SYSTEM AND METHOD FOR MEASURI NG RELATI VE AND ABSCLUTE AMPLI TUDES OF
WA SI GNAL. READ FROM A DATA STORAGE MEDI UM

FI ELD OF THE | NVENTI ON The present invention relates generally
~to signals read froma data storage nediumand, nore particularly, to a
systen1and met hod for neasuring relative gand absolute anplitudes of a
sigpal read froma data storage medi um provided in a disk drive system
BACKGROUND OF THE | NVENTI ON - A typical disk drive system

incl udes a magnetic nmediumfor storing data in magnetic formand a nunber
of trahsducers used to wite and read nagnetic data respectively to and
from.the nedium A tyBYEIEMIAND METHOR: RON iMRASUREING BEPATIVEnc| udes one
or nore data storage HANDkABSOLUTE AMPINTIUDRE OF A SMLGHNAL aRERDNdI| e not or .

The spindl e not or rotates thErdMs RS DATA EForACH MEBLUM on the order of
sever al

FIELD OF THE INVENTION

The present invention.relates generally to
signals read from a data storage medium and, more
particularly, to a system and method for measuring
relative and absolute amplitudes of a sighnal read from

a data storage medium provided in a disk drive system.

BACKGROUND OF THE INVENTION

. A typical disk drive system includes a
magnetic.medium for storing data in magnetic form and
a number of transducers used to write and read
magnetic data respectively to and from the medium. A
typical disk storage device, for example, includes one
or more data storage disks coaxially mounted on a huE
of a spindle motor. The spindle motor rotates the
disks at speeds typically on the order of several
thousand revolutions-per-minute (RPM).

Digital information is typically stored in
the form of magnetic transitions on a Series of
concentric, spaéed tracks formatted on the surface of

the magnetizable rigld data storage disks. The tracks
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thougand revol uti ons-per-mnute (RPM. Digital information is
typically stored in the formof nagnetic transitions on a series of
concentric, spaced tracks formatted on the surface of the nagnetizable
rigid data storage di sks. The tracks 2

are generally divided into a nunber of s&ctors, with each sector conprising
a nynber of information fields, including fields for storing data, and
sector identification and sypchronization information, for exanple.

An actuat or AKSERBL¥THIEA1Vided 4BES & PHAPRN OF FehRSfr HERxt endi ng

arme W th ongin &L MbLISIAG2H ABRBER! 08S iRFIdIhd WY ok d1gs eon by
use of flexible suspensions.” A typrcal read/wite head assenbly is

under st ood t dinglidirg of selder fovdetoningadasremamd aaatar wite el ement.
The slider b eﬂéféfgégg 5 C2H6L %gﬁﬁbﬁgggkicgfﬁn Sl QEe £l the di sk

as the rate of Spimn or rota I'ncreases, "and causes ‘the tead/wite
el ements to haweawpkdove the disk on an air bearing produced by high speed

di sk rotation. The di stance between a rgg /w.ite head and the disk surface,
which is typically on th@ RFEHERLBF 265¢ HaﬁdPéFé\%sly( nclyde’ Amonl y

referred to 3&1&5?&?:‘.&9'95%6%5?&@ flﬁx?._énaﬂl?@i A%ms with one \@».'thwgﬁdata to

a magnetic data storage di sk gener y i nvolves passing a current rough a
write el ementredd/weriteabéadi assknbd iessbeling moyntetlidthemegmetby | i nes of

f1ux whi ch t] i fic |ocation of the di face., Reading dat
from a speci 180 O SkLPELALPORUPROTFAERA Ty AaloBHsits RPH 5Lt ad ef ement

of the read/ wiéie hesempigenBl yngersteod ko Mrwlkide 4 iclilor Hoay, | i nes
emanating fromthe _magnetized | gcations of the disk. As the read el enent
passes over tRereaddaeifgentskasdr RaW&iteneliemediact ithe slider body

lifts the read/write elements off the surface of the
disk as the rate of spindle motor rotation increases,
and causes the read/write elements to hover above the
disk on an air bearing produced by high speed disk
rotation. The distance between a read/write head and
the disk surface, which is typically on the order of
40-100 nanometers (nm), is comﬁonly referred to as
head-to-disk clearance or spacing.

Writing data to a magnetic data storage disk
generallyfinvolves passing a current through a wr}te
element of the read/write head assembly to produce
magnetic lines of flux which magnetize a specific
location of the disk surface. Reading data from a
specified disk location is typically accomplished by a
read element of the read/write head assembly sensing
the magnetic field or flux lines emanating from the
magnetized locations of the disk. As the read element
passes over the rotating disk surface, the interaction
between the read element and the magnetized locations
on the disk surface results in the production of
electrical signals, commonly referred to as readback

signals, in the read element.
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between the read el ement and the nagnetized | ocations on the disk surface
results in the production of electrical signals, commonly referred to as
readback signals, in the read el enent. 3
Conventignal disk drive systens generally enploy a closed-|oop servo
control systemfor positioning the read/wite elenents, or transducers; to
specified storage | ocations on the data storage disk. During normal disk
drive system operation, a servo transducer, generally nounted proxinate the
read/ wite transducers, Gamvealttimnmel i dbsly, dricer ppstemnd genelrallgad el enent

of t-he read/wwitg-head g&;ﬁg?l L t¥€icallg e Iozgd tg read i nformation
for the purpoSEPoPYt 81 oS ?}?ﬂﬁxﬁq Jo ??%.£°?P? >-eh 48K fol 1 owi ng) and
| ocating (i.eposseenithy HIRCiddR/WFBEK Dementa, S8et Brahaaaldedns on the
di sk. In accordance with one known servo techni que, enbedded

servo patter nEPnFRefadiad isFanage reatiers dPBKERP oAgtIeFiOMAZeext endi ng
In a d'rect'Oaigﬁnerghgagégﬂggyﬁ?ir&w&ﬁp§r£@Qt§§seémFBgega%KoﬁTh embedded

servo patterns are t etween the data’sforing seciors of each
track. It is setrsd thansmweswo gowoallyphoahtgdcpnoainate fdiet ern of

data, often ter a.servo burst pattern, used to_pmintain optinmum

al i gnment of Fﬁg%?&ﬁﬁgﬁiﬁﬁ?Q§é§ﬁ§kﬁcr%rOv%ig?ﬁBaEéXFEVPine of a track when
transferring dadrigdrattd ra_&mQ@Ctéé@deﬂé&énﬁeéfOtﬁco&ehﬁ?yﬁrfiatfé(- The
servo information may al so include sector and track identification codes

whi ch are usedegd iafsauldly i Hies | t¥picahlyf epReOYednsquEend g W t hi n
LgfngifECS;;giggﬁﬁﬁﬁPfBH“§é§“éﬂérﬁhrﬁgggsékyfoﬂYSQiﬂgtS”%E@Eﬂfiéﬁese”t'y
track (i.e., track following) and locating (i.e.,
seeking) specified track and data sector locations on
the disk.
| In accordance with one known servo
technique, embedded servo pattern information is
written to the disk along segments extending in a
direction generally outward from the center of the
disk. The embedded servo patterns are thus formed
between the data storing sectors of each track. It is
noted that a servo sector.typically contains a patcern
of data,~often termed a servo burst paﬁtern, used to
maintain optimum alignment of the read/write -
transducers over the centerline of a track when
transferring data to and from specified data sectors
on the track. The servo information may also include
sector and track identification codes which are used
to identify the location of the transducer.

Within the disk drive system manufacturing
industry, much attcntion is presently being focused on
the performance and reliability of the transducers
utilized as part of the read/write head. Changes in
the operating characteristics of a read transducer,
for example, may be indicative of read/write head
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the performance and reliability of the transducers utilized as part of the
read/ wite head. Changes in the operating characteristics of a read
transducer, for exanple, may be indicative of read/wite head

4. degradation or inpending failure of the head. Changes in the anplitude
of a readback signal, for exanple, nmay iAdicate a possible problemw th the
read el enment. ' Magnet oresi stive (MR) elenents, also referred to as
MR stripes, are being used as read transducers in many di sk drive systens.

Al t hough an MRegEadakirre oxedrpeisdmg Eailye 24 che eddr at FRERERSMR r ead
el erent and ajhhifafl bnmn Wl e At SRPEAT, tRoPT Q¥ nunber of
advant ages ovér coﬁvenﬁlongd%t hi n-f |r:]:lt‘:"n€|l heads and the ‘??ke, 4|@mtq‘s.i,'§'known by
t hose skill edmay tihdigatet kapder ifylen hakskem ofitgn Wi beéadueliementhbl e
behavior that is difficylt to detect,. SUPRFASS, Or antify. .
has been found, for exa#%ﬁ@é%ﬂﬁﬂ?ﬁﬁF %ﬁnol u éB%W%%a%te?¥§?ics of a
readback si gngkferyed @d @& MRSigHiipss ! idibeiigaiséd agdreadrati ng
condition of a read transducer. A giant MR (GW) transducer that is
operating i n kX3RFENGEFs ivamagy, C’g‘)ﬁwwe SXERBs - nedlbheugheaneadback
signal s of deghedshd AR HEES 9. '%Fa [ €y Lty of
nost read channe?%gggignsg homevg¥§#gg%gﬁhﬂi ﬁ%g%F%dﬁa?ﬁ?éggakgﬁb

det er m nat i onaof MRe aisal lelsimerd! aoithraadtheinsiilbs, weiktd eledent;ni ning

r eadback si gnal i tude qver_ tine There exjsts a keenly felt
need (1 the oF oKL ARPERR e BATIGS (A PP o T AL YA RERE &R QSBR a us  and
met hod for detonfehitidrdle i filde Hdads roedback Fipeal iebiai radwhy om a
data storage nedium There exists a particular need for such an apparatus

and met hod t h&Y Fpsse skigilafknitedhe-ark (that MR eransdpcers often

exhibit undesirable behavior that is_difficult to

It

detect, suppress or quantify.

It has been found, for example, that the
amplitude characteristics of a readback signal hay
provide insight as to the integrity and operating
condition of a read transducer. A giant MR (GMR)
transducer that is operating in an anomalous manner,
by way of example, may produce readback signals of
decreasing amplitude over time. The nature and
complexit§ of most read channel designs, however,
generally preclude in-situ determination of readback
signal characteristics, such as determining readback
signal amplitude over time.

There exists a keenly felt need in the disk
drive system manufacturing community for an apparatus
and method for determining the amplitude of a readback
signal obtained from a data storage medium. There
exists a particular need for such an apparatus and
method that may be impleménted in-situ a read channel,
and without provision of components and test equipment
external to the disk drive system. The present

invention fulfills these and other needs.
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and wi thout provision of conponents and test equipnent external to the disk
driveé system The present invention fulfills these and ot her needs.

5 SUMMARY OF THE | NVENTI ON The present
invention is directed to an apparatus and net hod of measuring an anplitude
of a readback signal obtained froma dat& storage nedium Measuring the
relative anplitude of a readback signal involves transmtting the readback
signal to a gain nodifying anplifier, such as a variable gain anplifier
(VGA), preferably provided i rSUNMAREGF cRHENENVENTESOMN age signal associ at ed
with a loop gain of the anplification circuitry is sensed. The
sensed voltage signal is conpared with a nunber of control voltage signals,
each of which is associ ated predent digvéatiaor dsvdlitrectendt itlo talme sensed

| t i gnal__| bstantj al | t | ect ed_cootrol. vol i gnal .
The di'gital WBFRAFARE AbAkhel\PTPABUFIBE ABATBIIERYE 9 Fage Sl gna

represents theeadidy &igidl tolsea Dhed NEromadbaskas sidragel RR JiRAAPack
signal anplitude nmeasurenment nmay be performed when the read channel is in a

read node, idMeasyddnortheerxelabpiee camppitudeorf a readbackrmdanslol ut e

anpl i tude of qggg 'ﬁ?ﬂ b e ' [ r ack
si gnal anplitg é%ﬁbasubg%%n aﬁ%%%gpgygO%§%§8g§ﬂ9§¥ﬁhgéa?gb?bﬁﬁgg?ion
procedur e. Detexdiifivingy tawp bt hexhasacheabshi vardbbllee gaipl iaipdalf i
circuit involves pplyiqgﬁgach of a number of reference voltage signals to

the signal inpg¥CPi ReiRFIPIPFIYEEeanpR £P8r repscrhdnnede 1 ¥ erence
z;:Lg?eFii9”a%%ﬂe%§E“%¥§ﬁﬁfda&é&@iétéerGQEBQ%dh%&ppgﬁﬁﬁﬁkﬁ?khﬁﬁed gain
amplification circuitry is sensed.

o The sensed voltage. signal is compared with a
number of control voltage signals, each of which is
associated with a digital word value, until the sensed
voltage signal is substantially equal to a selected
control voltage signal. The digital word value
associated with ﬁhe last used control voltage signal
represents the relative amplitude of the readback
signal. The readback signai amplitude measurement may
be performed when the read channel is in a read mode,
idle mode; or servo mode of operation.

The absolute amplitude of a readback signal
may be determined by taking a readback signal
amplitude measurement after performing a gain
characterization procedure. Determining the gain
characteristics of the amplification circuit involves
applying each of a number of reference voltage signals
to the signal input of the gain modifying amplifier.
Each of the reference voltage signals is associated
with a corresponding pre-established gain value. For
each of the reference voltage signals applied to the
amplifier, a control voltage signal is selectively

applied to the amplifier until the amplifier output



each of the reference voltage signals applied to the anplifier, a contro
vol tage signal is selectively applied to the anplifier until the anplifier
out put : 6 voltage signal is
substantially equal to a pre- established reference voltage signal
Fol | owmi ng conpl etion of the gain charactgrization procedure, any nunber of
anpli tude neasurenents nhmay be taken to obtain the absolute anplitude of the
readback si gnal s. An enbodi ment of a circuit for measuring an

anpl i tude of volteasbagkgsanhé bubbudasialdy equad fuo g prrgd i fier that
recei ves the readhack signal. A nmultiplexer i,nclydes a contyol voltage
si‘gnal outpmﬁﬁﬁ%ﬁil ?% ?ﬁ%eﬁﬁﬁF?fVQ t&ﬁ& élg@ﬁﬁe o@ﬁiﬁqw¥§%ense vol t age
signal assoCidngsh &t {bn o ak Re OFal Ae cRBRalctiedi Aot iRy fh@dhdte | NEnpense

output of the multiplexer. The Circuit further includes a digital-to-anal og
converter (DAGWIRY|PE anpbitpde weasiyenmepis WA &a reaken reit, coupl ed

ropr osent i VLS % 2bPSTAFELBnbd i S, Bl el (e, o

vol tage signal to a conparénbbdiment of a Biedidpacr Qieadbwimg anfir st

i nput coupled to the_sense output of the multplexer, a second I nput

coupl ed to t R HRe oLt AcreRBPAGHK] S49NG pRCludnm # F2 the sense’ vol t age
si gnal develqﬁﬁﬁ st he_fi s LOP | &P UYL ! 296 Si

devel oped at the g%%% dalg%ﬁ%}bghghggL?gg%nbircg%t tﬁ%ﬁéﬁnts %%%?%%f wor d
val ues to theA DAluipléxéheinchtidels aolcoageradli gradltage ssdmtaht oatpytequa

to the sensed volfage sigpal, at.which pojnt the digital word associ ated

with a contrdfOVRt+E gEosggﬁaFmPéﬁy;§€ma§‘daareﬁ%ﬂ%/ FORFtude BFFfe |

readback signgltage signal ABsOERAUSERIitH L£idHiH o €& ARbEIFIELNT
is developed at the sense output of the multiplexer.
The circuit further includes a digital-to-analog
converter (DAC) having an output and an input. 2
control circuit, coupled to the input of the DAC,
transmits to the DAC a digital word value
represéntative of a control voltage signal. The DAC
transmits the control voltage signal to a comparator.

The comparator, having a first input coupled
to the sense output of the multiplexer, a second input
coupled to the- output of the DAC, and an output; -
compares the sense voltage signal developed at tﬁe
first input with the control voltage signal developed .
at the second input. The control circuit transmits
digital word values to the DAC until the control
voltage signal is substantially equal to the sensed
voltage signal, at which point the digital word
associated with a contrxrol voltage signal represents a
relative amplitude of the readback signal.
An embodiment of circuitry for determining

the gain characteristics of a readback signal
amplitude measuring circuit includes a buffer coupled

to a gain modifying amplifier, such as a variable gain



the gain characteristics of a readback signal anplitude neasuring circuit
I'ncl udes a buffer coupled to a gain nodifying anplifier, such as a

vari abl e gain 7 anplifier. The
vari abl e gain anplifier includes an input for receiving the readback
signal, an output, and a control input. Fhe buffer includes an input/output
(11O interface and an output coupled to the control input of the
anplifier. The circuitry further includes a conparator having a first input
coupl ed to t hampliifderef (The aapiiahle gaincoyplifibeut ivolpled ap a first

ref erence vol -S ce tha roquces_a r.eference voltage |
predeterninedigﬁgFi?§%é%e ﬁ§i§%ﬁ£ﬁhﬁn?e ?ﬁé?i?k?ﬁ%gs 4 8§PB§F’coupled to
the 1/0 inter&adeaotohltediufimput. The buffeoimeDhdésranit is coupled to
the input of the DAC and the output of the copparator. The control circuit

conmuni cat es AMREBFAOMERULI (Fi/0N WnheiREacs 3R e PYEPRES FEYRedr.to
determ ning a I i daq? | St 'f?%? of e.8L.ai,k words is
associ at ed mﬁ?ﬂEaEgggég?ég1ls egﬁég?k§J% élan a Cgﬁgrggkggﬁga e. The
conpar.at or cofipzthert includes a=sigpupayatook ceavingt aefhmpti inputwi t h t he
ref erence vol tage ng t control citcuit transpits digital rrds to the
DAC unt i1t neCRHBReR 0 dhe Gttt [ ARPEEF 6T | ahhapnds st
predet er m nedcbaplledn&d® WIfidgR agldianiee voltage soubBedehAt '
characterization circuitry may further include a nmenory coupled to the

control circuPFofyces & inafaranas Jekiagpreas anBradsbermiegdpr eest abl i shed
9L b e PAREALEEA, Mokl ey econy seberegsead haoguEBUtee Y
source suppl i esupled ¢t atheorky ®firtewfdee of the buffer.

A control circuit is coupled to the input of
the DAC and the output of the comparator. .. The control
circuit communicates a number of digital words to the
DAC for purposes of determining amplifier gain
characteristics. Each of the digital words is
associated with a preestablished gaih value and a
control voltage. The comparator compares  the output
signal produced by the amplifier with the reference
voltage, and the control circuit transmits digital
words to the DAC until the amplifier output signal is
substantially equal to the predetermined reference
voltage amplitude.

The gain characterization circuitry may
further include a memory coupled to the control
circuit for storing the digital words and associated
preestablished gain values and control voltages. A
second reference voltage source may also be coupled to
ﬁhe input of the amplifier. The second reference
voltage source supplies a selected one of a number of
reference voltage signals to the amplifier for
purposes of determining amplifier gain

characteristics. Each of the reference voltage

g



reference voltage signals to the anplifier for purposes of determ ning
alhplifier gain characteristics. Each of the reference voltage

8 signals is associated with a preestablished gain val ue. Gai n
characterjization circuitry may further be combined with readback signa
anplitude neasuring circuitry, preferablg in-situ a read channel. In such
an enbodi nent, a gain characterization procedure is perfornmed prior to

t aki ng absol ute readback signal anplitude nmeasurenents. . The above
summary of tisdgnadsenisiagsnaciahedswith anpaesstald ighed igrirach

enbodi nment OQ@ﬁXﬁ{y i npl enentation of the present invention. Advantages and
attai nnments, together with a nore conpl ete understanding of the invention,
wi Il becone apparent antasppcbaratedriygatdiosr rhingpuicthendwl fenthgrdet ai | ed

0 PO ciamipzedy W b epdpRERDRARPRLS e e RS WEERETEST Y 0%
top perspectigig-oi B! PrédEgkably in-situ a read channel. In such
an embodiment, a gain characterization procedure is
performed prior to taking absolute readback signal
amplitude measurements.

The above summary of the present invention
is not intended to describe each embodiment or evéfy
implementation of the present invention. Advantages
and attainments, togethér with a more complete
understanding of the invention, will become apparent
and appreciated by referfing to the following detailed
description and claims taken in conjunction with: the

accompanying drawings.



drive ssystemw th its upper housing cover renoved, Figure 2 is a
side plan view of a disk drive systemconprising a plurality of data

st orage di sks; Figure 3 is a block diagram of read channel
circuitry including circuitry for taking a relative readback signal
anpl i tude neasurenent in accordance with an enbodi nent of the present

I nventi on; Figure 4 illustrate® in flow di agram form vari ous
steps associated with a nmethodol ogy for taking a relative readback signal

anpl i tude neasurenent ac L. [ l.nvention; Fi gure
5 is"a plot of ideal andggighag%%ﬁ&%%#{ﬁy%?%wmﬁion of control
vol tage plotted on a | og scal e; Figure 6 illustrates the gain

curve shown in Figure 5 which has, been characterized in accordance with the
principles of the preseftt9Ukfert ildh;2 top perspecgive vipy efsestddall ock

di agram of a M%vg,ais@,_scgla_{ B 1 zad i%@dh&?%gggtgo{,gg?%ﬁ{évg&nal

anplitude measuring Circuit in accor ce w enbo ‘t he present
i nventi on; Fi Jiiaa® i3 s @ oskdeli phannvbéwaodt hediskb@diwnt of a

VGA gai n char rization.and absolute yeadbacgk.sjgnal anplituyde nmeasuring
circuit; ggts‘%e“é%é’ttﬂpglflir}q l%ﬁg‘f’%%hﬁ’f? \A?iﬂ{:gg?ﬁﬂ‘?"? P Sus
process steps associ at ed*ihide B WA HATocKad BEGLANZBEI 2BaR ERHHEA 1 N
accordance with an enbodi nent_of the present invention;

10 CRFGUETI0 nqlrding «lvanivas feuceakingeps redesdiva ed with
otner sTood IRk A PUBEINA sldSLgB SRR A,
absol ut e readwith singresibcaiimentudst stibs qopesént oipeehatisnng a VGA gain

_ Figure 4 illustrates in flow diagram form

various steps associated with a methoddlogy for taking

a relative readback signal amplitude measurement

according to the present invention;

Figure 5 is a plot of ideal and actual VGA
gain curves as a function of control voltage plotted
on a log scale;

Figure 6 illustrates thé gain curve shown in
Figurg 5 which has been characterized in accordance
with the principles of the present invention;

Figure 7 is a system block diagram of a VGA
gain characterization and absolute readback signal
amplitude measuring circuit in accordance with an
embodiment of the present invention;

Figufe 8 is a block diagram of another
embodiment of a VGA gain characterization and absolute
readback signal amplitude measuring circuit; '

Figure 9 illustrates in flow diagram form
various process steps associated with a VGA gain
characterization procedure in accordance with an

embodiment of the present invention;



characterization procedure. Wil e the invention is anenable to
various nodifications and alternative forns, specifics thereof have been
shown by way of exanple in the drawings and will be described in detai
hereirnbelow. It is to be understood, however, that the intention is not to
li'mt the invention to the partlcular enbodlnents described. On the
contrary, the invention is intended to cb%er all nodifications,
equi val ents, and alternatives falling within the scope of the invention as
defined by the appended

DETAILED DESCRI PTI ON G@/ﬂgé%ﬁédﬁﬁ}ﬁ\ﬁ%es various prpgess, SESRT ng
description oé.sisbeﬁa]tletdstmaﬂedarmﬁmdt netibSdimeher efcasvenegarge to the

acconpanyi ng dra s which forma part hereqf, and in which is shown by
way of illustF %eﬁﬁqaiﬁ?ﬁﬂﬁiﬁﬁﬁﬂﬁﬁ%r|%th|ch t he |nvent|0n may be

practiced. It is to be yndRx aod 1AL ésxgggemﬁgﬂg epart| #5 i zed,

and structural and functidnal changes nmay from
t he scope of ﬁﬁéqQM§ﬁﬂﬁ wihlermdlgulating an abseyutenraadbﬂmmhodology in

accordance w res i nyenti,on rQ) de f.or the
measur ement O%E he ré Iﬁ%ﬁ?é%néhgéj ?eaﬁﬁgefméPgng F3 from a
data storage mbﬂlmmteﬁdimdiﬁrorﬁrﬂm&éﬂhmi‘eof the present invention provides
for the neasurenent of the absolute anpl j tude of a readback signal obtained
froma data storage nmediiH?l Qlﬁ@ﬁrﬁ?ﬁﬁ%ﬁlﬁﬁsbﬁu?@eaﬁﬁﬂﬁtG@eﬁ%ﬁ%ﬁ%%nent of

a readback 5'&6@1ff%é%yaﬁﬂ”%ké“éfﬁg¥ﬁéﬁf@éZEBQmEhesB@bﬁfQEsa@%éﬂgéfu!On

circuitry provided in the read
have been shown by way of example in the draw1ngs and

will be described in detail hereinbelow. It is to be
understood, however, that the intention is not to
limit the invention to the particular embodiments
described. On the contrary, the invention is intended
to cover all modifications, equivalents, and
alternatives falling within the scope of the invention

as defined by the appended claims.



channei . The readback anplitude neasurenent and gain characterization

nmet hodol ogi es of the present invention nmay be advant ageously i npl enent ed
wi thin the read channel electronics, thereby elimnating dependency on
external signal processing el ectronics. A significant increase in
anpl i tude neasurenent accuracy is realizegfhthrough anplitude neasurenent
and gain characterization'circuitry fully- integrated within the read
channel . As such, anplitude nmeasurenent inaccuracies resulting from
tenperature variati OHSTAﬁﬁEpr DESCRIPRIIONS OF VARDOUE) (EMBODENENDS | d

ot herwi se result wren using 12

el ectronics external to the read channel are altogether obviated through
enpl oyment of an i ntegr atted @Arprizddiowing cdeschadisei oh t £t BRepPr i nci plres of
t he present |nvigt|on Referring to the draw ngs, and nore

particularly td ngtrated, pmpodinantg s ??#%ﬁﬁﬁ%&%daﬁedméﬂedﬁpv§h§ysten120
W thin which tB@cbﬁ@@@ﬂ&'ﬁgﬁ'&‘WiﬁH"v&ﬂi&g P&ﬂn%rgaft?dﬁé-%SE' Zib'do'}_n
e 1 nplerente

nmet hodol ogy of the present” inventi'on na e di sk drive
system 20, as Whipbstissmhawn byFiwpy f ty]:ﬂ.twtti*qtiml udasione or nore rigid

data storage di |ch are s ed coaX|aJ t andem spaced

rel ati onship, aﬁ‘gzd&t‘“aet e Sapdtt? tsrbctll?bﬁf ) ‘ﬁ?yzaib?ep’é?F§éF§-dhl gh rate
of rotation. ASti$sder Meetiriderstbod tiefe oehek é’rﬂbééiﬁ\é‘ﬁtﬁa{nla%' b mat t ed
to include a plurallty of Faced concentric tracks 50, wth each track

bei ng partitioHEdlimest a isdrust ik cand sbungt tonal nchangesamayf e her
A ternati ver'y DoBE Minddt! ML 1288 i oo DokE oBhe! BEeReRE ™
An actuator 30inypnddldny. incl udes a nunber of interleaved actuator arms 28
w th each arm having A system and methodology in accordance with
the principles of the present invention provide for
the measurement of the relative amplitude of a
readback signal obtained from a data storage medium.
Another embodiment of the present invention provides
for the measurement of the absolute amplitude of a
readback signal obtained from a data storage medium.
Obtaining an absolute amplitude measurement of a
readback signal is achieved by characterizing the gain
of amplification circuitry provided in the read
channel. The readback amplitude measurement and'gain
characterization methodologies of the present
invention may be advantageously implemented within the
read channel electronics, thereby eliminating
dependency on external signal processing electronics.
A significant increase in amplitude
measurement accuracy is realized through amplitude
measurement and gain characterization circuitry fully-
integrated within the read channel. As such,
amplitude measurement inaccuracies resulting from
temperature variations and process shifts, for

example, that would otherwise result when using
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one or: nore transducer 27 and slider assenblies 35 mounted to a | oad beam
25 for transferring information to and fromthe data storage di sks 24. The
slider 35 is typically designed as an aerodynamic 'lifting body that lifts
the transducer 27 off the surface of the disk 24 as the rate of spindle
notor rotation increases and causes the t¥2ansducer 27 to hover above the

di sk-24 on an air bearing produced by high speed of rotation of the disk
24. A conformal_ | ubricant naz alternatively be disposed on the disk surface
24 to electronics external to thejZead ghanmel; &%« and dynami ¢

friction bet \A'Be@ﬂ:&é‘étﬁékd%v%ﬁggad th%u?l? !&gﬁi&l{éﬁ%&@u;&tforan The

actuator 30 is typically nount to a stati shaft 32 and
rotates on theirtedragedt appweschhénacicrarianyersritth itite mrichaiples t he
stack of data‘§%orﬁ€e di sks. 24. A goir assenbly 36, nounted to a coil frane
34 of the act (&t or S0P GBABFaFPYePEdS s within a gap 44 defined between

the upper and | ower magnrefaggenll tes the A¥hwihdy, anEmBRent magnet
structure 38 causing the actuator arns 28, in turn, to sweep over the

surface of théPREdCUlariyetei Bitgs241 ame i ndierendtsori aistymtoad | 3

conprises a plysph C , I [ 4V, ! tqr energjzed by
a power supply iggdﬁgggéésggggbbgbrg?é%ﬁﬁg%%ﬁé d§¥§=§%%?§%¥£ﬁi%ﬁ%n%¥.

The coi |l asseraylBtudadantiegappechamd desrzargremeatrRidlldps 9 end 42 of
t he per manent nqgnet structure 38 operate i.n cooperati gn as an actuat or

voi ce coil notRFERFeSPYRBEIEY Ba¥oRer JMBSRSRtE D odhe Hifk ABkyeo
processor 56. Jﬁ@uéﬁrzo(pégcggsgés%s@wr{%ﬁ HiRe @g%%#a . magni t ude
**The a

of control current supplied to the voice coil notor uat or voice

coi | nbtor 39 breludes ensopyumeref sigdid data storage disks 24 which
are stacked coaxially in a tandem spaced relétionship,
and rotate about a spindle motor 26 at a relatively
high rate of rotation. 'As is depicted in Fig. 1, each
disk 24 is typically formatted to include a plurality
of spaced concentric tracks 50, with each track being
partitioned into a series of sectors 52 which, in
turn, are further divided into individual information
fields. One or more of the disks 24 may alternatively
be formatted to. include a spiraled track
configuraﬁion.

An actuator 30 typically includes a number
of interleaved actuator arms 28 with each arm having
one or more transducer 27 and slider assemblies 35
mounted to a load beam 25 for transferring information
to and from the data storage disks 24. The slider 35
is typically designed as an aerodynamic lifting body
that lifts the transducer 27 off the surface of the
disk 24 as the rate of spindle motor rotation
increases and causes the transducer 27 to hover above
the disk 24 on an air bearing produced by high speed
of rotation of the disk 24. A conformal lubricant may

alternatively be disposed on the disk surface 24 to



on the actuator coil frame 34 when control currents of varying direction
and magnitude flowin the coil assenbly 36 in the presence of a nmagnetic
field produced by the permanent magnet structure 38. The torquing forces

i nparted on the actuator coil frame 34 cause correspondi ng rotational
novenent of the actuator arns 28 in directions dependent on the polarity of
the control currents flowing in the coillassenbly 36.

14 The servo processor 56, which cooperates with read channe

el ectronics 5 ul ‘ VeJ L 3 o] he
actuat o ar m 6 A, Mnd UYBhRle PLESCERh pEPhEEn Ene g TIME: 17

| ocati ons whe35r @adfl itheardiisk isurfpcat24t o and fromthe di sks 24. The servo
processor 56 is loosely goupled to a i&sk drive C££trolleé §8 The. .di sk
drive controller 58 typich I3FTHTWe0 cHAt FEPIERFLY PPYRERT 56f Aware t hat
coordi nat e t hetatdridafy ctladttot OsiRaele f s@Muhlerdehtest BhagRedshiag 24

Al t hough the servo processor 56 and di sk drive controller 58 are depicted
as two separat@ devinasse itheiactuater axmanddrintedandaputheff thetionality
of the servo acasser B Angkoiske daiXgaCoRt Mok 6480 BBKRE eTROdI ed in a
single multi-purpose processor, I C ypically résults In a YedG¢ed
conponent costmounted to a Tewil nfprawoev 34 &6Egth8, atheaeors3pl,l ustrated an

enbodi ment of anplitude neasurenent, circuitry, for asyring the relative
anpl i t ude of SRR, ERREES vt B iR g2t PR 44 495 108, é&g‘"ﬁ&aﬁ © The
circuitry illygdgert athd mdhdr BadBdt besbahBULabedoWahhi a2t B¢ wead channel

el ectronics of the system described previously with respect to Figs. 1 and
2. 1t is undereReRnentatmageeanprreaevraed8urarsandctheupetpator

arms 28, in turn, to sweep over the surface of the

data storage disks 24. The spindle motor 26 typically
comprises a poly-phase AC motor or, alternatively, a
DC motor energized by a power supply 46 and adapted
for rotating the data storage disks 24.

The coil assembly 36 and the upper and lower
magnet assemblies 40 and 42 of the permanent magnet
structure 38 operate in cooperation as an actuator
voice coil motor 39 responsive to control signals
produced by a servo processor 56. The servo processor
56 controls the direction and magnitude of control
current supplied to the voice coil motor 35. The
actuator voice coil motor 39 produces a torquing force
on the actuator coil frame 34 when control currents of
varying direétion and magnitude flow in the coil
assembly 36 in the presence of a magnetic field
produced by the permanent magnet structure 38. The
torquing forces imparted on the actuator coil frame 34
cause correspéndiné rotational movement of the
actuator arms 28 in directions dependent on the
polarity of the control currents flowing in the coil
assembly 36.



shown in Fig. 3, as well as other circuit enbodi nents and anplitude

measur enment and gai n characteri zati on net hodol ogi es descri bed herein, may
be inplenmented in a wide variety of disk drive systens and data storing
systenms in general. Figure 3 depicts a nunber of conponents that
process information signals derived froma data storage disk 73 using the
read -el ement of a read/wite head 71. The information signals .obtained from
t he surface of disk 73 typically represent data or servo

information stored thereagiz duttvdProdessde Sthegpni¥Acsos8pekatesmati on. The
I nformation stored.on disk 73 is typically in the formof nagnetic

transitions oWlkhsgepss clranngic gheceronica, pent ragulnaieRsthene read/ wite
Hoad . 4 Hees . . a
ead may 1nc H@‘Eu? Q’%“Q{fgﬁi Vrfoéé@%%?ﬁ_égifﬂa@geeg}ee?cghﬁﬂbr arms

magnet or esi st1ve rea ement, a mrea ement, or o
type of read RRammduteranddudersirziertso opdestaibddt arachr &0eadidsk 73 may

store optical _.informatiaqn, and that, read/w,ite hegd 71 nay i.nclude an
optical read gF@%&ﬁﬁ%z °°étl°nﬁTﬁb?%fB?ﬁg#PgnagagW§Ftﬁﬁéu€8 3 k% he read
transducer of an@ad tthdepibid 24. t YPhéabb¥ve0oprHBeaabedsE0is
pre-anplification electronics, such_as an arm el ectronics gAE) circuit or
nodul e 72. Théossedy faupdted e iaidiskhdrivadeapkroidesl SBranFhetted from

e pod o Bibgehyihe mtealiyed o UGBS L aBee el Ve
to a readback cimphiitude avehsanfiwarerthat dSordiieateathack ramsifitude
reasuring oG 1% I BALEA Y ok BELASECRTA e | TESIRe W i
anplitude neasid ESid GitdcdPsSF €56 0aRANENER drive controller 58
are depicted as two separate devices in Fig. 1, it is
understood that the functionality of the servo
processor 56 and disk drive controller 58 may be
embodied in a single multi-purpose processor, which
typically results in a reduced component cost.
Turning now to Fig. 3, there is illustrated
an embodiment of amplitude measurement circuitry for
measuring the relative amplitude of a readback signal
obtained from a data storage medium. The circuitry
illustrated in Fig. 3 may be integrated within the
read channel electronics of the system described
previously with-respect to Figs. 1 and 2. It is
understood that the amplitude measurement circuitry
sliown in Fig. 3, as well as other circuit embodiments
and amplitude measurement and gain characterization
methodologies described herein, may be implemented in
a wide variety of disk drive systems and data storing
systems in general.
Figure -3 depicts a number of components that
process information signals derived from a data
storage disk 73 using the read element of a reéd/write
head 71. The information signals obtained f£rom the

L d



typically enployed in read -channel applications. Such conponents nmay be
coupled to other circuit elenments which, in conbination, provide for
rel ati ve readback signal anplitude neasurenents in accordance with the

principles of the present invention. I n accordance with the
enbodiment illustrated in Fig. 3, the regdback signal anplitude measuri ng
circuitry 75 includes a variable gain 16

anplifier (VGA) 76 which is coupled to the AE nodul e 72 through one or nore
si gnal conducsarfaéé of \Girslabi® typicabdyi fepresentndatat oxd dexvdie art as

an anmplifier ha I n that alterab e in respo ontro
signals, such® E%og%ﬁﬁ£§¥tﬁﬁﬂ§%ﬁ MoREPR: FHE vBX %§°R§3808§ to a
continuous ti ggpkisl b iHFDMatS drhf OUBRe MtheBrina4BACKktSk@RAbh ik
comuni cated and filtered. Readback signals output from CTF 78 are

transmtted t83dé«ﬁn§ﬁ»fsémlclm cin t¥le aforg oficmagnpbic Srgnsitdemfucnrs 79.

In a preferre e I e a | tude of the
r eadback signgl recelve rogﬁﬁégﬁog #§ gEEBEHEEggaE%EC Igtheq"rileadback

si gnal anplitu@adﬂwﬁﬂﬁb(hﬂadﬂmaﬁ Miéldfemaymhgneeoresizedvat @40 nvdpp
(peak-to-peak). In an enbodi menf that includes both VGA 7? and CTF 78, the
normal i zed anplEAtu@daReRtn & Ftant PAGRELCTEELEEAYeni(GMRI h&ehbi nat i on of

VGA 76 and CTighent, a thmifamc,@éﬂans@ewahh tBe» Bithe kypnfdguration
shown in Fig. 3, a VGA gain control buffer 80 pro uces control voltage

si gnal s whi ch xeeel thxamnsducexd. al bhgisnendersboedc bhdtic dats Etdnagé¥\76 for
el udes a dathiiei Ty R eTe cPbraak 1RFVegEine e EiRte0. The
vol tages develepRTyw:eBeHé¥@! ¥1 may include an optical read

| element.

The information signal iriduced in the read
transducer of read/write head 71 is typically
communicated to pre-amplification electronics, such as
an arm electronics (AE) circuit or module 72. The AE
module 72 amplifies the readback signal transmitted
from the read/write head 71, typically from the
microvolt rangé to the millivolt range. The amplified
readback signal is communicated from the AE module 72
to a readback amplitude measuring circuit 75. The
readback amplitude measuring circuit 75 is prefefably,
but not necessarily, integrated within the read
channel. It is noted that various components of the
readback amplitude méasuring circuit 75 are components
typically employed in read channel applications. Such
components may be coupled to other circuit elements
which, in combination, provide for relative readback
signal amplitude measurements in accordance with the
principles of the present invention.

In accordance with the embodiment
illustrated in Fig. 3, the readback signal amplitude
measuring circu;try 75 includes a variable gain'

o



across. gain capacitors 84, 86 are representative of integrated automatic
gain control voltages that are not directly reflective of readback signa
anplitude. It will be appreciated that gain control buffer 80 may, in a

| ess* conpl ex enbodi ment, be representative of a multiplexer. A
sense output 87 of the gain control buffeg 80 provides a sense out put

vol tage equi val ent to that 1 17 devel oped
across either one of the data or servo gain capacitors 84, 86. During

ei ther an idl : I mege rat | t I qui val ent
to that devel%%g%géggséeggg’t)a gai@{i(égg?cft%%h@@segpr%%d%% :g?&ﬁ%g sense
out put 87 of Thethmpugborineolorbuichrr sindlreondectsexrso74nderof operation

t he sense out . tage.i s _equi,val ent, tq that devel pped across_servo gain
capac tor 96, TaEHERIR IR SRR AR 38 Biidere PR cEhe e EcaReBh anta
and servo gai amphpafeikohavishg 36 gdpethay 19 dheeppelet inngbspbake of the

read channel . The sense voltage provided at the sense_output 87
of the gain cbAtFentyels Slamdlsy &iFhI AT NG FerkpEel 8igBRadBnapar at or

82. A1 N-bi ¢ ggbnydhohkalisd SARIRD SO GRS ARG, Blnb sepoupLed (o 2

second i nput of the conparator : conpar at 2 conpares the sense
vol t age recei ¥68F} r 38 theoygh woh ateddibdck S8Dgnmals areontrol vol tage

roduced b i AC 88. An outnut. of the conparator.82 i1s coupled to a
Eontrol Ioéiggg"W?%%Fagﬁgeﬂﬂétﬁﬁﬁﬁﬁﬁﬁ%ﬁ %@R%&Et%ﬁgﬁaiﬁ"°?ﬁgﬁﬁ) or "0"
(low) output EegmccIrInal depaidimmiditddecdogovisteeh &hecagrsy and

control voltages applied to its respective_inputs. I n. response to
non- equi val enBy°CB8t RB&n OThdke IRk RRAAMETLBRt Tt vol tage applied to

the In a preferred embodiment, VGA 76 is used to

. normalize the amplitude of the readback signal
received from AE module 72. For example, the readback
signal amplitude at the output of VGA 76 may be
normalized at 800 mVgy, (peak-to-peak). 1In an
embodiment that includes both VGA 76 and CTF 78, the
normalized amplitude of interest is that associated
with the combination of VGA 76 and CTF 78.

In accordance with the circuit configuration
shown in Fig. 3, a VGA gain control buffer 80 produées
control Voltage signals which are transmitted along
one or more conductors 77 to VGA 76 for purposes-bf
adjusting the gain of VGA 76. The gain control buffer
80 includes a data gain capacitor 84 and a servo gain
capacitor 86. The voltages devéloped respectively
across gain capacitors 84, 86 are representative of
integrated automatic gain control voltages that are
not directly reflective of readback signal amplitude.
It will be appreciated that gain control buffer 80
may, in a less complex embodiment, be representative
of a multiplexer.

A sense output 87 of the gain control buffer

80 provides a sense output voltage equivalent to that

+
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respecgtive inputs of conparator 82, the control logic circuit 92 transmts
a-digital word to gain DAC 88 over conductor 85. Gain DAC 88, in response
to digital words received fromthe control logic circuit 90, produces
associ ated control voltages which are transmtted to the conparator 82 for
further tonparison with the sense voltage produced by the gain

18 .control buffer 80. In response to g&uivalency bet ween the sense
voltage and a control voltage transmtted by gain DAC 88, ‘the output of

conpar at or 82 i+ ches | ogig.s . The .control_logi [rcuit
90, in respor%eéy‘\%é?%e?o%ﬁ?goé?a%geﬁggn?ﬁai rjlS ct)%lceu%tr?g o %%Ié&%ué%ﬁ? of
conpar at or 8Zagsritdwd €84 | r 86s M BardAgokithgirt aln Wlks nicdgadbn DE&A88. The

nost recently transmtted digital word that resulted inh equival ency between

the sense and"¥ht?bl CRSFREYER: | 81 EPFBYEN VRNt AI LRI HY AR EGECat "t he

sense out put dai0fadlielgaea 4APLES! dBNLS 8hiB0 calibiiduis 44 gapac tor

vol t age devel oped across a sel ected one e ta or servo gain
capaci tors 84r®6iddheati gheabensedontpués &t aifi whepfgaire gmmbroipacitor

control voltage.Ls associated with a corresponding relajive readback signa
anplipude,\Jﬁhﬁﬁﬁﬁygﬁe p_B§?B§daaFe5H°bmﬁ§% é%;é%eﬁﬁﬁﬁ%%htFB? | ogi ¢
circuit 90. gsense outpdeli ¥bl2Babedeblick@mifRANIGHNIHY tthdt L1 8pkar

measuring the relative anplitude of a readback signal using the circuitry
depicted in Agross|sepyoviads GRPRCAHOThES r ofAF GReh ot ggadn A readback

L 0naL ) S BFHGETRS! oD fRGUUCREE MU usacE g0 100 =
ment i oned, angaimpl capdeiteasuBenesE Kepemdirakem dihé nopengtional
state of the read channel. '

The sense voltage provided at the sense
output 87 of the gain control buffer 80 is
communicated to an input of a comparator 82. An N-bit
gain digital-to-analog converter (DAC) 88 is coupled
to a second input of the comparator 82. The
comparator 82 compares the sense voltage received from
the gain control buffer 80 with a control voltage
produced by gain DAC 88. An output of the comparator
82 is coupled to a control logic circuit 80. The
comparatér 82 generates a “1” (high) or “0” (low)
output logic signal depending on the magnitude of the
sense and control voltages applied to its respective
inputs.

. In response to non-equivalency between the
sense voltage and control voltage applied to the
respective inputs of comparator 82, the control logic
circuit 92 transmits a digital word to gain DAC 88
over conductor 85. Gain DAC 88, in response to
digital words received from the control logic circuit
90, produces associated control voltages which are
transmitted to the comparator 82 for further

comparison with the sense voltage produced by the gain



operational node of the disk drive system If the anplitude neasurenment is
to be taken during either a read node or idle node, the data gain capacitor
84 is selected 102. If the anplitude neasurenent is to be taken during a
servo node, the servo gain capacitor is selected 104.

19 T A vol tage equivalent to thgg devel oped across the sel ected
gain capacitor is. provided at the sense tput 87 of the gain control
buffer 80. The sense voltage corresponding to that of the selected gain

capacitor is %‘%ﬁ'&%‘:@a&. g:lﬁ% e,_cogrgpar 3t 0 r83potile £8NERG vheeheyC betielerdO

selects an initial word whi ch correspon s to an output or control
vol t age assocititeederige el tad®\(dd. a Thentrgilt ¥bluege transadsiied: & 109 to

gai n DAC 88. 1N praduces, 11 trol _yolt S, output in
response to t elﬁ1g$§%§ﬁ%br %é%%?%“g ?Fo%?mgﬁfﬁé gg §%§ Tt 90.
Conpar at or 82 leyiparstsatide. sense vol tage recei ved fron1ga|n control buffer

80 with the control voltage received_fromgain DAC 88. If the
gai n DAC control vol t agerhg ?@ﬁtéﬁﬁalogéctﬁ r§§ﬁ§e99ol9&g€e§P9nS@bﬁ¥?ol

logic circult agqtﬁé‘cééaéé“tﬂ%féioﬂ' ngﬁErmbgat%#er %htk:?ﬁ:' ' 0 cui t 90

may use a sequen successive approxi mation
sel ecting the crmupamtgmr a82 ywoterhbnbtess Edandhnd ssdon eifgidiali tadr d | s

tranam 1 od | FOADArARLBDRINFE contl, MeB FROCELLYs GHAAIELRR {1 the
e scmco o ASHOHL B un Soubusk ! g A, BoidR P 0e ]
equi val ency bessmes am@ centrol voltages is representative of the

voltage at the sense output 87 of the gain control

buffer 80, and thus the capacitor voltage developed

across a selected one of the data or servo gain

capacitors 84, 86. The digital word representative of

the gain capacitor control voltage is associated with

a corresponding relative readback signal: amplitude,

which may be provided at an output 92 of the control

logic circuit 90.

Additional details concerning a procedure
for measuring the relative émplitude of a readback
signal uéing the circuitry depicted in Fig. 3 is_
provided with further reference to Fig. 4. A readback
signal amplitude measurement procedure is initiated
upon receiving 100 a request, typically from the disk
drive controller. As was previously mentioned, an
amplitude measurement may be taken during any
operational mode of the disk drive system. If the
amplitude measurement is to be taken during either a
read mode or idle mode, the data gain capacitor 84 is
selected 102. If the amplitude measurement is to be
taken during a servo mode, the servo gain capacitor is
selected 104.



and control voltages, the relative readback signal anplitude associ ated
wth the last selected digital word is read out 116 of control logic
circuit 90 and provided at an output 92. The anplitude nmeasurenent routine
is thereafter term nated 118, but may be

20. reinitiated upon receiving a subsequent anplitude neasurenent request
100.. : Control logic circuit 90,1Pn accordance with one enbodi nent
of the present invention, associates a nunber of N-bit digital words with a

correspondi ng nunber of relative readpacr sj gnal anelitudi val ues.
Associ ated with each of #Ph3Fe eyivateRbr be FRatafe¥8doPRfor mati on

such as a comdayoégﬂéﬁaﬁha&@é%easggiﬁdas%§?§€p£hﬁsfﬂkevadeh gel gHe’C 88.

Q her information associated with each N digital“word includes relative
anpl i tude si gi@Ensfatcrtnt 8@ gehe galnecorhppd buffevi 68d b&hew

represents simlate va d.fo n of bit digita

wor ds of the {B%ﬁgstep%oﬁ:%% eé%gf%§$§%?£§05%c£}é$};Cﬁﬁ?gbs Ftey_ﬁgt&ﬁlderstood
that the datagaiovidgshéitdnblie deheeawioe byl usiparhteroatheThepe of data
that may be used to faciljtate the neasurenment of readback signal anplitude

val ues. control logic circuit 3}Qppelects apphpifhalgddoital tal Word
VGA Gain VGAd%¥d‘whiéﬁlééfyééponag!Eégﬁn output or contrﬁ!lw%lﬁa d dB)
Readback Si gnal Hex™ Deci nal AWpI%LMe

-400 nV  00h ass@riated wigh gain-DAE 88. TheOdawital3womd isOFh 15
iégnv _2ébﬁﬁxaeﬁ§?é%@éjlﬁgoggwégihFBAC Bg% Gain %@%ﬁﬁa pré&&%es
110 a control voltage at its output. in response to the
digital word received from control logic circuit 90.
Comparator 82 compares the sense voltage received from
gain control buffer 80 with the control voltage
received from gain DAC 88.

If the gain DAC control voltage is not equal
to the sense voltage 112, control logic circuit 90
selects 114 another digital word. Control logic
circuit 90 may use a sequential, successive
approximation, or other method when selecting the next
digital word to be used. The next digital word is
transmitted to gain DAC 88, thereby adjusting the.

- control voltage transmitted to comparator 82. This
comparison process continues until the gain DAC
control voltage 83 is equivalent to the sense voltage
provided at the sense output 87 of gain control buffer
80.

In response to équivalency between the sense
and control voltages, the relative readback signal -
amplitude associated with the last selected digital
word is read out 116 of control logic circuit 90 and
provided at an output 92. The amplitude measurement

routine is thereafter terminated 118, but may be



-200nV  3Fh 63 4.8 13. 7 165nV  -150nmV  4Fh 79

1.6 17.6 105nmvV -100mV 5Fh 95 11.5 21. 2 70mv
-50nv - 6Fh 111 16. 8 24.5 48mV omv 7Fh 127

23. 4 27. 4 34nvV 50nvV 8Fh 143 30.9 29.8

26mv -100nV 9Fh 159 38.9 2031.8 21mv 150nv  AFh
175 46. 2 . 33.3 17. 3nV 200mv BFh 191 53.1

34.5 15.1 rTV 250mv CFh 207 58.9 35,4 13. 6nV
300 mvV DFh rejpitiategyupon recegpring a Sli%scsqmpt amgggﬁyde EFh 239
65. 3 36. FFh 255 67.6 36.6

11, 8mv 3rneasurnl.-!t?ne%@‘/requezlsgp"‘.14!‘60 21 The  ange of

anplifier control vo|ta@@mpnnkﬂiquqrnmxc@hbth»nmﬁabceoxdanysu@ammy span
t he range of exp d volt oye

depi ct's contr%? PﬁSS& anglng %gkgo%gﬁ%g?&zQAOgg%belﬁtgg B
corresponds tﬁuﬂhe@pQEaN4m1ﬁﬁﬂﬂgi&ﬁIKM®&déhex&ﬁ%athetrpspanﬂing

normal i zati on of the readback signal _.to 800 nwgﬁ éﬁ i pea ). Table 1
further illusPpabey ofc reafive readhbafk $19p P HtB SvV@d¥efor contro

vol t age resol [ t it (LSB) =
3 M) e L R B e e P

. readback signuhram@stmmﬁynmaumpnﬂT$30ha$ﬁea|Gonérbécvp&GaGE whighpl i fi ed
r eadback S|gnal ssed b AE. no 2 0 ther
preanplifier. h?¥%§ %6 é@%t%¥5 %ﬁﬁplﬂxée éalu Sﬁblcted in
Table 1 may bengev@la@arth fe{é&&éwwé@t wOPhofadhpREbi eulddgitead wehennel
design or through enpirical evaluation of a particular read channel
i npl ement at i oAncludes relative amplitude signal data and a VGA gain
value. Table 1 prov1ded below represents simulated
data values generated for a number of N-bit digital
words of the type producable by control logic circuit
90~ It is understood that the data provided in Table
1 below is illustrative of the type of data that may
be used to facilitate the measurement of readback

signal amplitude values.

Table 1
Control | 8-Bit Digital Word | VGA Gain | VGA Gain Relative
Voltage vrv) (dB) Readback Signal
Hex Decimal | . Amplitude
-400 mV 00h 0 0.8 -2.5 1060 mV
-350 mV OFh 15 1.2 1.5 670 mV
-300 mV 1Fh 31 1.9 5.6 420 mV
=250 mV 2Fh 47 3.1 9.7 262 mvV
-200 mV 3Fh 63 4.8 13.7 165 mV
-150 mV 4Fh 79 7.6 17.6 105 mV
-100 mV SFh 95 11.5 21.2 70 mV
-50 mV 6Fh 111 -16.8 24.5 48 mV
0mV 7Fh 127 234 274 34 mV
S50 mV 8Fh 143 30.9 29.8 26 mV
100 mV 9Fh 159 389 31.8 2l mV
150 mV AFh 175 46.2 33.3 17.3 mV
200 mV BFh 191 - 53.1 34.5 15.1 mV
250 mV CFh 207 58.9 354 13.6 mV
300 mV DFh 223 62.4 35.9 ' 1283 mV
350 mV EFh 239 65.3 36.3 122 mV
400 mV FFh 255 67.6 36.6 11.8mV




The circuitry and nmet hodol ogy descri bed above with reference to Figs. 3-4
and Table 1 provide for the neasurenent of the relative anplitude of a
readback signal input to VGA 76, or, in other words, output fromthe AE
nmodul-e 72 or other preanplifier receiving the readback signal fromthe
read/ wite head 71. As was previously diggussed, rel ative readback signa
anpl i tude nmeasurenent.s are useful in idefiti fying changes in the anplitude
characteristics of an associated read transducer and/or read channel
circuitry. By way of exanple, anplitude nmeasurenents which result in
reduced anplitude val ues associated with a GVR read transducer are

typi ¢atly indicative of The range of amplifier control voltagesj npendi ng

failure of the transdycer. Such |ogse devi atians ..n rel atiyve readback
signal anpl i t GHS T BEURRPIS Pt dRPAepreatoRE S 19RER 0P ysi
strategy for nead Ichsekisecte@f voRtRgegsiypRds input to VA hpsigh
nmeasuring the relative readback signal anplitude is quite useful in a

nunber of applTadg dhaboYe ndgPhetieSPRsErd VOlGRaAs IANTING deetveen t he
absol ute gai n _ofy /Gy 4 8%%6/55%\7,6/ %ES%B o3 B o %]%P%#éﬁént

probl em associ ated w t erm nf ng absolute gal n conce ffects
of tenperat ur ggaaind yEmpesef shhét ¥eahichhatr peund. tish enonmmalal 24 & Don bef ween

.control voltage and ahsolute, VGA_gain. ldeally, the gain of K VGA 76 _woul d be
St gne | EhE KRARSACK | fic “BRoRAC RV o pasKrRarPERS! « od TRE1S

function of cantfptthverkt BPPuEPratb8Iused® GmmhditeifdkaP)wotd reality,
however, VGA gain varies as a function of control voltage, tenperature, and

process shi ft ¥hicds provitden Bowegontyed veltage ngRMlyhinn elnod @Vl og
scal e. incd GRAGLAL ¥ e . f 018X R Gmi¥ildant@id NE8W) = 3 mv) .
Assoéiated with each 8-bit digital word is a

relative readback signal amplitude value. This wvalue
is reflective of an amplified readback signal
amﬁlitude processed by the AE module 72 or other
preamplifier. The relative readback signal amplitude
vglues depicted in Table 1 may be developed from
simulation of a particular. read channel design or
through empirical evaluation of a particular read
channel implementation.

" The circuitry and methodology described
above with reference to Figs. 3-4 and Table 1 provide
for the measurement of the relati&e amplitude of a
readback signal input to VGA 76, or, in other words,
output from the AE module 72 or other preamplifier
receiving the readback signal from the read/write head
71. As was previously discussed, relative readback
signal amplitude measurements are useful in
identifying changes in the amplitude characteristiés
of an associated read transducer and/or read channel
circuitry. By way of example; amplitude measurements
which result in reduced amplitude values associated

with a GMR read transducer are typically indicative of



gi ven,channel conponent depending on data rate, node. of operation, and the
environnment within which the particular systemis operated. Thus, for a

gi ven channel conponent, the sane voltage will produce a different gain as
the tenperature varies. Process shifts will affect the gain between
di fferent read channel nodules. Thus, t sanme control voltage will result

in different gain values between different read channel nodul es. The degree
of bowing in the gain curve al so adds another variable in the correl ation

bet ween VGA gghpeAdfngORhiQureoldfadhe Ataddidese fagéRrToss€ycext he
correl ation between control voltage and absol ute gain. ’

23 dey}abigee 18 Fedatide FRadNasol 3ignral Aurtitudel Payr edi ct

absol ute VCA gai fiselhhg gaik ¥ &l igsdi dt He 0BA (N GHE VEnAYYE 1 RE
characterized. At a mninum the gain curve may. be characterized at two

di fferent predbratagyefoyareadetmiangducrsh of vanyimgubyped. maxi num gai n

setting. More preferabl GA gain _may bhe characterized at nuprber of
di fferent predeterninedxﬁgxﬁ { ,rﬁﬁﬁﬁF %'E?Sﬂﬁlﬁ?eﬁ%?gpﬁF ed gain

settings, forgeyaan! ampPhzide did Huitd/Hsdphl 84 &1 AhhbeiLf ber ent
predeterm ned gain settings allows one to generate a digital 8-bit word
t hat represenBpPaigaticag.adtymay e tdegirablectocmuantify whalibr st ood t hat

S DA T BECRUALELS LU AANLIUINSE Binlyb S tlaDi BB e 0%
generate an appr epmbdnaltyosi.zed digimbficmd problemNabsbcilagetiakwiwdy d) .
Wih respect 1o, Lo AR St vdh 5din Ceohdérdll' Pnd' e 2: 4Gl Bt
char act er i zed&Fe&PgREng g ts o
temperature and process shifts which reduce the
correlation between control ﬁoltage and absolute VGA
gain. 1Ideally, the gain of VGA 76 would be a straight
line, such as line 120 shown in Fig. 5, when plotted
as a function of control voltage on a log-scale graph
(see Fig. 5). In reality, however, VGA gain varies as
a function of control voltage, temperature, and
process shifts, resulting in bowed lines 122, 124 when
plotted on a log scale.

.Temperature, for example, will vary in any
given channel component depending on data rate, mode
of operation, and the environment within which the
particular system is operated. Thus, for a given
channel component, the same voltage will produce a
different gain as the temperature varies. Process
shifts will affect the gain between different read
channel modules. Thus, the same control voltage will
result in different gain values between different read
channel modules. The degree of bowing in the gain
curve also adds another variable in the correlation
between VGA gain and control voltage. All of these
factors reduce the correlation between control voltage

and absolute gain.

-~



different gain values. The particular gain values to be characterized are
typically selected by the designer depending on the particular read channel
desi gn. Havi ng- establ i shed ei ght predeterm ned VGA gai n val ues devel oped
for -a given read channel design, a gain characterization routine nay be
initiated for purposes of determning a_\VGA control voltage for each of the
predeterm ned VGA gai n val ues. 23ps was previ ously nentioned, the
VGA provides for normalization of the readback signal anplitude received

fromthe AE nodul e or Oiﬂeérﬁéf I {r%%/%;e)%hel Qoﬁ'ﬁr%'ibgﬂl%e.ifbv‘hmh t he

noroal i zed anplitude target I's 8 at the out put
24  of the WW@atelycpredicthababivket ¥Gangiiinudeldfs tgmdm eadback si gnal

| nput €0 the NP (g bes S 8L BB Wl RS i e YA i as

[grr% a min:ihmut{t/,GAthe g\;/aéj:gi;rv%ﬁn&g b@aidﬂa(iﬁ)ct(rjaﬂi;mrﬁﬁ ?J@@ _
absol ute gain_pf the or cirguitry conputed after perforning a
gai n char act ét% F%RtpPB%@ﬁE?EmFﬁeQC8§Fﬁaﬁ@§§ﬁ&a%¢fﬁ?ﬁﬂi%ﬁi%les of the

present i nvenii®im 4  ReheEEH RO sBeWit® Fi Slore dhEESHA l'I,Iustrat ed
anot her enbodinentu%fa?eaﬁﬁgék signal gnplﬁ%%ﬁe neasué%nent e§r%uitry whi ch

provi des for WA hgaka waynbeheharactierdzedn adnd myaheerehtdbffebentbsol ute
P eanpl i 1 or BT HCQE e B BRCTar P SE R Ao d N E® LA modul e 132, whi ch
receives predetermined gain settings, for example. -
Characterizing VGA gain at eight different
predetermined‘gain settings allows one to generate a
digital 8-bit word that represents a particular gain
setting in the VGA. It is understood that VGA gain
may be characterized at any number of different
predetermined gain settings (i.e., N predetermined
gain settings)- which may be used to generate an
appropriately sized digital word (i.e., N-bit digital-
word) .

With respect to the graph depicted in Fig.

6, the gain of a VGA is characterized at eight
different'gain values. The particular gain values to
be characterized are typically selected by the
designer depending on the ﬁarticular read channel
design. Having established eight predetermined VGA
gain values developed for a given read channel design,
a gain characterization routine may be initiéted for
purposes of determining a VGA control voltage for each
of the predetermined VGA gain values.

As was previously mentioned, the VGA
provides for normalization of the readback signal
amplitude received from the AE module or other
preamplifier. In an embodiment in which the

normalized amplitude target is 800 mVgy, at the output



readback signals froma read transducer 71, is coupled to a nultiplexer

134. AlI'so coupled to the nmultiplexer 134 is a DC reference voltage source
136. The nultiplexer 134 is coupled to VGA 138. A conparator 146
has" an input coupled to the output of CTF 140 and another input coupled to
anot her."DC reference voltage source 144,, The conparator 146 is coupled to a
control logic circuit 152. VGA 138 is coupled to & VGA gain control buffer
142. Gin control buffer 142 includes a drive/sense port 145 which is

coupl ed to aof i thet Veh/CarPdidicuitkds tid alssohdes sdmpllitiide 0Fe taponent s
depi-cted as indiwidual ,circuit elenments in the Figures pay alternatively be

i nt egr at ed WeRPR2GkeSdenadr dnRNY 59 £hrI YRR MR BeneAlsulasedekahpl e, the

N-bit gain DAG{a9nshewd mv the VGA gai foll ; 25 in Figs. 7
and 8 may be 1nt egqugt ed vvlmthlbﬁfthee VGA g%sinhnc%%tr%} Buffer 142.

An N-bit gain DAC 150 may be selectively coupled to either an input of
conparator 148 or the drive/sense porgogghfp by swi tching @hmayy tch 151. In a
configuration in which swhﬁm@méﬁkugeuSLesiﬂhe8oomwg}th a¥n ‘DAC 15¢1f0
drive/sense port 145 of gain control.gﬂ} cohtrol vol tages are

P
{&1 142,
forced into VGA 138 via the drive/sense p¢fa 145 during a gain.

characterization procedure. The DC reference voltage source 136

produces a nWHEeE, Olgadinl (diy)eHegreasigits ntnedabboleter gaee Wi trages for
i nput to VGA 138 via nultiplexer 134. The nunber of predeterm ned DC

reference voVEhgers¥CA/REE sriciaridny eorpespdnattes prefeumialg of VGA gain
I e oS ERARAY A S Bh FIR. SocaPabel RS 10
principles of the present invention.

Referring now.to'Fig. 7, there is
illustrated another embodiment of readback signal
amplitudé measurement circuitry which provides for
both VGA gain characterization and measurement of the
absolute amplitude of a readback signal received from
an AE module or other preamplifier. In accordance
with this embodiment, an AE module 132, which receives
readback signals from a read transducer 71, is coupled
to a multiplexer 134. Also coupled to the multipleker
134 is a DC reference voltage source 136. The
multiplexer 134 is coupled to VGA 138.

A comparator 146 has an input coupled to the
output of CTF 140 and another input coupled to another
DC.reference voltage source 144. The comparator 146
is coupled to a contrbl logic circuit 152. VGA 138 is
coupled to a VGA gain control buffer 142. Gain
control buffer 142 includes a drive/sense port 145
which is coupled to an input of comparator 148. It is
understood that the components depicted as individual
circuit elements in the Figures may alternatively be
integrated within one or more multiple-purpose

components. For example, the N-bit gain DAC 150 shown

o



associated with a correspondi ng effective VGA input vol tage val ue.

Table 2 | nputs Bits Ef fective VGA Predeterm ned User Recorded
Bit 2 Bit 1 Bit O | nput VGA Gin 8-bit Control

(mvdpp ) - Val ues (dB) Vol t age Words 0 0 0 37.5

Gr7=26. 55 V7="? 0 0 1 2575.0 G = 20.53 V6="? 0

1 .0 112.5 G = 17.00- V5 =77 0 1 1 150.0 4
= 14.51 V4 = 7 1 0 0 187.5 &3 = 12.57 V3 =7 1

0 1 A2b Migs. TGhamd 19 .y be VEnEedratdd wibhin the va¥gdhin Gl =
9. 65 Vi = ? 1 1 1 300.0 Go =848 VO © =7

Referring toCPAEOL RUfARE }4R- predet ernined VGA gain val ue of Go = 8. 48
dB, for exanple, has a QCci at eds ef t4 (o) | ts -
o5 RA9P05 @ 8 %ﬁé 16 neP. bE delderlidaeny 0B, by

of 300.0 nmvdpp. The pre

etermned VGA gain“value o

way of furtheouplethitn dektshen assbopat edf e€bwparabo¥GAdiBnput bhe t age of

37.5 nvdpp.

|_\:en read chan I,apl eneptation _i.n lL.ch readba si gnal
anplitudes o 1?‘hvee/(ajlsr‘%lré?Fe (ﬁm%f)nﬂos mgﬁﬁé?g 8§p8\§?§&%a}% e p%t of AE
nodul e 132, tdunf¥nnef{eiemcen Whidheswtehel526ctaplpeothes Jdehef erence
voltages within a ,ra\rlll%gcof approximately 15 nmv to 150 nV.

Conparator 1

Af g

a5 eP FELVOHFERER PP BESr efe@@ice vol t age

source 144 atohid St fRLt 1458 uheUb10hofTEgE0ake GRS fiftgnot her

i nput of

VGA 138 via the drive/sense port 145 during a gain.
characterization procedure. A

The DC referepce voltage source 136 produces
a number of different predetermined DC reference
voltages for input to VGA 138 via multiplexer 134.
The number of predetermined DC reference voltage
settings preferably corresponds to the number of VGA
gain values which are to be characterized. For
example, and with reference to Table 2 below, each of
the predetermined VGA gain values, Gy through G,;, is
associated with a corresponding effective VGA input
voltage wvalue.

Table 2
Inputs Bits Effective VGA | Predetermined | User Recorded
Bit2 | Bit1 | Bit0 Input YGA Gain 8-bit Control
. (mVano) Values (dB) Voltage Words
0 0 0 37.5 Gy =26.55 Vo=9
0 0 1 75.0 Gs = 20.53 V=2
0 1 |, 0 112.5 G;=17.00 | Vs=1?
0 1 1 150.0 G,= 1451 Vi=1?
1 0 0 187.5 G; = 12.57 Vi=?
1 0 1 225.0 "Gy =10.98 V,=%
1 1 0 262.5 G, =9.65 Vi=?
1 1 1 300.0 Go = 8.48 Vo=2?

Refe;‘ring to Table 2 above, the _
predetermined VGA gain value of Go = 8.48 dB, for

example, has an associated effective VGA input voltage

-~



out put conparator 146. For each DC reference voltage produced by DC
reference voltage source 136 and. applied to VGA 138 via nultiplexer 134,
the gain characterization procedure effects alteration of the VGA or
VGA/ CTF gain until the anplitude of the voltage signal at the output CTF
140 is equal to the DC reference voltagednput to conparator 146. It is
noted that the alternative enbodi nent depicted in Fig. 8 enploys a

mul ti pl exer/switch circuit 154 to provide enhanced functionality and

control. Use ef 8be.oukijp.exeares Wricdettdfmindd 1oda pgdith t vaBhé 66NM@ari son
oper.ations to be perfaorned by a single conparator_156. ) Addi ti ona
detail s conceFnfRgS8 §Birnb¥hAeCQRE iBHEGRET PRBRAR e RS a®Ror dance with the

pri nci pl es of abBBcRLEIEN e AERRANDRGH LR 6Tk dde Fb837 96 Iy, Loncerni ng

Fig. 9, a VGA gain characterization procedure is initiated 162 upon
recei ving a reéguvest a seald ahanneh dnplenentationninovhiéch treadbatky, the

control logic_ecircyit 152, shown in,Figs,.,7-8 .o0r.othe ogj.c/ menory device
stores 160 i nP3% iSWéiﬁﬁq%%stqyiﬁﬁﬁggﬁﬂﬁ%t%% #%.to £°$ dpp Bre€
27 Table 2 ahpéetedGtudiH AGARE a5 A dnddwiilgai m2 yatHespcGO G- 1. One

of the VGA gain values is selected 164 for characterization. A DC reference
vol t age assocFgEedepceh idddags SQWre/GR {anay vareeure Papuefesencs VGA

138. L.l : RO, | | hg .c r ol
vol t age associvg?gglg\%lsi %Jlttr\%grgeaf e%c%}leég dé%i%%f%gﬁaggﬁrgﬁg‘f‘n{lt ce’de%o from
the N-bit gai mvDAC 150 to the gain control buffer 142 via the drive/sense

port 145 and closed switch 151. The voltage, VVpg, ag t he output of the
VGA/ CTF 138/ 140 i s conpdrParALey 1 ¢ neegrtVest AbF FEREARRSr ¥RrF2E8 vol t age

anpl i tude, VNgRoneBEdfihdy it £IEr 806 ce 144 at a first input.
The output of CTF 140 is coupled to another input of
output comparator 146. For each DC reference voltage
produced by DC reference voltage source 136 and
applied to VGA 138 via multiplexer 134, the gain
characterization procedure effects alteration of the
VGA or VGA/CTF gain until the amplitude of the voltage
signal at the output CTF 140 is equal to the DC
reference voltage input to comparator 146. It is
noted that the alternative embodiment depicted in Fig.
8 employs a mﬁltiplexer/switch circuit 154 to provide
enhanced fundtionality and control. Use of the
multiplexer/switch circuit 154 permits all comparison
operations to be performed by a single comparator 156.

Additional details concerning a gain

characterization procedure in accordance with the
principles of the present invention are depicted in
Figs. 9-11. Concerning Fig. 9, a VGA gain
characterization procedure is initiated 162 upon
receiving a request, such as from a disk drive
coﬁtroller. Initially, the control logic circuit 152,
shown in Figs. 7-8, or other logic/memory device

stores 160 information similar to that depicted in

~



vol tage source 144 input to conparator 146/156. |f the voltage Wpp is not
equal 174 to the voltage VNpp, another digital word is selected 168 and the
associated control voltage is applied to the drive/sense port 145 of gain
control. buffer 142. Conparator 146/156 again conpares 172 the voltages Wpp
and VNPP. The digital word selection 168 and conparison 172/ 174
oper.ati ons continue until such tine as the voltage Wpp is equivalent to

the vol tage Vhgmhleat2 vm{b&he_,timimﬁ@slsré@éeaﬂnmeaedsm g_ﬁin the | ast
used) DAC contrql yoltage is stored 1/6 as_that corresponding with the

sel ected VGA J&MNSRH ([B-Gvfa-ad @G GalthroA HhuigrimIRkues elgo be S
characteri zed sjea%cttéﬁéuiﬁti %&P%ﬁﬁﬁété@iﬁge%aﬂ?psAlﬁé- +éBedapigled in Fig.

9 are repeated until time as the gain characterization procedure is
term nated 18%ocltage associAted evilithdebécsslantafit ¥GAagain veldadi dent of a

VGA gai n char acter, Lgn. r [ which nullifies the effects of DC offsets
i, e tagfeh ' 1¥e.

associ ated w t 28 and CTF

140 conponents. Since DG refgiearewypdt qgepie)eigsediberebanaggt enme the

VGA/ CTF | oop gain in accordance with the Eresent enbodi ment, DC of f sets
associ at ed wi tihe REVERChAPHROR| esPelatederithibbe sadephpdoe of

concern. If t e&é%fyr:ofé’@Qﬁéﬁsxﬂr§§te&4§%§§¥§oﬁntﬂy Rebif! gligf exanmle,

+/-100 nV at t ut put, arge error occur when'C cterizing
VGA gai ns on tIRC arSiertoftddOgaipppeditadlt heffarpld20%71i€TER240. This DC

gLL?:Et g?%/zg'?icgi{\fecu‘%%/rﬁ%% ﬁéﬁé&%ﬁ%@ét gféfﬁgé;nﬁ?’?géﬁg?'g acg%b% ref erence
vol tage appliegblttadbP V3§, 40 enersedepat bhechwoveageirr ngsPAGocany rol
vol tages may be used as that. associated with a given VGA gain
compared 172 with the pre-established normalized
. voltage amplitude, Vy,,, established by DC reference
voltage source 144 input to comparator 146/156. If
the voltage Vyp; is not equal 174 to the voltage Vyyy,
another digital word is selected 168 and the
associated control voltage is applied to the
drive/sense port 145 of gain control buffer 142.
Comparator 146/156 again compares 172 the voltages Vygp
and Vypp.

“The digital word selection 168 and
comparison 172/174 operations continue until such time
as the voltage Vypp is equivalent to the voltage Vygp,
at which time the most recenély used (i.e., the last
used) DAC control voltage is stored 176 as that
corresponding with the selected VGA gain value. If
additional VGA gain values are to be characterized
178, the gain characterization steps 164-176 depicted
in Fig. 9 are repeated until such time as the gain |
characterization procedure is terminated 180.

Figure 10 depicts an alternative embodiment
of a VGA gain characterization routine which nullifies
the effects of DC offsgets associated with the VGA 138

~



value I n accordance with this enbodi ment, and assuming that the
VGA gai n characterization procedure is initiated 202 for a nunber of
predet er mi ned VGA gai'n val ues 200, one of the VGA gain values is sel ected
204 for characterization. The positive polarity of the reference voltage
sirgnal ~associated with the selected VGA g&i n val ue 206 is selected and
applied 208 to the input of VGA 138. A digital word 210 is initially

sel ected by control logic circuit 152, and the control voltage associ ated
with the sel e@R8dCdiFgikdd mmn@%ﬁans%@?%@‘ﬁrm‘?ﬁ@nﬂlew? §agesDAC 150
to the drive/ f

Conpar at or 14%?%5g-%%%%§%§§E§£e peak vo §§S%¢R&8€# ;? hég%ﬂtﬁﬂt of CTF <140
with the pre- aespadlansiee avirfdr rtehe Zescke penatk enﬂpd:dimelnt Vbig, oE§Sebb| shed by DC
reference volta e sourc t voI d P are unequal 216,
anot her Bl with dhe %9§é g?ﬁ?Fa ﬁB?Hth Sgkected

210 and the asaocimalethes ¥ Bnoédi Agerf StROPIGRACEER 2cbRpYeneantsel, buffer
142. |If the voltages Wp and VNp are equival ent 216 t he associ ated DAC
control vol t agé0; a§?bﬁaquﬁﬁﬁﬁsQﬁvof?ﬁg%x%ﬁph%rof vp89. mV at the The

negative pol appsy f e [ associated with the

sel ected VGA Sg%h v ue ‘is :ﬁﬁﬁfgdééé%f h£8?%§u?ﬂg VGA 138. A digita

word is seleccéanauldnnzmngrYﬁAIggpnsc@mcuhe QﬁdeandfthéOcmW%&ﬂhbnding

control voltage is applied 21 driyel sense rt 145 of gain control

but fer 142, cBbdns oty 2 Chhifes HELeR oBfeagemmbeat "t he

?}“ pui of CTFle&;édmtx}éltyl%m:@xﬁé@bbysﬁeﬂfa%m@zﬁe veﬁkgamlltude VNp.
not equi val en

characterization routines using opposite polarities of

each DC reference voltage applied to VGA 138. An
average of the two resulting DAC control voltages may
be used as that associated with a given VGA gain
value.

In accordance with this embodiment, and
assuming that the vGa gain characterization procedure
is initiated 202 for a number of predetermined VGA
gain values 200, one of the VGA gain values is
selected 204 for characterization. The positive
polarity 6f the reference voltage signal associated
with the selected VGA gain value 206 is selected and
applied 208 to the input of VGA 138. A digital word
210 is initially selected by control logic circuit
152, and the control voltage associated with the
selected digital word is transmitted £rom the N-bit
gain DAC 150 to the drive/sense port 145 of the gain
control buffer 142. |

Comparator 146/156 compares the peak
voltage, Vv, at the output of CTF 140 with the pre-
established normalized peak amplitude, Vyp,
established by DC reference voltage source 144. If
the voltages Vyp and Vy, are unequal 216, another



216, steps 210-214 are repeated. |If equivalent 216, the applicable control
voltage is stored 224 as a voltage val ue of Vneg. Af ter

determ ning DAC control voltage val ues associated with the positive and
negative polarities of the reference signal associated wth the selected
VGA gain val ue, an average control vol tagg values (i.e., (Vpos + Vneg)/?2)
is conputed and stored 226 as the applicdble control voltage associ ated
with the selected VGA gain value. Table 3 below illustrates various data
that may be stQuRYF10NdUY PASeSe Phct 88! STBNELAILhBE abRSARE eifTDOdi ment  of
the present invéntion. 30

Table 3 Predeoatmoledoltiagacierappiied Rb2ubesVGAyeongadlvONIESm

Recul 15 &7 2387 Nyl VODERges 00" g £ SGpHEReAD) e

V6pos iy qEocidtedDAC dbnegol voltag¥spes storedbaed Gk = 14.51
V4neg V400 vdave G3 = 12.57 V3neg V3po5
3ave @ = 10. ¥®ltag®@lue of Vioyopos V2avg Gl= 9.65 Vi neg
Vi pos viave 0 = GrHi8 negdOFE polarityVBBOfhe select¥@VS2

Gai n characterization steps 2 through 226 are repeated for each
addi tional VGxefsirencs wigial reseciatad withr theasiedectied MEAggain

characteri zat i\Paﬁ. rocedurﬁjs%%cg.zb—gvjzggtﬁgag_g%hgr i(&e%GtAhci:i\é(gA Ippop gain at a

m ni nrum of two pr STt
digital word is selected 210 by control logic circuit

152 and the corresponding control voltage is applied
212 to the drive/sense port 145 of gain control buffer
142. Comparator 146/156 compares the peak voltage,
Vyp, at the output of CTF 140 with the pre-established
normalized peak amplitude, Vy,. If not equivalent';

216, steps 210-214 are repeated. If equivalent 216,
the applicable control voltage is stored 224 as a
voltage value Of Vneg.

After determining DAC control voltage values
associated with the positive and negative polarities
of the reference signal associated with the sélected
VGA gain value, an average control voltage values
(i.e., (Vpos + Vneg) /2) is computed and stored 226 as
the applicable control voltage associated with the
selected VGA gé.in value. Table 3 below illustrates
various data that may be stored for purposes of
implementing the instant embodiment of the present

invention.



gai n curve val ues,

absol ute readback signa

242,

procedure 240. An absol ute readback signa
initiated 242 typically in response to an anplitude nmeasurenent

rel ati ve readback signa
accardance wth the approaches previ ouggblﬁéscri bed with respect to Fig. 4
ue of the sense voltage

in order to

btain the v

and preferably at greater than two gain val ues,

an

anpl i tude neasurenent procedure may be initiated
Figure 11.illustrates various
process steps associated with perform ng an absol ute readback si.gnal
anpl i tude neasurement subsequent to perf@@Oning a-VGA gain characterization

as is depicted in Fig. 11.

anpl i t ude neasurenent

anpl i tude neasurenent i

request .
is perforned.244 in

S
A

Vanp, across . the

drivel/ sense |
switch 151,

Val

3

I's required d

characterizat
data or
145 as descri
with the cont
characterizat

vol t age val us

exanpl e, and

deterni ne ths

val ues V4avg

servq

ofredgtegmined Charngtemrization Resudts anplli t uchvemsgedur erfent 244,
hoMGA Gali gs|. NeggtiveiSignal dnsPositivedigrfal orh £hatasteridatiamtle, whi ch
ur Valges(@B) gadi n : Results 31
i o7 126.¥n dpen _sVake. THe vol tVge acrdss ei Magy one |of the
qdfsrdRPaciltors ¥4l 143 is déwl oped |at t h&gyive/ dense port
bedispr EMDus| y. TMg.val ug of Vahp, is stlored ang, conpgred 246
rolG,=ola.8ige pal uew,gst ablji shed Wyri ng GA gang,,
| O1G; =087 Ol ToQI v, I fculft 152 wlef'erm nes 24§y,j fie cortrol
S 101985 Eﬁ'ﬁv’fﬁﬁm@ age Vanp.  v,,. | For
VTT@TZ@?ETEﬁ‘E‘TﬁVﬁﬁBTﬁ“B ovey, Contrar TOgRg, crTcuft 152 may
=833 A A —ofl vol t age
. 'n be

cal cul ated 250 using the val ue of Vanp

val ues

: and the applicable control vol t age
Gain characterization steps 204 through 226

are repeated for each additional VGA gain value of

interest until termination of the gain

characterization procedure 230.

Having characterized

the VGA loop gain at -a minimum of two pre-established

gain curve

values,

gain values, an absolute readback signal amplitude

measurement procedure may be initiated 242, as is

depicted in Fig. 11.

and preferably at greater than two

Figure 11 illustrates various process steps

associated with performing an absolute readback signal

amplitude measurement subsequent to performing a -VGA

An absolute

gain characterization procedure 240.

readback signal amplitude measurement is initiated 242

typically in response to an amplitude measurement

request.

A relative readback signal amplitude

measurement is performed 244 in accordance with the

approaches previously described with respect to Fig. 4

in order to obtain the value of the sense voltage,

Vamp, across the drive/sense port 145,

When taking an amplitude measurement 244,

switch 151, shown in Figs. 7-8, is transitioned from a

closed state, which is required during VGA gain

Ld



as foll ows: [err] In equation [2] above, it
Fs assuned that the value of the voltage Vanp |lies between control voltage
val ues V3avg and V4avg. It is noted that Equation [2] above represents a
linear (i:e., y = nx + b) approximation equation that is applied to the VGA
gai n curve when plotted as dB gain versus control voltage (i.e., 8-bit word
= Vanp). It is understood that the gain eduation provided as Equation [2]
above represents one of many possi bl e approxi mati on approaches, and that

ot her curve fitting techniques may be used, such as the use of a pol ynom al
or non- |inear“BRprekeraErbhoCRet Bgan oben statme NG VALAFR Gain, in

dB, cal cul at edadis688 EGUALLOBnb2brakeie dik e dia dISnti 4 GHoaPHESr252 the

absol ute readback signal anplitude as follows: ]
32 141, 143 is dpvelppeghéte the0Ginive/ganarepert Heds as

pre-establishe lsZ g gg§|i de | janed he t e
out put of the %gﬁggggrs Etl 38, %t‘g&r}g&t ré;élv‘}ﬂﬁei% | n%%taﬁg
represents thecahpateatie2da6piwithdéhefl cdntrodadizidiage gresluesnmuni cated from

he AE | 132 (| - [ifi 138. I i
Ehgt in”g?gef ?gtﬁgiigaégfégﬁgg% th?ggfﬁ)c(giaégérization. CénégoEOted

logic circuit 152 determines 248 the control voltage
values that most closely bound the voltage V.

For example, and with reference to Table 3
above, control logic circuit 152 may determine tﬁat
the voltage Vamp is most closely bounded by control
voltage values Viavyg and Viawg. The VGA loop gain,
measured in dB, may then be calculated 250 using the

value of Vup and the épplicable control voltage values
as follows:

. Ch'-C%
Gair{dB) "[n . —Vm}y“"”’ ~Ving) + G, [2]

In equation [2] above, it is assumed that. .
the value of the voltage Vamp lies bétween control
voltage values Viayg and Viavg. It is noted that
Equation [2] above represents a linear (i.e., ¥y = mx +
b) approximation equation that is applied to the VGA
gain curve when plotted as dB gain wversus control
voltage (i.e., 8-bit word = Vapp). It is understood
that the gain equation provided as Equation [2] above
represents one of many possible approximation
approaches, and that other curve fitting techniques
may be used, such as the use of a polynomial or non-
linear approximation method.

The value of the Gain, in dB, calculated
using Equation [2] above may then be used to compute

252 the absolute readback signal amplitude as follows:



[2] and [3] above to determ ne absol ute readback signal anplitude, at |east
.two VGA gain values nust be characterized. It is understood that
characterizing nore-than the mnimum of two points on a VGA gain curve

i ncreases the accuracy of the absol ute readback signal anplitude
measurenent. Once the VGA gain characten%%ation procedure has been

conpl eted, any nunber of absolute anplitlUde nmeasurenments and conputati ons
may be perf orned. The foregoi ng description of the various

enbodi nents of the invention has been presented for the purposes of

illustration and description. It is not intended ﬁﬂ?f exhaustive or to
limt the invention to the precise,forn @%s Iq@fGiﬁﬁo exanpl e, AC
ref erence voltage signals may be'ugéﬂ'?h ’85&‘ DC reference voltag£3]
signals in connection with characterizing the gain of the VGA AGC | oop.

Many nodi fi caWhexs. aff0vEV xepsesentd g ipre-eatabyhshss t he above
S I q . . e b
teaching. It d;‘x%rﬂn&i%an athgtthﬁ% %&qr}gcy@{%ée@%nmatvaa §§3 P tetfige not by

this.detaile escription, rat her | Ms appen her )
33 output of the VGELARMSor WGHR/CBFcla8pkdoi,sand the A net hod of

measuri ng in-siiu a read channel an anpljtud oﬁyg readhack signal obtained
froma data sY®tRGeCfediwn HRPTEFRALE CHEGAPAONYEES ¢i%%r, the

met hod conpri €h89readbackeBlgh@1? M AYFcSt 8L xRS LREAREd Ml¥dL 2 92i N
132 (i.e., pre-amplifier) to VGA 138.

It is noted that in order to use equations
(2] and [3] &bove to determine absolute readback
signal amplitude, at least two VGA gain values must be
characterized. It is understood that characterizing
more than the minimum of two points on a VGA gain
curve increases the accuracy of the absolute readback
signal amplitude measurement. Once the VGA gain
characterization procedure has been completed, any
number of absolute amplitude measurements and
computations may be performed.

The foregoing description of the various
embodiments of the invention has been presented for
the purposes of illustration and description. Ié is
not intended to be exhaustive or to limit the
invention to the precise form disclosed. For example,
AC reference voltage signals may be used instead of DC
reference voltage signals in connection with
characterizing the gain of the VGA AGC loop. Many
modifications and variations are possible in light of
the above teaching. It is intended that the scope of
the invention be limited not by this detailed

description, but rather by the claims appended hereto.



of the anplifier; selecting a digital word val ue representative of a
.control voltage signal; conparing the sensed voltage signal wth the
control voltage signal; and repeating the selecting and conpari ng
steps until the sensed voltage signal is substantially equal to the control
vol tage .signal, wherein the digital word val ue.associated with a contro

vol tage signal substantially equal to thg sensed vol tage signal represents
arelative anplitude of the readback signal. 2. The net hod according to
claim1l, further conprising reading out the digital word val ue associ ated
with the control voltage signal substabaf¥Ely equal to the control voltage
signal or the relative anplitude of the readback signal.

34 3. The nethod according to claim1, wherein selecting the digital
word val ue f WHAerisospaimes setecting the digital word value using a
successi ve approxi mati on net hod. 4. The nmethod according to claiml,
wherein the sensing step is perfornmed when the read channel is in a read

mode, idle moge, % tﬁ@éﬂ&d@ﬁem%?ﬁggﬁgt 180s1ru0a L08R TRLRAG acG0rding to

claiml1, wherein e neasuring ne s initiated In response to an
amplitude of a readback signal obtained from a data

storage medium and input to a gain modifying
amplifier, the method comprising: _

sensing a voltage signal associated with a gain
of the amplifier; _

selecting a digital word value representative of
a control voltage signal;

comparing the sensed voltage signal with the
control voltage signal; and

repeating the selecting and comparing steps until
the sensed voltage signal is substantially equal to
the control voltage signal, wherein the digital word
value associated with a control voltage signal
substantially equal to the sensed voltage signal
represents a relative amplitude of the readback

signal.

2. The method according to claim 1, further
comprising reading out the digital word wvalue
associated with the control voltage signal
substantially equal to the control voltage signal or

the relative amplitude of the readback signal.

i
e

L



anpl i tude neasurenent request. 6. The nethod according to claiml1,
wherein sensing the voltage signal associated with the gain of the
anplifier further conprises sensing an automatic gain control (AGC) |oop

vol tage signal. 7. The method according to claim11, wherein sensing the
vol t age .signal associated with the gain of the anplifier further conprises
sensing an integrated AGC | oop voltage shgnal . 8. The nethod according

to claim1, further conprising determ ning gain characteristics of the
anplifier prior to sensing the voltage signal associated with the gain of

the .anmplifier,3 wherrid héhed GhécbraDhg Yol tRadmsesi ahesewnt h the control
vol tage signal suhstantially_equal_to the sensed voltage signal represents
an absol ute afRienDithpcdighbdhcNosdgiailue further” comprises

35 9. The nRinnd Aesorklh NgidPeal 818, vahaeeh 8 dgt g gh?:ic@%stit@/]‘fe gain

characteristics of the anplifier conprises: appl yi ng each of a
plurality of radparesigeatibdn agetkddnals to a signal input of the anplifier,
each of the plurality of reference voltage signals associated with a
correspondi ng one of a plurality of preestablished gain val ues; and

for each of the pluriee ihycRbareéeseacagyebt ajais anakhedin ehe 0 the
signal input of the anplifier,
sensing step is performed when the read channel is in

a read mode, idle mode, or servo mode of operation.

5. The method according to claim 1, wherein the
measuring method is initiated in response to an

amplitude measurement request.

6. The method according to claim 1, wherein sensing
the voltage signal associated with the gain of the
amplifier further comprises sensing an automatic gain

control (AGC) loop voltage signal.

7. The method according to claim 1, wherein sensing
the voltage signal associated with the gain of the
amplifier further comprises sensing an integrated AGC

loop voltage signal.

8. The method according to claim 1, further
comprising determining gain characteristics of the
amplifier prior to sensing the voltage signal
associated with the gain of the amplifier, wherein the
digital word value associated with the control voltage
signal substantially equal to the sensed voltage
signal represents an absolute amplitude of the

readback signal.

W
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sel ectively applying control voltage signals to the anplifier until an

,out put vol tage signal produced by the anplifier is substantially equal to a
pre- established reference voltage signal. 10. Acircuit for neasuring
in-situ a read channel an anplitude of a readback signal obtained froma
data storage nmedium the circuit conprising: a gain nodifying
anplifier, the anplifier receiving the r¥adback signal; a mul tipl exer
having a control voltage signal output coupled to the anplifier and a sense
out put, a sense voltage signal associated with a gain of the anplifier

Converter (DAY haig "R AR ShRutatn e, whelef0l i cuic
coupl ed to thdetepuining htheDARir thamdteti st 168 df t e samplipgesr di git al

word val ue representative of a control voltage signal to the DAC, and
36 a cHRPRratS&S having a first input coupled to the sense output of

the nul tiplexer, aazppAgAtd H¥dh GRIM @lﬁfhl%ﬁ%‘f%fé’feﬁ@@ Plé\&agad an

out put, the conparator conparin%tthe sense v '

. , | age signal developed at the
first input weigneie dentx digrak dgwet il thevanpbbiilier, t@acheofnd i nput,

Lhe control CESULANYY (s el Adal 9Bl Ehyel deanie e pACIRY | e
wherein the diwgthala \uwrtexgsnnd @i e tHf tdepTerdl Dty vert age
preestablished gain values; and
for each of the plurality of reference voltége
signals applied to Eﬁe signal input of the amplifier,
selectively applying coﬁtrol voltage signals to the
amplifier until an output voltage signal produced by
the amplifier is substantially equal to a pre-

established reference voltage signal.

10. A circuit for measuring in-situ a read channel an
amplitude of a readback signal obtained from a data
storage medium, the circuit comprising:

a gain modifying amplifier, the amplifier
receiving £he readback signal;

a multiplexer having a control voltage signai
output coupled to the amplifier and a sense output, a
sense voltage signal associated with a gain of the
amplifier developed at the sense output of the
muitiplexer;

a digital-to-analog converter (DAC) having an
output and an input;

a control circuit doupled to the input of the
DAC, the control circuit transmitting a digital word
value representative of a control voltage signal to
the DAC; and

e

L



signal substantially equal to the sensed voltage signal represents a
.relative anplitude of the readback signal. 11. The circuit of claim10,
wherein the gain nodifying anplifier conprises a variable gain anplifier

12. The circuit of claim 10, wherein the DACis integral to a gain control
buffer coupled to the anplifier. 13. The circuit of claim 10, wherein the
gain nodi fying anplifier conprises a cog%inuous'tine filter. 14. The
circuit of claim10, wherein the DAC conprises an N-bit gain DAC. 15. The
circuit of claim210, wherein the gain nodifying anplifier anplifies the

readback signal toaaconpasatblki Raeiingmal ifiude input coupled to the
37 16. The circuit of claim 10, wherein the conparator, géenerates a logit

signal i n resiRARR ?BtHEFeefiﬁbes@H}Féﬁﬂﬁﬁﬁréq@aﬁQSPqﬁﬂﬁﬂﬁyﬁ the contro
and sensed vold@dfedi 992t fe ngthgbg £heNdla ORI RE ftomifie out put
of the conparator to the-controf logic circuit, :

comparator comparing the sense voltage signal

developed at the first input with the control voltage

signal developed at the second input, the control

circuit transmitting digital word values to the DAC

until the control vdltage signal is substantially

equal to the sensed voltage signal, wherein the

digital word associated with the control voltage

signal substantially equal to the sensed voltage

signal represents a relative amplitude of the readback
signal.

11. The circuit of claim 10, wherein the gain
modifying amplifier comprises a variable gain
amplifier.

12. The circuit of claim 10, wherein the DAC is

integral to a gain control buffer coupled to the
amplifier.

13. The circuit of claim 10, wherein the gain

modifying amplifier comprises a continuous time
filter.

14, The circuit of claim 10, wherein the DAC

comprises an N-bit gain DAC.

15. The circuit of claim 10, wherein the Qain

hodifying amplifier amplifies the readback signal to a

L

preegtablished amplitude.



17. The circuit of claim 10, wherein the control logic circuit is coupled
to a'nmenory internal or external to the control logic circuit, the nenory
storing the digital word val ues. 18. A data storing system conprising:

a data st.orage disk; a data transfer head including a read transducer
coupl ed:to a read channel; an actuator for providing relative novenent
bet ween the head and the disk; and: M7circuit integral with the read
channel for neasuring an anplitude of a.readback signal obtained fromthe
data storage disk using the read transducer, the circuit conprising:

a gain nodifying anplifier, the anmplifier receivinpg the readback signal

a nul tipl exer LRavi-Afea CEFTid afoldidiian stQnrhexe bt theupPreraratere

anpl | f1er antagnseat@sOl Rl A SIARA VOA LANSShEDN o 238pELELAG W Lh a gain
of the anplifier devel oped at the“sense outp of the multipleXer; _

a digital -t o- anbebgntdmle e liDACbdtweeny tine ccopttolnandnsenpet,

38 contral ci,rcuit caupled the input of the DAC.-the contro
circuit transXPiFFﬁ& BIgP5LEy %hﬁ;}§§£§m§+%ﬁﬁgs%ﬂTgPPﬁgaB?dafE8Wtrm

vol tage si gnakhkocutpubAGE aMé comparatoR €OMPRE aE@htHaYi M8gdcfirst input

coupled to the sense output of the nultiplexer, a second input
circuit.

17. The circuit of claim 10, wherein the control-.
logic circuit is coupled to a memory internal or
external to the control logic circuit, the memory

storing the digital word values.

18. A data storing system, comprising:
a data storage disk;
a data transfer head including a read transducer
coupled to a read channel;
an actuator for providing relative movement
between the head and the disk; and
a circuit integral with the read channel for
measuring an amplitude of a readback signal obtained
from the data storage disk using the read transdﬁéer,
the circuit comprising:
a gain modifying amplifier, the amplifier
receiving the readback signal;
| a multiplexer having a control voltage
signal output coupled to the amplifier and a sense
output, a sense voltage signal associated with a gain
of the amplifier developed at the sense output of the
multiplexer;
a digital-to-analog converter (DAC) having

an output and an input;

N



coupled to the output of the DAC, and an output, the conparator comnparing
.the Sense voltage signal developed at the first input with the control
vol t age signal devel oped at the second input, the control circuit
transmtting digital word values to the DAC until the control voltage
signal is substantially equal to the sensed voltage signal, wherein the
digital word associated with the controPB8vol tage signal substantially equal
to the sensed voltage signal represents a relative anplitude of the
readback signal . 19. The %¥

stemof cl.aim18. further, conprisi a
preanplifier coupled td tFEYER ??’éﬁé‘é?xcsﬁ’“&&&#ﬁé‘%é‘r‘f?‘fgﬁga‘?gy?ﬁ‘a
amplifier, toamradlddnroRnplirét 8gtirhasimattiagk £idiwl 4l i woxrdo i nput
to the gain nodi fying anplifier. 20. The system_of claim 18, wherein the
gai n nodi fyi N§ I’?QR%‘?S?%t%E{-MFeﬂftﬁ gopsxolnyoltagaeskgnakrto 21, The

syst em of c!@ﬂgiga?§w§ﬂﬁﬂn the gain nodi fying anplifier conprises a
vari able gain anplifier. 39 22. _The
system of claim 18, whea etomparabpC havingegr flizvek dn@mitn compled boffer
coupl ed to t@%éﬂggﬂgéegutput_of the multiplexer, a second input

coupled to the output of the DAC, and an output, the

comparator comparing the sense voltage signal

developed at the first input with the control volﬁage

signal developed at the second input, the control

circuit transmitting digital word values to the DAC

until the control voltage signal is substantially

equal to the sensed voltage signal, wherein the

digital word associated with the control voltage

signal substantially equal to the sensed voltage

signal represents a relative amplitude of the readback

signal.

19. The system of claim 18, further comprising a
preamplifier coupled to the read transducer and the
gain modifying amplifier, the preamplifier amplifying
the readback signal prior to input to the gain

modifying amplifier.

20. The system of claim 18, wherein the gain
modifying amplifier is coupled to a continuous time
filter.

21. The system of claim 18, wherein the gain
modifying amplifier comprises a variable gain
amplifier.

: L



23. Acircuit for neasuring an anplitude of a readback signal obtained from
.a datfa storage nmedium and for determ ning gain characteristics of the

circuit, conprising: a variable gain anplifier, the anplifier
i ncluding an input for receiving the readback signal, an output, and a
control -input; a buffer including aminput/output (I/0O interface and

an out put. coupled to the control input of the anplifier, a sense voltage
signal associated with a gain of the anplifier developed at the 1/0

interface of the buffer; a first conparator including‘a first input
coupl ed to the@2./ oTha ayakan &3f itlabufidr whexetdnhenBd€, i8nd an out put,

a digital-to- I onver { | ' d i nput, the
out put of thquisgg:ealq'eg;tolev%ﬁ/alcrgﬁég%%%eﬁe?ﬂ%%%gén?grFgge of" t he
buffer and thempldifiiemput of the first conparator; and a contro

circuit coupled to the input of the DAC and the output of the first
conparator, the control circuit selectively coupling the DACto the I/0O

interfate of bhe byf ferrdifit dedLrBdbnsindeanabpTietast 8£i gtics of the
'%ithe DAC to the second input of the first conparator

amplifier or couplin ] ! .
for nmeasuri ng r&edhash tsianat ebtainedbieemsaghata storage medium

2 plural 1Ty of i gh M ot B hRes CEeF SR8 B Bl ol T T e gai n
characteri sti es,raanich, cforgweigpingal ity of digital words associated with a
preestablished gain val Ue S S i inpls¥Pet2%he amplifier -

including an input for receiving the readback signal,

an butput, and a control input;

" a buffer including an input/output (I/0)

interface and an output coupled to the control input

of the amplifier, a sense voltage signal associated

with a gain of the amplifier developed at the I/0

interface of the buffer;

a fikst comparator including a first inpﬁt
coupled to the I/0 interface of the buffer, a second
input, and an output,

a digital-to-analog converter (DAC) including an
output and an input, the output of the DAC selectively
coupled between the I/0 interface of the buffer and
the first input of the first comparator; and

~a control circuit coupled to the input of the DAC
and the output of the first comparator, the control
circuit selectively coupling the DAC to the I/O
interface of the buffer for determining the gain
characteristics of the amplifier or coupling the DAC
to the second input of the first comparator for

measuring an amplitude of the readback signal.

, - L



25. The circuit of claim?24, further conprising a second conpar at or
_including a first input coupled-to the output of the anplifier, a second
i nput coupled to a second reference voltage source that produces a
reference voltage of a predeternined anplitude, and an output coupled to
the control circuit, the second conparaty conparing the output signa
produced by the anpllfler with the reference voltage, the control circuit
transmtting the digital words to the DAC until the anplifier output signal
, is substantially equal to the predeternined reference voltage anplitude.
26. The circu24. oiThéabmraﬁ;tfoftb&ammompm:whqx&innﬁhép&ﬁubrolncluding a

first output coupled to the,first in 0 e first conparatQr, a second
out put coupl €t ot heCSBRBRECAESS: @ E’th‘ﬂf@]ﬁtr ¥5© tlcéfﬁﬁi’r rqé w058§i FSt i nput
coupled to thﬁlé/ﬁcnﬁﬁéﬁaaéte%ﬂdnin?@f& dofUL £ ity £oh t 0 the out put of
t he DAC. 27. The circuit of clali 6, wherein the nmu tlglexer further

incl udes a t h¥haraaperiebipredensh RS shepmlusrality o digbtaind a fourth
IPUL SOuPLedbeag hELEEEREEA QLIR0E UMkl TIGHIY (Rl £X541681BhI" De

first and second nu exer i nputs

41 second |n@u¢snbfolheottagb conpar at or when neasuring the anplitude of

t he readback signal and coupling third and fourth nultiplexer inputs to the
first and second inputs of the first conparator when determ ning the gain

characteristigs, of theecapbliiti ®F claim 24, further comprising a
second comparator including a first input coupledfto
the output of the amplifier, a second input coupled to
a second reference voltage source that produces a
reference voltage of a predetermined amplitude, and an
output coupled to the control circuit, the second
comparator comparing the output signal produced by the
amplifier with the reference voltage, the control
circuit transmitting the digital words to the DAC
until the amplifier output signal is substantially
equal to the predetermined reference voltage

amplitude.

26. The circuit of claim 23, further comprising a
multiplexer including a first output coupled to the
first input of the first comparator, a second output
coupled to the second input of the first comparator, a
first input coupled to the I/0 interface, and a second

input coupled to the output of the DAC.

27. The circuit of claim 26,wherein the multiplexer
further includes a third input coupled to the output
of the amplifier and a fourth input coupled to a
reference voltage source, .the multiplexer coupling the

first and second multiplexer inputs to the flrst and

) |I|I|III I II||| IIIII [ |II|



28. The circuit of claim?24, further conprising a nenory coupled to the
.contfol circuit, the menory storing the digital words and associ at ed
preest abl i shed gai n val ues and control -voltages. 29. The circuit of claim
23, ‘further conprising a first reference voltage source selectively coupl ed
to the input of the anplifier, wherein ?e first reference voltage source
supplies a selected one of a plurality of reference voltage signals to the
anplLifier for determning the anplifier gain characteristics, each of the
plurality of gedsidnirepwios tafetlse ghbkstagsmphatedrwwhenomeasurdng ural ity

of preestablighed. gajn val ues. 30. e cirguit _of ¢laim223, wherein:

t he corrparat&&1 %ﬁpégmpgeﬁg% V%?;gagﬁsﬁéﬁaﬁldéyglSﬁgﬁa&Pgthe first

conpar at or i Uiy 4 tHGuEONth@L L YRl bREe $hgldk €eveheped ak L second

i nput; and the control circuit transmts digital word values to the
DAC until theseeend olnpmets aof thenbirsts sopppyatoy Whesgdeterpimiagensed

vol t age si gnql_ ?%{Si%%{@?gé?#@icﬁpﬁg \@/ﬁﬁoﬁingtﬂ&i‘@rt.h a control voltage

si gnal subst an y e e Sénse ol'tage " signal’ represents an
absol ute anplitude of the r.eadback signal

42 31. The_ circuit of clain1€3, mber%in t he sense voltagg signal is an
i ntegrat ed arddmatTRE g3t FCebht bl CLAER) 2RoofWEPeigsomprising a

memory coupled to the control circuit, the memory
storing the digital words and associated

preestablished gain values and control voltages. -

29. The circuit of claim 23, further comprising a
first reference voltage source selectively coupled to
the input of the amplifier, wherein the first
reference voltage source supplies a selected one of a
plurality of reference voltage signals to the
amplifier for determining the amplifier gain
characteristics, each of the plurality of reference
voltage signals associated with one of a plurality of

preestablished gain values.

30. The circuit of claim 23, wherein:

the comparator compares the sense wvoltage signal
developed at the first comparator input with the
control voltage signal developed at the second input;
and

the control circuit transmits digital word values
to the DAC until thé control voltage signal is
substantially equal to the sensed voltage signal,
wherein the digital word associated with a control
voltage signal substantially equal to the sensed
voltage signal represents an absolute amplitude of the

readback signal. T T
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32. The circuit of claim23, wherein the anplifier conprises a continuous
timefilter. 33. Acircuit for determning gain characteristics of a
circuit that measures an anplitude of a readback signal obtained froma
data storage nedi um conprising: a variable gain anplifier, the
anplifier including an input for recei v88g the readback signal, an output,
and_a control input; a buffer including an input/output (1/0)

i nterface and an output coupled to the control input of the anplifier;

a conparator including a first input coupled to the output.of the

amplifier, a3z3gconthd Mk etbLdeiRid bb! ShheebencREHR Wanlsrge source t hat
produces a reference voltage of a redet er m ned anplitude, and an output;

a digital -tovsalzma@s: et ok s (PAGntegrabedgagsopatict oada fentHak, the

out put of th Eﬁbi%ﬁé be I/Ointerface of the buffer; and a
control C|rcu1} coup d input of the DAC and the output of the

conparator, the control circuit commnicating a plurality of digital words

to the DAC for. det rn1nj { he ifier_gaip characteristics,, each of the
plurality of 3digit B&“‘a’%s%gngi%ﬁmw??h whered the am st val ue and

a control voldffrises a continuous time filter. 43 ~ 34. _The circuit
of claim33, whérein the conparator conpares the output signal produced by

the anplifier with the reference voltage, the control circuit
33. A circuit for determining gain characteristics of
a circuit that measures an amplitude of a réadback.
signal obtained from a data storage medium,
comprising:

a variable gain amplifier, the amplifier
including an input for receiving the readback signal,
an output, and a control input;

a buffer including an input/output (I/0)
interface and an output coupled to the control input
of the amplifier;

a comparator including a first input coupled to
the output of the amplifier, a second input coupled to

a first reference voltage source that produces a
reference voltage of a predetermined amplitude, aﬁd an
output; .

a digital-to-analog converter (DAC) including an
output and an input, the output of the DAC coupled to
the I/0 interface of the buffer; and '

a control circuit coupled to the input of the DAC
and Ehe output of the comparator, the control circuit
communicating a plurality of digital words to the DAC
for determining the amplifier gain characteristics,
each of the plurality of digital words associated with

a preestablished gain value and a control voltage.
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transmtting the digital words to the DAC until an anplifier output signal
.1 s substantially equal to the reference voltage. 35. The circuit of claim
33, further conprising a nenory coupled to the control circuit, the nenory
storing the digital words and associ ated preestablished gain val ues and
controt -vol t ages. 36. The circuit of ghaim33, further conprising a
-second reference voltage source coupled to the input of the anplifier,
wherein the second reference voltage source supplies a selected one of a
plurality of reference voltage signals to the anplifier for determ ning the
anplifier gaBa. chmhﬂncmrcnmuxnfea&ﬁumf33hewnénéﬁhltheoéompheﬁeaee vol t age

signal s associated with one of a rreest apl i she ai n val ues.
37. The C|rc&PPEﬁIQ§zghﬁ1§?tRﬁﬁnég a*ép%Q%V?ggepycﬁ r PBR 1T 1€t i nuous
tinme filter. w1t§8th%(¥§féﬁ3ﬂﬁérﬁbﬁﬁ§§8”1tHQ”96hEk8§ circuig data storage
di sk; a data transfer head including a read transducer coupled to a

read channeltransmkﬁtknﬁlkhﬁwdiﬁﬁt$¢dw¢nﬂﬂgt©eth§|Décnﬁvéﬁénanbetmeen t he

head and the _digk; 4 a
circuit for ne suﬁ%%?iﬁ?%?uﬁ ?l 15 Ofls substantially equai to the

reference voltage.

35. The circuit of claim 33 , further comprising a
memory coupled to the control circuit, the memory"
storing the digital words and associated

preestablished gain values and control voltages.

36. The circuit of claim 33, further comprising a
second reference voltage source coupled to the input
of the amplifier, wherein the second reference voltage
source supplies a selected one of a plurality of
reference voltage signals to the amplifier for
determining the amplifier gain characteristics, each
of the plurality of reference voltage signals
associated with one of a piurality of preestablished

gain values.

37. The circuit of claim 33, wherein the amplifier

comprises a continuous time filter.

38. A data storing system, comprising:

a data storage disk;

a data transfer head including a read transducer
coupled to a read channel;

an actuator for providing relative movement
between the head and the disk; and
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readback signal obtained fromthe data storage di sk and for determ ning

.gain characteristics of the circuit, conprising: a variable gain
anplifier, the anplifier including an input for receiving the readback
signal, an output, and a control input; a buffer including an

i hput /output (1/0 interface and an out@4 coupled to the control input of
the anplifier, a sense voltage signal associated with a gain of the
anplifier developed at the I/Ointerface of the buffer; a first
conmpar at or i ncl udidcirerist £ppprReasyydng an anplivtwie @ErRace of the

buffer, a secé%‘ghg'gﬁgklt : a : . | Qhl =LO | og
converter (DAC) Inc ud?ﬁgﬂg% §8?§39%§h§5§?iﬁﬂﬁn§éﬁ eé%éf%%% %?E?he DAC
sel ectivel y couplfeir bdetheeninhegl g@inntchaicedaxfisthicdudf echand the first

i nput of the first.conmparator. and a control circuit coupled to
t he input of T %Ya amPﬁgséﬂgput of the first conparator, the contro

circuit selectively couglagiabeeDfail0 nipa ilfid4 Nitehé agmpririhe buffer for
determ ning the gain characteristics of the anplifier or coupling the DAC

to the second® ing aReinppst fenpaoaisiing ithe serdbacknsigpailsude of

t he readback gi ghal 3 The ?ﬁip f I m 38, wherein the control
circuit connﬁ%?catégu%'p ﬂ?a?if§%% |3f1at9§ords to the DAC when

determ ni ng the anplifierbyéiferciacdadristdan sinmachowtpate (py/odal ity of

of the amplifier, a sense voltage signal associated
with a gain of the amplifier developed at the I/0
interface of the buffer;

a first comparator including a first input
coupled to the I/0 interface of the buffer, a second
input, and an output,

a digital-to-analog convertexr (DAC)
including an output and an input, the output of the
DAC selectively coupled between the I/O interface of
the buffer and the first input'of the first
comparator; and

-a control circuit coupled to the input of
the DAC and the output of the first comparator, the
control circuit selectively coupling the DAC to the
I/0 interface of the buffer for determining the gain
characteristics of the amplifier or coupling the DAC
to the second input of the first comparator for

measuring an amplitude of the readback signal.

39. The system of claim 38, wherein the control
circuit communicates a plufality.of digital words to
the DAC when determining the amplifier gain
characteristics, each of the plurality of digital
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a control voltage. 40. The system of claim 38, further conprising a
.second conparator including a first input coupled to the-output~of the

anplifier, a second input coupled to a second referenc hat
produces a reference voltage of a predeterm ned anpl |t mmm nlmmll mt
coupled-to the control circuit, the second conparator coenparing thes owp

si gnal produced by the anpllfler\Mtf]truggeference vol tage, the contrm
circuit transmtting the digital words to the DAC until the anplifier
output signal is substantially equal to the reference voltage. 41. The
circuit of clarords, absothatedompitihsiah@preddtaddl isifesd ayecin WA lageasdur ce

sel ectively coupled to.the Eut of the anplifier, wherein the first
ref erence vol tagee8bhPEeY gab Pes a selected one of a plurality. of

reference voltage signals to the anplifier for determning the anplifier
gain characteristics, each of the plurallty of reference voltage signals
associ at ed wi th0 oneThfa gypgtamapPitt Fléfl"br%stfé{ﬂﬁl'sﬁi’écpﬁ@?#%w%e% 42. The

circuit of claj t epse
vol t age® si gnal %%vgﬁogggbgkgtﬁe %IFS %gara Sgglnp ?ﬁﬁ§ﬁe&c§§trol

vol t age si gnal thlevehopad ef the ampimleen:p,uta sauwbnd inpithecoupled! toircuit
transmts digital val ues to the DAC until the control voltage signal

i s substantlal?ysﬁﬁﬁﬁ FELERENSEN YO WATS RBIGYridrat produces a

reference voltage of a predetermined amplitude, and an
output coupled to the control circuit, the second-
comparator comparing the output signal produced by the
amplifier with the reference voltage, the control
circuit transmitting the digital words to the DAC
until the amplifier output signal is substantially'

equal to the reference voltage.

41. The circuit of claim 38, further comprising a
first_reference voltage source selectively coupled to
the input of the amplifier, wherein the first
reference voltage source supplies a selected one of a
plurality of reference voltage signals to the
amplifier for determining the amplifier gain
characteristics, each of the plurality of reference
voltage signals -associated with one of a plurality of

.7

preestablished gain values.

42. The circuit of claim 38, wherein:

the comparator compares the sense voltage signal
developed at the first comparator input with the
control voltage signal developed at the second input;
and

the control circuit transmits digital word values
to the DAC until the control voltage signal is
substantially equal to the sensed voltage signalh

g



46 wherein the digital word associated with a control voltage signal
substantially equal to the sensed voltage signal represents an absol ute
anplitude of the readback signal

46

wherein the digital word associated with a control
voltage signal substantially equal to the sensed
voltage signal represents an absolute amplitude of the

readback signal.
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