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EQUALI ZATI ON METHOD AND APPARATUS W TH GAI N ADJUSTMENT F IRECD -
STORAGE DEVI CE (DASD) DATA CHANNELS Field of the Invent F%n@ S%E‘ﬁ% 4
present invention relates to a direct access storage device (DASD) ] Su8EP 2000
mofe particularly to equalization nethod and apparatus with gain adjustrent
for a direct access storage device (DASD) data channel. Description HPOShe
Rel ated Art In today's disk drives the readback signal is equalized
usikng a finite inpulse response (FIR) filter. There are nunerous al gorithns
used to find the FIR tap weights that will result in giving the optinum
equalization. In all the algorithns, the FIR taps nust have their gain and
phase shift constrai ned during the equalization process in order to prevent
interactions with the channel gain and timng | oops. For exanple, the gain
and timng | oops' inputs cone fromthe output of the FIR If the FIR gain
was not constrained then if its gain were to begin increasing during the
equal i zati on process the channel gain |oop would see an increasing signal
anplitude and begin reducing the incomng data signal. Thus the FIR gain

and the channel gain | oop would be fighting one another. The sanme probl em
woul d exist for the timng |oop. The standard nethod used to avoid this
problemis to constrain the tap weights either by holding sone taps at a
constant value or to keep t he sun1of t he even and the sum of the odd taps

h |t ed val u
each equal 1o SonéeQaR?.(l:ﬂTION METHOD AND APPARATUS WITH GAIN ADJUSTMENT

FOR DIRECT ACCESS STORAGE DEVICE (DASD) DATA CHANNELS
Field of the Invention

The present invention relates to a direct access storage device
{DASD), and more particularly to equalization method and apparatus with
gain adjustment for a direct access storage device (DASD) data channel.

Description of the Related Art

In today's disk drives the readback signal is equalized using a finite
impulse response (FIR) filter. There are numerous algorithms used to find
the FIR tap weights that will result in giving the optimum equalization. In all
the algorithms, the FIR taps must have their gain and phase shift
constrained during the equalization process in order to prevent interactions
with the channel gain and timing loops. For example, the gain and timing
loops’ inputs come from the output of the FiR. If the FIR gain was not
constrained then if its gain were to begin increasing during the equalization
process the channel gain loop would see an increasing signal amplitude and
begin reducing the incoming data signal. Thus the FIR gain and the channel
gain loop would be fighting one another. The $ame problem would exist for
the timing loop. The standard method used to avoid this problem is to
constrain the tap weights either by holding some taps at a constant value or
to keep the sum of the even and the sum of the odd taps each equal to
some specified values. '

These constraints prevent the FIR from delivering the optimum-



These constraints prevent the FIR fromdelivering the optinum

-2- equal i.zati on. A need exists for a nethod for preventing the gain
and timng loops fromfighting with the equalization al gorithm and that
also allows the FIR tap weights to be unconstrained. A need exists for a
resulting equalization algorithmthat can find the optinumset of FIR tap
wei ghts. Summary of the Invention A principal object of the
pr.ésent invention is to provide an equali zat%on nmet hod and apparatus with
gain adjustnment for a direct access storage™devi ce' (DASD) data channel.

O her obj ects ar eequalipation.de such equal i zation nmethod and appar at us
substantially w thout negative effects, and that overcorre many of the

di sadvant ages of prior art ary

f ti
met hod and appar at us v@f‘ﬁ%&?‘ﬁ?sa@f Gé'f‘?éﬂg f%fr%eﬁ?wp ébgﬁaﬂgﬁﬁg":\?bé clegg '
storage devi ce (AGD)fighting withdhe ehualixation atgorithm pod that\alspaliventherFIR tap

EL%‘S: :51: g dOf Ntesvpt\)()é ﬂ&tt% Eguﬁcédsﬂhfn%d' Whéé@eia@t%mEbsﬁﬁin@)ejdg}u%ftfod; o
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Is conpared with a set threshold gain value. A gain of a gain |oop of the

data channel is i 8ghfABRR/ &f thé mdbﬁﬁéﬁd responsive to the conpared gain and
set threshold gain val ués. In accordance with features of the

i nvention, a phase lag of the FIR filter for the new tap weights is
conmpared with a set thAgsinoipal pbjasteofithe prasgntiaventiopHade peavide an srHalizadiep of
the data channel pfethdifasdBpparatus with %%ustméﬁmﬁﬁldﬁct@cdebgsm ar ed

D awi nga) 1 S¢" agpes eéﬁﬂéﬁaﬁaﬁ@mﬁ% Bty Bpissis Sreth ﬁﬁ%é@%gﬁ%ﬁﬁ 2300,
obj ects and advam ant ppparstussubstantielly wihoutmagative effects cadhthadet ai | ed
description overcome many of the disadvantages of prior art arrangements.

in brief, an equalization method and apparatus with gain adjustment
are provided for a direct access storage device (DASD) data channel. A
direction for moving each of a plurality of tap \jveights of a finite impulse
response (FIR) filter is calculated. New tap weights are determined for each
of a plurality of tap weights in the direction. A gain of the FIR filter for the
new tap welghts is compared with a set threshold gain value. A gain of a
gain loop of the data channel is incrementally adjusted responsive to the
compared gain and set threshold gain values.

In accordance with features of the invention, a phase lag of the FIR
filter for the new tap weights is compared with a set threshold phase lag
value. A phase of a timing loop of the data channel is incrementally adjusted " -
responsive to the compared phase lag and set threshold phase lag values.

Brief Description of the Drawings

The present invention together with the above and other objects and
advantages may best be understood from the following detailed description
of the preferred embodiments of the invention illustrated in the drawings,
wherein:



of _.the preferred enbodi nents of the invention illustrated in the draw ngs,
wher ei n: . - 3- FIG 1is
a schematic and bl ock diagram of an affected portiaqn of a direct access
st.orage device (DASD) data channel enbodying the present invention; and
FIGS. 2A and 2B are flow charts illustrating exenplary steps perfornmed by
t he unconstrai ned equalization algorithmblock of FIG 1. Detailed
Description of the Preferred Enbodi nents Havi ng r.ef erence now to
the drawings, in FIG 1, there is shown a pOI’?"I on of a direct access
storage device (DASD) dpiG) ‘cisarsuheneaticannyi biock disgramestan affestedippgion of a

general | y desi gnat gﬁ’?&%&@% %@E{dgﬁt@%é’m@f@éta%ﬂgﬂnmﬁmb pk8erits '

shown in sinplified TOrms or an under standi ng of 't he present
i nvention. The utiiNVePlieN: ae present invention is not restricted to the
details of a particular data channel. Data channel .100 i ncl udes an

unconstrai ned equal i zat kﬁ.aé&ahatzbraremmm imfstfalifg BXSplatyestepsbodi ment
Anal og data froman arm el ectroni cs dul eq&n@t tf,zh 'll?% ‘#fquth a

vari abl e gain anpl PErfaime 61%“&&%&&? plization algort -sb?cgc%a 'S appl i ed
to a finite inpulse response (FIR filter 106. The filtered output of FIR

106 is applied (0 Hhiafidd PistApfibAickhe PRERFIEFEMbERIMeARS. An aut omtic

gain control (AGC) circuit 110 provides a gain control signal to the VGA
104. A voltage controlled oscillator (VCO provides a timng control signal
to the ADC 108. Having refdérepca hewdo fia drawingspin FISS. 1athere gsshawmppl i ed

EO a dﬁt a ?ei eCct or pg oﬁé‘&tféﬁt,aca?%ﬁd taﬁkg'elc%éwe OASm) )daaadhwaréﬁﬂmdwgt )
not shown oprszeusrouu ata. It e_under e
FIR 106 can be on ¢ PW"EF‘Y@“@&“ g%erg&?el@aqggw thé r#%ﬁg%%ﬁ?%g&%@tﬂﬁt h
features of the i nRataichannelfris shawndnisimplified forox sufficientor an HRdenstanding2
provides a control ingdateseft fehtiti. CREEUlity ofiRe HPESEht BeRtion RCotFéétricted
coupled to the AGC,(110. Upclonzt r ai nef?géﬁgau |zat||BntaaI ori HBB bl Rx%k ]a02
provi des a control QfHdptals oA PAEY channel. Ladla chahne incildes an
unconstrained equalization algorithm block 102 of the preferred
embodiment. Analog data from an arm electronics module (not shown) is
applied to a variable gain amplifier (VGA) 104. An amplified readback signal
is applied to a finite impulse response (FIR) filter 106. The filtered output of
FIR 106 is applied to an analog-to-digital converter (ADC) 108. An
automatic gain control (AGC) circuit 110 provides a gain control signal to the
VGA 104. A voltage controlled oscillator (VCO) provides a timing control
signal to the ADC 108.

Typically the digital output of ADC 108 is applied to a data detector
(not shown), a decoder (not shown) and derandomizer (not shown) to
provide user output data. It should be understood that the FIR 106 can be
on either side of the ADC 108.

In accordance with features of the invention, unconstrained
equalization algorithm block 102 provides a control signal to an increase or
decrease gain block 114 coupled to the AGC 110. Unconstrained
equalization algorithm block 102 provides a control signal to an advance or
retard timing phase block 116 coupled to the VCO 112. Unconstrained
equalization algorithm block 102 provides a control signal to the FIR filter

106 for adjustment of the tap weights in accordance with the preferred
embodiment.



retard tim ng phase bl ock 116 coupled to the VCO 112. Unconstrai ned
eygual ization al gorithm block 102 provides a control signal to the FIR
filter 106 for adjustnment of the tap weights in accordance with the
preferred enbodi nent. , .

I-h nmost disk drives there is a data synchronizing field witten on the
nmedi a precedi ng each custoner data field. The frequency of this field is
one fourth the bit data rate. This frequency i,s chosen to allow the gain
and timng | oops to operate as described bel o’ﬁ/. ' . The gain and timng
| oops have two nodes of inomestdiskdrives thee is# @«ta@ynwgmzmor@lgwr@en@néheed
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a certain nunber of™t ]
| oops are swit chedtimingrogps 2o apewate as dessriedelow as the tracking node. Its
I nput signal cones from downstream (the output) of the FIRfilter 106. The

in of FIRfilter 1 . ] . . .
avold a transient i t ndvecaILANG R nbbE fibyd R gres Bt GRekpon T ogElisk
tracki ng node occudsives, Moreghisieterred ta@sithe asgyisition mogendt isapgirtad while in
desir ﬁb' eb Al4§ odt hens aaml dynehismizmdg fidi@rantiitg ifputisighal @@;Ihe§thCb|§§reda°rﬂ of %?
exa e, eqgr, | . Celfal ¢ es. us
S ETR phass shi r1 - GIRLEET0k JAkEE, ChRENITMHE or biY blAbIER 1A' C0 . [0
The frequency respd@éiaenrenizingSfigid thedpops aresswitahieditp made 2 whighdh cgfepred tpas
r epr esent ed by a fQﬁ@t@EkiﬁgWe.(l&_ ihpE SignaieenesArdns dbWastrezrh (hrdutpur ob |t s

e | magl nar art. [ Y . W
al'ter_na?i ng Zi gns é?%—?ﬁﬁg@#v&ﬁ 'Etp%éa@%g%k\h@ﬁoﬁggﬁgér’?h%ge[s% %ﬁ%&%ﬁt?e odd
taps with alternat iffeguenghs!nserset taryvaid aﬁrmﬁmémftge sighabwhgp thg switeh frem
106. The gaicquRitionaodé B radking fMdkblocatirs] AFIR yaihof 1 aethency is

t of (A . ks SE) i .
(B8 S These two. cnabrobAE EaderRl s bOfibhe RicbidoatiRiti] phity of i ufing
preferred enmbodi medeop switches, formyample,dyoAS degipesivhengong rem@cguisionttey
the fol |l owi ng equatttfikingiiBdeeTHeLE FIR phabe shiftcT dBAeRFedLatdhe shnéhronBirgs
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synchronizing frequency can be represented by a complex number (A + Bi).
Where A is the real part and B is the imaginary part. The real part is equal
to the sum of the even taps with alternating signs starting with plus and the
odd part is the sum of the odd taps with alternating signs starting with minus
for an 8-tap FIR filter 106.

The gain of the FIR (FIR_GAIN) at the synch frequency is square root
of (A2 + B2) and the phase (FIR_PHASE) is arctan of (B/A). These two
equations are used in the equalization method of the preferred embodiment.

For ease of implementation into circuitry, the following equations can
be used. A + Bis compared to 2, If A + B is greater than 2, then the gain is
-too large and if A + B is less than 2, then the gain is too small. For phase,
the arctan of {B/A) where A equals B or arctan 1 is 45°. Where A is bigger
than B, phase shift is less than 45° and where A is less than B, phase shift is
greater than 45°.

A simplified explanation of how the gain loop operates follows. in the
tracking mode the gain loop compares the signal amplitude it receives from



the arctan of (B/A) where A equals B or arctan 1 is 45[err]. Were Ais

bi gger than B, phase shift is less than 45 err] and where Ais |ess than
"B, phase shift is greater than 45[err]. A sinplified explanation
of how the gain | oop operates follows. In the tracking node the gain |oop
conpares the signal anplitude it receives from

-5- the FIR output to an expected value and generates a gain error (CGE). GE
can be positive or negative. The gain contref- loop then nmultiplies the CGE

tinmes a control cgn t n ' ( . So
I n equation form %ﬁ%&%;@&%&%@&%@q ggﬁ%}gge?ﬁ @%hé%% \t/r\nl?#F)l n%?r ease
the signal anplitoarbampesiivaeyacgativecTha gain gertredeep thes mylfjplias thenk t ude.
Iftvvhit le runlni ng }iﬁ?sd%ait&ofaéd\swmé(m@)rdna tnbk&eé:hlaaia%dh\t tndnaumlsgsoy.hsa its
"out put signal anplitude cr go
negative which mm%‘lﬁ‘é’\ﬁ%%ﬁ??gfh‘gé?@et%o 'o%%%?ﬁ%?ﬁofﬁaeﬁé‘ﬁﬂe si gnal-
anpl i tude to decr ingseasechesignaheanplifuderaadi onegative RO wdlldesrease the sigrari t hm
the FIR woul d agaimphfdgapt to increase its output anplitude since the gain
control |oop had caused the signal to be decreased which is not what the

FIR wanted. if the operation were to continue the FIR taps would forever be
getting larger and thelfogdiile rooning dihe equalizatiowalgariterretheIR|_BAJMtincraasest its

o obl om i s sol ved oy 1 guganegnatdipitiits RoAeIGEEse T HerEte ‘”ﬁf%gtﬁ?‘ﬁai n
control |oop wit hgf’lﬂfgiahg? g’ﬁécé‘/vg%‘@? gées'bf%‘aé ﬁ'eﬁ@éﬂggfﬁéa%aﬂ%ﬁ?ﬁ%ﬁ ©
control equation signahamplitutiete dacreasedOmghe niext iGation dithe eguplizations GK.

This GA termis mafidritiff tRaFIR WoRlIPAdaiM aémbb® ifRcrdase Rebliput ahphfudeyimcd 0"
exanpl e, suppose \ﬂ%]de.fl ne,t 6 be 1.

d d f the FIRfilt , t
Assune that after "tHh83f0 rorlggpi‘%h&%uﬁgﬂr}%eg%ﬁp?3??'@:?3958‘6\"31'ﬁrﬂ(zlthe FI R
taps sel ect ed woumhagitheFiR war@d Nf ipeapecationhwere 1o continuet the FER taps weulds
decrenmented by songet8Pbé géﬁihﬁ?artgahéﬁd &In teRfbl lRtgR kR uld8vdrrudlff M 90

positive which wouyl F}ﬁt{]eq{fa =€ he gain Toop to increase gain. Ol the next
Iteration of the 5‘8 PYEAS nﬁ?'ﬂ'grithm because the gain | oop has increased

the gain the equalization algorithm mght generate a set of tap weights

that reduces the In accordance with the preferred embodiment, this gain problem is
solved by introducing a gain adjustment (GA) term into the gain control loop
with the increase/decrease gain block 114. The new gain control equation of
the preferred embodiment is GO = (GE + GA) times GK. This GA termis
modified each iteration of the equalization algorithm. For example, suppose
we define the desired gain of the FIR filter 106 to be 1. Assume that after
the first iteration of the equalization algorithm the FIR taps selected would
give a FIR_GAIN greater than 1. Then the GA value is decremented by
some small value. This would tend to make the GE term go positive which
would then cause the gain loop to increase gain. On the next iteration of the
equalization algorithm because the gain loop has increased the gain the
equalization algorithm might generate a set of tap weights that reduces the
FIR_GAIN back to 1. Since the FIR_GAIN is equal to 1 no adjustment is
made to the GA value. Thus the result would be an FIR_GAIN that has unity
gain and a gain control loop that has a new operating point.

The timing loop has bésical\y the same control equation as the gain
loop, TO = (TE + TA) times TK; where TO is the timing output, TE is the
timing error, TA is a timing adjustment of the preferred embodiment provided
with advance retard timing phase block 116, and TK is a control constant.



FI RGAI N back to 1. Since the FIR GAIN is equal to 1 no adjustnent is nade
16 the GA value. Thus the result would be an FIR GAIN that has unity gain
and a gain control |oop that has a new operating point. The tim ng
| gop has basically the sanme control equation as the gain loop, TO = (TE +
TA) tinmes TK; where TOis the timing output, TEis the tinmng error, TAis
a timng adjustnent of the preferred enbodi nent provided wth advance
retard timng phase block 116, and TKis a cgntrol . constant. As
the equalization algorithmproceeds if the FPRPHASE has a phase shift, of

| ess than a set phasme equalization 4fgodittun pecceedeif thé EIR/PHASErrasenphasedshify | 1

\Q’p'gggr \Mt 'h;nt ggd S8r s Aqms siﬁﬁﬂi&éenﬂu&hééﬂs%bwe%&h&?ﬂwé wamcrénPe%@E I s

t he sanpling phasg"l’ei?;{?'éw F‘?H do Hﬂ?"ﬁsﬁ? ﬁ@mPh'ég Eﬁgﬁﬁ? §A pﬁfﬁggﬁkﬁ MW t he
timng |oop it w ldbiggenthao 46aiagreesctheniAiasieciamented adhich witl rasultisgnerdag
Tocp 1= The Sesen Sy Bt TG B moi g it st sty o
e Seeer oot i AR ok T GG e

probl em f orced codegre®isnts on either the taps thensel ves or reqw red nmovi ng
the taps in pairs. Both these nethods |ed to sub-optinmal equalization

L T S

equal i zati on al gogeimandfiming leop ls)mete%epﬁlaéff%atu@cpféh@weﬁm ang¢offets as
i ndicated in a bl g :f%&@tumoemahwmmmrméth@ahl@tmednvéhtmhapwmmmot he
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al lowed to move byn@dngthe@psirris- Babdhese Wefh?é’sﬂ?% %%{%@IP'HF?‘ectlons as
i ndi cated in a bl egaifionThsuts. are the new tap wei ghts. Next the gain of

the FIRfilter 106 for the new tap wei ghts is conmputed for a predeterm ned
frequency, for exanple, the sync field ez%uenc as indicated in a bl ock

204. Then it is determﬁf?é%l"%ﬂé?ﬁ@st%aﬁg therg g showm Hiystiativer ggpsef the

i ndi cated in a deageiatization method performed by the unconstrained equalization algorithm
block 102 of the preferred embodiment. First as indicated in a block 200, an
equalization method is used which projects the direction that each of the
present tap weig'hts should move, for example, sign - sign least mean
square (LMS). Each of the present tap weights are allowed to move by
some incremental amount in the projected directions as indicated in a block
202. These are the new tap weights. Next the gain of the FIR filter 106 for
the new tap weights is computed for a predetermined frequency, for
example, the sync field frequency as indicated in a block 204. Then itis
determined whether the gain is higher than desired as indicated in a decision
block 206. When determined that the gain isgnot higher than desired, then
the gain control loop is modified so that it incrementally decreases the signal
gain as indicated in a block 208. When determined that the gain is higher

than desired, then the gain control loop is modified so that it incrementally
increases the signal gain as indicated in a block 210.

Referring to FIG. 2B, next the phase lag of the FIR filter 106 for the
new tap weights is computed for a predetermined frequency, for example,
the sync field frequency as indicated in a block 212. Then itis determined
whether the phase lag is greater than desired, for example greater than 45°,
as indicated in a decision biock 214. When the phase lag is greater than



bl ock 206. Wen determ ned that the gain is not higher than desired, then
tshe gain control loop is nodified so that it increnentally decreases the
signal gain as indicated in a block 208. Wen determned that the gain is
hi gher than desired, then the gain control loop is nodified so that it
i-ncrenmental ly increases the signal gain as indicated in a block 210.
Referring to FIG 2B, next the phase lag of the FIR filter 106 for the new
tap weights is conputed for a predeterm ned f_z_equency, for exanple, the
sync field frequency as,indicated in a bl ock 2. . JThen it is defermne
Whether the phase BhgHed e didmpalochiB feEecd Bomatichn phase adisaiead B ne
45[err], as indi ckiRfiltem1GO agindidated inl wblock 246. Mikerwise; whieadbe phgse kag is
Thon the. timing 1 oSt §realst than desired, then the timing laop s changed so et niE phiife,
filter 106 as i ndi f%iad‘%eﬂ "églﬁ Eﬁiﬂ"g’{gbsdﬂﬂ?' @gm\?ﬁ’g?f’kt%@p teag is
not greater than dé&etuential pperations:loopriiagl to thepbeginningand are repeatad untile
phase lag is need icBmiphge akfhditateglin 3@¥fockp2ondi cated in a bl ock 218. Then

t he sequential operations |loop back to the beginni-ng and are repeated unti l
conplete as indicated in a block 220, . Whil e the present invention
has been described wit hWhileghe peesendinvesticiehas beermdesdnibed withdefarence tof thehe
i nvention shown i n qefifis & #ivd EMbolifRses BFthaiihvertbR sRBWn it dIadid thddg t the

_sg?pego;i ;26 ! nventd'e?arl]lsaa?'e %lo?fnfreen%e'd%tlirr}\?t & %Sé‘é’ee gf t?\e?r'wrg%tion as claimed in the

appended claims.



VWhat is clainmed is: 1. An equal i zation nmethod for a direct -access
storage device (DASD) data channel conprising the steps of:

“calculating a direction for noving each of a plurality of tap weights in a
finite inpul se response (FIR) filter; determ ning new tap wei ghts for
.each of a plurality of tap weights in said direction; conparing a
gain of said FIRfilter for said newtap wights with a set threshold gain
-val ue; incremental |y adjusting a gainBef & gain |oop of the data
Channel responsi vegbasai d conpared gain and set threshold gain val ues.

2. An equal i zatlon met hod for a direct access storage device (DASD) dat a
channel as recited in claim1l further includes the steps of

conparing a phase | ag ¥¥hatas daimhédiisi | ter for said new tap weights with a
set threshold phase | ag val ue; increnental |y adj usti ng timng of a
timng | oop of said data channel on5| said.co r hase.| ag and
set threshol d phase |ad-val 8\5@03'23%“ maf! Odtf%‘? PF’%S sgﬂraﬁstq%gbcef or a
direct access storB@SD}aata chdribebbymprising tensteps o&s recited in claim1l
wherein said step of C‘&mfdhﬂ aséiféétxgﬁfd?’ rﬁ‘b\hﬁg BadiPof éBFu?élﬁ&Obﬂt B%élgﬁf%'lH%

i dentifies said ggJ gﬁiﬁg htr eshol d gal n 'val ue and said

. step of increnent Wt9 'HB}' Q{‘F?Rj’néez ‘r""a gai n 1 oop of the data channel
responsive to said corrmtenhlrgag newrtdp sweigtits forslach of gpiluralitylof tap weightsiies t he
step of increnentg &ﬁfoﬁay ng a signal gain of said gain |oop.

4. An equal i zati on nme

f or ect ss, starage devi ¢ D at a
channel as recited in @PHTW'TQW%Pf]sﬁglﬁg{gﬁ%rpf%?a'g at'ap%elglgta(ﬂ %ﬁ{j
with a set threshdheshaldgaimhaleej dentifies said gain | ess than sai d set

threshol d gain val ue afgraiefitatly 88 afing A a‘WBf‘é hhloasbtihicia endifia) of

gain |l oop of the data chanpe 1 ve n_and set
threshol d gain val§éR° nsivg F?cﬁ?éé pwgpgge&ga(lﬁ ap ngﬁ%‘ﬂge €Ssing a
signal gain of said gain |oop. :

2. An equalization method for a direct access storage device

(DASD) data channel as recited in claim 1 farther includes the steps of
comparing a phase lag of said FIR filter for said new tap weights with
a set threshold phase lag value;
incrementally adjusting timing of a timing loop of said data channel
responsive to said compared phase lag and set threshold phase lag values.

3. An equalization method for a direct access storage device
(DASD) data channel as recited in claim 1 wherein said step of comparing
said gain with a set threshold gain value identifies said gain greater than
said set threshold gain value and said step of incrementally adjusting a gain
of a gain loop of the data channel responsive to said compared gain and set
threshold gain values includes the step of incrementally increasing a signal
gain of said gain loop.

4. An equalization method for a direct access storage device
(DASD) data channel as recited in claim 1 wherein said step of comparing
said gain with a set threshold gain value identifies said gain less than said
set threshold gain value and said step of incrementally adjusting a gain of a
gain loop of the data channel responsive to said compared gain and set
threshold gain values includes the step of lncrementaliy decreasnng a signal
gain of said gain loop.

R O R VR




5. *An equalization nethod for a direct access storage device (DASD) data
channel as recited in claim2 wherein said step of conparing said phase | ag
with a set threshold phase lag value identifies said phase |ag greater than
said set threshold phase |ag value and said step of increnentally adjusting
timng of a timng |loop of the data channel responsive to said conpared
phase | ag and set threshold phase | ag val ues includes the step of .
incremental |y decreasing said timng of said gimng |oop, for |ess phase
lag in the FIR filter. 6. . An %%H_géjifzation met hod {or a_.di.rect
access storage devi ce (BASDANEFURIZAHOM OB 2{GTent 2G¢es? SIATRgE dRUPRi n
said step of conmpa(bASDrdatd ghannel dsagcited in claise? wherais saiddtephabeomparingal ue
| dentifies sald phagg p'h?ﬁ?/ 'lﬁﬁtj@?l%t &ﬁéé’nc’?@bhf&r ﬁ?%ld& iBERERs!sad ﬁ’éééelagnd

said step of increnenta ng tim of a timng l.gop of, the dat
channel responsi vegteaterdhan éBWMgMQBRg% agn@ use%m??ﬁ'@éf&a%f phase | ag
val ues incl udes thincsémentafly adjasingetihinigl of ai timing &sipnaf theiddta chrenmg! of sai d

timng loop for mF{sp@H?ﬁ@ tg Qgididbrﬁﬂéﬁ'ef bﬁagé;l{agfag\d set threshold E:has g values

equal i zati on apparatus, TQ I rect access e devl.ce DASD) “dat a

channel 1 nol udi ng. Inclydesibe S1aR 81IRE BRI SEEreRRIGAI] GPing.o" gaIcHImNgdRoRng

a timng |oop, saitordessphasetiagin teFdRAltes conpri si ng: an :

unconstrai ned equalization algorithmblock coupled to the FIR filter, said

an unconstrai ned equalization al gorithmblock for calculating a direction
egtia g

|
for moving each of a plfralify Omeélﬂ?é,oriacﬁ"e&'&?%ﬁﬁ g8 dgviceap
wei ghts for each ofDASP)datd chiannef as egeited irgtaisn Riwheseid sdid step iobnompadng or

conparing a gain of | LR Tui ' : Ia Rt L1;

‘threshol d gain val Sgﬁ%‘%sg ol% yg%%?tﬁ%sﬁaﬁggg§&a§ o‘Jd%?lgﬂﬁ%%*@P? glé@!agr
said new tap wei ghess iR gaid selt "?ﬁ‘?‘ggﬁgﬁge lagaalig apd $aid gtep of incremeniajly

i Incr erreRt aIbI gaiknf ¢ audjustihg tirbek ot tipireriobp of tiediata chael sésponsivedoghidzat | OR
al gorithm bl oc 0 e
data channel res por_?s? %Ff‘d;ﬁ@éaf’édﬂa%jgﬁ @a#gyrgg?cﬁd gﬁé s@% V{aﬁﬁggﬁ%ﬁdde s! @%%r%&; ?F
val ues; and ineIamentaliy iRgieaging Saif Higing Rt 339 timing:teor definate @'%a%eal?a n
unconstrai ned equdhe FiR fitber. al gorithm bl ock for increnentally adjusting a

timng phase of the timng |oop of the data channel responsive to said

conpar ed phase | ag and - . ,
7. An equalization apparatus for a direct access storage device

(DASD) data channel including a finite impulse response (FIR) filter, a gain
loop and a timing loop, said equalization apparatus comprising:

an unconstrained equalization algorithm block coupled to the FIR
filter, said an unconstrained equalization algorithm block for calculating a
direction for moving each of a plurality of tap weights; for determining new
tap weights for each of a plurality of tap weights in said direction; and for
comparing a gain of said FIR filter for said new tap weights with a set
threshold gain value and for comparing a phase lag of said FIR filter for said
new tap weights with a set threshold phase lag value;

an incremental gain control block coupled to said unconstrained
equalization algorithm block for incrementally adjusting a gain of the gain
loop of the data channel responsive to said-compared gain and set threshold
gain values; and :

an incremental timing control block coupled to said unconstrained
equalization algorithm block for incrementally adjusting a timing phase of the
timing loop of the data channel responsive to said compared phase lag and
set threshold phase lag values. ) :

e

T



-10-* 8. An equalization apparatus for a direct access storage

devi ce (DASD) data channel as recited in'claim7 wherein said increnental
gain control block is responsive to said conpared gain greater than said
set threshold gain value for increnentally adjusting a gain of a gain |oop
of the data channel to incrementally increase a signal gain of said gain

| oap. 9. An equalization apparatus for a direct access storage
devi ce (DASD) data channel as recited in clal 7 wherein said increnenta
gain control block is responsive to said co red gain |less than said set
threshol d gain val ue fo8. i ncAragualization appara nﬁlSrfgradgaﬁtrawﬁsasmasﬁ Aevge of

tlge dit a Chaln.”e' t.t Aéeéaaﬁr%'nhxu &ﬁ%&é&ﬁ‘\t Qaif Ewerﬂﬁlsalmﬁc@m&tﬂaga?% :D;)Op
. An equalization acce 0 |

data channel as reE?‘Bté‘ﬁ ?W%d?é‘?ﬁﬂo‘?s'\xﬁg?@? qomgég?@dr??@{ﬂga\ﬁc%ﬁ bl ock
i's responsive to s#irdshadgainedlyhies indremegiady adjusting:a gein oft hgaioHerri optese

lag val ue for increapéiing fdheRhiehtaly intrdhsda RiMacgsih df Baidt aﬂhltﬂa oop of
the data channel for |ess phase | ag |n9t he FIR fllqhg ? g ﬁAn

equal i zation apparatus for a direct access stor age deV| ce (DASD) data
channel as recited in cBai mAngaualization sppatatys Br adinechacceshsiapgeidgricei s

relsr)onfSI ve to sai dt(efl Iaﬁcb el é@ﬂadxt@d% blaﬁxm?&ﬂieréxhrs%ﬁwmbférﬁémaagéx?gt ]
val ue or increnenta U (6] e
data channel for nm%P8 Elhbjgéék ?g%ﬁ‘% mﬁ?& #’Wi‘r?& nngsé Hgnn%ég%

equal i zati on met hodhreshold gain walve fordeerementaily @djusting again oh&ppindaen of ghnel

conpri sing the stepmatdthannel to increnfdritallyededigase albighaldam of sdidgai wopeach of
a plurality of tap weights; determ ni ng newtap vvel ghts for each of

a plurality of tap wei ghts in said direction; nparing a gain of
said FIRfilter for said® nemﬁﬂéﬂ%ﬁﬁﬂsaﬂﬁ?fq{“%f%@td'rqcﬁ?‘%%l5(30"65? ayigeue;
incremental |y adj ugDASD)alatRcharmfet as g@mﬂedhmcmmﬂ witereiheihereatemaldiming control

responsive to said b‘i&éﬂog 8%;&%%&‘?% e J}Eﬁ?hggéj na%\?ér?at‘éﬂﬁ’a%ﬁt threshold

conparing a phase | p(%
set threshol d phasephaég lagvalge for incrementaily asiisting @ timigajphase #f the tming lB‘PPa
timng |oop of saidofdné darheramakl for reesmuase@mohsalmm@tmar ed phase |ag

and set threshold phase val ues.
11.  Anequalization apparatus for a direct access storage device
(DASD) data channel as recited in claim 7 wherein incremental timing control
block is responsive to said compared phase lag less than set threshold
phase lag value for incrementally adjusting a timing.phase of the timing loop
of the data channel for more phase lag in the FIR filter.

12.  An equalization method for a direct access storage device
(DASD) data channel comprising the steps of:

calculating a direction for moving each of a blurality'of tap weights;

determining new tap weights for each of a p!urallty of tap weights in
said direction, :

comparing a gain of said FIR filter for said new tap weights with a set
threshold gain value;

incrementally adjusting a gain of a-gain loop of the data channel
responsive to said compared gain and set threshold gain values;
| comparing a phase lag of said FIR filter for said new tap weights with
a set threshold phase lag value, _

incrementally adjusting timing of a timing loop of said data channel
responsive to said compared phase lag and set threshold phase values.

A



