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HI GH PERh' ORVA. NCE DATA RECORDI NG BACKGROUND OF THE | NVENTION 1. Field of
the | nvention The present invention relates to the field of W%U m
recording. More particularly, the present invention relates g us
and a rret hod for inproving data recording performance of a magnetic storage
device a rates. ,2. Description of the Related Art A wite
driver ( ,”@IM’E’”G“ Cc storage devicé is a circuit that bi directionally

drives a vvr| nt through a wite head for recording data on nagnetic
medi a, such “5&'6% magnetic disk. Figure 1 shows an exenplary disk drive

system mmmﬂmnmﬂmmmwnagnetl C I eBYLPASS aviRgTe bRIVEﬂ.s ¥®Roosi tioned aver a

sel ecte magneiy eyl I@Rﬂ@lﬁ@m tﬁu%ﬁtrﬁ i rnpedunent
for inprovi| ngogg ormance of magnetic data recor ing at data rates,

that is) the eed at which data is witten to a nagnetic rredl um is that
the flux reversal tine for a transition is slowed by eddy current danpi ng
in the core of the wite head. Another inpedinment for inproving perfornmance
of nmagaetic data recordl ng ar e ParaS| ti c capacitances that are associ ated
with silicorBABKGRS D O H O AUG 2002 ,, , . 2 driver, the
i nductance and the parasitic capaC| tance of the wite head and the Iosses
due to the interconnect, geiesNtHemveitide dri ver and the wite head that
cause the rise and fall tinmes of the wite-current transitions through the
write head to increaseyp! s AearRdiow rglgﬁsggrfhgrﬁagc& b ﬁé?f% Mt&tr&o%hver
Figure 2 is a schematic bl'ock di agram show ng a parasiti c capacl tance
associ at ed rihye u resi stance R
parasitic c\g%é% é%gi%fa@éo‘éﬁca Icf%m[tﬁq ﬁ%ﬁ\%rc ? e|;1he%p Ta £ 0 inéod 1o ®

i nterconnect, nodell ed as a transnission |ine by the dIS&I’I but ed network
consi sting OFPIRERE dERTEPIIRERETIOINIYACE P é“&"&ﬁéﬁ? flaFrEs depioe As hygtetara jaies.
wite driver WD and the wite head. The rise and fall times of the
wite-current transitions are slowed because the wite current IWfromthe
wite driver must pass through the network shown in Figure 2, which
essentially forms a | @v Desa&ription of thd RelneatArt he wite head. The rise- and
fall-time increase al so degrades data-recordi ng perfornmance

A write driver (WD) in a magnetic storage device is a circuit that bi-

directionally drives a write current through a write head for recording data on magnetic
media, such 25 a magnetic disk. Figure 1 shows an exemplary disk drive system 10
having a magnctic read/write head 11 that is positioned over a selected track on a
magnetic disk 12 for recording data.

One impediment for improving performance of magnetic data recording
at high dara rates, that is, the speed at which data is written to a magnetic medium, is
that the flux reversal time for a transition is slowed by eddy current damping in the core
of the write head.

Another impediment for improving performance of magnetic data

recording are parasitic cupacitances that are associated with silicon devices of the write



by causing nonlinear transition shift (NLTS) effects during wite-current
"transitions and slowing the rield transitions in the magnetic, field at the
pole tips of the wite elenent. A conventional wite driver i BM@U{?QUUZ
gonfigured to have current switching H drivers, such-as FET drivers,
differential anplifier drivers and current mrroring Hdrivers. Such a
conventional configuration has a limted current output capability.
Consequently, a conventional wite driver has |limted capability for
conpensating fox the increase in flux reversal tune caused by eddy current
danping in the wite |lead, the parasitic capacitance associated with the
silicon deviieRs Bfe ihiGctide!fd mé &aefdc%aﬁﬁ%m f el SHead GRS MK Iots&ﬁhﬁﬁd
i npedance and the i nterconnect Igsses bet ween tﬂ d the

e wite driver an
wite head. Vﬁat i S need%d i ue t hat
8¢

hni f dy.
danpeni ng &PfBE AR '8?‘%"0 tegvg‘i’#:#bveﬁéﬂ ,thé\ﬁﬁqﬁgﬂg‘%gﬁisa&fi%gﬁtg‘éhsﬁérnﬁg? t

the parasitic capacitance associated with the silicon, devices of the wite
driver, thdaklriimgs pfathe] WHesiHERNt JRsitinns | Wreuelo Hise Mrite dyad dopinciash te
wite driver and the wite head to speed up the flux reversal tinme. SUMVARY
OF THE | NVENgtZdihglthe purfaemnnce of thet wrire driveri déigure 2 éx hnihpmatichblock diagram
conpensates for eddy current danpening effects in the core of the wite
head by praybeinpda pardkitit QapaithRRIC ! AAbcih@ARAIA WriYe dAVE WD GnSindddihce L,,,
steady-state wite current to decrease the flux reversal tinme in the wite
head. Addi t,i [RY h [ ] 2 r oM ' hat
compensat & ke Rnfubh iRfhic BYPHRE G BbOTRARIREMINE e ang an
devices of ;the wite d ivgr, the wite f}\eﬁﬁd 'brrﬁegaglce and the interc _nﬁlect

| osses bet WEEHFORREFLIRFqclcd 2F o SRnsRisIPRAINGDY 18 RENIPUTY, naResk Gamddingi 4o ne
aspect of the present invention, there is provided a magnetic-head
write-drivépdusianees by ansotrpcrpicifances Gubetvesca the wiritg drixes %’D ardihg Weteadiead nput
signal' and outputting a first wite signal related to the input signal, the
first witd&hsimgseahnhdali ngndsr ehgict wotescurtdue transitions Are atoveidr bedabsehthei weita
signal path between an input and an output of the wite-driver circuit; and
a by-pass @iV, Gréfihd weeddh €S rnkke PAsahlo8Eh HR Add@osd Gddn iRFEEueR2, thsch
wite-driver circuit, the by-pass driver circuit outputting an assi st

signal 1t NatssbiAHPRIIANCRAANAN diRP, ol felln Wel bfeshdiia) and adds a voltage to

the first wite sign rman output wite signal, the assist signal
being related to transitiaqns the first it i ) L0 - jver
circuit including a Qjﬂetr‘ 'E?Cfialljll {I'mg(x)r%crxéaé{:\é%otdgg%d??rﬁ%t r%c(.ﬁgl%g%ﬁ? gﬁ&
second vol f age, .the assi st signal, bei or.med .the.switch cirqguit
si nul t aneo %W%H‘é@f@ﬁ@"ﬁ%ﬂqq F@R (w-lgftgéﬁéggﬁf%l‘?é WESHEr R FRa oS ENdh e
output of the wite-driver circuit. In accordance with another aspect of
t he presenslowingetiei ford mansitions i fhe guaghetic Aieldetthibe pofc dpnel Biei widteaFlomeate
signal for a magnetic wite head, the nmethod conprising the steps of: -
0 8 AU G 2002 -4 recel \tongemjoniinpatte siriyral is hgpically tcomfigiteidotrs ;haveltqumteni-ng
first wite signal related to the input signal; e

switching H drivers, such as FET drivers, differential amplifier drivers and current-

mirroring H drivers. Such 4 conventional configuration has a limited current output
capability. Consequently, a conventional write driver has limited capability for
compensating for the increase in flux reversal time caused by eddy current damping in

the write head, the parasitic capacitance associated with the silicon devices of the write



generating an assist signal in parallel to a signal path between the input
"signal and the first wite signal, the assist signal being rglat ﬁ t
tran5|t|ons of the wite signal and bei ng formed by the fi r£§m& 8§Uﬂaal
belng connected sinultaneously to the first and second voltages through a
switch circuit, and form ng an output wite signal by conbining the assist
signal on the first wite signal by adding a voltage to the first wite
signal . In accordance with another aspé&ct of the present invention, there
is provided a disk drive system having a magnetic-head wite-driver
circuit, thge MRt ORAAhPYIAACE Al HEtGhoMEE 108QEMetwdeAGhe Fri fifedr i ver

circuit receiving an I nput S|gnal and outputting a first wite signal
rel at ed t @ndte wnisheadi gnal, the first wite signal having transitions, the

wite-driver ci it ha i n th betwee nput an _out put of
the. magnet & c- noihis neased freShitine a8 cqmpensiliy. R cuueR Griame

coupl ed | %fﬂ@@t&?ﬂth%|co¥efbttahﬁn§'tﬁﬂé1|wtﬁi%tﬂsd)(fon{ﬂ%ﬁséﬁnlgtf&' t@é?\(ﬁhtt@'cﬁﬁé&htﬁmcé he
by-pass driver circuit outputting an assist signal i s superinposed on

the first amlcta@dswxglnﬁie slivonalddiscsofitbé waigedticers the write Beadvimpedarsiegndithet o f or m
an output |te Si t he agsi st., si gnal ing relat ransi ti ons of
Che T Fat PIepEnH File bewEerd ot g and the' Reltf bk la diess 8 B

circuit copneqlafeto a first voltage and a second vol tage, the assi st
signal being formed by the switch circuit simnultaneously connecting the
first voltage and the second voltage to the output of the wite-driver
circuit. ; , shorten a current reversal tinme through
the wite =freat 5 i ? easi ng an anplitude of the output wite
circuit, and/ OlThEQ)rédéﬁf ﬁﬁeﬁt&l prodid@s Aleéhndfi}2that cotfpendites T @idy auga@si ti ¢
capa0|tance associated wth the output of the nagnetic-head witedriver
circuit bylagpening edfesisr nethe ¢ose oftheyrie head by providig aowrite gurrent et wite

signal to e t 0 nd to
2 Sor ect od R, StbeT e GerhdRs yRla Pt ShitpRe BN EOIA BRI
signal or tinfeindtheatriterhead. tAwlitsnllp] theipgaeht inventival providcs ERedmigRl fHdl ON OF
THE DRAW NGS The present invention s illustrated by way of exanple and is
not |imit QMPgnsRLRs faE Semparasitin gapaciiaress assacigher cwith |t1k%5thé%ﬁéwees ALiMRS al s

| ndi cat e S| dffyof UTRRLS hafinfbiilcClha b GhikRotna R SfecGXp Ayl sk
drive system having a magnétic Tea /mmlte hea W th - pass
write-dri \waenmddhctwrm:hmddl ng to the present invention can be used; Figure

2 Shore 8 neTR B S B, L RECRRSEE B R B BR

the wri terﬂi@%ﬂé—h@d@ﬂwﬁﬁﬁlﬁ%&%ﬂcﬁﬁ@&n rising; 0 8 AU G 2002 5 Figure 3 is a
schematic block diagramof a circuit topology for a k-th
a write-driver circuit receiving an input signal and outputting a first write signal

related to the input signal, the first write signal having transitions, the write-driver
circuit having a signal path between an input and an output of the write-driver circuit;
and

a by-pass driver circuit coupled in parallel to the signal path of the write-driver
circuit, the by-pass driver circuit outputting an assist signal that is superimposed on the
first write signal and adds a voltage to the first write signal to form an output write
signal, the assist signal being related to transitions of the first write signal, the by-pass
driver circuit including a switch circuit connected to a first voltage and a second
voltage, the assist signal being formed by the switch circuit simultaneously connecting
the first voltage and the second voltage to the output of the write-driver circuit.

In accordance with another aspect of the present invention, there is provided a
method of generating a write signal for a magnetic write head, the method comprising

the steps of:



St age Connection by-pass wite-driver circuit according to the present
“invention; Figure 4 is a schematic block diagramof a general circuit

topol bgy for a k-th Stage Connection by-pass wite-driver ci rﬁtﬂtA&j%(ﬂﬂﬁﬁg
to the present invention; Figure 5 is a nore detailed schematic bl oc

di agram of the topology for a k-th Stage Connection by-pass wite-driver
circuit according to the present invention: Figure 6 is a schematic bl ock
diagram of a circuit topology for an N4 Del ay Connection by-pass
wite-driver circuit according to the present invention; Figure 7 is a
schemati c bl ockeghi@afig amimlut fighdlMaving tlaRRAbRYY for a Voltage Override
by-pass wite-driver circuit according to the present invention; Figure 8
is a wavef or m diuipptiing & ficshivnide sigeatpélateyd ta theriemit sigaelef or ns associated with a

current step addition technique according to.th sent invention: Figure
o 55 waver or FEBPAGPEHT SR TGS RaEt s yo aaisebpith Seblicoi BY arpehidnal
current fungithdRrstwditd 4igMhll BE AA IRnACKN Ficled © tAnSitIBhESLME Wity 8fphhlON;
Figure 10O is d waveformdiagram show ng exenpl ary waveforns associated with

a vari abl endrpsing odeedilinithe Drst mate signalebeing ooniepigd simeltpaepuists entheifirstent i on;
and Figure_ 11 is.a wavef.orm.di agr.am.showi ng exenpl ary wavef orns associ at ed
wth a vol@éé@"‘%\‘}é’?ﬁ?@é tlﬂrggﬁh?aﬁgahgﬁc&td? to the present invention. .
~~03% AU G 20%nﬁngﬁi/&u@@ﬁg:%ammlﬁminﬁrt% akist isigyagn@ﬁ e MEOWHELes a

y

class of wite-driver circuits, referred to herein as -pass wite
drivers" (sEmalimsaddingavoltage te therfinst wite sigilal. age addi ti on t echni ques t her eby

i nproving data,recordin rformance at .high data rat.es . jn nagnetjc storage
systens, such a{g a@%%ﬁﬂ}cgr@ﬁh%g%iaép%??é’ﬁ%r\%eni%‘?egﬁ?&dh?ﬁd oV de iagure 1.
The by- pasiskrivessystemVering d GbgeticORal Agiteari @ cirb@it,nn@ﬁﬁgﬁeticm@ah&aa

out perform conventional wite-driver circuit topol ogies by reducing the
flux reverdHEr ¢irGhd GORPIISEEH i t e head used for recording data by tenporarily

I ncreasing the W L{euauE bR %Eéﬁ{nigfaﬁ?ﬁﬁﬁ?’géng% %2§%3§§%3‘1‘%§%ﬁte%@apy

reduci ng Non-Linear Transition the witing
process. Thiatedr@sthatinputvsigial othepfigy wadits sfgaukehating opakidgns shé eritBrivEls, such
as a k-th Sta Connection topology (Figures 3-5), an Nth Del ay Connection
t opol ogy (qﬂicaﬂ ﬁéwe; a sigrgl %@th/gﬁtw&@@ Sl prban Q‘HBPBWR? pegustic-hepd watlg- ¢
St age conqﬁg,te}apmﬁ?a}(g), as used herein, nmeans a by-pass circuit of the
present invention Is connected between the input of the k-th stage (k = 1,
2, ..., N of aby-pass-diivevercuiticonpietl imparatlbletodhid pighalgatthef the ivirgedriverer

a 4th Stage Connection topo hasabs-egﬁg circuit

Connect ed WS TIaR By HasT st ol RUPUARE ah 255+ el dY s arpimD i te
driver ci rfgd Hrite signal and adds a voltage to the first write signal to form an output write
signal, the assist signal being related to transitions of the first write signal, the by-pass
driver circuit including a switch circuit connected to a first voltage and a second
voltage, the assist signal being formed by the switch circuit simultaneously connecting
the first voltage and the second voltage to the output of the write-driver circuit.

The assist signal acts to shorten a current reversal time through the write head,

by temporarily increasing an amplitude of the output write circuit, and/or to charge and



Figure 3 shows a schematic bl ock diagramof a general circuit topology for
"a k-th Stage Connection BP WD circuit 30 according to the prg ylﬁ [2092
|nvent|on By pass write-driver circuit 30-includes a by-pasS Ci'r

that is connected between the input and the output of a wite-driver
circuit 32. The output of BP WD circuit 30 is , . 0 B AU G 2002
connected through an interconnect 33 to a wite head 34. According to the
invention, wite-driver circuit 32 cand4be a conventional single-path
wite-driver circuit. By-pass circuit 31 provides a parallel path to the
path thr Otaﬂdah%gb ta‘?mfhrsitié%rapfdltraﬁé’é éss&@at&d‘@‘ithaﬁéb&b& PhSmAEhdtR-HeHa Weilé-
transitions ite equalization parameters a and OT are Input to by pass
circuit 3driver ClUplntlb‘M adding BPurvnt 30) q‘r@nfmrclpgrawocltagapn,| the dirst ovnite signadBtoand/ or
wite head 34, aI|s i on pa nd oT res tlve trol the
Ll B PR e T0F el SEpdl G COmeRERT dg@ Bietisr abbets,

by-pass cCiffiyat vadies Gl Be AniphinfleSCM@EBIskit 8 kordth@%ﬁiﬁoﬂfofathg%ﬁétal
circuit topology for a 2nd Stage Connection BP WD circuit 40 according to
t he presentgnaheebothon. BP WD circuit 40 typically includes a wite-driver
circuit 42 having multiple stages S, through SN. According to the

i nvention, a by-pass circuit can he connected between the input of any

i nter medi FRIFEE PESCRIPATON OF PHEWRAWINGS Wite-driver circuit. The
architecture of_WD circurt (circurt 42) determnes the optinal |ocation for
connecting a Blffh@mr@aqnit mvg_ntmhellb;strmpd@wwaéi ofcrpmnplsf andi ig ppelimitedpy %o
circuit 4Q I%Hﬁy‘ §a S cbrcu t 41 coréng \nﬁ g)oﬁM'rteg drltverdcwcwt
42 at the FHPUHR? e1 o] 0}5 légrg SIFIGLD° e elftIBl}'fl PO Wi ver
circuit 42v1ﬁ&hthe Nth stage SN. Figure 5 is a schematic bl ock diagram of
another circuit topology for an k-th Stage Connection BP WD circuit 50
accordi ng to tKagyse dshewsi anevemplary didk duyecsystam hawogiayapgneds readdyrifeass

i o dr Vi ARt 28 VR RSP e Ao Rlde Bl R B oo, oy

Sl includesedonparators Cl and C2, positive tri gger single-shot circuits S1
and S2, a ~~ 2:S AU G 2002 su ng bl ock and acurrent source 54
formed by a di Famrp 2_L ?’ﬁwtsr%n%cp@flétﬂc g’%&la&f%r? HrPedaneese and \Raraiiyef i ned

to he the Basendifls RE&BKRARVHE YAFri@ drivBE MMhiteeh&H dn@Ntn interconnect between

the write driver and the write head;




Conparator Cl detects positive-going transitions in the input signal, while
conparator C2 detects negative-going transitions. Wen a tr ita&ﬁﬁgzﬁﬂz
detected, single shat circuit S 1 or S2 generates a pul se sﬂg

applied to current source 54 throuhg sunmm ng bl ock 53. The pul se signal
applied to current source 54 causes current source 54 to generate a
discrete current incres=ase in the wite current output that assists in
charging and diseliarge the parasitic ®apacitance associated with the
silicon devices of the wite-driver circuit, the wite head inpedance and

t he interconnect | asses between the wite driver and the wite head. The

characteristics of t hq:i%*érgaﬁg a GhlMgRIcdslpen disgrarh g & pizeiif tapologypfor 0k-thhe
single-shot circuits S1 and S2. '"that is, single-shot circuits S 1 and S2

may have a ginple sguare V. VRV : &% ivvintigge pul se
waveformth @%&f@é‘?‘%@ﬁ&y g%%ﬁ?@ﬁpdéh’}?éﬁ?mﬁé% odrEl tgttl&\ét)ﬁie&)out‘put lo " BP WD
circuit SO0. Wen a conplex voltage pul se wavef orm.is desjred. single-sliot
circuits S 1 and S2 egpégﬂf'éﬂtlé@tscgcrﬂgt%ﬁe@@r%@gfarﬁég Srﬁf‘?fﬁii' L%‘%@Pa‘g&ﬁ%‘aa
circuit function (CFA Figure 6 is a schematic block diagramof a circuit

t opol osy f ok-tiaStaght@oriDetayn BypascritemdiBrr \wceit peardinggo 48e pregsmdgnyatiohe
present invention. BP WD circuit 60 includes a by-pass circuit 61 connected
between a del ayed wri Fgusé Gniala makehddidledndhéasdc bibck deagrarth pittheofopalogy for
wite-driver circuit 62. By-pass circuit 61 includes difference circuits 64
that detect, i L ibEbYeREs WhHaNg itd-AiguRiactdifidgnBUhe $iaBR! inv&idioh; as
py s o Rt SERPEERRERR YRR WROBIEAuRacidiin B he PHABR vt

T IV B VA [ ( S ~ 3% AU G. 9.,.usi ng [ ; i -sh
circuits having varyi ﬁ&”ﬁjl%s‘é WG ‘?%P%kv\% lf“l%n%t\t/v% cﬂ%ﬁ%i&oﬁ%}ggﬁpﬁ ﬁhhde
control circuit 65 is coupled to the output of _%i fference circuits 64 and
control s tHeclanglannaerioroby-aassakicsdriver CHEWE 2¢5ArHE8 &Y TmPRRRRLATYERIP®N of
time between the wite data transitions. 13y-pass wite-driver circuit 60
differs from BP WD ci Fipuire 7593 selitimtic fdorérdiagramay fseisqust \npphogy doir# ¥mitage
changes, by providing continuous wite-current changes at the output of
Wit e-dri vegvetids Wytp80 writd-driecacipluit adderdidy tohthe wréseet mventémt, i s nodi fi ed
using a delayed wite signal, based on the wite data frequency, that is,

the spacing of the wigrLHrik @Nbavef@as iakARS shokyiBl GXbhiplary RErramka tedeiensof
the wite current is increased as the wite data frequency increases. The

cont i nuousl y-co .l ed L Ut : CJ j.t I 1M zed
Fo the wri vttt AT sftbirEln AR IRl e prbinl InpRIe 2
eddy current danpening in the core of ,the wiite head and conpensati ng, f,or
the parasitic capaci {ﬁ‘ﬁt‘@: bie% vleﬁcﬁf“hih%rﬁg] WB" ok ‘B(tjefrqu?—'iyg%arvnﬁ isémgcglt:d
schemati c bl ock diagramof a circuit topology for a Voltage Overri de BP-WD
circuit 70 VHEtacymsyt functipe aﬁﬁ“@%l‘ﬁmpﬁ\'}%ﬁf‘f%%."g B LRADPEESERATYE™0M nel udes a
by-pass circuit 71 connected between the k-th stage and a switching circuit
73 at the output of aFignie el0drs verwaveferoi tdiggramsehewhigngxenplen twapgforms
i ncl udes switches SWA, , ..

associated with a variable amplitude addition technique according to the present

invention; and

Figure 11 is a waveform diagram showing exemplary waveforms

associated with a voltage override trechnique according to the present invention.



S Wz, SWa, and SWB2, which can be fornmed in a well-kaown manner using

" bipolar transistors or field effect transistors. Control signals S and S
turn on an appropriate pair of switches SWA -SW, and SWB,-S bﬁ onnect
the wite lines to VS for generating a vol tage pul se"atvﬁtﬁam f BP WD
circuit 70 that assists in conpensating for the eddy current danpening in
the core of the wite head and in charging and di schargi ng 0 8 AU G 2002
- to the parasitic capacitance appearifng at the output of BP WD circuit

70. Control signals S and S are both off when there is no wite-current
transition present. Even though conventional wite-driver circuits are

typi cally cCDETAY . EDDESCGRIBDEINas wite-driver circuits 32, 42, 52, 62 and
72 shown in Figures 3-7, respectively, such a conventional wite-driver

circuit can use eit heThﬁgg%Eﬂtiﬂ\tlelﬁgﬁ{?gtfvgﬂ&lt%139.% of GRldrhver Airt MR, tdiBrred to

i nterconnect and witeé ccor e present 1 nvention provides

different BP WD cirgcuit topol ogLes ,sul far adding current, or vpoltage
for conpensMfiHgas oPYPRFRHIFC "fﬁﬁcﬁgz@lﬁ)' %Eﬁr‘fsgn‘t‘ggctngporaﬁ%lfatgfo ittt
techni ques requires a by-pass circuit to create current steps during

Wi t e- cur r etachitiquass Hierehysintprening ata segeadingpssfaemayirctan Bighrdatacratss iy BYEBSticc Ui t
out put current IW thereby producing an additional current step at each

Wri t e- curr essbrapré apséerhi,osuch Bhexeuphaty angaeitt dinbidrivadgstan tohshosur ineffigut bp i s
set by the wite equalization paraneters ~T and a, respectively. The k-th

Stage and thg Nybpdde! RYillRAPGC Liremt BLBFm@gte@p@f a8k €5reSR MhvkRtidH BuEREfoBmd

are the nost appropriate circuit topologres for a current injection

t echni que. Fi e i S a,wayv m di i r. :
wever orms. Genadiindt vEr SR ST LRo RIS Py R AR R Ak B B i
according to the present invention. Waveform 81 corresponds tq the output
current wafErdHpg @fde%ﬂ’%rﬁiﬁi"dﬁ’a‘l‘m\}?ﬁf“{r& HEASHE F(‘f’di‘?c‘(ré?‘}‘ feagh Wil 5ng
52) as-a function of tine. The anplitude of waveform 81 has a maxi mum
absol ut e varuenofevenalanad y redeingiNen-binesr Traavispay PRGANLILS efpenderippihs
current waveformoutput froma by-pass circuit (circuit 31, 41 and 51)

havi ng a nmexitingpaiesasl ut e anplitude of alWand a duration of OT val ue. Y,
11 Q 8 AUG Z702 It should be noted that the relative timng of waveform 82
with respect to that pfe yavek afveh@a prdideatetrilnofigties (6 BB WADYI sutrbs ky
chosen as an exanple only. The pul ses in waveform 82 rnay be nmade to

et or m 85 14 i CRREor fopogy (EPALE T3, TN Bliak (Rl SREBIREL
ti P I f. . Fi .1h | i fact ' f ti
of e wri b T ST AP Opiag (P 7T ot B e Shuiod, B X "

wite-current signal can be delayed so that a current function tg‘g can be
est abl i shedSwt hereedneasy 2 byrpass Sifenit 25 thqpresatdpyention ds gppnecied teprsen the
transition. Current function injection techniques, according to the

i nvent i on, inpadwi tiee &-thystagask =<ilk Qui. &, No of mewtite-drivaurairenit and et pwputdefrthag
wite-current transitions. A scaling factor is used for detetmning the
itlitial anplteideder efrciiheFoud@mpliitapik Shige lQRnbytioRasol6fy Bab 4 by-phes|circtiine
current Cunction f(t) is selected based on the desirable waveform of the

wite currepindRfvidios, | d drendrgad t%‘émf& bk e LR OERRErcultl gur e
9 is a wave o? m% agra‘%ﬁl .skﬁg\r/lﬁ]g exenpl Sér wav et onﬂjslﬁﬂ-t% alssom ate uvm'th a
current function f(t)gtnlecti AN § SARALASIATCEESN00f £ NS PLigR T opology

for a k-th Stage Connection BP WD circuit 30 according to the present invention. By-

pass write-driver circuit 30 includes a by-pass circuit'31 that is connected between the

input and the output of a write-driver circuit 32. The output of BP WD circuit 30 is



i nvention. Waveform 91 corresponds to the output current waveform of a
"wite-driver circuit (circuit SZ) as a function of tine. The anplitude of

vve}vef‘or'm 91 has an absolute value of 1", and a rise tithe G&Aupﬁzﬁggrm 92
corresponds to a current wavefotm output froma by-pass ci f C it
51) having a maxi mum absolute anplitude of alW a ranp function waveform
and a duration of ~T value for conpensating for the wite-current rise and
fall times T output by the wite-driver circuit. Here, switch SW. woul d
have a .« 44+, ,Z 08 AU G 202 continuous function instead of a discrete
function, The control voltage for S W1 would t fqr h esir. .
functi oa f(@C)nﬂgﬁédvrﬁhﬁoﬁgl‘-'iagdP@rc@m%\;’é\]{%&ﬁV@‘? P%alaf#e %fgé‘%dﬂ)@%}%t I?‘(‘gnlﬁo Hon,
waveforms 91 and 92. '1 his exenplary conpensation creates a desi r@d squar e
Wite currentitssadedrocirou®332 Astdbe iaoreabenjonahsingleipadh Buite-dRveFEEl YISt by
the by-pass circuit can be delayed so that the current function f(t) can he
pl aced at : i id®Ra s8] et th pathttarough fwritesiriviee cirenit 2 that assists
transiti on%lgﬁ@l ipﬁﬁ St aéieﬁCorrg)gti on BE WD t opol ogi es of higures 3-5 are
t he nost appropri.ate cucuit . ol Qg t FBétbrsfBed WdNark IReké 6

PG B R i R0, P S Bn orme

t echni que. vcrorm ram show ng exenpl ary wavef orns

101- 103 fated with a variabl itude injecti:pnt i i
Lo the pr eses clteviert: or optimvangie T 20 EOR RerloEE BE(eRRR A st no

Figure 6 is the nost appropriate for a, variable anplityde injection
t echni que. MHdéf%rEunzﬂbmﬂ@@pﬁrﬁd@dt%Tf‘ﬁée%mfﬁu‘i"“&fﬁ? a’édf‘“ SRPISPAT 33 o
write-driver circuit (circuit 62) as a function of tinme. The anplitude of

wavef or m 10durhafisn an iiabantdiit er waluye grhelawtl byvy-easraincedBleor responds to a
current waveform output froma by-pass circuit (circuit 61 ) having a

vari abl e ahsol ute anpkid dg jof sExehidid/blod@Egrarh of £ gendralngirchpaopaldly brtaveen
.successive transitions and Ié(T) is the functional dependence of the by-pass

current P(T)I on J. vef 03 I i d fi otgpswiol
and 102, T SR engohan Bpaytl fredl 30 SoRHARE RGOS pRCR inkeh O BF
invention nodukates the anplitude of the wite-current . '

1:u\r/r en!t t raﬁéqlilt”i ‘b(htbﬂ?‘&ﬁldelgpél}‘hfsg%M‘BﬁdBYerlm5cl.mtﬁ% fi‘wﬂﬁﬁ hu\({:\etlﬁ lgrsza g%m‘%“egh

mai ntains the wite-current anpltcude after a transiti onz1 as og%)sed 19 t he
two previ ouSy. AscordinggtoAlr @veproen, a by-pass circuit can be connected between Tie mpu f

any intcrmediate stage S, and the output of the write-driver circuit. The architecture of
WD circuit (circuit 42) determines the optimal location for connecting a BP circuit. In
the exemplary circuit of Figure 4, BP WD circuit 40 includes a by-pass circuit 41
connected to write-driver circuit 42 at the input to the second stage S, and to the output
of write-driver circuit 42 at the Nth stage Sy.

Figure 5 is a schematic block diagram of another circuit topology for an
k-th Stage Connection BP WD circuit 50 according to the present invention. BP WD
circutt 50 includes a by-pass circuit S1 connected between the input and part of the
output of a write-driver circuit 52. For the configuration of Figure 5, by-pass circuit 51

includes comparators C1 and C2. positive trigger single-shot circuits S1 and S2, a



13 injection techniques. Further, the anplitude varies only at the time of
'qhe réxt transition. Consequently, there i.s a conti nuouq,%;jag,k;a,nge i.n the
'\vvrlte current anplitude as a funeti~n of the wite-curreit . transition
frequency, as shown in Figure 10. For |ow frequency wite- c\tlj\nqp (}jG 2002
transitions, the wite current Iwis generated by only the rrver
circuit. For higher transition frequencies, the wite current is generated
by the wite-driver circuit and the bysgpass circuit, in which case the
wite current has an instantaneous anplitude given by: W= F(T) x | W +

| W, where FE(T) .depends _on the interval [j] and ] t he anou

current gené#&%"'é‘&ﬂ B&P':g 6i°PE‘EF't‘°“T3E5’r§‘{e§FP§F1é’y ‘G\Hb?ﬁg !#é 4 tr%““@(é& amd0
and when Ts ¢ To, F(T) = a(To Ts), where To is a selected transition tine
period, TS Rsurieat saures bbi- mbedcfsmnﬂstedwethc baﬁftodx@hranmhtuder@fnrbr-twramlrram a
is a scal ing constant. A voltage override techni que of the present

i nvention requires thedupapassCivdeters gosities-going cxansitibns it heimpuvsigtdgehieeps
(VW on the output of the WD circuit at each wite-current transition for

ggﬁr g[rﬂg gnrg%rp?%rgﬁ)'étrg ?ﬁ%%;gogg Qﬁ tf"rlExlﬁofl@S UWalent D@ Bnsidigh N\lae&'cfcﬁubxh{;lp

e voltage step I's set he wri
I t =T and Vol t Qv de BP
WD o ot ¢ %3&8@”@‘5&?r.ﬁzgsﬁ%&ase?%a%%@vmﬁsp%gwEq S Sus St G5 T o
a voltage step ' 0 8 AU G 202 14 addition technique. Figure 11 is a

wavef or m di %\@*@Fﬁ&sﬂ@% Ad- ér@rﬁb‘llsér-"}g'\ﬂbwlﬁijﬁ% C‘.‘L‘Iimlsl’ﬂ“é’s%"o‘é%“é%se‘a‘fwnf Fowce
vol tage step addition technique according to the presrnt invention.

Wavef or m 11 34 ¢corgeasaomdsdisarete haurat pasieaseringhe wWeileeéwrrent gfutputvehiat essibts wrer
circuit (circuit 72) a_s a function of tinme. Waveform 111 has a maxi num

absol ut e anglakgitgand®HiscMiraa therpaairicl FAPacfante asVaEQ WIhith sitiosn eoneRds o a
vol tage waveformoutput froma by-pass circuit (circuit 71) having a

maxi mum absglt &@é}pméuﬂd%heotqlvw,&radm%e@wc@tdngwhefmn%o}saéeeqo s&asfmémﬁel?»

i ~ the resultlng current waveform show ng the effect o ara i ng

vol tage wavef.orm.112 to out put of write-driver CII‘CUIt 72 by connecting
the wite Ilﬂéé?foc\@d%év Hﬁlyff litude indicated mFigure 11 can

The characteristics of the current change depend on the specific output of
the single-shot circuits S1 and S2. That is, single-shot circuits S1 and S2 may have u
simple square voltage pulse waveform or a complex voltage pulse waveform that
generates a desired current waveform at the output of BP WD circuit 50. When a
complex voltage pulse waveform is desired, single-shot circuits S1 and S2 each output
a waveform corresponding to the desired circuit function (CF).

Figure 6 is a schematic block diagram of a circuit topology for an Nth
Delay Connection BP WD circuit 60 according to the present invention. BP WD circuit
60 includes a by-pass circuit 61 connected between a delayed write signal path 63 and
part of the output of a write-driver circuit 62. By-pass circuit 61 includes difference

circuits 64 that detect a nmc period between transitions of the input signal, such as by



be coenveniently nmaximzed to V, by the switching circuit 73. Wile the
preseHt invention has been deswigdsediifiisonnestion wthsithe. ikl ustrated
®nbodinents, it will be appreciated and understood that” nodifications may
beé made without departing fromthe true spirit and scope of the invention.
~ 8 AU G 202 -15 THE CLAIMS What is clained is: 1. A magnetic-fehdAUG 2002
write-driver circuit, conprising: a wite-driver circuit receiving an i nput
signal and outputting a first wite sighal related to the input signal, the
first wite signal having transitions, the wite-driver circuit having a
signal path between an input and an output of the wite-driver circuit; and
a by-pass dusingtriggeredisingleeshpt eiccuits hpwingivaeiing pulshwidshyimed wpltknowhn mammer.
wite-driver circuit, the by-pass driver circuit outputting an assi st

si gnal that AnsarfiplRit @BREEdcieduit 68 if cowiledvd the GugMadf Gifftrenddciultdlehagy t o
the first wite signal to forman output wite signal, the assist signal

bei ng rel at . it 3 LSt j i i 'ep@e?ﬁ{ iher
circuit i ncﬁ%&f(ﬁbghg: S lﬁtkﬁ@élf ?‘iﬁ%stm gg}g%@cltw\é\ﬁ s%cgoxz tﬁ]ﬂ?nél?)lsf §§1e an eg[[ e
second vol tage, ,the assjst signal being, forped e swt L LCyit,

si nul taneougf"(??&‘/c gt rtensiegs ¢ ﬁ%"g'P?slsé"(m\?'dﬂ’tvﬁﬁé"S\WH%ﬁt ?éé&%cé%ﬁi{ég%r% the
output of the wite-driver circuit. 2. The nmagnetic-head wite-driver
circuit accwhihngenemtes diserete, wrikreewsrent tohanges s Py tPravigingl coasinousowWsloeureenia
current reversal tinme of transitions in the output wite signal. 3. The
magnet i c- heathnges atethdrduvmn ofi widktdrivac cocuii 80. tDhechraphimde ofitler eirite thremsisi st
signal further adds a current to the first wite signal to formthe out put
wite signahod#fied IR RAREYES WIREiMal, RsE M Qhe Girite Wata REQRIEY NEhat G Chal M
|, wherein the assist signal acts to tenporarily increase an anplitude of

t he out put L: ignal. 5. T neti e« n Lte-driver ci ' :
accor di ng tsﬁfa%xltngioi]cg? %%?%ﬁrﬁ"qﬁ'ﬁag&glgg?'s@ g‘?g at}%lf‘ ﬁﬁpﬂédrd\ézﬁc}gé gﬁ @%?Elrlgﬁ%t %o
the first signal to formthe output wite signﬁj. 0 8 AU G 2A02 -16 6.
The magnet i BEKad i et doip EUERMt MEERSTSi et @ EPRRYHYTCORFREIEd] FHTEeRE
assi st signal charges and di scharges a parasitic capacitance associ ated

W th an outqpuputofromhBP Mgneircuit Hiéasl opriiized deithe writercotrent tFnsitine frequency,
magneti c-head wite-driver circuit according to claim®6, wherein the assi st
si gnal furttheebnaddmpensating éort the @dipheufremstampening isithmadretad themrite headatdut
wite signal. 8. The magnetic-head wite-driver circuit according to claim

1, wherein dofipeasssingtfos tpdraditic t4REitRRESippetibp £ e WD i rst wite
signal to formthe output wite signal. 9. The nagnetic-head wite-driver

circuit according to Igi%@tien? R 2 WAGHSHD bidag diagram of a circuit topology for a Voltage

Override BP-WD circuit 70 according to the present invention. BP WD circuit 70
includes a by-pass circuit 71 connected between the k-th stage and a switching circuit 73
at the output of a write-driver circuit 72. Switching circuit 73 includes switches SW,,,
SW,,, SWy, and SW,,, which can be formed in a well-known manner using bipolar
transistors or field effect transistors. Control signals S and S’ wrn on an appropriate pair
of switches SW,,-SW,, and SWy,-SWj, to connect the write lines 10 +V for generating
a voltage pulse at the output of BP WD circuit 70 that assists in compensating for the

eddy current dampening in the core of the write head and in charging and discharging



added current signal corresponds to a selected function f(t). 10. The
" magnetic-head wite-driver circuit according to claim9, wherein the

sel ected function f(t) varies one of an anplitude of the assi \ d
a duration of the assist signal. 11. The magnetic-head wi te-mq ﬁ@@zp@g.t

according to claim8, wherein the wite-driver circuit includes a plurality
of stages, and wherein the by-pass driver circuit is coupled in parallel to
the signal path of the wite-driver cigcuit between an input to a selected

stage of the wite-driver circuit and at |east part of the output of the

wri te-driver aht ghiakitic bipacflaflE Ot AFEEADUNGE B WHLRoH 902\cdhlbl @

magnetic wite th onprising the steps of: receiving an input
si gnal haigmis § aahSidre both;ofOwhgutheierigna wirite-strreat itipsitogpebentel ated to t he

i nput signal; generating an assist signal in parallel to a signal path
between the i Gioug CoRYratiomd VritedIVGF (ATEuls affa PGy GuEent ArpSnal

bei g { & RERds baik-HADS GANP 18147 39, U bhE 72 WAAR in Fllafos 7 Ge8fRAvell 20

bei ng forned Irst wite sSig ei ng connected sinul taneously to
t he fir stsualnd cemeatidnal writegleiser dironitghn asseitlttee b coiremtuantl/or anHadecsigriahtp an

P i b A Bheoaec o sl  E5cerheS: B hespent ivertin ratHEn
accor di ngy;kBrefl PN WhH  AREfEld ofo?ﬁsa%iaﬁfe ?&gﬁahing%lﬁ’r%n@ &N ol % gofUr rent
n e ignal. 14. T

reversal time of transitions output wite nmet hod
accor di ngompensatingfdidyarasiter @ipacitanee.assi st signal further includes a current

signal, and wherein the s of formng the output wite signal further
SHae e o ok it 5> 3ERof feehiaies Tote S By I i R e ot
Wite sigfés-duting wite-ciREMOFRRRAS tandrd ﬁp@ﬁﬁbgaea%n aargletirtvRe ca& st St

signal acts to tenporarily increase an anplitude of the output wite
ci rcuit. ougputTerenelddbieraleyx pradupiggtan addationall Surretietep at edsd wtsi@rrest gnal

further includes current signal .andt?:f/n rein the step of .forpmng.the
out put wif TSRy nainer firaien Al @neisBes ol i TR i 6o e T S t e
si gnal  t GghQiZRibh Hapithditts A bh@ oc?'rgdib%&tivec]}yz- ThE&-feShgd a8 GRE WRDEIL, cl ai m
12, wherein the assist signal chargés an
Connection BP WD topologies shown in Figures 3-6 are the most appropriate circuit
topologies for a current injection technique. Figure 8 is a waveform diagram showing
exemplary current waveforms 81-83 that are associated with a current step addition
technique according to the present invention. Waveform 81 corresponds to the output
current waveform of a conventional write-driver circuit (circuit 32, 42 and 52) as a
function of time. The amplitude of waveform 81 has a maximum absolute value of I,
and a rise time of 7. Waveform 82 corresponds to a current waveform output from a

by-pass circuit (circuit 31, 41 and 51) having a maximum absolute amplitude of aly

and a duration of AT value.



di schar ges a parasitic capacitance associated with the output wite signal.
18." The net hod according to claim 17, wherein the assist signal further

* ncl udes a current si gnhal , and wherein t he step of formng the

Si gnal further adds the current signal into the first wite &@BI ALQGW@W
the output wite signal. 19. The nethod according to claim 12, wherein the
assi st signal further includes a current signal, and 08 AU G 2002 - is
wherein the step of formng the outputiwite signal further adds the
current signal into the first wite signal to formthe output wite signal.
20. The nethod according to claiml19, wherein the step of generating the
assi st si grialshgedesanosdt that che reladives tigriag of owavefemm d2nyithoreapese| te cthed of
function F(t). 21. The method according to claim 20, wherein the sel ected

function vawa\@?orﬁp@]zgfdie}%e@%xghmlsoimmﬁlﬁéﬁdseh a§ bl RR4mplRbrdy.d Tha ipuRBs Of

t he assi st si gn od according to claim19, wherein the step
of generati.n as [ Si to
at lonst o iBoAYFR s%ﬁ%ﬁg%@ﬁh%mﬂﬁ Bi*n%utﬂ;%’égvﬁéﬁn%%ﬁ% e
first wite si naI 23 AdISk dr | system h

write-drivéfYa"éP 81, Wavsformyd1s the SEIPQRHATL0 Wxgﬁé?mafi 45%053‘3““5 N a
write-driver circuit receiving an i nput signal and outputting a first wite
signal rel ey ¢caebtiori BBV Dstogolagy of irégure os then: iseaing rgﬁrar ihafunsgion of the
transitions, the wite-driver circuit having a signal path between an input

and an out wt[egﬁr&h@trmm ia%.haada,vsrsietxﬁlaﬂfdd\wovsl the Wirtite-cungd n8 sigpalpeasishe
driver circuit coupled in parallel to the signal path of the wite-driver

cireutt, 1heh gﬁﬁﬁf&r&u\f&rﬂ[ BlalcEidh 1P AR UL b6l cHaa 38 & ikired GRAL ShPhs Lk
superlrrpose irst wite S|ga and voltage to the first
wite si gnal L9 an outFput W ite signal, the assist signal being
rel ated to ¢f" ‘hfs‘f 'r(fn‘élrf)ef" ABSIEPst write signal, the by-pass dri ver

circuit including a switch circuit connected to a first voltage an
second vol tage, the &<¥Fedt fyicHAR INBEHORFCEIMNGHES. BYFOrdias é%lleclﬁ"“crl“roé’uﬁq””e

si mul t aneousl y. connecting the first voltage and the second voltage to the
out put of ulby-pass cizewt toveneateiar quient fidwtio deriog siritehcentsiyartsgimnac coiselilimg t o
claim 23, wherein the assist signal acts to shorten a current reversal tine

of transitrRRs isNiskdgoOUéPthinig ibe ifirghahplidie offhe Puide slithmebys et BFpass

according to claim 24, wherein the assist signal further adds a current to

the first wpihe ﬁﬁl%ﬂle chRed @M ddMer QY Riidcrdd hdsed 8h I@lesirablR WavRkhrt P8¢ - 19
write current providing the write head optimum magnetic performarce.

Figure 9 is a waveform diagram showing exemplary waveforms 91-93
associated with a current function f(t) injection technique according to the present
invention. Waveform 91 corresponds to the output current waveform of a write-driver
circuit (circuit 52) as a function of time. The amplitude of waveform 91 has an absolute
value o( I, and a rise time of 7. Waveform 92 corresponds to a current waveform output
from a by-pass circuit (circnit 51) having a maximum absolute amplitude of al,,, a ramp

function waveform and a duration of AT value for compensating for the write-current rise

and fall times 7 output by the write-driver circuit. Here, switch SW1 would have a



. 26. The disk drive system according to claim 23, wherein the assist signal
acts t'o, tenporarily increase an anplitude of the output wite signal. 27.
The di sk drive system according to claim 26, wherein the assi sﬂ BSWUQ 2{]02
further adds a current to the first wite signal to formthe output wite
signal. 28. The disk drive systemaccording to claim23, wherein the assi st
signal charges and di scharges a parasitic capacitance associated with an
out put of the nagnetic-head wite-driver circuit. 29. The disk drive system
according to claim 28, wherein the assist signal further adds a current to

syt em accorniyis neidh S8Rt i BHroielebe, PoPBRor Fppdtfornf it ©

current to the first wite signal to formthe output wite _signal. 31. The
di sk drive dhen omndbedesirssgfunetion {pmhawn ipFiguse 7. (Wavelade 83 du esHperppgjHan
corresponds to a selected function f(t). 32. The disk drive system

accordi ng t ofcvaveforgis, 9 Waed 82 n THie esahplatyecoriprnsatiancrede) avdesivel sqnee ofritan
anplitude of the assist signal and a duration of the assist signal. 33. The

di sk drive sufsbRiMvacgonsong Addigdrlly) &8 wribenfien: Jifiel wifpueby (HeMSLp £k Lt it
includes a plurality of stages, and wherein the by-pass driver circuit is

coupled in pargl 'd%latygg sh 'zﬁagtghggel{rﬁg%ﬁc@en gB?caWﬂethﬁé&B! aY%rdcgirg;m eeéggamep

an input to a selec Sta wri -dariver rcurt an par

of the output of the wite-driver circui 4. Jhe net.i c- .
o o vt ERrRIT OF ACKOEAURETE Bogitifn The i Shee PREVEHPEBISHD cnsiogies
vol tages are power supply voltages. 0 8 AU G 2002 -20 35. The met hod
accordi ng t 6f Eigires 32 araitesr wosf apheopiafeseur@idopelepiss farot ¢urerss facdiop djeetion
supply voltages. 36. The disk drive systemaccording to claim 23, wherein
the first ardhsigaend vol tages are power supply voltages. . A@GR A2

L AS?. Aa9. AS2. Al . An, . A5. A. A?. AY9% AR. AF. AF, ?. Al LA 2

LA ACAR A?. A@! Ug$Sz=KRfre 10 is a waveform diagram showing cxemplary waveforms 101-103

5{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c

a] ca] ca] ca] EsAsé‘l{S&hC%&f %ULEnaadlé: Tﬂﬁﬁ%(ﬁ:@!igﬁé&mn technique according to the present
invention. The Nth Delay Connection BP WD topology of Figure 6 is thc most
appropriate for 4 variable amplitude injection technique. Waveform 101 corresponds (o
the output current waveform of a write-driver circuit (circuit 62) as a function of time.
The amplitude of waveform 101 has an absolute value of ly,. Waveform 102
corresponds to a current waveform output from a by-pass circuit (circuit 61) having a
variable absolute amplitude of F(T)I,,,. where T is a time (period) between successive
transitions and F(T) is the functional dependence of the by-pass carrent [{(T)lyp on T.
Waveform 103 is the superposition of waveforms 101 and 102. The variable amplitude
injection technique of the present invention modulates the amplitude of the write-current

with the write current transition frequency (period of T). This particular technique

maintains the write-current amplitude after a transition, as opposed to the two previous
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A voltage override technique of the present invention requires the by-pass
write driver circuit to create voltage steps (V) on the output of the WD circuit at each
write-current transition for charging the parasitic capacitance Cp much faster than the
WD circuit 72 can. The durarion and amplitude of the voltage step is set by the write
equalization parameters AT and aVy, respectively. The Voltage Override BP WD

circuit topology of Figure 7 is the most appropriate topology to use for a voltage step
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amplitude of 1y and rise time of 7. Waveform 112 corresponds 1o a voltage waveform
output [rom a by-pass circuit (circuit 71) having a maximum absolute amplitude of oV,
and a duration of AT value. Waveform 113 is the resulting current waveform showing
the effect of parallelling voltage waveform 112 to the output of write-driver circuit 72
by connecting the write lines to +Vs. The oV, amplitude indicated m Figure 11 can
be co‘nveniently maximized to V¢ by the switching circuit 73.
While the present invention has been described in connection with the

illustrated embodiments, it will be appreciated and understood thar modifications may be

made without departing from the true spirit and scope of the invention.
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What is claimed is:

1. A magnetic-head write-driver circuit, comprising:

a write-driver circuit receiving an input signal and outputting a first write signal
related to the input signal, the first write signal having transitions, the write-driver
circuit having a signal path between an input and an output of the write-driver circuit;
and

a by-pass driver circuit coupled in parallel to the signal path of the write-driver
circuit, the by-pass driver circuit outputting an assist signal that is superimposed on the
first write signal and adds a voltage to the first write signal to form an output write
signal, the assist signal being related to transitions of the first write signal, the by-pass
driver circuit including a switch circuit connected to a first voltage and a second
voltage, the assist signal being formed by the switch circuit simultaneously connecting

the first voltage and the second voltage to the output of the write-driver circuit.

2. The magnetic-head write-driver circuit according to claim 1, wherein the

assist signal acts to shorten a current reversal time of transitions in the output write

signal.

3. The magnetic-head write-driver circuit according to claim 2, wherein the

assist signal further adds a current to the first write signal to form the output write

signal.

4. The magnetic-head write-driver circuit according to claim 1, wherein the

assist signal acts to temporarily increase an amplitude of the output write signal.

5. The magnetic-head write-driver circuit according to claim 4, wherein the

assist signal further adds a current to the first signal to form the output write signal.
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assist signal charges and discharges a parasitic capacitance associated with an output of

the magnetic-head write-driver circuit.

7. The magnetic-head write-driver circuit according to claim 6, wherein the

assist signal further adds a current to the first write signal to form the output write

signal.

8. The magnetic-head write-driver circuit according to claim 1, wherein the

assist signal further adds a current to the first write signal to form the output write

signal.

9. The magnetic-head write-driver circuit according to claim 8, wherein the

added current signal corresponds to a selected function f(t).

10.  The magnetic-head write-driver circuit according to claim 9, wherein the
selected function f(t) varies one of an amplitude of the assist signal and a duration of

the assist signal.

11. The magnetic-head write-driver circuit according to claim 8, wherein the
write-driver circuit includes a plurality of stages, and

wherein the by-pass driver circuit is coupled in parallel to the signal path of the
write-driver circuit between an input to a selected stage of the write-driver circuit and

at least part of the output of the write-driver circuit.

12. A method of generating a write signal for a magnetic write head, the
method comprising the steps of:

receiving an input signal having transitions;

outputting a first write signal related to the input signal;

generating an assist signal in parallel to a signal path between the input signal

and the first write signal, the assist signal being related to transitions of the write signal
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13.  The method according to claim 12, wherein the assist signal acts to

shorten a current reversal time of transitions in the output write signal.

14.  The method according to claim 13, wherein the assist signal further
includes a current signal, and
wherein the step of forming the output write signal further adds the current

signal into the first write signal to form the output write signal.

15. The method according to claim 12, wherein the assist signal acts to

temporarily increase an amplitude of the output write circuit.

16.  The method according to claim 15, wherein the assist signal further
includes a current signal, and
wherein the step of forming the output write signal further adds the current

signal into the first write signal to form the output write signal.

17.  The method according to claim 12, wherein the assist signal charges and

discharges a parasitic capacitance associated with the output write signal.

18.  The method according to claim 17, wherein the assist signal further
includes a current signal, and
wherein the step of forming the output write signal further adds the current

signal into the first write signal to form the output write signal.

19.  The method according to claim 12, wherein the assist signal further

includes a current signal, and
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21.  The method according to claim 20, wherein the selected function varies

one of an amplitude of the assist signal and a duration of the assist signal.

22.  The method according to claim 19, wherein the step of generating the
assist signal generates the assist signal in parallel to at least a portion of the signal path

between the input signal and the first write signal.

23. A disk drive system having a magnetic-head write-driver circuit, the
magnetic-head write-driver circuit comprising:

a write-driver circuit receiving an input signal and outputting a first write signal
related to the input signal, the first write signal having transitions, the write-driver
circuit having a signal path between an input and an output of the magnetic-head write-
driver circuit; and

a by-pass driver circuit coupled in parallel to the signal path of the write-driver
circuit, the by-pass driver circuit outputting an assist signal that is superimposed on the
first write signal and adds a voltage to the first write signal to form an output write
signal, the assist signal being related to transitions of the first write signal, the by-pass
driver circuit including a switch circuit connected to a first voltage and a second
voltage, the assist signal being formed by the switch circuit simultaneously connecting

the first voltage and the second voltage to the output of the write-driver circuit.

24,  The disk drive system according to claim 23, wherein the assist signal

acts to shorten a current reversal time of transitions in the output write signal.

25.  The disk drive system according to claim 24, wherein the assist signal

further adds a current to the first write signal to form the output write signal.
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28.  The disk drive system according to claim 23, wherein the assist signal
charges and discharges a parasitic capacitance associated with an output of the

magnetic-head write-driver circuit.

29.  The disk drive system according to claim 28, wherein the assist signal

further adds a current to the first write signal to form the output write signal.

30. The disk drive system according to claim 23, wherein the assist signal

further adds a current to the first write signal to form the output write signal.

31.  The disk drive system according to claim 30, wherein the added current

signal corresponds to a selected function f{(t).

32.  The disk drive system according to claim 31, wherein the selected

function f(t) varies one of an amplitude of the assist signal and a duration of the assist

signal.

33.  The disk drive system according to claim 23, wherein the write-driver
circuit includes a plurality of stages, and

wherein the by-pass driver circuit is coupled in parallel to the signal path of the
write-driver circuit between an input to a selected stage of the write-driver circuit and

at least part of the output of the write-driver circuit.

34,  The magnetic-head write-driver circuit according to claim 1,

wherein the first and second voltages are power supply voltages.



10< 10<3: 10%& ()- S8:10%<& ()-tufuuvWvvdEbC 10: 10%& () - 10%& () -

1 10%& ()- 10%<& ()-,:109%& ()- ylO%& () - vv2w{ wwiXxdEbC 1008 AUG 2002
@ 109%<&' ()-! MLO%& ()- 10%<& ()-s:10%& ()-910%& () -

1109%<& () - Xxxxy*{u{{dEbC 10 610%& ()-5MLO%& ()- )& 10%<& ()-(MLO%& () -
y&10%<& ()- $!'10%& ()-{]elf|glh|lv]|{]]|bC 10 910%v& ()-I

10908 () - #10%w& ()-1 10< 10< 10<3; 10%<& ()-9MLO%& ()-|} W }} D~h~dEbC 10
109v&' ()-1!10%& ()-910%v& ()-yl0%VE-QP~910%VE&' ()-410%&' ()-h~~PdEbC
10&10%VE' () - SMLO%WE' () -! 109%V& ()- 910%v&' ()-10%v&' ()-L910%WK' ()-c<dEbC
105" 1 109%v&' () - SBMLO%WE' () - 1&10%vE ()- 9OMLOWVE' () -

Y+! 10%&' () -) MLO%WVE' () - #dbC 10F 10%@& ()-#@0%&&' ()-F 10M 10M 10M

; 910%VE' () - 9s 1TPAVE' The méthdd Wddirding to dain OF wHy@s tife firét@uibaagond vdltages
31092 () -: 10‘V@3§¥%- 1&%@ ()- "10%2& ()- Normal"™ "Heading 13]c" "Heading
23] c" " HHRPAYCHIPRYY VAllageH ng 43] c" " Headi ng 53] c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heading 93] c"A "Default Paragraph FonteE

$+18( @Mr9zerdCkvqgybs)f"e*4 <fIT\f nvWKYZ[\]" “abcdq. "% J!"#%"'),

.{/ b1L34S648: 3¢y @ Blie) diskiRIr{YeSTiy <ctdrding+Hof glajnk i?Bnsdeyein the first and
ttvXx{| h~ef ghj j k] mopqgr st uvwx f{\lo}1~6Ti mes New RomanAri al Courier New'h Root
Ent r yWor oS5 tages TP'P%%&S“P% Y voltages 23456789: ;

<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~



