; pge3ef cL. zn6T?F( WD 00/ 79521 PCT/ EPOO/ 05107 Wite drive apparatus. The
invention relates to a wite driver apparatus for witing an information
si:gnal_ on a nmagnetic record carrier and hard disk drive provided wi'th the
wite driveypRpehatus. A wite driver apparatus as defi neHCniEBasHIQWN
from USP 5, 668,676. The wite driver apparatus is neant for incorporation a

hard di sk drive (HDD). The known write dfdiver apparatus
di sadvant ag}e,that it does not function properly for verWW”ﬁ' M,Wt es. 10
The i nvent MORE GRYF2PEFa Y ovi di ng an i nproved write drive chis

capabl e of recording data with higher datarates than now po8%i¥#te with
known driver apparatuses. The wite driver circuit in accordance wth the

invention conprises 15 - a first and a second i nput term"lmm"mni mmw for
receiving the information signal, - a first point of a ) m t
potential (+), - a second point of a second constant potenti@lpk-). - a
write head conbination (32) having a first and a second input (34,36), - a
first current sink May¥im@ndon it tdd wnidvivarapparatus fr waitihp &s inforyadon havi ng a
first main el ectrode 20 cou(gl ed to th f%rst oi nt . of const ant, %otential, _
havi ng a s&igeaan Amagneicaeqorberny 3agharg disk dppepreyided with twrt‘%%‘v f the wite
head conbi B?;&a}m. Kivikitd dfiver apparatied @pired(aB8Ye knowd fRONCUSP 5668,6V&Ct r ode

coupled to the first input termnal (20), - a second current sink having a
second transistor (T4) of the first type, having a first main el ectrode
coupl edsto the first point of constant potential) having a second nain

el ectrode 25 coupled_ to the second input 6). of the wite head .conbination
via a second i npedaridé “(rktachaﬁapaaﬂf%dgwm(‘?ﬁ‘m%@"d%E?QHIS?g‘"%e second

i nput  t er M@EBD).(Fhé known Fritd driver spphral hasSBe BisRIvARY g Pt ddsd fist fancdBsi St or

(T1l) of the first type) having a first main el ectrode coupled to the first
i nput ( 34) peAperyfor Xpry theghlaa®Sonbi nat i on, having a second main WO

00r 19521 PCT/ EPO0/ 05107 2 el ectrode coupled to the second point of constant
potential) and a control electrode coupled to the first input term nal
(20), -19a second current source having a fourth transistor (T2) of the
first type, having areiihhtioplifis @l REHEIRESN GAHBYEACNS die cREGORRCA BPUL Of
the wite head caonbination, having a second main 5 ele ﬁ({rﬁode coupled to the
second poi fePable of Frstding daowwhhighgr datgates thap gy pgpsible 8’&"(% QP HAFh| ed to the
second i npyppdetng¥snal (22). The invention is based on the recognition that
the high parasitic output capacitance, as res| I‘Sl of the output transistors
havi ng their col | ectBiesV s dprEgireyt ‘f‘ﬁ%c%‘?ff‘fﬂu‘f”%b SENEMI CRPHF S ver circuit,

i npede jishe _uSRs@hd K BRWAd Wphittemed) VIB225 fdrGeteivnglthe inf@mandh sighal,

- a first point of a first constant potential (+),

- a second point of a second constant potential (-),
- a write head combination (32) having a first and a second input (34,36),
- a first current sink having a first transistor (T3) of a first type, having a first main electrode
20  coupled to the first point of constant potential, having a second main electrode coupled to the
first input (34) of the write head combination via a first impedance (38), and a control
electrode coupled to the first input terminal (20),
- a second current sink having a second transistor (T4) of the first type, having a first main
electrode coupled to the first point of constant potential, having a second main electrode
25  coupled to the second input (36) of the write head combination via a second impedance (42),
and a control electrode coupled to the second input terminal (22),
- a first current source having a third transistor (T1) of the first type, having a first main

electrode coupled to the first input (34) of the write head combination, having a second main



10 information at higher data rates. By adopting a circuit in which the
output transistors are all of the sanme type, the parasitic out put

capaci tance is reduced, so that recording at higher data rates becones
possi bte. Pwafeerafsky, with an information signal of a firsPCHEPYYISI]
supplied to the to first and second input termnals (20,22), the first
current source is adapted to generate a 45 first content of pr edet er m ned

anpl i tude {d#¥de doupied the §e%sncp,smtep&m§tan&w§maﬁ and £6brtsl ab&%d@c&%‘féaﬂg

current of anplitude substantially equal to x.I, where x is a constant
smal | er t hefimt ingvdermigal &0dond current sink is adapt ed to sink a th| rd
current of, tcuﬁlatwpésmnlgalfbﬁfm%akmmzb oF i ffrﬂ&ﬁ: atv&

conbi nati on wherein-with an information signal of & secon

pol ari t y) destrodd éoeplsémhqt fecand igputaf theyvritehasd(cominagon, having g sttcomhmaigecond
input te @Qﬂ,g

gener at e a %?P?ceér?t%glgﬁ stpgg‘%fﬁc{]ﬁ}ﬁgge&ﬁtaﬁ%ﬂ Eéj‘u‘ﬁ% ﬁﬁ?&% &ﬁgj og?alcon b Edh ?cgr%? si nk
i s adapt edtht secendirput terminab2).of anpl i t ude substantially equal to x. 1, and

the first current s el E%n t

substantial ly equal hgué)mlbé]\t/l?g%t he vc\)/?‘?t% e %ogﬁn%?{r}aléhop w&)&@ﬁe wite
dri ver appeepacitancei 73 resslt of thaeu@uiifanbistorschaying thein apticaiora bbupded th ¢heouwtguei bf

i npedance r. i edance of the
wrte 25 nsHSE G Ee B LWt tnchfh e FEOB! ol RordB2G"00d 2

el ectrical mfmn&mahhebmd@h rgés. By adaepting faew:u:trm Ivdnqx the outphtatansistorsprd albdf
driving of d possi bl e
to use NP %rans tgir“:&Lg FS@{.}RR%F' ﬂ'{cggsﬁe%u;!;?%lf!o?ﬁlag&tckﬁmgvnﬁsgeﬂ |:’l\/r%tr":s
circuit) whcohesqpossitles t he accommodation of the circuit in a smaller |C,
because it requires I ting the
nmeasure of claim8, Pl%fém “%' aﬁ%fgnﬁué%gg&l OFEFmﬁ Elﬁtg V\Pplicg?cﬁead

combi nat i othe pefirstized mpad ment tcriihl@ekse(m,%) the st caspe(solsczms atldyeed togemeratoa Wi | |

becone en es, tion WO Od 79571
PCTI EP IO%i‘(f?hgm?’fé%?eeé%é% %\ﬁ gﬁggﬂeg%?’?cﬁt unﬁeﬁﬁn&flsfl‘ﬁ%“‘iﬂp?flg X8river,

t he el ect rsecand cwnﬂef:ammnuaradbstahmal\lmcmel theddwhdre gy aeccﬁxsmmns:am 1, and

el ectrical ,di aqr f I he del f fi re 3. shows a
section for a. “ac““a’(’)‘ S@Jt'?g% ?%dgos‘ci"%)kn h‘ngéum Rf %IB&#B% Sr‘?B‘H %HXH%EPbE?Ber. stic
i npedance \Z&thewme laaad cambiaytian{d2)> adi whergjuméthins iforsation sghh]—d‘ﬂlal*slewndt e driver

wi.th reduc I Qssi.bl

capacitors ?aﬁqgeoBgtfs}tggﬁq?ﬁ oﬁds}%rﬁ&cs{lé lr%& g(}tﬁ? ﬁggr e c?nd JUTE (B i Wﬁ?&ggé)hul ation
resul t 20 wi théisecorsl MHINPNCV\KSIaﬂﬂpl@ribgmefatia)leIT&ymLEbSﬁnMWWQUHdmi(lﬁg) KCterents |y
for nore shows , £ wo
possi bl e esr%fg&'gl%%% EIHK?ED Z[dﬁ%tg%/l rst ng.Lnste%g%ﬁgﬂgﬂ? g@gtta n];uaﬂg uaq 519 ’ﬁpt Write
driver ci riistonreritSinRieadapted thesnkagudrenti of Iamdhuudewbstanmniiysquzl ttwr waehedmtver
circuit f . NG t a |slocate on the
suspensi o(rjlﬂ p%ﬁ%%‘%‘q‘é’? daagiah%t%a% gmé%{)\é&tdgé écrcro é“fi‘“f %k\f thr\“VTCB?O“[Wé Ok i te
driver ci rthuoutputémmdancteeﬁmgmtpdntaromtmftobhed@mduatrmnmpudahd:b gfrtie eritabl y al |
it or conneled Sitifiol det UMY ESnARELE NG HIRE Ay HeclPnBaGidaiptnr =

i nt er connewpttp afieveem ldng, sthatsn optimddgviagdf ihe wroe at¢ddawbe abtiihekiTht e base. |t
can be sho n he nodelled into a

o e Saclfhali gsfamﬁc*m LSGL K &s@&quamgm%@ﬁm% - Gl BRIt Sl kil 2
a frequencgreds pdmﬂmabls‘edlc ecsommamoaroé the c'Fhet lpaarsadallm ICcamcSetlamqmrebehaves

i ndependen | ?ﬁge S .el ectrical
circuit di a aﬁgn%%(ﬁsu P‘%'{er %%rl ve%g ‘}‘Sﬁ%‘”‘% ﬂ&q%‘l" F?°6 %/y'?rﬁ? 8? connecti on
and t h¥ heradmg\béthcomtcdad cambimatie@rtian boobtaieedl”. as wite driver, coupled via
the flexible interconnection 10 to the head 12. The i nt erconnecti on is

chosen such that its characteristic inpedance Zo is in the range of 30 -
300 Ohm The head 12 is considered to be a resonance 30 circuit. The val ue

for Lh is the expe he i_nduct a capabl e aof
i nformation with act)hcge 5 Ua(?h a’f)ﬁf)lswg( e"w “0" ngg’c%oé'?'e’ fpRarpRdyp éhtea{ lioév gg has

little efffegute dsseriphien, hemulctjur rent. The head capacitance C,, is chosen such
that the head is critically danped, near to the characteristic inpedance of
the interconnection. In this construction,



V\D 001 79521 4 PCT/ EP00105107 - the current source will see an

t érconnection that is terninated not characteristicall y. During the del ay
thme ~t of the interconnection, however, the wite driver E‘h‘b?bﬂotsmqoes not
see’ the |W98%Hbedance at the other side of the intercohnec At the

I nput side of the interconnection, a vohtage equal to LRd occurs. This

vol tage arrives at the head side after 5 at. - reflections at the head side
of the mterconnectﬂgeﬂ’— lohews amelecsrical madal o the prite driven ha ad¢dticel ennectibr age
subsequentakg,ﬁ gat the input of the interconnection, after a delay of
2*Qx. Since e 1 np ut side of the interconnection is term nated
characteristically, ﬁgﬂtﬁ Zighore spraeclecirice] dpmameiésigarkidethe Slodel adffigemd., have been
carried out on {hi sk &8s TabRRk b iRl LERQRGHBENEA b SrRG SR 10
figure 2. Thetop llagramin figure 2 ovvs e wite driver current I,
applied tahtmmeamwd@ceﬁem|WMMe@t>lQ9n and t he two curves in the

bottomdlagramln ho vol o t he i nput of the

i nterconnecti on (V cfhgwgarn%ﬁ W? ?H‘%“Fﬁ‘e“tﬁé% gﬁa%\?g'fegr m
occurring after 2* ﬁguf.ctS ghoers possibte compedsmqnmhlmcnmmemd:mmmtbms&hmh bfy

vi sit bl e. -P’IIS shows the feasibility of driving this head via a 50 mm

el ectrical gflﬁ’terconnectl on. In this case, the head has been danped and
driven via the el e(ﬁgure(ﬁedhowmiemtadnmmsulismmh tiehsll{NENvtiterdiveiead current has a
riseti of only 0..37 f, the head when driven
di rect]IrB§) wi t hout {%8% %8%?;@{&%%%}ggnlgorﬁgg?seaégc?%vgﬁymg'ﬁ nder shoot
occurs. Thiamping, adde 20 to the danmping via the interconnection. The

i nt erconnecti on has. Ied ncl udi.ng its,| es, RS gnd RP, and its
nut ual i nduct ance %e ehf’?’@ oepogs‘i’lg(ﬁ?’g%‘{}m?’gsr ?ﬁtﬂ%ﬁfsﬁﬂ’dtsﬁ?"glcléﬁ"h cal

i Nt er conneaeirterin the Witd drivec bigouict eri stic i npedance at the driver side, the
i nterconnection can be seen as an al nost ideal delay |ine. The design
procedure for the wite driver circuit is first, to determne the 25
optimus Rd for the wite head onIy vvith respect to rise/fall tinme and
setting tine, then i.nt erconnectio = Rd, _and to
Jinplement the wit %f?’?q%é}' lsgldfwes cf’rﬁ' %Sﬁta(év e ?re‘éﬁrgltmﬁofgr W‘%ﬁ very | ow
“out put camatghé’ta—misu@)\yntfhca;i thm\s locrtqairn thma(mnslampmmrsoﬁ ampowh@n{Thé or t he

| npedance \H%??rgelaﬁ cg 6pn§||gmfll %}n't dr?veapc\ﬁ’ltﬁs RS ?@r[}?n% R %cgugaéo Pu® 1PF for a

specific ues, re si bl e. For
a di f f er erptefernbly el ¢iecails mtdne Ieﬂhmqmmcahﬂam\mdﬂcts fdrthc/eicctmul put capaC| tance
can: bez di fferent §Lwe At di ffe enlt‘l:lacluuag(qcth {00 |n conbi nat i on Wi

di f f er@nt ("SFCPEFHORREMEH! BF W FiCa S ¥R &‘“‘t‘“&‘ﬂe%‘&%&a“ 85%

consi der edcnﬂongmmmodmececirfeﬁemblhme not been consi der ed, yet. Any

practical intercon tc%%lb nho\Q""/n tLatt ?ccﬁ'lclal mé}cgl}m%gtrx]gmcgn modé:lrI I’“%Ct eristic
|npedance Z~m Today, onhe sees not eren I'mpédance but al so so

cal | ed ~ 3Jumped parameter system, using a frequency dependent series resistance and a frequency
| dependent series inductance. The parallel capacitance behaves independently of frequency.
25 Figure 1 shows schematically the electrical circuit diagram of the write driver
circuit, the electrical interconnection and the head.

We consider a current source I, as write driver, coupled via the flexible
interconnection 10 to the head 12. The interconnection is chosen such that its characteristic
impedance Z, is in the range of 30 - 300 Ohm. The head 12 is considered to be a resonance

30 circuit. The value for Ly, is the expected head inductance for a head capable of writing
information with a bitrate of 700 Mb/s. The head series resistance Ry has littie effect on the
head current. The head capacitance Cy, is chosen such that the head is critically damped, near
to the characteristic impedance of the interconnection.

In this construction,



‘WO 001'79521 PCT/ EPO0/ 05107 5 transnission line' type of nobdels, where

pi eces of the interconnection are each represented by a parallel connection
of - 3 transmission lines. It should, however) be noted that in the

" 3-tw ansm ssyggorgstie’ nodel, common node and differential rrateEroebE0! our
are not fully separated. This is not a problemif the 5 del ays of comon

nmode and differential node signals are edual, but will produce wong
results when thes . i - .ed.ogical to
soner o e IBLR S RS MEBRER SRR 00 3, |

section of t Buringfite detay timeaAtad thedmttrcororption, hoekeves id: ittt devertircat dows det
behaviour. 1Q This cagn be done by ful.l arating co node.si gnal from
i fTor ont ] al RSB ag pmpetance e e ek iod o RE B orngee Wil MRRGi st M ng
requirenent s jsiRbhdectish, ARbltage equabtol IR OGN TN voktagd@tieds asthe hball sz after
symmetrical with respect to input / output. - If the interconnection is
term nafed width its characteristic i npedance at one side, the 15

I nterconnect ';-Qﬁlgcﬁgﬂ abﬂﬁ%_@ﬁpsi@csof% iteRRecliSfalcurigter dbiat; From the side
that is termnated wth 1ts characteristic inpedance, no reflections occur.
- The out put theys8ekierceoltage subeequenthy @ppesrscy Fhe inrut of de intereonmpetionha{lieaa delpy st i ¢
i npedance of tt}e \jhnterconnecti on, to avoid reflections at the driver side.
Whi | e doi ng so(g, ?'e wite head will see as danping i npedance Zo. The out put
capaci tance of the Windeehdinpueideshthelireroennection it teridatgd ahaateristicadly rec t
term nalbi on of ffhe ig%eri:onnecti on up to high frequencies. - The

char act'@r i SEY EHERBISHEER 6T the i nterconnection might provide a strong
danpi ng to t he head.Sithalatretiihzee bdee carrisdodtionghiofystdne The esduicsoftieose, a boost

can be appljed to the driyv 0 t.current. Suc oost, can he realized by
addi ng capdt® 6P§sfefh%vgb'"ﬁg§[f%q‘ ?topg’aﬁémb’é' &ﬁ”feg?égmlw :‘*é"r“,’“‘85“5?° ‘5?517‘% ng
an over sho@pplied té the heaDii the intéreorinedtiz ahd heaws cenves inohe wesmAdagral indaguret4 and
46. - There | s significant differen between the.ris i e i t he head
Vo sus 1t 3 e ipdl uolRE Brofhd BREE HraTbUERTeDST R Fke SRaLPorrs"s ne
head cag nQfeare Wadéfeiny ol@rifigasier Pt atthé Mpud df thet inefcohietibmis eleayivisiblel on. -
To mnimse interference. fro com"trﬁn node e?(gtations to the differential

write curr dmis shays the feagibilityof grving this head vie & pQipmyelectncal infrrgonnection Jn s 1o on

of the i nt QaeOiREREIdIHAR bechiamPedMAdrived B theald@tdtal inttrcohmdape Mie Asulihg t he
wite head nodel. Next,

i 11 o deded Gy eE Ao il LM Gamase G0 ap1 1t ghatea WheA e “of |

figure 4 C(?iﬂ’QétP@Q&h@atftﬂdiﬁ&rcaﬁk@cﬁqrﬁ 8608 thcieagdiovee aid titlersREbt dbchrs2 This is due
respectively, for receivi ,n(lg the i.nf grrrhrratl on SI‘?nj’lﬁ" bThe i nﬂ%’,naté.on. si gnal
WO 001 795210 e Armping ¥ s i integcqnaectigh.oihg diereonnreyqrAas begAdnpdglied igHuging,its

po'lsi tive P%s@ésiltsl)éph agp,sau@nhhﬁdxat i(ﬂgiﬁdﬂ?lcizgr, aéerf?ure?:ﬂ, a si gnak of negﬁti \d/e
olarity is su ied.to the. termn ,..and vice verse. wite hea

conbi nat i on 32 1's pri% S iCTmiAREE SErPE inifgonpeCia R TS RSEACSIE NG 36,
respecti veliypedhfié dt Eertrivad sidk0the Snterovtmeibntcan bégeeh gs af alModtiideal deldyrlinent si nk
24 and a first currentescgo_urce 2 .%%?8@'[ erm,nal 22 .i.s.coupled to second

current sink 28 and HeESERATL STiee deiveg cireuitds firsp 49 determing e i nk 24

25  optimum Ry for the write head only with respect to rise/fall time and setting time, then to
design the interconnection with R, = Ry, and to implement the write driver circuit with output
resistance Rq and very low output capacitance Cy. This low output capacitance is important
for the impedance matching. Simulations show that one can allow Cq4 up to 1pF for a specific
write head. For higher Cq4 values, reflections become visible. For a different write head, the

30 maximum allowable driver output capacitance can be different.

So far, differential excitations in combination with differential termination of
the electrical interconnection have been considered. Common mode effects have not been
considered, yet. Any practical interconnection will have a finite common mode characteristic

impedance, Zocm. Today, one sees not only differential impedance but also so called ‘3-



corrf)rises a first transistor T3 of a first type, nore specifically the NPN
type, having a first main electrode (its collector) coupled to a first ;
poi nt of constant potential (+) and having a second main its
emtter) colBP¥E o the first input 34 of the wite head (?Jocﬁgélﬂg/&ﬁ%ﬁ 32°via
a first inpedance 38) and a control elegtrode (its base) coupled to the
first input 10 termnal 20 via a current source 40. The second current sink
28 conpr i tesmizsiew b dype ohmoilels, ovheiEpieres ofithe intersinnegtive aremmacterepresmmtedibyal | y
the NPN type avin i i n.electrode (its collector) coupled to the
first poi%ﬁ)ﬂ%}?b?gﬁ%‘}%gﬁ?z%{g%‘ﬁ’{%?% h?gs)', having a second main electrode (its
emtter) coupl ed thshduid, beweved bempigd tig€inghe t3hteanamission hieeldnadehbomaba on 32

via: a second i ance 42, .and. nt lectr . (its ba upled to
'he secor@oieBuRIar i ifoe 38 s SR LAY, SeBEMA Ths ol s B FREE: “Cur Pent
sour ces 26detayspf ¢commsonanddeiand diffezangalghaie sighale hretegealf but sill pyodede wronge
specifically the NPN i a first min electrode (its collector)
coupl ed t%s‘%{ﬁghf?{ﬁgﬁcc{c}égﬁ%rcgﬂ%é g't he wite head conbination 32) having a
second mai n el ect r bdeengsithegeforvimhdre iogicablogemnatate @ niduel weeond poi nt of const ant
potential (- nd. a nt r ol ctrode (its base) coupled to the first

i nput ter a?neglﬁ,elsﬁsggénsge(é??ggnﬁméburce 46. The second current source 30
conpr i ses- cath sclianofthe linehasihs tarecl @mhor inedd andstifférymial mode echayewi fical |y

Secontb i nput 36 of TEREnE Phe REGT SRR EFao etRae o <BE R i

el ect r odemédetsgnelsi tter) coupled to the second point of constant potential

(-), and a control_electrode (its oupled to the secaond input
Lorminal 527001 2 pinshel f S b it B3V ahuEE Fomrememtu B s o
present Gouphesitehwhneeon inbdel BrabbbendyninfeericAbwith se3pécs todhiput Tdupied T4)

respectively), and the firs oi nt. of .constant potential (+)..In this
circuit c‘ongftﬂ?’u‘&efc(?ﬂr,’ec %‘*‘?&‘H@P’ At Pt mmp a‘ﬁcé\)aéf("“gsd% the’ Qurr ent
sour cEs 26 mmcodfecippvincte saercasran @imos( itieal iélhy tine. Feora eé®istdedhamis terehigatgdr ent | .
'~ So far, si rruh@tti ns %a\s/t?c.beecrll gonere'et{jnoxo: 0.1. Resistors Ra and Rd need
i to be of th&"8AHE af%? (5 PEEATS 0P \zﬁ)ﬁ °f&t¥i on, the head is danped with
Rd + Re(T3) The dofuf dippedrae ofitha@riverisheuld b clesttto kirShamictanddicXmpPedhncetdfiehenead i s
Cap e o e bl B a8 RS B SRt P o5 o o
on the aver sgas damping inqiedalae @b he obtpat ¢apsoitanmeruf eetwrite dii sertskould helbetkoc| ose
S STATE kel DS Bl 51 CNRRE A0, IR OB A Gk oo ) 0% 1
suf fi ci ent | Yhd anaracteridiD iffédaBcel tHeGhvebott O&nlMight prlobideve seanedadpingttdithe danpi ng
nore precis i i t _i.mme t he 1.ttens of.transistors T3 and
T4 is seen g‘%xﬁ{)o ‘E&fc@ lr[}%%os c R eo(ri]gﬂﬁ%acgé{lﬁr CEt'ea gg&rs} %/aé]ob AP %l?ﬁdtt?lg‘ °tdr%§%rsi tion
frequency fdutpit cornent.tSuainboast can be Tdabizédigadtiap capatitore &R {ze figadeSulodeed from 5
L o BT NG RS b i 8 e PRSI o PR LR,
currelst. Thék4émmd46.t construction allows for various conpensation
ot 1t o TR = d Bt iR BRe BBt e ST s P e e RRERRA c  ari ver
can-be derinegonBotien, dad cdrisequantlytthe dsd tires in®i the béatl caamnacdunatély feir e 7.

Resi stors n_gi wen .t{jg | a.Rd2 and are driven from current
source tra%ﬁ%ﬁ%?g mgﬁﬂap‘{‘%c_me Cﬁ%{in%gﬁ%l’i nt erconnecti on toget her have a
seri es resi ¢ mimimisjnterfeganceviromivommoppnaiakxor@tiors to theRjfferéhtinl Whimcurtdnt,l f one

want s,.t 0 degi f certain, factor x).one_can w.calculate the ratio
aln: %() 1+x) tﬁgg’ﬁéﬁ rYC%hQ.SIEIﬂ(rjévédc:aaﬁ%mc%“)aﬁawy&oﬁrog?r}’]etlﬁtfrgo%r&ﬁ%%on it can be
derived Zhese/conclusichs Rre/ wdlid-indepdndefilofrie wilthhsadfoodelll a shows t hat one needs
to design the outpyt . driyer for a,certain "target'. v e.of R. .

Al ternatively, thﬂgexft’oap rar‘uMTngné‘oﬁta%eéng\'}\tﬁ iwpfcec}nmtc gc'fc’luﬁdﬁﬁg? gFcabgiN®n a, n, R
25 and Rdeference 16 Bgire 4ROhetwiite daiver)cirEdit of figlire)4 cohpeisesbofirst dndrarvedoad opm be used
for eval Lon,of the iyer,. ]t shows {hat the out.put. current |
depends gﬁrﬁg"dsjlenrdi "éérer%tgﬁ‘g%l}ég%ég fv.mcl t%'e {nﬁ%"\%%ﬂ(ﬁnp%‘f"a?g-hg hng?rtrqakllg? ?:'ﬁ'l"’red
(RS=0)) the output current will be maxi mum since then factor x is m ni num
Current ly in figure 7 has been added to obtain a nore constant out put




| npedance, since it prevents transistors T3 and T4 fromgetting dry. A
typi eal choice would be Iy=I/10. WO 001 79521 8 To be nore specific,
current |y brings several advantages: PCT/EP00/05107 - The differential
node. out put wogedsgace is nore constant over the steady-stabermpbdagigrur r ent
range; - The two single ended output inpedances of the wite driver arc
nore equal , espeC| aIIy at 5 Iow steady sbate wite output currents. The

ef fect of curren t le en ou
i npedance B Che WCKIHQCY;H CI © B?sftyvcﬂ? %ngsF?PB’SP?%ﬁ‘?‘mnﬁaffﬁrﬁ@fﬂﬁg t he
common nodef megative polamty if srupphddherhmmﬁﬂaadﬁl \afd vicAiversePA el héddRbmbBRalicH | on of

t he current, sources 26 d 3Q can be us 10 reduce .t he out put.
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mrror. _This circuit has re apaci t ance and inproved accuracy
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base c apacsdc&m&ﬁm@éle?ma guteaumermcunprea e St inpiit 34 éﬁﬂ%@hf&leﬁ@@onﬁlﬁiﬁz&@ﬂt
mrror output. c acl nce_from C~ ~ (current mrror shown in
figure 8, %}35‘ ?‘% ance 3 a“dE‘E?ﬂ"r"éF}gCtFﬂdF r(‘bsrbaé??(ﬁRHPlFﬁ‘]‘Ofth"gﬁﬁbl“B“t bot t on) .

To redygge teRginal?OWia m&@ﬂlsb@lﬁ&m The bRBnd slirFeRNEinkRE ESMprisbdEseb S tfdn@btoR | N
h the i nput diode. Wiilst the invention has been

figure 8 can be e
descri bed W P‘Hh? é‘i’sb@g‘n &org %Peﬁr‘%ﬁ”é( theRIPN s ohaving afirtaia siectrode (its t o be

under st oodcdilébr) t&gﬁa tathe fitdpoint &F doAdtan go@mm)eﬁavﬂgwécor%ﬁnm%&me
nodi ficatigns may b apparent to those skilled in the art) wthout

departi ng f‘ﬁsﬁﬁ’f‘feﬁém%fﬁp'@ thrseeqnd inpwy e 08 they W“&sheééF?lﬁb‘ﬂatW Rryéa eiesonds .

Further, apeite4% ahcea Edneobel&teroBOtits Ibhd¥) Eoupla 186 ARAEcA itgerefh@hl ™, vilhe
|nvent|on as far as incqorporated In the wite driver apparatus, can be

i npl embht eBMTISYt PSR E4- dhe BEY FurFeRt sRERE 26 SAMPRYSS £ RiFdransisior £&oBthg first Fwa'ns" may

be repr esepbRdpdifichllEthe PN tmtsee mmiﬁ% DAFEMRN Rlecthkb& G‘@Eﬂlecf&%[lf)ﬁ? not
excl ude the 30 presence of ements or steps than tho |ste |n a

claim Al siBputref theMaite head gombiggtion 32 hayiig ageeandanainelaetrade it emitterdxcl ude t he
presence Oéouﬁlc@ kdh@decbnd ﬁﬁnl%ﬂ%s@ﬁ@mhﬁ «(-)! &hd a control electrode (its base) coupled

to the first input terminal 20, via a current source 46. The second current source 30 comprises

20  afourth transistor T2 of the first type, more specifically the NPN type, having a first main
electrode (its collector) coupled to the second input 36 of the write head combination 32,
having a second main electrode (its emitter) coupled to the second point of constant potential
(-), and a control electrode (its base) coupled to the second input terminal 22, via a current
source 48. Further impedances 50 and 52 are present coupled between the bases of the

25  transistors T3 and T4, respectively, and the first point of constant potential (+).

In this circuit construction, the transistors T3 and T4 are never ‘off’. Current
sources 26 and 30 provide a current (1+x)*I for a desired write current 1. So far, simulations
have been done with x = 0.1. Resistors R, and Ry need to be of the same type.

As a first approximation, the head is damped with Ry + R,(T3) + Ro(T4). For a

30  write current I=50mA and x=0.1, the head is damped with R4+ 6 Ohm. For a write current of
20mA, the head is damped with Rg+ 15 Ohm. The resistance value of Ry can be adjusted
somewhat, to obtain on the average a correct damping. The interconnection is terminated close
to symmetrical. The head + interconnection combination is damped close to ideal if the output

capacitance of the write driver circuit is kept sufficiently low.



addition, the invention lies in each and every novel feature or conbinatio
of features. WO 001 79521 PGT/ EP00105107 9 CLAIMS: 1. Wite driver 2ot
apparatus for witing an information signal on a nagnetic record carrier,
conpri si ng: woeddser st and a second input termnal (20,22) PCEEPPASHi ng t he
information signal, - a first point of a first constant potential (+), 5 -
a second point of a second constant pot dnti al (-), - awite head

conbi nati on (32) hayi g Fdarﬂﬁ SO i RAL ; ; deLat
current sink havi n?g@??r?slsd;&{h?ans g%glrm%( T3) g%mgﬁqugésp@%g?“ﬂg%@%éa first
mai n el ectofodasistasPd el Tdois séew af Rs ¢ jwlpoiwhereds can he derived fromehe fragisiiolavi ng a

second nai n el ect.rade ir I f the wite head

conbi nat i ﬁwfgyﬁﬁﬁesﬁﬁ%ﬁﬁg%@ga%ﬁﬁ F‘“g%"dﬂeggiéglﬁgeﬁg%onﬁo el ectrode coupl ed

to the first input termnal (20), - a second current sink having a second

transi st or (Tﬁ%ﬁ%, first type, having a first main el ectrode coupled to
2 b.

the firlt IpDT mstant potential, having a second main el ectrode
coupled to the second input (36) of the wite head conbi nation via a second

i npedance (42 and a control electrode coupled.to the second . i nput
termnal ( )°}{°%E9fﬂi“b?WF*%Y"‘EW‘F%WE‘BEFW F‘H&“SaWFﬁFF‘EJ‘“ 98815 or (T1)
of the fi rgdnsitidR®f thedulpiGudrehitl r st mai n el ectrode coupled to the first input
(34) of the wite head copbi nation, havtj ng a second nmain el.ectrode coupl ed
to the second poi nt 1% ity Spnshpctonalows far ‘?anﬁwoé“p%ﬁ‘?‘bfapé‘f‘@& P588% coupl ed
to theyd i res cdphditels G Cith Bl Cff 20dwn in fguieeoond current source having a fourth

transistor (T2) of the first type,, having a first in 20 el ectrode coupled
to the second i nputNgt- it Wit %qe%/cé‘%?fb%" %6??65%5??’6% ﬂﬁﬁ&?’ﬁ’d“%‘i‘é"ééfﬁ’f ®mai n
el ectrode avsY. Eenstder thb v rise&DRECIRAI Bhowd in GiQHYS t7AREsi g6t RQhavalbeerdgieknahecont 1 ol

el ectrode coupled to the second input termnal (22 . Wite driver
appar at us \éﬂéueéll?alzr?ééalierﬁ’"&?‘hf?ﬂ‘l")‘"%ﬁ%‘}“é‘ier‘imé%ﬁ“&ﬁ F%Pg T%.J-Iqagap h 25

transi st origrefchmnetton kdgelid} hdve@ safids r@fstdnbER NRINwhjdhe tyRical Vilu & Ri=i8\50hm.
apparatus as clainmed 1n claiml, wherein the first gnd second i npedances
(38, 42}3 arléoucHIo drsieh PELLPRAB HETE euasar pov relgulate Bagpiaivgs 1

PC'f/ EPOO/ 05107 10 4, Wite drive: apparatus as clainmed in claim1l, wherein
with an information si a first polarity supplied to the to first and
‘'second inrﬂf"‘)tlé‘rﬁ?&ﬁ&’%%gé?ﬁ*' "first current source is adapted to
generate a first current of predeterm ned anplitude (1+x).l, the first
current sink is adapted to sink a second current of anplitude substantially .
equal to x.I, vvhere‘gﬁmi‘@séq‘{?ﬂﬂ%’t‘&?ﬁbeéjﬁﬂﬁder than 1, and the second current
sink igoadapted to sink a third current of anplitude substantially equal to
| via the wite head ipation (32), and wherein with an information

si gnal of %é%%sﬁ%*&&ﬁ(?ﬁf‘?, opposite said first polarity, supplied to the
first and second input term nals (20,22), the second current source is
adapted to generate.,a current substantially equal to (1+x).1. the second
current sink is ada %{é’”f“&}agli‘wt §8ﬁerr}e§§stt°§?s'é‘r1"ﬁ? PRy ”ﬁ)fg%%eftﬁ‘ﬂti ally
equal to Xtdrget'anathe bhR;. Altembtively, teyforrAilfkanibs rewtphas fihdx sdrakgivenaud, Rent of
anpl:itgscrje sybstantially equal to | via the wite head conbination (32). 5.
Wite i V& "dpparatus as claimed in claim4, wherein said value of x is at
| east one order of magnitude snaller than 1. 15 6. Wite driver apparatus
as claimed in claim1, rejno a first capacitor (Co) is coupled between

t he second ﬁ&'}ﬁ’%’l E&r.ﬂﬁ% BF)“Rhe first transistor (T3) and the control

el ectrode of the fourth transistor (T2) and a second capacitor (Co) is

coupl ed between the_ second main el ectrqode of the second transistor (T4) and
the control el ectrol¥ ag‘f’vetfﬁ’é“"tl%?a}“d“??eéir{g‘ieé’f‘lB?“o(‘ﬂ}sheé’HH’“? ‘thIj‘(S?‘PH%thgt

capaci §AnGge Yt 8renf 1 ddpendsioh e ARG rkdPanBEROMUNCARAR id RbreRfrEuiRHBEL@NL i al |y
equal . 7. Wite driver apparatus as clained in claim1, wherein a third
capaci t or thepuiput cyreabyidl keqnaxémusince then faptpsy is minimugl-ect r ode of the third
transistor (T1l) an : : L,stor (T2) and
a fourth capacitor ‘}C&}gs&?Ehg%gﬁ%ﬁ&%{é?&@%g?&%@??n?g%éoﬂ%%%g@hil ectrode of
t he  f our t impedanes gingsrit praventsHeanggans T8 landT dtremgeing firyt Adypiedl chpicervawdd ket or and
that the Gapgg tance values of the third and the fourth capacitor are
substantially equal. 8. Wite driver apparatus as clainmed in claiml1,
wherein said first current sink further conprises a third current source
(ly) coupled between the second main el ectrode of the 30 first transistor
(T3) and the second point of constant potential (-) and said second current
si nk



-conprises a fourth current source (1~) coupled between the second nain

el ectrode of the second transistor (T4) and the second point of constant
potential (-), both current sources being adapted to generate substantially
t he sane c%q,P;,”n WO 00/ 79521 11 PCf/EPO0O/ 05107 | 9, Wi perAipeowsior
apparatus as clainmed in claim4) wherein said first current sink further
conprises a series arrangenent of an inpkdance (50) and a fifth current
source (40) couple bﬁ;tween ngid fi rg%band secgpd vpoi nts of constant
potential, the contTdP BPESPFYifecYrentl; Rings Fpral p430R&Sor (T3) being

coupl ed ta amealifstitial alodpeitpit impedandeds mofd cdastaktlorBgRERBidy-sé ween 5 sai d
i npedance and said fifth current source, said inpedance and fifth current
sour ce bei nFUHEREARESOned such that, when a current (1+x).l is generated by
sai d first. CrHdt@BlsingRibnel ot dmpddasdes 61thé Gite & veK ark Snorélaqiiak dspebialdy &tk sai d
current. x.1. 10. Wite driver apparatus as clainmed in claim4) wherein said
second 5curréﬁwsﬁaﬂks‘fﬁvfrﬁ??ﬁt@?tcggﬁﬁ?'i ses a series arrangement of an

i npedance (52) and PhedfebtofQUFrER MY is 30 UABBvddSSInniediy R 6@ shglewaed sapud first
and second points of constant .potential, the control . electrode of said
second t r dWBsdapes;of theyynig drixer %‘gﬂbq{g‘& i§ prngragy fapmnigusing Shy SAMMEN WAdey serj es
ar r angenendkeitdtich eRthé ettt drveedance and said sixth current source) said

i npedance and si xth current_ source bei ng di nensi oned _such that, when a
current (1+x).1 is @éHBPTSYeé’d“W“EaﬁaH%%’g%WPWFﬂ“ 2OHMA0 can b Ysedd0 second
currenfy sirg&cggw@qémg@a&gng,gggf&a}gct_current x. . 11. , . : , Hard disk

drive provided with the wite driver apparatus as clained in anyone of the
precedi ng cl ai ns. . Fhegprent migr, Avhich/forms papof the putput drivesyhas beor indjaaiesigoy ¢ ¢t
TOy far as a simple non-degenerated mirror. This circuit has reduced output capacitance and
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be implemented by means of both hardware and software, and several "means" may be

represented by the same item of hardware. The word ‘comprising' does not exclude the
30 presence of other elements or steps than those listed in a claim. Also, the word "a" or "an"
preceding an element does not exclude the presence of a plurality of such elements. In

addition, the invention lies in each and every novel feature or combination of features.
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- a write head combination (32) having a first and a second input (34,36),

- a first current sink having a first transistor (T3) of a first type, having a first main electrode
coupled to the first point of constant potential, having a second main electrode coupled to the
first input (34) of the write head combination via a first impedance (38), and a control
electrode coupled to the first input terminal (20),

- a second current sink having a second transistor (T4) of the first type, having a first main

electrode coupled to the first point of constant potential, having a second main electrode

coupled to the second input (36) of the write head combination via a second impedance (42), -

and a control electrode coupled to the second input terminal (22),

- a first current source having a third transistor (T1) of the first type, having a first main
electrode coupled to the first input (34) of the write head combination, having a second main
electrode coupled to the second point of constant potential, and a control electrode coupled to
the first input terminal (20),

- a second current source having a fourth transistor (T2) of the first type. having a first main
electrode coupled to the second input of the write head combination, having a second main
electrode coupled to the second point of constant potential, and a control electrode coupled to

the second input terminal (22).

2. Write driver apparatus as claimed in claim 1, wherein said first to fourth
transistors (T3,T4,T1,T2) are all of the NPN type.

3. Write driver apparatus as claimed in claim 1, wherein the first and second

impedances (38,42) are devoid of a feed forward capacitance.
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10  substantially equal to x.1, and the first current sink is adapted to sink a current of amplitude

substantially equal to I via the write head combination (32).

5. Write driver apparatus as claimed in claim 4, wherein said value of x is at least
one order of magnitude smaller than 1.

15
6. Write driver apparatus as claimed in claim 1, wherein a first capacitor (Cy) is
coupled between the second main electrode of the first transistor (T3) and the control electrode
of the fourth transistor (T2) and a second capacitor (C,) is coupled bet.ween the second main
electrode of the second transistor (T4) and the control electrode of the third transistor (T1) and

20 that the capacitance values of the first and the second capacitor are substantially equal.

7. Write driver apparatus as claimed in claim 1, wherein a third capacitor (Cy,) is
coupled between the first main electrode of the third transistor (T1) and the control electrode
of the fourth transistor {T2) and a fourth capacitor (Cy,) is coupled between the first main

25 electrode of the fourth transistor and the control electrode of the third transistor and that the

capacitance values of the third and the fourth capacitor are substantially equal.

8. Write driver apparatus as claimed in claim 1, wherein said first current sink
further comprises a third current source (I,) coupled between the second main electrode of the
30 first transistor (T3) and the second point of constant potential (-) and said second current sink
comprises a fourth current source (1,) coupled between the second main electrode of the
second transistor (T4) and the second point of constant potential (-), both current sources being

adapted to generate substantially the same current.
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11. Hard disk drive provided with the write driver apparatus as claimed in anyone

of the preceding claims.



