 generates an autocorrel ation
conponent R A ghannel fifter generator 224 generatjes the channel
filter, and 10 | aWRETE or erm nation conpo ' n erdoor
val ue 229 indi cht PAETERN the bit error rate bajpd AVERASEMNOISE | t €

r oupput
sanpl e and the putocorrel pti on conponent. THREQHENGESOYER M eViQ'P/
conponert.212, Ig_n_;ﬁ_re_e{_ogggent, al so i NHNSTANCES BRCALEVIATE 12T4 and
is confifgured t ri%¥¢e the pattern fr¢m t AHTOCORREUATIGND| Yrality of

times. READ AND to be understood {hat eveMATR¥igh nUNMer ous
charact gri sti cs| ansiTGRE an¥ages of vari ous
PATTERN L
234 CALCULATE 262
CHANNEL FILTER
INO WITH IMPULSE —
PATTERN READ RESPONSE h(n)
AND STORED
DESIRED NUMBER OF
TIMES? i
FORMH 264
MATRIX |
FROM h{n)

NO

i 266

PATTERN READ

DERIVE
ORE THAN ONCE 240 | |AutocorretaTion| /
238 AT CHANNEL FILTER
/ OUTPUT Ro
.)  ADJUST LENGTH OF ©
ALIGN AND *  PATTERNSTO ' :
AVERAGE l¢—39 ACCOMODATE FOR 268
PATTERNS ' SPINDLE SPEED | mggﬁseﬁa,;ﬁ‘%m
i . VARITION {1 | wiTH hn) TO GET _/
""" : FILTER OUTPUT
ALIGN AND 256 SAMPLES smp
| AVERAGE M
P! INSTANCES TO —
OBTAIN Sav{n)
J CALCULATE 270
SUBTRACT 258 _ BER BASED S
Sav(n) FROM | _~ ON Ro AND
M smp -
INSTANCES

272

FIG. 5




enbodi ments of the present invention have been set forth 20 in the

foregoi ng description, together wi'th details of the structure and
function oWOAIPMAs enbodi ments of the i nvention, thi BCUUSE/IG%re i s
illustrative only, and changes magAge nmade in det ail, especially in
matters of structure and arrangenment of parts within the principles 25
of the nt j nvention to the full extent indicated by t he broad
general of the ternms in which the appended clains are
expressed. For exanple t he particul ar el ements may vary dependi ng
on the particul Aaualization target and error eveht?s for which the
BER 30 S deS|r g mai ntai ni ng sukstantiallly the dane
functionality artlng fTom t hg gpirit of the
present inventi WO 99/ 10990
PCT/ US98/ 17768 ED | S:
1. A nethod of determning bit errvo fa system
having a disc fornmed of a nagnetlc pead for
witing data on the disc EtTTE met hod
conprising steps of: 5c, the

!
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PATTERN
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212

!

—{ SIORE 214

1 ! ¥

PATTERN REPRESENTATIVE NOISE | AUTOCORRELATION
AN INSTANCE SNEAOR [ oy MATRX
COMPONENT 216 | | O T AOR 218 220 GENERATOR 222

! i
CHE%%L Ro
924 226
1
BER
DETERMINATION
COMPONENT 228
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BER CHANNEL
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pr edet er
pattern

obtain a representative instance having

assoRFHUEWAIT8h a
£t ; (b) retrieving.-the
(c) combining the isolated instances to
a reduced nedi a

| O a9M10980 i sol at ed i nst ances
m ned error
fromthe disc;

noi se co neng (d) conbining the representative instance

W th eacﬁé. tf?e"'r%ol ated instances to obtain a
correspondi ng nunber of noise sequences; (e)
obt ai ni ng an autocorrel ati on conponent based on the

| sol ated i nstances read fromthe disc and the noise
sequences; (f) obtaining a channel filter having an
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on t he represent at ive -
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- 23- 2. The nethod of claim1 wherein the retrieving step

conpri ses steps of: ¢b)(i)- retrieving the pattern fromthe
disc a WO 99710990 plurality of times to obtain a pl uperikysnires

of retrieved patterns; and 7/9(b)(ii) conmbining the retrieved
patterns to obtain a representative retrieved .
pattern with a reduced el ectroni c noi se conmponent . 3.
The net hod of claim2 wherein the comnbining step (b)(ii) conprises steps
of : (d)(i) tenporally aligning the retrieved

patterns; and (d) (ii) averagi ngzyhe retrieved patterns. 4.
The nethod of claim3 wherein the disc rotates at a velocity and wherein
the tenporally aligning step tep of adjusting a | ength of

the retrieved patterns to Rcconnodg Or variation in the velocity.

5. The nethod of claim1 erein the conbining step (c) conprises
the steps of: i tenporally aligning the isolated

i.-nst ances; and g the isolated instances to
obtain the representati Thezget hod of claim1l
wherei n the obtaining a_step—-of averaging the noise
sequences over the isol aln an autocorrel ation

matri X.
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7. e d of claim1 wherein @8 witing step pearing/FRes a step
of WW|t|ng é?%ﬁ@%@

lity of patterns on the disc, each pattern including a
plurality of isolated i nstances associated with a different error event.
WD 99/ 10990 PCT/ US98/ 17768
- 24- 8. The nethod of claim7 and further conpri sing:
repeating, for each of the plurality of patterns, steps
(b) through (h). 9. The nethod of claim8 and further conprising
steps of: (1) weighting each of the error values
determ ned to obtain weighted error val ues; and
(j) determning a total error val ue I ndi cative of a
total bit error rate corresponding to the error events
based on the weighted error val ues. 104 An

PG RCY- g clol data system havi ng
e thre ratus conpri sing:
: : to the disc

apparatus for detern1n|ng brr”error“rate e

F T A T L R PR TYY VPP

ELTYT TR T ETTPOTT- ST PPPR TS

300
FIG. 9
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di sc, the pattern including isolated I nst ances

associ at ed wth a - predeterm ned error event;

a pattern retrteving conponent arranged9/e I t he
di sc to r VPN he pattern fromthe dis %@Xﬁﬂtﬁg

first conbining conponent, coupled to the pattern
retrieving conponent, conbining the isolated instances to
obtain a representative instance having a reduced

medi a noi se conponent; a second conbi ni ng conponent, coupled to
t he first conbining conponent, conbining the
representative instance with each of the | sol at ed

i nst ances to obtain a correspondi ng nunber of noise
sequences; WD 99/ 10990 ,

PCT/ US98/ 17768 - 25- an
autocorrelation conponent generator, eoupled to t he
second conbi ni ng L e efele; ool ol g”"é'ab’hg an

autocorrel ati on = wEgrponetit on{ the isolated

I nst ances read fron1the -5 €t - o 10L§e sequences;

a channel filter .génefat

FIG. 10
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(57) Abstract
12
A system detenmines bit error rate in a sampled data L
system having a disc (112) formed of a magnetic medium g

and a data head (126) for writing data on the disc (112) and
retrieving data from the disc (112). A pattern is written on the
disc (112) which includes isolated instances (248) associated
with a predetermined event. The pattern is retrieved from
the disc (112) and the isolated instances (248) are combined Ll
to obtain a representative instance sy(n) having a reduced
media noise component, The representative instance Savfn) is

combined with each of the isolated instances (248) to obtain & SR COUPORDT 206
noise sequences. An autocorrelation component (R) is obtained m

based on the instances read from the disc (112) and the noise cMBEs

sequences. A channel filter is developed having an impulse

response h(n) based on the representative instance and based 1

on the channel requirements for a predetermined channel model, STORE 214

A representative instance is passed through the filter to obtain a

filter output samplc (smp), and an error value indicative of the L
bit error rate is determined based on the filter output sample and L
the autocorrelation component (R). o || OmREme | | o, | | AmcEma '

e 1| oaRI | | REER T copng 22
i
2 e
] ' -
L)
" |




