ERROR AEASUREMENT Cl RCUI T BACKGROUND OF THE | NVENTI ON 1. Techrj_cal 5@ Iéi

The pf#s#nt invention relates in general to a data storage and ryF OVT?’

sys'ennand in particular to an error neasurenent circuit for testing a data

storage and recov- ery system Still nore particularly, the present

I nven- tion relates to an error nmeasurgnent circuit fortesting a data

storage and recovery systemfromerror value sanples. 2. Description of

the Related Art: Conputers often'include auxiliary data storage units for

t he archival or |ong termsg e g d rans. Auxiliary data

storage units have nedia on ?ghMgL§ akﬁsﬁf ?éeb%nd from-whi ch data can

be read for.later- use. Magnetic disk units-.are comon auxiliary data stor-

age units. Magneti c di skghpk&ROURS OﬁtfﬁﬁfENVEﬁfﬂ??nly rotated rigid

magneti c di sks for storage of data- The magnetical l'y pol ari Zabl e surfaces

of the disks provide the '
1. Techn1ca1 Field:

The preseﬁt invention reiates in general -to a data
storage and recovery system and in particular fo an error
measurement circuit for testing a data storage and recov=-
ery system. Still more particularly, the present inven-
tion relates to an error measurement circuit for testing a
data storage and recevery system from error value samples.

2. Description of the Related Art:

Compuﬁers often include auxiliary data storage units
for the aqcﬁival or long term storage of data and pro- i
grams. Auxiliary data storage units ‘have meeia on which
data is written and from which data can be read for later .

“ use. Magnetic disk units are common auxiliary data stor-
" age units. Magnetic disk units use- stacked, commonly
rotated rigid magnetic disks for' ‘storage of data- The
magnetically polarisable surfaces of the disks provide the
media. Data is recorded in concentric, radially spaced
data information tracks arrayed on the surfaces of the
disks. Transducer heads driven in a pathfzbward and away
from the drive axis write data to the disk surfaces and
read data from the disk surfaces.

<~

Data recovery systems generate electrical signals

* from magnetically polarized regions on the disk surfaces
by transducer heads in order to reconstruct the data writ~

ten to the disk surfaces. . Partial-response signaling with

maximum-likelihood sequence detection (PRML) techniques

are used in dlgltal data communlcatlon and recordlng ap-

Plications to maximize the llkellhood that the data recon-
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_nmedi a. Data is recorded in concentric, radially spaced data |nformat|on
tracks arrayed on the surfaces of the d| sks. Transducer heads driven in a
patih toward and away fromthe drive axis wite data to the disk surfaces
and read data fromthe disk surfaces. Data recovery systens generate

el ectrical signals frommagnetically p®larized regions on the disk surfaces
by transducer heads in order to reconstruct the data wit- ten-to the disk
surfaces. PartP&Fucgsgose thegndatay necdveniki avatenkdsi mesuradguenc&he

detection ( PRNahtaec@m 32 t'éaledugﬁed'pwa'ald%a?sagaurgfﬁmmgan@o

recordi ng ap- g at Il ons, To maxi m ze kel i h,ood

2 structed by HEBa FAIS yWikh: erpontrrldiadyt eintensmbpel o interige-

system uses paehtal - r eppARGR-3igealhoedt @equence detection is the tech-
nigque used by the data recovery system to produce the most
likely estimation of the recorded -data.

Various tests are known for evaluating magnetic stor-

age units during. their manufacfure and operatioh. Many

'tesﬁs are directed to monitoring ﬁhe flying height of a

slider which carries the transducer head and for determin-

ing a precompensation value for correcting nonlinear bit
shift. '

Some tests performed on data storage and recovery
systems have required the use of expensive test equipment.
In some sampling systems, equa'liz.atibn values, used 't'o
eliminate intersymbol interference, need to be calculated.
In order to make the calculation, special test stations
are used in the laboratory and manufacturing area which
comprise test equipment such as a digital oscilloscope or
a logic analyzer and dedicated numeric processors. Each
test station may be quite expensive. A5 a result, only.
random units have been tested due to the cost and time
involved in performing the tests.

A need exists for reducing failures of data storage
and recovery systems by obtaining detailed magnetic.infor-
mation about all units. A need also exists for accumulat-
ing results of procedures performed on the data storagé
and recovery systems in a data base to be accessed at a
later time for evaluation of the accuracy of the manufac-
turing processes. A need exists for performing procedures
on every data storage and recovery system and permitting
the results of~the procedures to be immediately available
to the manufacturing data base, so that problems in the
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producé€ signals with "controlled" intersynbol interfer- ..W

Maxi mum | i kel i hood sequence detection is the tech- niqlé' §HEBP&VNEBEEM
recovery systemto produce the nost likely estimation @f tfmﬂERhAceged daj a.
Various tests are known for evaluating magnetie stor- age unirs durtng
their nmanufacture and operation. Many 3 ests are directed - to nonitoring the
flying height of a slider which carries the transducer head and for

det erm n- i ng mapufactyeisgat ppocess ueochidd ber rsxdiviedy evorlly rnigur thvé t mghuft .
Some tests pergg €@p % Gesd Or age and recovery systens have required the-
use of expensive i d%g%ne [n sonme sanpling systens, equalization

val ues, used to elimnate intersynbol interference, need to be cal cul ated.-
In order to make the cal cul at | SUMMATRE Gre ITHES SiNvEINatTonNs are used in the
Iaboratory and manufacturing area which conprise test equipnment such as a
digital oscilloscope or a |logic analyzer and dedi cated nuneric processeors.
Each It is therefore one object of the present invention

to provide an error measurement circuit for performlng
procedures on a data storage and recovery system.

It is another object of the present invention to
provide an error'measurement circuit for performing proce-
dures on a data storage and recovery system .utilizing
error value samples. : '

The foregoing objects are achieved as is now de-
scribeq. The invention érovides a circuit and method for
performing test procedures on a data'storage and recovery
system: for a magnetic storage unit. Error sample values
from a read operator in a data storage and recovery system
are applied to a first and a second process path to gener-.
ate output signhals. A source of level samples of a logi-
cal data level is also provided. The. first process path
generates an output signal comprising the square of each
error value sample. The second process path compares the
error value samples and a compare level and generétes an
output signal comprising a result of each comparison. The -
output signal of the first process path, the second pro--
cess path, or the level samples is selected and is associ-
ated with a data.type. In response to a coincidence of a
.data type associated with the selected signal with a de-
sired data type, the selected signal is gated and then
accumnulated. The window during which the selected signal
is accumulated may vary. The accumulated value is used as
an input variable to a selected test to determine the
accuracy of the data storage and recovery system.
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test station -may be quite expensive. As a result' only random units have-

been tested due to the cost and tine involved in per fre—testsg A
need exists for reducing failures of data storagepan W‘@c@&gfﬁ% SEEN by -
obtai ning detailed magnetic infor- mation about all ni t s RERLMERIH al s
exists for accunmulat- ing results of pfocedures perfornmed on-the '
storage and recovery systens in a data base to be accessed at a- Iater ‘tinme
for eva:c uat|onf of tfﬁeaﬁﬁbbéchsoﬁvetﬂle afﬂifudiéﬁﬁnddaﬂ.l w:moms.s@eawﬁm,d

exi sts for perfor rocedures, on ever ata st.aq e stem-
and permitting®P eaa‘g%ﬁﬁge%w hER® B’E%%‘%/ﬂfes“} oergelqrﬁg’rﬁ’é'g P§?§g§vé¥Pa e to
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BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the
invention are set forth in the.appended claims. The in-
vention itself however, as well as a preferred mode of
use, further objects and advantages. thereof, will best be
understood by reference to the following'detailed descrip-
tion of an illustrative embodiment when read in conjunc-
tion with the accompanying drawings, wherein:

Figure 1 is a schematic and block diagram of a data
storage and recovery system embodylng the present inven-
tion. ' )

Figure 2 is a diagram showing thé accessing mechanism
for a single disk surface of the data storage and recovery

system of Figure 1.

Figure 3 is a block diagram illustrating the process
of storing and retrieving data within the data storage and

recovery system of Fidgure 1.

Figure 4 is a block diagram'illustré%ing a circuit
for carrying out the error measurements within "the data
storage and recovery system in accordance with the present

- invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

With reference now to the figures and in particular
with reference to Figure 1, there is shown a partly sche-
matic block diagram of parts of a data storage and recov-

ery system 10 and an interface control unit generally
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3 manufacturing process coutd be solved early in the nanu- facturlng .
process. SUMMARY OF THE INVENTION It is therefore one object of the present
invéntion to provide an error neasurement circuit for performng procedures
on a data storage and recovery- system It is another object of the present
invention to provide an error neasuremgent circuit for perform ng proce-
dures on a data storage and recovery systemutilizing error valuée sanples.

g?gvr gre gggi ngregég aﬁ%iéd eﬁd} fevedza‘;af lsa:dﬁwe_?&ndse-@cwéryﬁystamemo. bs

od for perfoynmng test_procegdur,
st orage and rew‘:inj bed edPy (ﬁlnﬁ’%?ér% ’gYoF‘a‘ E1GAFE ufE?‘r.gﬁlr}1 sarrp%’é-
val ues froma §ﬂaddm)@raf0|then predant Sinveadd canbecnmeerthe yat bl ty eof
applied to a ffrStggﬁpﬁgtsgﬁgggFEBRC§§sﬂ%ﬂilfﬂlﬂ@ﬁ“%b A& it piis sbgnal s.

A source of
partlcular drive unit construction.

Referriﬁg now to Figures 1 and 2 of the dfawings,
data storage’ and recovery system 10 1nc1udes a stack 16 of
disks 18 each having at least one magnetlc surface 20.
The disks 18 . are mounted in parallel for simultaneous
rotation on and by an 1ntegrated spindle and motor assem-
bly 26. Data information on each disk 18 are read and/or
written by a corresponding transducer head 28 movable
across the disk surface 20.

Transducer heads 28 are mounted on flexure springs 30
carried by arms 32 engaged together for simultaneous piv-
otal movement about a support spindle 34. One of -the arms
32 includes an extension 36 driven in a pivotal motion by
a head drive motor 38. Although several drive arrange-
ments are commonly used, the motor 38 can include a voice
coil motor'(VCM) 39 cooperating with-a -magnet and core
assembly (not seen) operatively controlled for mowing the
transducer heads 28 in synchronism in a radial direction
in order to position the heads in registration.with data
cylinders to be followed. The VCM 39 is movable within a -
fixed magnetic field, and the direction and velocity of
the coil movement is controlled by the current éubplied.
The various components of the disk file 10 are controlled
in operation by signals generated.by control unit 14 such
as motor control signals on line 26A and position control
signals on line 38A.

Referring now to Figure 3, there is shown a block
diagram illustrating the process of storing and retrieving
data within the data storage and recovery system of Figure
1. Data to be written is applied to an encoder 300 for



cal data level is also provided. The first process path generates an

out put signal conprising the square of each error "val ue sanple. The s€cond
process path conpares the error value sanples and a conpare |evel and
generates an output signal comprising a result of each comparison. The'
out put signal of the first process pagh, the second pro- cess path, or the
| evel sanples is selected and is associ- ated with a data type. In
response to a FviRiidRNGe lﬂcfdtﬂaiﬁtcﬁ; tqmaasmpmm ciaving predefined cxun

signal with a deqﬁhéggpgﬁ%a t Eﬁc %@ %%égﬁﬁhlhﬁmg%ﬁﬁjﬁﬁﬁhﬁ@ﬁ”

accunul at ed. he“se ect I's accunul ated may
vary. The accmnmmrecbﬁ/ad:mecam;s:@d ZE QRN anqomhe/anam@n 1y kengeh ctft est

to determ ne thg ACY AYe Uvdl'Caril ! Sud | AR Us EQENEEY T SE1edN overd
all recorded sequence. The output of encoder 300 is ap-
plied to serializer 301 which takes the 9 bit parallel
output of encoder 300 and translates it into =2 serial
form. Precoder 302 -follows .the serializer 301 and is
described by a 1/(1-D2) operation where D is a unit delay
operator. Precoder 302 cancels the effect of the (1-D2)
equalized head and disk transfer -function. This permits
the customer data written to encoder 300 to be the same as
the customer data output from the decoder 320. Precoder
302 is used to simplify the construction of encoder 300.
Without precoder 302, it'would be necessary to constrain
the run length of.ones, zZeros, zero=-one pairs.and one-zero
pairs. . A precomﬁensator 304 is coupled to the precoder .
302 and provides ,a modulated binary pulse signal applied
to a write driver 306. Precompensator 304 is used to
compensate for nonlinear bit shift which occurs during the
writing of the data to the disk surface by delaying in
~time the writing of selected bits representing the data.
The compensated output from precompensator 304 is .applied
as a modulating function to write driver 306 which appiies
the write current to the write transducer.

An analbg read‘signal is obtained at head and disk
block 308 described by the (1-D2) operation. The read
.signal is converted to digital form by an analog to digi-
tal converter (ADC) 312 that provides.64 possible 6-bit
sampled values. Digital filter 316 then takes the sampled
values, fiiters them and outputs .equalized data samples.
The output of digital filter 316 is applied to a Viterbi
decoder 318. The serial output of Viterbi decoder 318 is



The above as well as additional objec ts, features, and advantages of the’

present invention wll .become appar- ent in the follow ng detailed witten
deséription. BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features believed

characteristic of the invention are set forth in the appended clains. The

in- vention itself however, as well as7a preferred node of use, further

obj ects ‘and advant agest hereof, wi ||l best be understood by reference to the

fol | owi ng det aidesbriesldized as cltepifcted idd ustack 330 Sisd ddntCcaPd®dr & i n

conj unc- tion wt d A2 W Wi S da¥ReLEESvVeFy 1 ilori of2 the
schematic and b céci dglf‘eagram of - aog‘gtl%rt%t O'gggeaand recovgyrg/‘%syst em enbodyi ng
the present inw¥stam.on. Figure 2 is a di agram show ng the accessing )

mechani smfor a single disk surface of the data storage and recovery system

of Figure 1. Figure 3 ! o@mit%er WAGIEN '+{H8LL 214% L N1 00 O45Piea to
the general error measurement circuit illustrated in block.
317. General error measurement circuit 317 takes as its
input the equalized data samples and performs a test uti-
lizing error value samples generated from the equalized
data samples. Results of the test are then made avéi_lable
to a microprocessor bus of the data storage and recovery

system.

Referring now to Figure 4, there is depicted a block
diagram illustrating a circuit for carrying out the érror'
measurements of error measurement circui'l; 317 according to
the system and method - of the present invention. Data

i samples output from block 316 (see Figure 3) are received
at block 410. Block 410 illustrates the generation of
error value samples from the data samples. An error value
sample is generated by calculating the difference between
the expected value of the data sample and the value of the
received data sample. The data samples have been cbtained
from a signal stored in the data storage and recovery
system. A data- type, such as a positive one, negative
one, or zeroc is identified for each error value sample
generated and associated with tlie receivéd error wvalue -

sample.

_ Error value samples are input to 'a first process '
path, a second process path and a third process path.
Error value samples input to a first process path are
squared by sgquarer 412. Squarer . 412 generates a signal
output comprising the square of each error value sample.
Error wvalue samples input to a second process path are
compared tqQ a compare level 416 by comparator 4l14.

Comparator 414 generates an output comprising a logical



of stori ng and retrieving data within the data storage and recovery system
of Flgure 1. Figure 4 is a block diagramillustrating a circuit for :
carrying out the error nmeasurenments within the data storage and recovery
system’in accordance with the present invention. DETAI LED DESCRI PTI ON OF
PREFERRED EMBCODI MENT Wth reference nog to the figures and in particular
with reference to Figure 1, there is shown a partly sche- matic bl ock

di agram of partenefwhkenathe sinpageezidr’ €adve %hﬁp&ﬁSﬁemqﬂéaﬂm*éﬁhan or

i nterface cont r%‘ﬂniéogggﬁéﬂéylzga ‘EL(FI_’%% Be 2 g& a%gl : |%§’$I at ed
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utility of

A third process path includes a multiplier 418 and an
iqvertdr_420. Error value samples input to the third
process path may be processed by both multiplier'418 and
invertor 420, or neither multipliér 418 nor invertér 420.
In addition, error value samples input into the third
process path may not be processed by either multiplier 418
or invertor 420. Selection is made by microprocessor 421
depending upon the test to be preformed.

Multiplier 418 multiplies each error value sémple by

a slopé of the signal stored in the data storage and re-
“‘covery system. Each instant along the stored signal has:

an associated slope. The slope of the stored signal asso-

ciated with a data sample is multiplied by the error value' i

samp;e generated from that data sample. The result of

this multiplication is then input into invertor 420 if

invertor 420 is to be a part of this process. )

Invertor 420 receives as its input either multiplied
error- value samples if multiplier 418 was included in the
process, or the error value samples if multiplier 418 was -
not included in the process. In response £6 an input of a-
consecutive number of error value samples or multiplied
error value samples which are associated with a data type

. of zero, invertor 420 will invert the input by reversing
the éign'of the last error value sample or the last multi-

Plied error value sample of the consecutive number.

Selector 422 receives a signal as an input from the
first process path, the second process path, the third
process path, or a source of level samples 424 of a logi-
cal data level. In a preferred embodiment, source of



the present invention is not linmted to the details of-a particular. drive-
unit construction. Referring nowto Figures 1 and 2 of the drawi ngs, data ~
storage and recovery system 10 includes a stack 16 of disks 18 each having
at | east .one magnetic surface 20. The disks 18 are nounted in parallel for
si nul taneous rotation on and by an intggrated spindle and notor assem bly
26. Data information on each disk 18 are read and/or witten by a

correspondi ng tdARSTUE 424 &%é@\@%%ﬁaaoaﬁet Bs EthKnﬁutfa@esaﬁector "
Transducer heads Z8 are nount ed on flexure Spri 0 ca éeg [ ITB, 32
engaged toget heé#23or MIAAARERGARSOR A2ht Upe \?@ﬁﬁﬁt °§bo‘{ﬁ; %é’&i
spi ndl e 34. Oneb ﬁthesﬂ@ﬂsl%fl aﬁbudﬁsm storpaiﬁxsjr |ozr.erthe] soyreet al
Commonl y used: The SHTbrEPIsh 1461808555, 3885 coi | motor (VOM 36
cooperating wi th a magnet and core assenmbly (not seen) operatively
control l'ed for ”DV”Bhée“%elector 422 has selected a 51gnal generated by .
one of the process paths or sample source 424 as an input,
selector 422 oﬁtphts the selected signal to gate 426. Gate
426 passes the selected signal in response to coincidence
of the data type associated with a signal with a desired
data type supp11ed by source 428. In a preferred embodi-
ment, the length of time a signal is. gated through gate
426 is a window of either 864 bits or 2016 bits as illus-
trated by source 430. The microprocessor 421 determines
window 1length depending upon the number of samples re-
quired for a test. '

The output of gate 426 is then accumulated:in accumu-
lator 432. The result now in accumulator -432 may be ac-
cessed by mlcroproceseor 421 within the data storage and
recovery system. The result may then be utilized to iden-
tify a problem within the data storage and recovery sys-
tem. : ' -

The error measﬁrement circuit may be utilized to
perform many different tests which in the past have been-
performed by connecting the data storag}?—ir and recovery -
system to test equipment such as digital~oscillostopes and
logic analyzers. For example, nonlinear bit shift may be
measured using the circuit. When a data pattern written
on a disk has a value change after one bit, for example a
write current data pattern of 111011 the magnetic field
associated with the magnetic regions utilized to store
these values begin to interact with adjacent regions mag-
netic boundaries resulting in the bits appearing shifted
when the data pattern is read by the system. This may

result in an incorrect data pattern being rep'roduced.s



transducer heads 28 in synchronismin a radial direction in order to -
position the heads in registration with data cylinders to be followed. The
VCM 39 is novable within a.fi xed magnetic field, and the direction and
velocity of the coil novenment is controlled by the current supplied. The
various conponents of the disk file 10;gre controlled in operation by
signals generated by control unit 14 such as notor control signals on |line
26A and position control signals on line 38A. Referring-now to Figure 3,
there is shown a block diagramillustrating the process of storing and
retrieving data within the data storage and recovery systemof Figure 1
Data to be wittenAi preppimpefisation gatademadObef @alcul@tpdobydmigra~-

modul ation codgd,ouL oyl 034! N U FIEhEBEHatYOn about the nonlinear bit-
shift obtained by the error nieasurement circuit. A re-
: cor&ing of a signal is first hade in the data storage and
recovery system.- The'recording is then read and filtered.
as illustrated in Figure 3, blocks 312 and 316. Samples
obtained from the signal are then input into block 410
from which error value samples are generated.

Nonlinear bit shift is evaluated using the multiplier
418. The:  error value sample'is then multiplied by the
slope of the stored éignal associated with the data sample
from which the error value sample was generated. Selector
422 selects the third path and outputs the processed error.
value sample to gate 426. The data type to be utilized
for gating the data samples for this test is zéro data
type only. Therefore, data type 428 is set to a zero data
type. Only those processed error values associated with a
data type of zero will be gated through and stored in the
accumulator. Each processed error: value sample is added
to the value stored in accumulator ‘432. Aftér the-test is
complete, the value stored in accumulator may be accessed
by a microprocessor within data storage and recovery sys-
tem to be input as a précompensation value into -
precompensation 304 as illustrated in Figu?é 3. ;

Another test that may be performed is a delta fly
-height measurement. A predetermined encoded test pattern
11001100 ié written to at least one predetermined region
of the disk surface 20. Analysis of data samples fead-
back from the predetermined encoded pattern 11001100 is
used to identify an average deviation value corresponding
to flying height changes. When the delta fly height is



Iength constraints, such as for the m ninum and mexi num nunber of
consecutive.zeros and the ‘maxi mumrun length of zeros in the even and 0odd*
recorded sequences in-the over- all recorded sequence. The output of
encoder 300 is ap- plied-to serializer 301 which takes the 9 bit parallel
out put of encoder 300 and translates-ijjinto a serial form Precoder 302
follows the serializer 301 and is described by-a 1/(1-D2) operation where D

is a unit del ayygpergher resﬁﬁ%ﬁaeerva?ﬂfe Ci‘HC%{e"axfshef@ffﬁﬁkuﬁﬁlahfn§14%
equal i zed head and di sk transfer unctlon Thi s . Bsrn1ts stoper data.

witten to encotierl R 1Wpe WhensEhe delineflys ﬁﬁptdéﬁagég putther Fif he

decoder 320. Prsagadeig 3@ ues iispeahs FobPhé&imubet Dopse32iaiilan bef harmnder .
300. Wthout- precoder 302, it would be necessary to constrain the run

| engt h of ones, zeros, zero-one pairs -and one-zero pairs. A
preconpensat.or 304 Dateowgsmpdeso afhetlve erederded2siguapr eveddspul mmdd at ed
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third process path is 'selected and both multiplier 418 and
invertor 420 are utilized. Each error value'aample is
multiplied in n;ultiplier 418 by the slope of the stored
s.l.gnal assoc1ated with the data sample from which the
error value sample was generated - 1f the error value
sample was generated from a data sample associated with
the last zero of a consecutive number zeros, the sign of
the error value sample will be inverted. .Selector 422
outputs the processed error value sample to gate 426. The

. data type to be utilized for gating the data samples for
" this test is zero data type only. Therefore, data type

428 is set to a zero data type. The length of the test

may be either 864 or 2016 bits as selected by block 430.

Each processed error value sample is added to the value

stored in accumulator 432. After. the test is complete,

the wvalue stored in accumulator may-be accessed by a ‘r_ni'-
croprocessor within data 'storage‘and recovery system to
evaluate and correct fly height.

On occasion the average value of all error value
samples may need to be determ;'.ne'd. In Tﬁhis case, the :
third prdcesé path is used and neither multiplief 418 nor
invertor 420 is utilized. Selector 422 selects the third

- process path and outputs each error value sample to gate
426. The data types to be utilized for gating the data
samples for this test are all types, including zeros,
pnes, and negative ones. The length of the test may be
either 864 or 2016 bits as selected by block 430. The
result stored at the end of the test in accumulator 432
will be the total of all error value samples. |



conpensate for nonlinear bit shift which occurs during the witing-.of .the
data to the disk surface by delaying in time the witing of selected bits
representing the data. The conpensated output from preconpensator 304 is
-applied as a nodul ating function to wite driver 306 which applies the
wite current to the wite transducer.q4n analog read signal is obtained at
head and di sk bl ock 308 descri bed by t%e (1-D2) operati on. The read

signal is ConVertedfﬂ)éﬁdﬂffﬂoféﬁdﬁén%ﬁﬁlﬁﬁﬁﬁ@ﬂ éﬂ dfﬁbr VQiueoaamples

(ADC) 312 that provides 64 possible 6-bit s il

316 then takes nafeiyads| eB’WEPﬁEs read ( dfs P%Ekﬁ’ L“J%El %qua %ze‘£ dat a

sanpl es. The" olgeldctingisphirdle fida.er Thed deteamviedd fiar asdurmr Mi24ddigoder

318. The serlalréfg%reéﬁedgéa?ggnthco eﬁ&%%%&fsone;7 The data type for

- this test is set for all types as depicted by block 428

and the duration may be set to eithef 864 or 2016 as de-
picted by block 430. Gating 426 will therefore output a
logical one to accumulator 432 for each error value sam-
ple. The result in accumulator 432 will be fhe total
number of error value samples read. The average may then
be calculated using the total number of error value sam~
ples read and the sum of all error value samples.

The first path is utilized for an “evaluation the
accuracy of the overall data storage and recovery system.
Squarer 412 squares each ‘error value sample received.
‘Selector 422 selects the first path and output the squared
error value sample to gate 426. All datd types are to be’
gated. The duration of the test may vary. Gate 426 out-
puts the squared error value sample to accumulator 432
which then adds the équares of each error value sample.
More accurate systems have a low sum-of the squares of the

—

error value samples. ' i —

Another test may be performed to determine the level
of noise in the data storage and recovery system, the
second process path is used. Error value samples are :
compared utilizing comparator 414 to a predeterminéd com-
pare level 416. 1If the error value sample is-greater than
or equal to compare level 416, comparator 414 outputs a
logical one. If the error value sample is less than com-
pare level 416, comparator 414 outputs a logical zero.
Selector 422 selects the second process path and outputs
the result of comparator 414 to gate 426. The data type
will wvary depending on which analog to digital converter
312 level the error measurement circuit is reading. Accu-

mulator 432 will then represent the output of comparator



deserialized as depicted at block 319 which is coupled to a decoder 320 to
corrpl ete the data recovery portion of the system The output of digital
filter 316 is also applied to the general error measurenent circuit
illustrated in block 317. General error neasurenent circuit 317 takes as
its input the equalized data sanples asl performs a test uti- lizing error
val ue sanples generated fromthe equali'zed data sanples. Results of the -
test are then gpglefoyaehaahl Qeiréla rmcmplropessessbnswothnneda&aaS@Daﬂaa’ge
and recovery s em_ Referrin w i, F 4 t | gck -
di agramil| ust%’é‘% RGC]VEF Y c F% tfeor %r?igﬁéﬁ%ufakﬁe er td%d: Efedtdl 3
error measur enphot ciwbdwht 81¥1lacklhustrate Ehéils%fé’-tlé?ﬁtdrﬂ!‘ neEhRLL ofathe -

L i

recei ved at bl Bl ock 410 il|ustrates thé generation of error
val ue sanpl es thenpmeant 25 redde o Wie F¥heReal e

Whiie the invention has been .particularly shown and
described w:l.th reference to a preﬁgrred embodiment, it
will be understood by those skilled_ in the art that vari-
ous changes in form and detail may be made therein without
'departing from the spirit and scope of the invent:i.o_n.

or measurenents of .



sanpl e ‘i s generated by cal cul ating the di fference between the expect ed_i_h
‘he

and recovery s type, such as a positive gn
or zero is |de ch error vaae sanpl e genera
with the recel e sanplé. Error value.sanples are

first process path, a second process @wAIMS&Nd a third -process path. -Error
val ue sanples input to a first process path are squared by squarer 412.
Squarer. 412 generates a signal_output. conprising-the square of each error
val ue sanple. Elror dal@lratpl Seri manformingsceestl procedureat terar error .
compared to a cOMpar gahaus! £hhS XtAOBHMPISY - 634 1ufMIPAEREST ihaIenERd! €S

risin | ogi cal
an out put conp 9 ?rcugt comprising:

data sanpl es VS%eeteﬁ srheﬁ'mf ﬁd froma signal stored in

means responsive to receipt of data samples for gen-

erating error values;

means responsive to the error values for processing
an evaluation sample relating to a test case from
each error. value,

means responsive to specification of the test case
for selecting a type of processing; and

means for accumulating the evaluation samples.
i

2. The circuit adcording_ to Claim 1, further including
means for processing includes .a plurality of pro-
cessing paths and the means for selecting selects
one of the processing paths. -

3. The circuit according to Claim 2, wherein each error
value is associated .with a data sample, and wherein
each error value has an ic_ientified data type.

e

4. A circuit for performing .test procedures on a data
storage and recdvery system from data samples ob-
tained from a recovered signal, wherein the data
samples are associated with a particular data type,
the circuit comprising: |

means for generating error value samples from the
data samples;

* [4 L M S *



8 one when t he |nput error value sanple is greater than' el 0 corrpare'

| evel fd-zero when the input error val THET Hy .
t han co A third process path includes ) PLAE ,"iéd
an invert r value sanples input to the third process-Rat hy

be processed by both mul tiplier 418 andsi nvertor 420,  or neither nultipler
418 nor invertor 420. In addition, error value sanples input into the third
process path may nota beipsecpssedsdypathheakinkt ithe cerrvihs valueveamples20.
Sel ection is made by mg op, S 2 n n e é;%tr

preformed. Multipli &° 41%° 3?‘6‘% %&éeé%ﬁﬁgér}#g# ﬂe ﬁg sf"tg%pl ttq'q%f)pe of -

t he signal stored |muﬁwwasagsabrmmlm 'bbeersﬂ%rﬁe‘?ﬁ E&éh | SISERML .
along the stored sigpal,dh étg;]_(_._,a.ssom ated slope. The sl.ope of the stored
signal asso- ciated w tuh ta ‘sanple is multiplied by the error val ue

a second proéess path taking the error value samples
and a compare level as its inputs and including
means for comparing the inputs and generating an
outpqt signal comprising results of each comparison;

a source of a sample signal at a logical data level;

means for selecting an evaluation signal from the
output signals or the sample 31gnal~

means for identifying a pa_rticular data type to each
error value sample; T
. ! f

means responsive to coincidence of a data type of tht-;
evaluation ' signals with a desired 'data type for
gating the evaluatioh signal; and

- means for accumulating. the ‘evaluation signal. for a
predetermined period.

5. The circuit according to Claim 4, wherein the accumu-
lated evaluation signal may be accefsed by a data-
processing system for calculation of correction
values utilized in a data storage system.

6. A circuit for performing test procedures on a data
storage and recovery Systeni from data samples ob-
tained from a recovered signal, wherein the data
samples are associated with a particular data type.
the circuit comprising:

* c L M S *



saﬁp#e:gEﬁéTéféa“T?EE?that data sanple. The result of this nultiplicatio
i S trnRShderHusBednRepladhvert or 420 if invertor. 420 is to b "
proce I 20 receives as its input either nulti Jﬁ'@g‘éﬁmfx&b
sanpl er 418 was included in the process, &Ltih LAGEDV al ue
sanpl rtmultiplier 418 was not inclygled in the process. In response
an input of a - consecutive nunber -of error -val ue sanples or nmultiplied
error val ue sanpl esmelheh fore generatimg eribra vidue tsgmplads zErom idates t or
420 will invert the_ipput by, reversi the siagn of the Jlast error value
sanple or the |ast ?rﬁf"B#-esp%P{éﬁlﬁféof‘g%I%e?gweslc#%%]ﬁe consecutive
nunber. Sel ector 422 receives a signal” as-an input fromthe first process-
path, the second prgcess.gha g%y;t 4 PUPHESStRat Brr8t 9230l Gampheseve
' é{al‘to evég. rﬁ- errbgg' i

sanpl es 424 of a logi- cal data . n apreferre I ment,” source
of ' as its input and including means for generating an

output signal comprising the  square of each error
value sample;

a second process path taking the error value samples
and a compare level as its inputs and including
means for comparing the inputs and generating an
‘output signal comprising results of each comparison;.

means for selectiﬁg' an evaluation signal from the
output signals or the sample signal;

means for identifying a particular data type to each
error value sample;

means responsive to coincidence of a data type of the
evaluation signal with a desired data type for gat-
ing the evaluation signal; and - ;-

. means for accumulating the evaluation signal for a
predetermined period.

7. The circuit according to Claim 4 and B, further com-"
prising a third process path taking error value
samples as its input and passing a signal comprising
the error value samples as an output signal to the
means for selecting. '

8. The circuit according to Claim 7, wherein. the third
process path further comprises means for multiplying
each error value sample by a slope of the recovered
signal, wherein each error value samﬁle includes an
associated'slope.

AR O A R



sanpl es 424 provides a |logical one as an input to selector 422. :
M croprocessor 421 uses Sel ector 422 to pass the output signal of one of
t he pr CihisSheepHisiBeen Repladede source of |evel sanples 424 to Gate 426 _.(hce
sel ect or ted a signal generated by one of §MHISSHEERHASBEEN lor
sanple s n input, selectol7422 outputs thelsel eqEpi AGEDNAI to
gat e 426. e passes the selected signal in respon

the data type aSSOCIated with a signal mnth a desired data type suppl i ed by
source 428. In Preffd ref&no h qof ey

gated through gggte 426 |s a w ng%s\? ?her gggg{gl tss cv)’trH % bi tsaljfaths‘{fsd
illus- trated by solRXeSess. patine fH‘F‘ r RUPIGS D 1MERRE ﬁfﬁ€§nﬁ4"fiﬁny£...

| engt h dependi ng Up@hthapaen‘wf Qf &ambeﬁtaee %Mf@rf det£st. vdRue

out put of gate 426 |s t hen . accurrulg gd n-gegum tor 432. Thg resu_lt now
in accunul ator - 432 SAP5E generate ata Samp es associated :

data types of zero for inverting the sign of a last

error value sample generated by a data sample which
is associated with a data type of zero.

iO. The circuit according to Claim 7, wherein third pro-
cess path further comprises means responsive to an
input of a consecutive number of error value samples
generated by data samples associated with data types
of zero for inverting the sign of a last error value
sample generated by a data sample which is associat-
ed with a data type of zero. :

11. The circuit according to Claim 4 and 6, wherein the

result of the second process path is a .logical data

" n

level "one if the error value sample is greater

than the compare level.

12. The circuit according to Claim 4 and 6, . wherein the
result of the second process path is a logical data
level "zero" if the error value sample is less than
the compare value.

~s

13. The ;iréuit éccording to Claim 6, wherein the accumu-
lated evaluation signal may be accessed by a data
processing system for Ealculation of correction
values utilized in performing test procedures on the

data storage and recovery system.

14. A method in a data storage and recovery system for
' performing tests on the data storage and recovery
system from data samples obtained from a recovered
signal, the data samples being associated with a

RN O



—cessed—by—mcroprocessor 421 within the data storage and. recovery system
_ lkdagn be utilized to iden- tify a proble L1 : wall
_Eﬂﬁsﬁé@%hem very sys- tem The error neasurenent ci {qWiS SHEET HAS BEEN
utnlwamﬂmlﬂ []orm many different tests which in the pdst haEPUMED
pe necting the data stormge and recovery Syst+emto TESL
equi prent such as digital oscilloscopes and |ogic analyzers. For exanple,
nonl i near bit shifpapbjchtareadatad tppeg ttiee cimethdd \Womprdsdaga [hkt ern
witten on a disk h@g g §§1I’ue change after one bit, for exanple a wite .. -
current data patte?n B 1011 the magnetic field associated with the -
magnetic regions utilized to store these values begin to interact wth
adj acent regi ons NBgnePgtifigPeuIe IVSIUESHARPIEs | Rrbfie diitsS ARRSAT bRY
shifted when the data pattern is read_ by the system This may result in
an incorrect data Eéﬂ‘%‘lin%‘é?‘l‘lgar%*ﬁ?’b%c%’cﬁnalf .

providing samples at a loéical data level; .

generating an output signal comprising the square of
each error value samples from error value samples
input into the first process path; '

comparing error value samples and a cémparé. level
input into the second process path and generating gn'
output signal comprisihg a result of each compari-
son; '

selecting an output signal or the samples at the
logical data level;

identifying a particular data type at each ‘error
value sample; . ’ - e '

gating the output signal from the step of selecting
in response to coincidence of a data type associated
with a signal with a desired data type; and

. e

accumulating the gated sample for a predeﬁermiped
period, wherein the accumulated, gated sample may be
accessed by a data prbcessing system for calculation
of correction values utilized in performing tests on

the data storage and recovery system.

15. The method according to Claim 14, further comprising
the step of generating an output signal comprising
the error value samples as the output signal.

N



10 A pfeconpensation val ue may be cal cul ated by mcro- processor 421 using

i nf or mati on about the nonlinear bit shift. obtained by the= : t
circuit. A re- cording of a S|gnal is first nade in t T‘ﬂﬁt&iﬁg'
recovery system The recording is then read and filtered. ashl =+ at

in Figure 3, blocks 312 and 316. Sanp§es obtained fromthe S|gnal are then
.input into block 410 from which error value sanples are generated '

Nonl i near 'bi ieshi i apparaituat Ebrusttinke nd trdddwirihls. mfo%tqrdrpr ;
val ue sanple is then nultl i ed. by the sl-ope of the stored signal N
associated with t FE™RA¢5E* Egnple from which the error val ue sanple was
generated. Selector 422 selects the third path and outputs the processed

error val ue sanplg h8u %ghs 426. The data type to be utilized for gating
the data sanples Tor t { est is zero data

a spindle rotatably attached to said houeing;

a disk mounted to said spindle;

a tfansducer movable across the surface of said dlsk
said transducer reading or writing information to or .
from said disk; '

a data channel for encoding data to be written to
said disk and for decoding data after information is

read from said disk; and

a circuit having as an input, a signal from said data

channel, said circuit comprising:

means responsive to receipt of data samples for gen-
erating error values, - ~ -
means responsive to the error values for processing
an evaluation sample relating to a test case from
each error value;

.\..p.r
means responsive to specification of the test case
for_selecting a type of processing; and -

means for accumulating the evaluation samples.

N

Has Been Re laced
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type only. Therefore, data type 428 is set to a-zero data type. Only those
progessed error val ues associated with a data type of zero will be gated -
through and stored in the accumul ator. Each processed, erfor val ue sanple
is added to the value stored in accunul ator 432. After t FHiE
conpl ete, "the value stored in accunul at @0 may be accessed| by “a HASB

m croprocessor within data storage and recover é t em &g BEPLAa'Hth EE@
a preconpensation value intBR % nCIBEYIT i | | ustrat ev

Figure 3. Another test that may be performed is a delta fly height

measur ement. A predeterm ned encoded test 11001100 is witten to at_
| east one predeterm ned region of the disk suriace 20. Anal ysis of data
'sanpl es read back fromthe predeterm ned encoded pattern 11001100 is used

to identify an a\’ﬁ{eagﬁv@ﬁ’thaﬁlﬁfb\)v’ﬁié@ £ YiresReNdhAIméendd Hord pheirebhing

.changes. When t@%td%k%%e&h es oght agta storage and recovery system for h
a magnetic storage unit. Error sample values from a read
operator in a data storage and recovery system are applied
to a first and a second process path to generate output
signals. A source of level samples of a logical data
level is also provided. The first process path generates
an output signal comprising the square of each error value
sample. The second process path Eompare; the error value
samples and a compare level and generates an output signal
comprising a result of each comparison. The output signal .
of the first process path, the second process path, or the
level sam;:les is selected and is associated with a data
typeé. In response to a coincidence of a data type associ-

i ated with . the selected signal with a desired data type,
the selected ;ignal is gated and then accumulated.  <The
window during which the selected signal is accumulated may

. vary. The accumulated value is used- as an input variable
to a selected test to determine the accuracy of the data

storage and recovery system.

FIGURE : 4

Sheet Has Been Re laced
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m|OMl the resultlng value in means for accunulating 432 will be |ow ~Wen
the? delta'fly height is high, the re- sulting v ans for

,ﬂﬁif:unul ating 432 will be high. Data sanples of .ITHfSrSHg_r}d S are
¥nput into block 410 and error value sanples arg _gen®gpf third
process path is selected and both nmultiplier 418 an r 42Q are
utilized. Each error val ue sanple |1é3rm|t|plled in nmultiplier 418 by the
sl ope of the stored signal associated with the data sanple from which the
error val ue sanpl e was gener at ed. If the error val ue sanpl e was generated
froma data sanple associated with the | ast zero of a consecutive nunber
zeros, the sign of the error value sanple will be inverted. Sel ector 422
out puts the processed error value sanple to gate 426. The,data type to be
utilized for gating the data sanples for this test is zer¢ iata type only.
Therefore, data tjype 428 is set to a fero data type. Thell ¢ngth of the
t est s v
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may be either 864 or 2016 bits as selected by block 430. Each processed -
errdr value sanple is added te the value stored in | ator 432. After
the test is conplete, the value stored in accunul.at §/THIRSHEEr by a
mi - croprocessor within data storage and recovery's st emged and
correct fly height. On occasion the ?verage val ue o al ue
sanpl es may need to be determ ned. 2/3n this case, the third process path
is used and neither nmultiplier 418 nor invertor 420 is utilized. Selector,
422 selects the third process path and outputs each error value sanple to
gate 426. The data types to be utilized for gating the data sanpjgs for.
this test are all types, including Ze@ﬁiﬂdﬁﬁfs i d ddi ve ?Egs: The

| ength of the test nay be either 8p4 W WETas fsel ect ed y bl ock 430.
The result stored at the end(ﬁsA?e 1gst rnjaccu a orf&ﬁivﬁll be the
total of all error y@lue sanples
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Sel ector 422 selects the first path and output the squared error value - -
sanple to gate 426. All data types are to be gated. The duration of the
. test may Vary Gate 426 out- puts t he squared error value sanple to

> e Rhen adds the squares of each error val ue sanple.
dve a low sum of the squares of the error val ue
gy be perfornkd3to determ ne the I evel of noise 1n
overy system the second process path is used.

- e

padi e|| evel 416. If the error val ue sanple i s _geater -
e | evel 416, 4_outlpa a | ogital one.
If the error valu pfe is | ess tﬁanwgrﬁﬁg lQﬂgvel S néarator 414
outputs a logical zero. Select@pp sg¢l ect sjthe spcond &d%ss pat h and
out puts the result.oh&conpar tor 484 19 gate|426. LThe d ype will vary
dependi ng on vﬂ),c?h a T'og to dizggL‘ converter
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312 level the error nmeasurenment circuit is reading. Accu- nul ator 432 Vi ||

then represent the output of conparator 13 414 for each level. A
.-m croprocessor mnthln data storage and recovery system may obtain each
out put. and ch will illustrate a distribution of all data

n
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tion may be used to determine the ampunt of

snoise in t - Wii I'q tjhe invention has been particularly shown and
descri bed h,x @ﬁ& 198 tjo |a prefe?/@d enbodi ment, it wl|_ke understood
by those ski the arf fthat vari- ous changes |nﬁﬁﬁﬁhband detail may-
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“CLAI MS 1. A circuit for performng test procedures on error values for -
] . waean esponsi ve

data sanpl es -of known data types, the circuit co
-to receipt of data sanples for gen- erating erropr
to the error values for processing an eval uation
case fromeach error val ue; means responsive to
: case for selecting a type of processi3g3 and nqan'
evaluatlon sanpl es. .2. The circuit accordingito

i ncl udi ng means for processing includes a plurdgl

accunul ati

ponsi ve
a test
ne test
gl t he

Clrar i =t o
Qf__pro- ceSS|n pat hs _

and the neans for selecting selects one of theffagocessi ng patns—3: The

circuit according to Caim2, wherein each error
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value is associated with a data sanple, and wherein each error value has an
identified data type. 4. Acircuit for performng ..test procedures on a
data storage and recovery systemfromdata sanples ob- tg T
recovered signal, wherein the data sanpl es are associ at ecfis au?.:’.a..ui
data type, the ci rcuit conprising: neanspfor generating e rlor val ue sanplfes
fromthe data sanpl es; a first process path taking. t er g J Ukl 1508
sanples as its input and including nmeans for generating a ut put si gnal
conprising the square of each error value sanple; a second P

taking the error val ue sarrpl]ERR@Rdl\@ASUREWN’EG&CHilet S Walell

I ncl udi ng

ABSTRACT

The invention provides a circiit and method for performing test procedures on a data
storage and recovery system for a magnetic storage unit. Error sample values from a reac‘i
operator in a data storage and recovery system are applied to a first and a second process
pai:h to generate output signals. A source of level samples (416) of a logical data level is
also provided. The first process path (4__12) generates an output signal comprising the square
of each error value sample. The second process path (474) compares the error-value
samples and a compare level and generates an output signal comprising a result of each
comparison. The out put signal of the first process path (412), the second process path
(414), or the level samples is selected and is associated with a data type.

Fig. 4
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means f or conpari ng the inputs and generating an output signal conprising
results of each conparison; a source of a sanple signgi—at—aogreat—dat

| evel ;. means for selecting an evaluation signal fro ﬁ?@'—éGEMENTSs}-mm-I H or
t he sarrpl e signal; neans for identifying a particular data]t‘p G ch
error val ue sanpl e; neans responsive to3coi nci dence d Dﬁtedata e
eval uation signals wwth a desired data type for gafTng Cacias

si gnal ; and ‘r&txaatél for accur nlg [guatl gn SJ nal for a

pr edet er nfPABYARFing progess co 5? 8‘31 ya’(f‘c ?Eﬂaﬂﬂ PFCES: wherein the
accunmu- | ated eval uation si data processing system
for calculation of correctimﬁ%@ed I'n aoggata st orage system 6.
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system from data sa
test procedures on a data storage and recovery system from data samples obtained from a

recovered signal, wherein the data samples are associated with a particular data type, the
circuit comprising: means for generating error value samples from the data samples; a
first process path taking the error value samples as inputs of the first process path and
including means for generating an output signal oomprisin_g a square of each error value
sample; a second process path taking the error value sampleé and a compare level as
inputs of the second process path and including means for comparing the inputs and
generating an output signal comprising results of each comparison; a source of a sample
signal at a logical data level; means for selecting an evaluation signal from the output
signals or the sample signal; means for identifying a particular data type to each error
value sample; means responsive to coincidence of a data type of the evaluaﬁen signals
with a desired data type for gating the evaluation signal; and means for accumulating the
evaluation signal for a predetermined period.

According to another aspect of the invention there is provided a circuit for
performing test procedures on a data storage and recovery system from data samples
obtained from a recovered signal, wherein the data samples are associated with a
particular data type, the circuit comprising: means for generating error value samples
from data samples obtained from a stored signal; a first process peth taking the error
value samples as its input and including means for generating an output signal
comprising the square of each efror value sample; a second process path taking the error
value samples and a compare level as its inputs and including means for comparing the
inputs and generating an output signal comprising results of each comparison; a third
process path taking the errOr value samples as jts input and passing a signal comprising
the error value samples as an output signal; means for selecting an evaluation signal from

the output signals or the sample signal; means for identifying a particular data type to
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“tained froma recovered signal, wherein the data sanples
with a particular data type, the circuit conprising:

generating error value sanples fromdata sanples obtainedi fromga stored
signal; a first process path taking the error val ue sanpl_Baﬁs 4%4”@
and |nclud|ng means for generating an output signal conpr
of each error value sanple; a second process path taking the error val ue
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accumulating the evaluation signal for a predetermined period.

>t

According to still another aspect of the invention there is provided a method in a
data storage and recovery system for performing tests on the data storage and recovery
system from data samples obtained from a recovered signal, the data samples being
associated with a particular data type, the method comprising the steps of: generating
error value samples from data types obtained from a stored signal; providing samples at
a logical data level; generating an output signal comprising a square of each error value
samples from error value samples input into a first process path; comparing error value
samples and a compare level input into a second process path and generating an output
signal comprising a result of each comparison; selecting an output signal or the samples
at the logical data level; identifying a particular data type at each error value sample;
gating the output signal from the step of selecting in response to a coincidence of a data
type associated with a signal with a desired data type; and accumulating the output signal
gated in response to a coincidence for a predetermined period, wherein the accumulated,
gated sample may be accessed by a data processing system for calculation of correction
values utilized in performing tests on the data storage and recovery system.

According to still another aspect of the invention there is provided an apparatus for
storing and recovering information, comprising: a housing; a spindle rotatably attached
to said housing; a disk having a surface mounted to said spindle; a transducer movable
across the surface of said disk, said transducer reading or writing information to or from
said disk; a data channel for ‘encoding data to be written to said disk and for decoding
data after information is read from said disk; and a circuit having as an input, a signal
from said data channel, said circuit comprising: means for generating error value

- samples from the data samples; a first process path taking the error value samples as
inputs of the first process path and including means for generating an output signal

comprising a square of each error value sample; a second process path taking the error



‘outpﬁt signals or the sanple signal; means for identifyi
data type to each error value sanple; neans responsive t

data type of the evaluation signal with a desired data tjype g&h gf“%

the eval uation signal; and - means for accunulating the [f Ussggal
for a predeterm ned period. 7. The cirdauit according t TN 2 an
further com prising a third process path taking error val ue sanpl es as Tt
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an evaluation signal from the output signals or the sample signal; means for identifying a

particular data type to each error value sample; means responsive to coincidence of a

data type of the evaluation signals with a desired data type for gating the evaluation

signal; and means for accumulating the evaluation signal for a predetermined period.
BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention are set forth in the
appended claims. The invention itself however, as well as a preferred mode of use,
further objects and advantages thereof, will best be understood by reference to the
following detailed description of an illustrative embodiment when read in conjunction
with the accompanying drawings, wherein:

Figure 1 is a schematic and block diagram of a da’ta storage and recovery system
embodying the present invention.

Figure 2 is a diagram showing the accessing mechanism for a single disk surface of
the data storage and recovery system of Figure 1.

Figure 3 is a block diagram illustrating the pfocess of storing and retrieving data
within the data storage and recovery system of Figure 1.

Figure 4 is a block diagram illustrating a circuit for carrying out the error
measurements within the data storage and recovery system in accordance with the present
invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
- With reference now to the figures and in particular with reference to Figure 1,
there is shown a partly schematic block diagram of parts of a data storage and recovery

system 10 and an interface control unit generally



"9. "The circuit accordlng to Caim8, wherein the thlrd process pat h
further conprises neans responsive to an input of a cofiSi .

error value sanples generated by data sanpl es associ at
zero for inverting the sign of a |last error value sa
data sanple which is associated with a dta type of zf
according to Claim7, wherein third pro- cess path further—c ' SSEIE
responsive to an input of a consecutiYﬁ{ﬂHﬁger of error val ue sanples
generated by data sanples associated W ta types of zero for inverting

the sign of a Aagtcul fR'p eYRJrHﬁh Pﬁb&&ﬁ}% heg dats ﬁoﬁg& %naafww‘erm &%nal -

associat- ed with a data type o The circuir T according t
4 and 6, wrémedtatdatples obtained from a recovered signal, wherein the data samples are

associated with a particular data type, the circuit comprising:

means for generating error value samples from the data samples;

a first process path taking the error value samples as inputs of the first process path
and including means for generating an output signal comprising a square of each error
value sample;

a second process path taking the error value samples and a compare level as inputs
of the second process path and including means for comparing the inputs and generating
an output signal comprising results of each comparison;

a source of a sample signal at a logical data level;

means for selecting an evaluation signal from the output signals or the sample
signal;

means for identifying a particular data type to each error value sample;

means responsive to coincidence of a data type of the evaluation signals with a
desired data type for gating the evaluation signal; and

means for accumulating the evaluation signal for a predetermined period.

2.  The circuit according to claim 1, further comprising a third process path taking
error value samples as its input and passing a signal comprising the error value samples
as an output signal to the means for selecting.

3. . The circuit according to claim 2, wherein the third process path further comprises
means for multiplying each error value sample by a slope of the recovered signal,
wherein each error value sample includes an associated slope.

4.  The circuit according to claim 3, wherein the third process path further comprises
means responsive to an input of a consecutive number of error value samples generated
by data samples associated with data types of zero for inverting a sign of a last error

value sample generated by a data sample which is associated with a data type of zero.
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“resuit of the second process path is a |ogical data |evel "one" if t he

error value sanple is greater than the conpare level. 12 T Ccor =
according to Claim4 and 6, wherein the result of the seca#?&‘dé@ggTMT

is a logical data |level "zero" if the error value sanple e,s’s t, <t he
conpare value. 13. The circuit accordid§ to daim6, wh Blaéﬁfhg@&?v
| at ed eval uation signal nay be accessed by a data processing system ToOr
cal cul at i cect i o tihized.,i r ] t ocedur es
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system from data sanpl es obtai ne roma recovered signa ta sanpl es
bei ng assagi @tedambled associated with data types of zero for inverting the sign of a last error

value sample generated by a data sample which is associated with a data type of zero.

6.  The circuit according to claim 1, wherein the result of the second process path is a
logical data level "one" if the error value sample is greater than the compare level.

7.  The circuit according to claim 1, wherein the result of the second process path is a
logical data level "zero" if the error value sample is less than the compare value.

8.  The circuit according to claim 1, wherein the predetermined period is 864 bits.

9.  The circuit according to claim 1, wherein the predetermined period is 2016 bits.

10. The circuit aécording to claim 1, wherein the accumulated evaluation signal may be
accessed by a data processing system for calculation of correction values utilized in a
data storage system.

11. A circuit for performing tést procedures on a data storage and recovéry system
from data samples obtained from a recovered signal, wherein the data samples are
associated with a particular data type, the circuit coﬁlprising:

means for generating error value samples from data samples obtained from a stored
signal;

a first process path taking the error value samples as its input and including means
for generating an output signal comprising the square of each error value sample;

a second process path taking the error value samples and a compare level as its
inputs and including means for comparing the inputs and geperating an output signal
comprising results of each comparison;

a third process path taking the error value samples as its input and passing a signal
comprising the error value samples as an output signal;

means for selecting an evaluation signal from the output signals or the sample
signal;

means for identifying a particular data type to each error value sample;

(T




18 particul ar data type, the method conprising the steps of: generat| ng .
error value sanples fromdata types ob- tained froma stor|gQ
provi di ng sanples at a logical data | evel; generating an ¢
conprising the square of each error value sanples fromer
input into the first process path; conpd®ing error val ue §

conpare. |evel input into the second process path and generatTTg: arr—oetp I
signal conpri f each conpari,-, son; ecti an out Si gna
or the sanpl ezh%gs arﬁ‘gé)%ﬁgl% §°°&%‘i‘%eq°%\r;’3 a data ypé f@th aﬁ‘g'f‘?‘? élﬁné “Gg’t g
type at eqefiréd 4t Weuf‘orséﬂﬁﬂgethe evaluation signal; and means for accumulating the

evaluation signal for a predetermined period.

12. The circuit according to claim 11, wherein the third process path further comprises
means for multiplying each error value sample by a slope of the recovered signal,
wherein each érror value sample includes an associated slope.

13.  The circuit according to claim 12, wherein the third process path further comprises
means responsive to an input of a consecutive number of error value samples generated
by data samples associated with data types of zero for inverting a sign of a last error
value sample generated by a data sample which is associated with a data type of zero.

14. The circuit according to claim 11, wherein third process path further comprises
means responsive to an input of a consecutive number of error value samples generated
by data samples associated with data types of zero for inverting the sign of a last error
value sample generated by a data sample which is associated with a data type of zero.

15.  The circuit according to claim 11, wherein the result of the second process path is
a logical data level "one" if the error value sample is greater than the compare level.

16. 'The circuit according to claim 11, wherein the result of the second process path is
a logical data level "zero" if the error value sample is less than the compare value.

17. The circuit according to claim 11, wherein the predetermined period is 864 bits.

18. The circuit according to claim 11, wherein the predetermined period is 2016 bits.
19. The circuit according to claim 11, wherein the accumulated evaluation signal may
be accessed by a data processing system for calculation of correction 'flalues utilized in
performing test procedures on the data storage and recovery system.

20. A method in a data storage and recovery system for performing tests on the data
storage and recovery system from data samples obtained from a recovered signal, the
data samples being associated with a particular data type, the method comprising the
steps of:

generating error value samples from data types obtained from a stored signal;
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gatihg the output signal fromthe step of selecting in ] to

coi nci dence of a data type associated with a signal w
type; and accumul ating the gated sanple for a predeter
t he accunul at ed, gated sanple nay be accessed by a dat
for calculation of correction values utitZized in perf : _
data storage and recovery system 15. The nethod according to Clam

further
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error value samples input into a first process path; :

comparing error value samples and a compare level input into a second process
path and generating an output signal comprising a result of each comparison;

selecting an output signal or the samples at the logical data level;

identifying a particular data type at each error value sample;

gating the output signal from the step of selecting in response to a coincidence of a
data type associated with a signal with a desired data type; and

accumulating the output signal gated in response to a coincidence for a
predetermined period, wherein the accumulated, gated sample may be accessed by a data
processing system for calculation of correction values utilized in performing tests on the
data storage and recovery system.
21. The Iinethod according to claim 20, further comprising the step of generating an
output signal comprising the error value samples as the output signal.
22. The method according to claim 21, and further comprising the step of multiplying
each error value sample by a slope of the recovered signal, wherein each error value
sample includes an associated slope.
23. 'The method according to claim 22, and further comprising a step responsive to an
input of a consecutive number of error value samples generated by data samples
associated with data tjpes of zero, inverting a sign of a last error value sample generated
by a data sample which is associated with a data type of zero to provide an output signal.
24. The method according to claim 21, further comprising the step of in response to an
input of a consecutive number of error value samples generated by data samples
associated with data types of zero, inverting the sign of a last error value sample
generated by a data sample which is associated with a data type of zero to provide an

output signal.
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" a spindl e rotatably attached to said housing;, a disk nounted to said
spi ndl e; a transducer novabl e across the surface of saifg—d Sai=t
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logical data level "zero" if the error value sample is less than the compare value.

27. The method according to claim 20, wherein the predetermined period is 864 bits.
28. The method according to claim 20, wherein the predetermined period is 2016 bits.
29. An apparatus for storing and recovering information, comprising:

a housing;

a spindle rotatably attached to said housing;

a disk having a surface mounted to said spindle;

a transducer movable across the surface of said disk, said transducer reading or
writing information to or from said disk;

a data channel for encoding data to be written to said disk and for decoding data
aﬁer information is read from said disk; and

a circuit having as an input, a signal from said data channel, said circuit
comprising:

means for generating error value samples from the data samples;

a first process péth taking the error value samples as inputs of the first process path
and including means for generating an output signal comprising a square of each error
value sample;

a second process path taking the error value samples and a compare level as inputs
of the second process path and including means for comparing the inputs and generating
an output signal compfising results of each comparison;

a source of a sample signal at a logical data level; means for selecting an evaluation
signal from the output signals or the sample signal;

means for identifying a particular data type to each error value sample;

means responsive to coincidence of a data type of the evaluation signals with a

desired data type for gating the evaluation signal; and
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means for accumulating the evaluation signal for a predetermined period.
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