~:e3e0,;-D. 4/ BRO60TOYa52 ~ OCT 200 Specification 1. Title of the Invention:
2. Detailed Description of the Invention: [Field of the invéhﬁi@ﬂlj??@04
present invention relates for a data recording/playing drive, and in
particular, transferring signals to reading/witing. to a magnetic head
devi ce used device, for exanple, a hard disk.to an inproved |ead wire for a
magneti c head for data [ Backgrouspeaificétband di sk drive used as an
external storage for a conputer usually conprises a recordigmmMﬁWMMmmmﬁu
storing data which is called a hard disk and a magnetic hea
data to or reading data fromthe hard di sk. Conventionally, typi&@ise
magnet i¢ headsei nel yied nkvesa iafn:netal in gap (MG, or thin filmtype .
- However, in recent years , a magneto resistive ( MR ) head i i
susceptible to noise is comonly used. ¢ A nagnetic head de lM@Mﬂmmmmmmks a
head gi nbal s assenbly (HGA), which principally consists of a slider
i ncl udi ng BagREReL &cheRdicRlREMNd A dLad,eam on which the sl i @& s
arranged at the end thereof, and armelectronics (hereinafter referred to
as AE) including a switch for the nagnetic head and a preanplifier. An MR
head has separate head el enents, one of which is used for reading data
(herei paf t gerhefienr 8dslcd igt IGAYU NG 1R] el Ak - 1 200 CT 200g the
other of wATCh 1S USed for witing data (hereinafter referred to as witing
elenment). In other words, the reading el enent takes advantage of nmagneto
resi st ficeldndft hbewinvendiemment i s conposed of a coil. A signal froman
external device is transferredthroughthe AEto the magnetic head el enent of
t he slﬁger.The AEand then%gfetic head el ement are i nterconnectedt hrough
ani nsul 8Bi SH-THILY ed"VERG Ry L CHNECR Ret BPPBEE 16s 173G cORPErEeL9SH
r eadi n§obordi dt padecogdiact/edtay ittherdadiagel éoentexamgteno awr hhirdg dioswdi ng
pads cgeneetedibed haw i thngel eaest, Thgsealqon_dunpgo%ds ?L'é%dAu'vﬂg%t edg fhe
| ead reconnect.ed to the is also connected 1o eachof thebondi ngpads.
That i $"PRESHEGRE i ¢ T &F eneh? and t eI EiTt er B8ARect £8%t hr t Wo
| ead wieadihgy wrhidri®gdi ngel ementand two | ead wires for the witing el enent.
Such a lead wire is typically an insul ation-covered wre obtained by
formn zan Au-glgted l.ayer on the surface of a Cu (for exanple, oxygen-free
copper? 38#gr®ip gﬁﬁ]forning an insul ation cover |ayer of polyurethane or
~other material on the outer surface thereof. The Au-plated |ayer on the
surfaca ofadded Cukcare wi Iesadd akhenrfus Rt at 881! aveirafg e 0f et he

bondi n fao e reading and witing.el enents are. bonded together,
t hr oug sgggégurqoﬁﬁqsllo%e_sv\j?hgﬁFPFg%BHi g‘eg’ilbl?“a{?oorn.sg?’éh%‘«i’s fhat WE1digniet i ¢
head ntidtlrdve ahaed sdipksiagihreenpgpebiedherdodgir avsitgied dabaster qart
from t headdgaet datheadrbm athbgnNBhrr 0EESKHI NG Wdrirbrt i 108, | hasg ignal s
are mu r t j h Lgnal. p essi,ng circuit. Thi s pr.obl em
coul d @ggﬁﬁgﬁgnaéggg%yq?%ﬁé##ﬁ% ?ggégmﬁy%sﬁgg%gtﬁé¥.gﬁﬂiébégputPBnqﬁhgl
based §AlEh&EYPGrect BPVEHEY hatlint HEQauYtr artadd ows Bagsedoi meshetlivad WR)es by
noi se healdn@hiikho ifshemdic el sbdier Gancald afbiHdces tdmimdiaMe JRRpsi te
directions on the twisted lead wires. Alternatively, a tube njght be
provi ded between the AE and the slider to contain the lead wires therein
and thé M@gseddq drpdy desiesurampr gheenat heatlabdmbrdguiasednbdyi rgex) t hem
into thaicubeprhthpaonyentosastM Grorat i ddd Miheadsing 4 magnetic
head element, a load beam on which the slider is arranged at
the end thereof, and arm electronics (hereinafter referred to
as AE) including a switch for the magnetic head and a

preamplifier.

An MR head has separate head elements, one of which is used for
reading data (hereinafter referred to as reading element) and



.2f 0OCT 2D04 two lead wires were usually tw sted together because only
one efenent was enpl oyed for both reading and witing. In 8V@@§agppzcrhere
are usually tour lead wires used for connecting the AE and the magn
head el ement as descri bed above. Initially, it was studied that all the
tour lead wires were twi sted together but it was found that desired
char aafigs | Pty cad d wigiclobtia nededy dorngwsdtiffherddbae, (hereinwftend
wires for the.readi i st ed g he : My I es
for tHe& ]?lf?c}ugg%l e n‘?’!gﬁﬁ%wgg?ggwtcgget hfer?.g%l?;gﬁréprggtﬁét ittcﬁléﬁegﬁéﬁg\{/\?ces
usi ng ehemémiad beikess adlvensadeogef har et i 585 bSBANTR, FUt Ek&npreltene
Publ i é@@xggri@glqugggnbngpbbgmion Nos. 7-94042, 7-307018, 9-223304,
and 11-238215. Published Unexam ned Patent Application No. 7-94042 nakes a
proposal that an adhesive layer is forned on the outer surface of each | ead
wire amdsifealt fwomeath wexesrmak fexédebysbandinggerked: tddiramihyethayREs.

Thi's QPR doqhdt eodedr ol bibhal 8et handli Sfiqatty ofndesnl ihd hene

twisted | ead, w s I conformty to a predet er m ned Seo<£0' f,(l:CG.tI n begause

the pri@gnehifiet i BRSad EMNAMEIi s@Ssed YRS ARESL Y er y 11 76 ead®li res

with a diameter GhaSaMal@velc8NsadMigndIRUMR heddoalideni ysdally th a smal |

di anet i s.diffi t l.ast | : tr?g}go d:bq haye dhid mexishs-

Publ i sﬁée%b%géém% Igtaet%en nqgsApiﬁgﬁ’%l(j}g‘eit}'{?o No g%ggowg kes Eprogogal §vvhi ch

may SOFVEMERE @Yisbl B { WAL LiRE CUITHAN oPRAT oF SBAERTFHad wi TS Wit £LbRY

di ffi cglémbati dentriasd ndouidngl Ipadshearehedpsplort ethgnet Tlee hdahddeviice

di scl osed therein is,ipstall r | S pesaltis i adgd to

make c‘F%BPeFﬁggco%r?neE{’?oﬁ? fJ(?)érj gg(szﬁ %&g@}é&:ﬁ:ﬁg -br%;a d?gégi %g atji:lél gggg\?\nﬁ?es

into foAGsionalThatoups . Phbe sheanehtxamsistl PAFBAPTtANPI T cation Ko, 21e

11- 238245 cproposes cal NEihedgl orwoanulactwitery Fead thier esedding magmenitc

head whi 6h 5,031 cad? Wi r®eC b 2A0%: GANdiMRY QM@nthe .| ocational accuracy of the

end of “8ach " ead Wi re.” Accordi ng to this proposal, lead wires are tw sted

toget her and adhesively hardened in part and then the end of the adhesively

har dengdchead wilees! | wimeposed hypiemdliyngant sioeuéritagn-FPrelkednsvwilgehe

sol ved fy e d .nEBQ{ﬂ%Lné.S a%e%q{JrEﬁ%Q@W%ef hen megRetsu faead &f egeaty and
n

the AE are conventional I'y~”i nterconnected through an insulﬁgti n- covered | ead
wire. REGENt BFaATRSReyePXYIRT AEBGr &F2RER) cSr?&%ct‘ﬁiLrFea%n s fg)rrérbld?ed or
repl aciinguleaiion leadkem Yayedho§ pslyatétilametoncetbespeatevhadssantsiye or

| Nt eOr BulfP S SHEREOS LR 833Dl dhe FRA-FXAIDA CLaglEN o HHY eghalabyPOL
suspensi on asse y is discl (é;%d I n the;c(ﬁ%gbll i_cat 'rgon opf Pcl)JbI |ash§do%ln%>ﬁ%m ned
Pat ent tASHIGEaEPHR NETe16769 SHRA TSR P i HTTh OF TRTEr Rt iTonal

Pat ent bapylimat padsNEorl 1tbe428adiBgcharh Whitgpal ShpendiFs pehsi Sensesenbl y
has a ftgﬁi]é{ﬂ?eﬁ hajrddgr! peussd easst fon hei dioned aenratelyrathrs. feature
mat ches t'he need for Tncreasing the data transfer rate for a nagnetic head
el enent. Therefore, it may be considered nore advantageous to use an

i nt egr & igngies suspendiconmagsetbty hepdr garstt ohpHer eds QIR d&es StanTer
rate a'i%atgcwé@ bhobgERT aCWidrad dansidias pirthafonli 666 madnergaetieadead
using lead w r,esrhg][as' een forecasted .to have & gilm'st edsit naa[}l_sg eéréaﬂngxcﬁ or
exanpl &:° aPproddTt ePyCSEESMBHs C et dror 2 "% r SCERT Hghetic head devi ce

t ypi calWealoampritsas arhdset egnal thy pes isirgdenpironeasiagbl giragitad ofThigad

W res fﬁoﬁféﬁr%%ﬁ%ctbég A iTRYRREC headyebemByt 1and apifbs A dgiaseant bed
above, an 1 ntegral-type suspensjon astj)rent)l¥ IS agvant %gle(%us an arrent
char actBrit B YHALIVAG 2a5E4 r SAsFate r GFRECHITLTR i entPRalsity

di sadvafit égeodausrdcdst t@ee Corphretred tlhy | railsei cesings insbl theoweawld hose
skilled_ jin u (I X =T o (N TS b8 i d$,n $HY aRerdt &upal
to thed%%n%égg_gii%gr gqgf:%ks@.ﬂ%%hZ]raé#eo%ggtpogqﬁgfg&g%‘s&lgr%i%ve lrlh \?IQ{I r’(tan har d
- g _ lead-wirest 208lteFnskd Vigilyl restinbei fightos dBrapidedodietween

di ff er epge Ret waan themegnetdrc toeabntedince hesilegd eddesi rdsrarnic ot here

magneti ¢ head .device using an integral-ty S ensi . i sk
drives E%%%gsgeﬁ%%%rW§F%§e8°323e§3§5ﬁ8 3%5?;§§§ﬂfo?g%gﬁﬁgggﬁét%ﬁgﬂ%gn
with i nthemsiingosttidreagmilzapaciitlesconvaetionel Mie bsi iwdist fdiley. heasts
exanpl e, a recording device is devel oped to store video data such as TV
prograns and novi es. However, such a recording device has the disadvant age
that many hard di sks nay have to be i-ntalled in a hard disk drive used for
this purpose, because video data is much larger than IT (Information
Technol ogy) data even if the storage capacity of a hard di sk has been

i ncreased consi derably. Neverthel ess, such a video data recordi ng device,
which is a consuner product, nust be provided at |ower prices for
popul ari zation. Therefore, for sane uses other than IT, an integral-type
suspensi on assenbly may be unable to be incorporated due to its cost
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v

. It is,therefore, an object of the present invention to provide a magnetic
head device which can accormodate higher data transfer rates by 8s)fol 12684
wires. [Summary of the invention] _ In a conventional magnetic head device,
| ead wires connected to a reading elenent and | ead wires connected to a
witing el ement have been nade to..the same specification. That is, all the
| ead Wijes) Yefeyident ivdle | GsUBLEYI alyidneédi t@pst iy apdchiisaddniliyoroné hose
connected to the readin elgnené re t&isted %pgether and t hose connected
to th&lamanthgras emptoved efehi RPEY To32tREr AP h5 M 9be because t he
characteristics required of each lead wire connected to the reading or
Wit el ene ithyre tot h r er e n
st udi sdfri @#emﬁaﬁ’ Aﬁ_"lt?%(r\rr?at ?5% ?ﬂﬁfﬁtj rrgg%%e %(Eé%(ﬁaugg%ﬁ i ﬁtgggr glﬁ?{lype
suspensireessRgbtpeapiearsdw the bepgeptics lead. glgment agp-described
char aghigsj st i c3ntihan1hgad w ress dhed ps@senati arentaes foane dadliwetres basi ¢
roit

question of whet he IS roprijate f.or hjgher tr er hat
t he Iéﬁﬂ“ﬁﬁr§§”€%ﬁﬁbct589F§%gﬁe r g%indgélewg%p gggh?%osgﬂggnné%$%§§?% t he
Wi ti nthaet aeet ist ecsadeuld nht obve iggdcibyi detiingn soas alhesefqre) tthe

found gt Ly Siedekead Wihes (R i3RPI O ate 4108 duhies § R0t v ¢Etse £0anect ed
to the reading element. .On the other hand...it is found that untw sied.lead
ghahe j Fulsted

t. .On .
wi res ¥hE het? i stidd SPead Ot A caff Tt e e HE | X wi 25
connectegetioethe witing head for higher data transfer rates. In addition,
if the spacing between twi sted lead wires is proper, the twisted | ead wires
for the reading el erent can agconmodate hi gher data transfer rates Le
satisf%ﬁ%%¥iIW?gﬁﬁElﬁreE@ﬁa iﬁ@gﬁFFBn Hiéngeeﬁwaeviggg fY5hTEhe Y1 RaF ngs
descritegethove antk pr disddssadmagiwet i c fleead eedieke conphissi ngulal k@dhadti c
head ﬁhé’%& DAUENG a8 iRt A ARUANG Hl it ANk ey FatA- 3676109 elepenby,a
first lTe ?or trapnsferring data:between the data reading el enent and
ext er nfaPddbvréds82lPhe first Iead consisting of a pair of |lead wires which
are twi sted together, and a second lead for transferring data between the

dat a Wejjhi Bgnehe Bt x ARfh et esN@dnlewppas cattienserond 1-epgb £ONgiaxddsngaof a

pair of |ead res which are untw sted but arranged i a I h
other.p#ﬂ80ﬁ33%§$ﬁg ﬁﬁhdﬁ%%%?ﬁ%egiéﬁﬁaiﬁﬁ F%?p%g 6&%§2H$ éﬁ%%%t?%%fgg%
accomoilatechi gheerd datize t apdsthenr &es Uppdusiidgs are hel¥eddby opopfang
writi nenéh%n%%esqveoaié¥@£sl eaghWkr @y opdisel are intanddedtdbuel anianged in

|l el to.each ather. is.said that .t t i
vt ceths: Ry TRasy R caf nheoRiffnt pla Wbkl SRl R, TROSHEEATEY |
300 Mops. ©n nirdewrrmibngd tRePridsaitidmybaERBACCAMDr RHIPE | BAENRICA-Es

adapt aQkgqt Qe idat atsansé &t tAbeeoh 450sMipsyorf iieghesad Tl sesii Withsaunme
great significance. In the naﬁnetic head devi ce acgordin to the gregﬁnt
s ' fRe*- 6

i nvent PdAMeRE Qiac BECHRt wEERSE HE FHIY T Foal WP TR A

2 8 0 gimmegey fis iffkenlts eHespiadricabby tRansfME" spRei hY -BaYRedd e

pai redtkgaedswi res constituting the second | ead. Also in the magnetic head
devi ce according to the present invention, each of the paired | ead wres

constituting the second | ead has an insulation cover |ayer and the paired
| ead wiPnbd ichedeUnaxaniapty Bakemld BprBésatagnt HO r edpdfV P8 iMRSat ifon

cover Jora1SPeELén Cably sdiRe: bemdi pgopaembe haacariy | sbrAebyions for

f used- t | | . i . ham Wi ive.
The | e2da rRi ey BE iBnded s RUELEHAlEY Crdl 1ORRCLER LABTLINGLED, BneS G
i nt ervalhe Theodatagneadicnghed@ndayigecshigicdgsed tHeynidsehs ilngdadilenl i s
desirablyy 3 RAIRIQY .S FHike plopesil The Dlesed | ayemas dayerf amd

that | ess spacjing between the tTeadi,ng lead, wires is re desirable .for

hi gher CPRANEIGIRIET eFOF a[eégf1 Z?a e%‘rri%oetﬂ' a%‘(ﬂe‘f“f%eaﬁagleﬁg f’”éﬁ&svmlflgcso are
desi r alflunct paial afrdwgasd. wires tw sted together. The term "spaci ng" used
herein neans the di stance between the core wires in the twi sted | ead wres.
That is, as shown in Figure 5 when the distance LS between the core wres
CC i n e lishirdy Vesxpnipgf| Fatemd SR IFTIAN i No dedlrdBBélonRronpses

di st ange et héd r edHcREnuASconrapgr 0ael wareeddee bheadnstdacadag, wihieh
present invention proposes to thin the insulation |ayer |ocated on the
outer surface of each lead wire. In other words, the present invention
provi des a magnetic head device for reading data fromand witing data to a
magneti c recordi ng imedi um conprising a reading elenent for reading data
and a reading lead wre for transferring signals between the reading

el emrent and external devices, wherein the reading lead wire has a core wire
of conductive material and an insulation |ayer covering the outer surface

t hereof and having a thickness of 3 ~~mor less. In the nmagnetic head
device according to the present invention, a desirable thickness of the

Y . T . T — . o, . N - -,



.z ~o006 T zoos length. If so, the conductive material may be partially

exposed and cannot performits function as an insulation |aye ﬂ]
Therefore, it is desirable that the insulation |ayer has a thIQC% Qﬁﬂeof dIrS

~,mor nore. On the other hand, in order to achieve satisfactory effects of
thinning the insulation layer, it is desirable to have a thickness of 2.5
~m or dagsSimphevensthéesoraklientl cdme&sa@jr oife timsuleadi onf | @peh i kead

approxwrately .0 Vim_ On,the tr t i | ead Wi

desi r 3btE t o havé §dtlﬁl| ckte'%D |E§§$at§%(¥np?a ef . H'G‘Fh\q Wl'}%s Qg uc{eﬁﬁtté%lel ay
in risegatieenf aadsiafmsively shetfﬂeeteﬁvelrt oP@EEr é@§e "tft@ chp&ciahcef C of
the | agfh WfifesTOR1LNIN RIERREC1 80 aRRERACH: Obxpbi6keByNGdnitayiimpul i on

| ayer may be effective. Therefore, in the nagnetic head device according to
the prefS&iii%vention, it is desirable that it conprises a witing el enent
for witing data and a witing lead wire for transferring signals between
the wriflde Ghemegt,ando eYLAET BY! cAEVLRGentaB the writing ead wire has a
core conductive nateri and an 1 nsulation |ayer covering the outer
surface thereof and having a thickness of 4 ~~mor nore. The insul ation

| ayer A®r dkBerwhiekd nghdead whee masgroesic ahbydl@slenmmtr dmdsthei ide ahe

Rl er i Al GERt TR DY | IRLERRBULIIAe | BKRudiP 10 { Bhe ol gRr Eodesiiabl e

t hi ckneds' of -t ion layer .5 ~m an stil i
-desi rb@a@ vhireknesResanbly o Bowewﬁrllnatnhelfﬁée?gﬁéﬂ-&m&%ré@}f%‘éoﬁe Erfbed
above, j§t pt&pde%ldr atde téplad g r eadhna leadi wries. ar @htiwi sitseded bijed her t o

forma_readin d.t i

each Ot:lﬁ%?etgg]sg ﬁtg’al%&/rl ’“‘%’t dﬂgl &?ﬁ%%[\é e@eﬁé %@é%%ﬁg?ﬁtggsgéﬁﬁh}’or t he
r eadi kO ea@XMpPes | sSel@Bl réBI ylotsgmlotypesssu,%eeaegem bad 8’58 & itfis
desi ra@tecttaetedt hen r egdh n@utoetadatmma sl pulshitiewy WiexSudmedl shakknt
spaci ”zgp%ﬁ&%‘e 8% ac*ﬁ e"ed @%z%“ NG, t ht@é"‘ﬁ’iéﬂal't bébfiégetbt{e tgr

achi ev W sTIng nm for the rea |ng t hrough such a
heavy Imigrnﬁ‘g'lopﬁlth@tl@@énA@@ﬂllﬁaé&Otnhé‘P a 1w 2 ~0CT2;
1~~ pltch of 0.5 mmor |less may produce a snall varlatlon in tw sting

PLUC: ol bpSBAUL008, APRN R ALAF SR o LUt 1y U { ghelaa-ualig dati ned

as LP |n |gure % requency. signal flows al ong F‘

surf acelépwg deadscttr 9% tcrrén%a@cw?%telme | BaHE Wi FRETREt HRTHEGHet"E head
devi cenbad &o@u ofwecad ieg Athpl dhed aranssesunfeaece famd anmagseataci beadover

layer gf ﬂgh)éuretﬂ?@leef)ér@t her pal erﬂ@'g&%fﬁé&é&’l nttch@e 0&'@165n§é‘§é§ﬁ§ QB t he

core wre IS deS|rab hat a s | ows, in

super i BFet @%ulPHeBFéﬂlsWPecﬁé’rsé’(ﬁr@r]tQﬂ i %%se“lj'ﬁf% (’:Bn %éiedfch?%véacﬁy?ase

t hi nni nyet htetAu Hsyrer ferTheated oakong heiphebéghel nvenordangr denhdesigsmadnetic
head dgui-ge 4fiQisr.eading data fromand witing data to a magnetic recording
medi um conprising a witing element for witing data and a lead wire for
transferring signals between the witing el ement and external devices,

wher ei B mtwgdeeald: vhead hasingcdeadwivieesf heondeadn veornecastied , ta havel a
coveri RYul;ayey g?éﬁ'é'f'%g t?&tQUt Ef o5 UL, x%?n%l%f t@ﬁpﬁ@ﬁﬁn&‘téﬁYa%maw

t hi cknéss of 1. mor |ess E Q t0,the g?

i nsul affibek aty& c%v’é‘??%tt’%g’éﬁt:é? af8VifFet hEPHER YCS%IPFr]rEeISa)%‘r As
descri lieﬂte@lmﬂe-t}tﬁ‘ee mesplencdver | agskapdy |imsreatsert | hbadél enems f dor
bondi ng 10, 106 f&adi o Aeh MO Sl PeNtifent iRy dihaut hi ckness of t he
metal coveri ng ayer rably 0.5 ~.-mor nore for properly bonding to
the reading and witi ng el ements. A nore desirable thickness of the netal
covering | ayéet:riwae@t 8abovéd, 2 am andddre Imaytpedesispbheibhi chkoessbly is

appr oxi r%at elé/ qéous t l’lle l&éﬁ:\e {Wi h%ﬂg}{jgzhge cf%nﬁ.%orgié'xgs}fgrt & es

pr esent® d HVent core wire I's desira mat eri al
r epr esénttediby l@xﬂ’g@&ﬁﬁlﬁ@elmoépéadﬁanhggﬁ%%r Al caak cdF ecampagedr & iidv

prevai ljidygy byt réd. Corﬁsweqq A FoRI € cadMHeAgeRUB] éannCianeartn tgres of
el ectrical resistance, the aggg Eggécrl tion, the Rtaﬁs%n i nvent| on is
i

i npl emEREY P ﬁﬁ%ﬂéf? HEEGK t PrOPRILAP AR ARG g
2 of0Ha2@04 iisigent i Dinexefobe, i aphenentdick miaiteadawing. mahgr dfeorce,
according to the present invention, a lead wire for transferring signals

~between a data witing el ement and external devices, conprising a core wire

responsi ble for signal transfer, an Au4l ayer forned on the outer surface of
the core wire and having a thickness of 1.5 umor |ess, and an-insulation
| ayer fornmed on the outer surface of the Au |ayer is provided. According to
the present invention, a lead wire for transferring signals between a data
readi ng el enent and ext er nal devi ces, conprising a core wire responsible
for signal transfer, an Au | ayer formed on the outer surface of the core
mjre and an |nsulat|on Iayer forned on the outer surface of the Au Iayer

o Y o - r -~ .



. The magnetic head device 1 conprises a head slider 3 having a nagnetic head
2 for data reading/witing, a |load beam4, a flexure (not shogfé bng
installing the head slider_3 on the | oad beam 4, a nount pl at vizﬂﬂﬁ
for the base of the |oad beam 4, an AE (armelectronics) 6, a reading |ead
RL and a witing lead W. for transferring signals between the AE 6 and the

rtagnetiilektseadlﬁl aeduatt ube 4 tonsguicdiard & heogteadtngeteadeRlbezm@etnh%

witinp ? 1s.an enlar V|e for oW n art. th
readi f\ %Iea cRbeaﬁfijg#%‘élWﬂ’Fnﬁgl 358%\/\%3 e a\rllx{ea r}]eera S|}§%§of a
pai r dievieadiusgirieah wintesg RN + vy B¢ eslus pges hen . asﬁlerhblyvi St ng may be
acconpl i shed according to any of conventionally well-known nethods. Fox
exanpl e, as describped in the pubI i cati.on of Japanese puhli shed unexam ned
N [reg oRavC5bRER' mednag stiesl B Gu by | ShD A, B | ayer
may beotnpmtexisonbtllue o er widtf atpcobaedch |sadraga e capdctihérst wotieaxdi ng

| ead \Widld flxe -handi n e e h in Iead
RL co\r(¥5| %tssg@¥ zt}?ear}(i( QFB}ﬂlQB Stéh %&t?ﬁgfgw \ér r%%&?dé}rn&-pgre\glrlicte D each
ot her devgdipnad ttngSIteét@ \erctewwﬁ‘aé &M AR at-‘VoﬁrpayémsmaerJe@mane
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siml ar Con j%l gutration. Fgure enl arged perSpective w%w 1f orY Bfowi ng
t he efdSIHERHEOhe®s GNP Her My wﬁeuﬂﬁ@d@UQQ d-'Eggarat ash dure teatltsl i der

3 has cpb«iat pehaadiyng eL@W@ﬁth%l;tanﬂnﬁeQﬁéB—Wpél RY sledBBN %séﬁnﬂﬂaéa
r eadi lil%ve eg%gﬁ,l Zée s OQBO% of oang %/R netl Les| sti ve)S nt and t he
Y §§ a cor’l 9ﬂ4 (F?t[ea 2 lPtlas

data writin 'S conp 088d © emagne]tlc
sl i derprtﬁ&ﬂse“?:%sat%s%@‘e’é@ﬁ%m I y connected to the data readi ng el ement 21
and slider pads 24, 24 electrically connect ed to the data witing el enent

22. T f e d ]a&%}ém 4, are
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one oftnares by desteadsy 2dsiRd. 1dadswhoading i s acconplished through a
bondi ng process in which the Au layers 10 of the reading | ead wires RWand
the witin Iead wires, WVare bonded to slider pads 23, 23 and the slider
pads JAFUBIRLY tHf u‘Flt“?a%BWi?EtWBﬂatl on The surface of the magnetic head 2
may be covered with resin after - ~~0 CT 200g the slider pads 23
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val ues ar al. so shown in _Figure 7. The axi.s of ordinates designated as "Log
of SER" ‘fqeth?‘?:atsé‘sffe‘rcﬂt?rntﬁfyobablpﬂttef“a\fdrveéﬂanp\"els| f“atyheb‘%alb@éab‘ﬁe L3Y of
SER' imnte@tal-typearansutpahseéonor mepembdyr ordppeance wheitlt he pateer
readi ng operation and the data witing operation are repeated by 108 tines
Type 1Type 2Type 3Di aneter of core wire 928.1 dun28.1 ~nR28. 1 ~niThi ckness
of Au layer 102.0 ~.~.nm2.0 ~. mL. 0 ~mlhg ckness of insulation5.3 Eun5 .3
Nb. 3 Eunl ayer 11Twi sted/ Untw stedTw st edUntw stedTwi sted A difference
between Type 1 and Type 2 is that the witing lead wires WWof Type 1 are
tw sted together as shown in Figure 6, while the witing |ead wres WV of
Type 2 are untwi sted as shown in Figure 2. Wien the curves for Type 1 and
Type 2 shown in Figure 7 are conpared with each other, it is found that the
error probab|I|ty for Type 2 |s Iower than that for Type 1 at data transfer
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.- 13 28 QCT 2004 parallel to each other in conbination with the
thinner Au layer 10 of 1.0 Vim Also, this enbodi nent has been descri bed
with the Au |l ayer 10, by way of exanple, having a thickness ofg} Uﬁlﬁu‘ld Qb
shoul d be appreciated, however, that the thickness of the Au | gr CZ &
be selected fromthe range below 1.5 um according to the present invention
as degglyrked abaueicd ntpddi 1£88, wasegescri bed above, the witing | ead wres
WNin the conventional witing |lead W. have been tw sted together since
this twisting was hel pful to inprove their noise resistance or to contain
the | @@ wresenn tiheendloes7. haihe ssendodd mentbassiongyuwed twicn edf wwheithgrl ead
W T es i\@Wﬁyagpyagrg'&%eU%rtﬁiém}?ﬁ 6906CRR AW, NS MERASIARECIcaq
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| onger ?atpf)%??fl n FRYFEsClrve®sr &5vre (?e_l ayed rising tim né. ngs
Ther efdgecribedanbbeeveaid i pHOY hdest Re Mt | leerld RiewicTy sembrfsiicly has
d thi hefagneuliat hedd ayardell rndimg saBlaes tvb8ihgJePbiehti SnADEEdata
excellent, In cie Cxlillietntuni fa ing t'é/'léclxd sﬁggl grbgsggﬁ)g,%ci ate t%}%rtwteh% rt%[adi ng
| ead Ii’ﬂrlo‘flﬂ’?lpe ANFENi 1 erent” fTOM the rea I'ng _eaagF{E1 of ype i N that
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above- nenti one in t t ea S mal | er
t hi cknaerég Q? t%eeé‘lgﬁgul g fk‘%n %er{fﬁﬁéﬁ%ggg%l(ﬁ%%t \?ﬁesxiyeﬁ% pit{}l%h. Aatd
Speci fWeaFEDg t HrRleraRt ng Anehd RELBFNTYpe RV ECeHml | &het hapettrd ofl€Rfhe 4
in spacbngitbiby appr exi patiel yofl0 leald wWhiesnmeanisch hatket hentapaced amaa C of
the reag] a en j ngr That is, circuit uniformty can be
i mrov%gfgggkﬁcggﬁia%ﬁtl%g %gp%%ﬁzjgtg[eé' As descri bed above, it is very
important for the reading operation to increase the capacitance C for

i npr ovenenhaghetiikclidadinidwide t ycc@hdihg ctonthar preisenics ineeasdany dr the
witin i t.0. r t he. .t C.or (o] del in
R A T e
t hi ckefornstihgt i BEitajper €ieMeRir i8, B23kml PEr tepAcivthiRe @hbgh pere

hel 8f Ui_lntwlil‘stéﬁlcﬂnﬂﬂya_ﬂehﬂgeﬁ!’l ini geaddiIeel Ther eb@he_,ot_m%rdfscgt bed akove, ki t
is des t t r o] : i.ting i_s .thi cker
t han tjﬁfe{?pog htehg“lorr{égeﬁ}ﬂng egdljn %@ég}é’gd}ééégi Eggtﬂg %gﬁhghilg%gnﬁ%ieﬁen arH[ eas
t he readiafittesd dAta depnsieeyr retagofeadpypxpideels d0Pf dbgst:  On the

sggcijfftéat;ir@&y,sui 13:1] epfx‘érsﬁnl’tﬁi rilg)@@;ﬁﬁib@nsfaheS%\}Mﬁé y. 1?5|B_§r glfvﬁrr%s this
enbodi nent . can acconmodat e hi gher. data.tran rates nore.relia as
conpar & aﬁ/itf"%qtenet()pr?o af‘rﬁgﬁ§%f’5‘fﬁ§a&a&§vi%€ ‘%ﬁ c%ﬂisofhglﬂgﬁai'ng&}bﬁd RL
and -t heilili eissgnicegrt et reidmibicdrecsane specification. In addition, as
shown in Figure 7, the magnetic - 15 .2 ~ ocT zoos

In the magnetic head device according to the present invention,
the spacing between the paired lead wires constituting the



. head device 1 according to this enbodi nent can be applicabl eqt t
transfer rates of 400 Mops or higher, and nore pref elroably, of?. goﬁﬁ\ﬁ@ﬂﬂﬁ
hi gher. These data transfer rates are equivalent to or higher than those
for the current ILS and can be considered very significant in view of cost
advant ages. From the foregoing, the present invention can provide a

magnet k ¢yhead) ey Ces Wy G o daanhi gher igddihg ansdiaredit @hddy

using lead wires. 3. Brief Description of the wings: Figure 1 is a plan
vi ew fBF‘lEﬁSw&ﬁadawﬁrﬁﬁﬁeFP@Sﬁéﬂ c elsff@(ﬂ%iiﬁr?gac?'o an enbodi ment of the

present invention; Figure 2 is an enlarged view for showing in part a

readi n ad, |44 N9 hgady WyeRicgur Lgifgsectional v f.Qr
show ngl]li e %;I(?hf@g%rgﬁg)dnéﬂojf@a hr eadi\./\#gev::lg%d gmcgg,k%@\ﬁgndgg Wr ti}%%}é’eee? wre
WW Fi gorensipa,aneafbar §6d pbespeeiree viedd f orlidowi iR athid Wnidof Hehead

sl i der s3cbAdt hedmongt i anheads fiemi ten 1cotkgunayeri sarad segéi paakedi awafdor
show n%.the caonfig rati.or% of ttie r Odi ne%i I %ad \gorn%.R\N(\%']iéi n SI ea iv\\l,i re
VW ; F @)5?8 6°FL a eenllé’rﬁé’(f&\}i aw or "Showi ﬁ’g in palrrfgthé readi"ng l'ead RL
and t hénanlaitign eadvek; Fagere.7 i Spegirfbssflyr, shdwi ngondéngr ragn  be
pr Obabhbbb)ﬁpﬁ\i@h‘é@t egy WAl dRRGfdid® khe datauiienshelcovale; 1apseEi gire 8
is a gLaEg, or %Qé)vm ngti he uniformty in n%egag ewolfrthe reaglen% I%;;ed RL.
16 “boBding CHEMOYAtPOAL FREPEATE oylbDl 4794 VLrSgheY | BeheSd i ce
2 ... Whgreghouhedhedr lerdggds gl der predetémmichdybaimBervalswount plate 6
AE (armelectronics) 7 ... Tube 9 ... Core wire 10 ... Au layer 11 ...

ihéulat'on ayer 21 ,. .Data reading element 22 ... Data w.iting.el enent
b o aThe" dgtiscréaaingy STemeREad P U o ~Che WPrEFRIT day Ao 13
Readi ngebear@bdiyr es mAlyneto Wegisigl t el anerns.

The present inventors have found that less spacing between the
reading lead wires is more desirable for higher data transfer
rates. As described above, the reading lead wires are
desirably a pair of lead wires twisted together. The term
"spacing" used herein means the distance between the core wires
in the twisted lead wires. That is, as shown in Figqure 5, when
the distance LS between the core wires CC in the lead wires W
is called the spacing, it is desirable that the distance LS 1is
reduced. As an approach to reduce the distance LS, the present
invention proposes to thin the insulation layer located on the
outer surface of each lead wire. In other words, the present
invention provides a magnetic head device for reading data from
and writing data to a magnetic recording medium, comprising a
reading element for reading data and a reading lead wire for
transferring signals between the reading element and external
devices, wherein the reading lead wire has a core wire of
conductive material and an insulation layer covering the outer

surface thereof and having a thickness of 3 um or less.

In the magnetic head device according to the present invention,

a desirable thickness of the insulation layer is 1.5 to 2.5 um.
If the insulation layer is too thin, it may be difficult to
ensure that the layer covers the lead wire throughout its



- 17 2 ~0CT 2004 -18 4. Cains: 1. A magnetic head device,

conprising: a magnetic head slider having a data reading eleggn ata
witing elenent; a first lead for transferring data between E]@gdgﬁﬂi
readi ng el enent and external devices, said first |ead consisting of a pair
of lead wires which are tw sted together; and a second |ead for

transfféﬁgeg dat ay petygen g@é d &ﬂmd\ﬁ&é Nt £t &PENT enn@ e>bteer Ralrtd@viges,
sai d second | .ead consistin pair of lead wires e.untw st éd but

ar r ang8¥PPRefarRd a1 kal ‘ﬁrIB?WBr 5 TN eghet§ caﬂeaBSHgf? td8nad@¥Ed ng
to d acomﬁzlembéyel n theesgfEaaiag bhet ween ctdsamaaﬂreedtlhead wvhe es nsasitiiont | ng
said first ad |51:e5j8;han Hh;_%gaC|n bet ween g 3% Ie§ res
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magnet dsr espsbmmaeﬂealyerzt..o m.A nmagneti c head device for readl ng. data from
and witing data to a magnetic recordi ng nedium conprising: a reading

elenenanf% '“%%H{'agffafor the writing lead wire, it is desirable to

have a thicker insulation layer. That is, to reduce the delay
in rise time of a signal, it 1is effective to decrease the
capacitance C of the lead wire. For this purpose, an approach

of thickening the insulation layer may be effective.
Therefore, in the magnetic head device according to the present
invention, it is desirable that it comprises a writing element
for writing data and a writing lead wire for transferring
signals between the writing element and external devices, and
the writing lead wire has a core wire of conductive material
and an insulation layer covering the outer surface thereof and

having a thickness of 4 um or more.

The insulation layer for the writing lead wire is desirably 10
um or less, since the material cost may be increased if the

layer 1is too thick. A more desirable thickness of the

insulation layer is 4.5 to 7.5 um and a still more -desirable
thickness is 5 to 6 pm.

In the magnetic head device described above, it is desirable
that two reading lead wires are twisted together to form a
reading lead and two writing lead wires are arranged in
parallel to each other to form a writing lead. In that case,
the twisting pitch for the reading lead wires is desirably 0.5
mm or less. As described above, it 1is desirable that the
reading lead has a small spacing LS. Such a small spacing LS
can be achieved by twisting it heavily. It is effective to
achieve a twisting pitch of 0.5 mm for the reading lead through

such a heavy twisting. It has been verified that a twisting



-a reading lead wire for transferring signals between said reading el ement
and external devices having a first core wire of conductive m qguﬁ and a
first insulation | ayer covering the outer surface thereof and 6]&2004
t hi ckness of 3 dun or less; a witing elenent for witing data; and a
witing lead wire for transferri ng signals between said witing el enent and
ext er nglitddvi 6€s hayi mgnaosxecmadsccmayvm'mmdﬁce:oraduemhw med efdalo@ndia
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wires adéchwiist éd vedget et tred gy IeP rigadi rgptedd. and two witing | ead

wres are arranged in parallel to each other to forma witing |ead. 6. The
rragnetl ¢ head devi ce accordi n(g;[t]to Claim5, wherein the thickness of said
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accor diang-drod@adim Sn \Mm:relélaﬂ heitei.Stinige pilkal firesaid t@adintgdesaidt
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Au layer. Therefore, the present invention provides a magnetic
head device for reading data from and writing data to a
magnetic recording medium, comprising a writing element for
writing data and a lead wire for transferring signals between
the writing element and external devices, wherein the lead wire
has a core wire of conductive material, a metal covering layer
covering the outer surface of the core wire and having a
thickness of 1.5 um or less for bonding to the writing element,
and an insulation layer covering the outer surface of the metal
covering layer.

As described above, the metal covering layer is an essential
element for bonding to the reading and writing elements. Thus,
the thickness of the metal covering layer is desirably 0.5 um
or more for properly bonding to the reading and writing
elements. A more desirable thickness of the metal covering

layer is 0.8 to 1.2 um and the most desirable thickness is
approximately 1.0 pm.

In the magnetic head device according to the present invention,
the core wire is desirably made of Cu material represented by
oxygen-free copper or Ag material. Cu core wires are now
prevailing but Ag core wires are more advantageous than Cu ones
in terms of electrical resistance.

In the above description, the present invention is implemented
in a magnetic head device but it is clear that the present



- 10. The magnetic head device according to Caim8, wherein sai d core vvr re
is made of Cu or Ag material. 11. A magnetic head devi ce accor |81 O@ m
I, wherein each lead wire for transferring signals between the data W i |ng
el ement and the external devices conprises: a core wire responsible for
signal transfer; an Au layer formed on the outer surface of said core wire

and hayj Cé%rfs f ot de% and jandl nw&etl on tRyperbpened on
t he outer surC% ace :Da(;? ljmtﬁea‘{eer © A magnetic he vice accordi ng to
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an Au layer formed on the outer surface of the core
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according to this embodiment.

F"_

The magnetic head device 1 comprises a head slider 3 having a
magnetic head 2 for data reading/writing, a load beam 4, a
flexure (not shown) for installing the head slider .3 on the
load beam 4, a mount plate 5 provided for the base of the load
beam 4, an AE (arm electronics) 6, a reading lead RL and a
writing lead WL for transferring signals between the AE 6 and
the magnetic head 2, and a tube 7 for guiding the reading lead
RL and the writing lead RL.

Figure 2 1is an enlarged view for showing in part the reading
lead RL and the writing lead WL. The reading lead RL consists
of a pair of reading lead wires RW twisted together. Such
twisting may be accomplished according to any of conventionally
well-known methods. For example, as described 1in the
publication of Japanese published unexamined patent application

- 10 -
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4| & () phX¥ZEeLl to each other. Each writing lead wire WW has
insulation 1layer of polyurethane formed on its outer surface
and two writing 1lead wires WW are integrally formed by
fused-bonding their insulation layers. Fused-bonding is an
advantageous bonding technique in that it requires no other
bonding material such as an adhesive.

Figure 3 is a sectional view for showing the configuration of
the reading lead wire RW and the writing lead wire WW. As
shown in Figure 3, the reading lead wire RW and the writing
lead wire WW have a core wire 9 of oxygen-free copper, an Au
layer 10 formed on the outer surface of the core wire 9, and an
insulation layer 11 of polyurethane formed on the outer surface
of the Au layer 10, respectively. In this way, the reading
lead wire RW and the writing lead wire WW have a similar
configuration.

Figure 4 is an enlarged perspective view for showing the end of
the head slider 3. The magnetic head 2 formed on the head
slider 3 has a data reading element 21 and a data writing

element 22. The data reading element 21 is composed of an MR
(magneto resistive) element and the data writing element 22 is
composed of a coil. The magnetic head 2 has slider pads 23, 23

electrically connected to the data reading element 21 and
slider pads 24, 24 electrically connected to the data writing
element 22. The surfaces of the slider pads 23, 23 and the
slider pads 24, 24 are Au-plated. One end of each reading lead
wire RW is bonded to one of the slider pads 23, 23 and one end
of each writing lead wire WW is bonded to one of the slider
pads 24, 24. This bonding is accomplished through a bonding
process in which the Au layers 10 of the reading lead wires RW
and the writing lead wires WW are bonded to slider pads 23, 23
and the slider pads 24, 24 with ultrasonic vibration. The
surface of the magnetic head 2 may be covered with resin after

- 11 -



9 (fYL?' 10$10$10$ | 1098& ()- "y’ ' $1096& ()-m @S$1006& ()-Z

MBLO%H| & ()-f'L$(7QG [ YL? f+$1008& ()-& ,: S10%& ()-$ &$10%64 &) iofl/
9$1096& ()- $ 9 $109B& ()-) $109B& ()- YKQRSTC] vU4 yni0%&: () BLobad0y -
L$10%8& () - mL0$10$10$$ Y: 1096& ()-) L6$10%& () - gE| [ NA410$10$10$
Y: 10988 ()- yO$109B& ()-  S(&$10%8& ()- $ ,9' $10%B& ()-)

MB10%&& d )s 5d§'Aé%0 ’2&%‘%%&% (ﬁea}ﬁln 1P8/§e$&&lfés Ri 2@V &P )
: $1098$&& (

OW Z O%H7a& -
$10%9" t@qstﬁﬁme &ﬁﬁ&%ggﬁag/@p f@&%mng lead” WAz U
| 1098388 4Ye Ho€hded. KobefhevUs L: $10%2$& ()-T #109R$&' ()-ml0?" 10?' 10?'

L 109%" & ()- , 96: $109%9" & ()-g) " (" $10%" & ()- . 015NSE6F6GH] | : - 410R$

F: 100R$& ()- y3$109R8& ()- y110%R$& ()- @9$10%RSE (&B ' $1090%& ()-@ |
MBLO%B& (Fhe GBIERIGXETS: ;e ORdev i@res1doRdRYINg  shBeouReREdguration
10988& édor PH S 0URBR ) - tlﬂiieé()g?&s()oﬁ-()@l@@ <A RD>ERUnRMAL0 the

@E$10@@$& EMB1092 & Y10 .10

S| +$1o%m£%}ca BQWEéEéé‘(é{fi ﬁ ﬂ%‘%/%&et’? Eé%%o%lo%rﬁlslo@/éwr( Her
&6#109PBEb D11 it #1002 ER (yeSpéy#$l©%?$&a(C)i FEZBnBK#N| [ rateE0 wWEEIS10%&8R () -
$'\/$100/§§‘a(§int§#’\fe§%@%% %d@tlﬁl%ﬁ&.ﬁg é/M@l@& Were re eated. For

L $10%8& &( §tO| Uﬁp\?%]%

U U41
s$1ocﬂﬁ$ (pva “%rlﬁb/m&' ©° g%
$! 10%&?@ 1$ MO0 &u S pdy 9§I$ﬂ.€0°/$@$14)tS$SIQ(V$8JO(W)n 10R$IGRSLERY - In the
A%ﬁg‘g YerZB4 LS4l Lugt ’)MQS%S;LO%&IL(})D %'e@]o()@& (Jofidear Density
| $1 109 %81 10968 )8 10%B& () - ugl 777447 2
$! 10966KR $I 136%189%‘§ %1 1eRT A% 3 LR i§9EE (?%I 136%& (PPRELFAFR USAD 10
$él??§i§;é&f§“iw& P eEh S
t on a
$! 10958 I$I 109 $! 1095& $! 109 $11098& () -9\ \\\\\ "byU410
S$1000R/ %?l“EéloWG(‘as‘?n %GWE) 1§ Hod V%S LA ‘Eé‘?‘s nt' speed,
, 0 $10@&@&(ﬁfﬁb*b&@@@BepmcefXHMM@ME@t&ﬁD@@&.ére @EWegh¢yn in Figure
%4090 () - RHAVADYLO% ¢ MLOYEK: b be HMBLOYMR ) -5 )ildd ] bECB¥RALG ndiRates

"SI0 Dot PR )

For example, if the value of "Log of SER"
is "-8", it means that error may occur only once when the data
reading operation and the data writing operation are repeated

by 10°® times.

Type 1 Type 2 Type 3
Diameter of core wire 9 28.1 um 28.1 pm 28.1 pm
Thickness of Au layer 10 2.0 um 2.0 pm ‘1,0 pm
Thickness of insulation 5.3 pm 5.3 um 5.3 pm
layer 11
Twisted/Untwisted Twisted Untwisted Twisted

A difference between Type 1 and Type 2 is that the writing lead
wires WW of Type 1 are twisted together as shown in Figure 6,
while the writing lead wires WW of Type 2 are untwisted as
shown in Figure 2. When the curves for Type 1 and Type 2 shown
in Fiqure 7 are compared with each other, it is found that the
error probability for Type 2 is lower than that for Type 1 at
data transfer rates higher than 439 Mbps. That is, the writing
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lead wires WW which are untwisted and arranged in parallel to
each other exhibit lower error probabilities at higher data
transfer rates and thus they can accommodate much higher data
transfer rates. On the contrary, the SER values for Type 2
tend to linearly increase up to a data transfer rate of 573
Mbps. It can be easily supposed from this tendency that the
writing lead wires WW allow for data transfer rates higher than
600 Mbps.

A difference between Type 1 and Type 3 is that the Au layer 10
in each of the writing lead wires WW of Type 1 has a thickness

of 2.0 pm, while the Au layer 10 in each of the writing lead

wires WW of Type 3 has a thickness of 1.0 pum. When the curves
for Type 1 and Type 3 shown in Figure 7 are compared with each

other, it 1is found that the error probability for Type 3 is
lower than that for Type 1 at data transfer rates higher than
439 Mbps. That is, the writing lead wires WW which have a
thinner Au layer 10 exhibit lower error probabilities at the
same data transfer rate and thus they can accommodate much
higher data transfer rates. At a higher data transfer rate, a
signal will be transferred at a higher frequency and then flow
along the surface of the writing lead wire WW. Namely, it can
be supposed that Type 2 can provide more stable data transfer
since it has a thinner Au layer 10 of 1 pm and signals more
frequently pass through oxygen-free copper which constitutes
the core wire 9 and has excellent data . transfer
characteristics.

As described above, it has been verified that the writing lead
wires WW which are untwisted and arranged in parallel to each
other or a thinner Au layer 10 used for bonding to the slider
pads 24, 24 can allow the magnetic head device to accommodate
higher data transfer rates. In the foregoing, this embodiment
has been described with reference to a case where the writing
lead wires WW are arranged in parallel to each other and
another case where the Au layer 10 is thinned to 1.0 pum.
However, it is needless to say that the present invention can
be implemented by using the writing lead wires WW arranged in
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according to the present invention as described above.

In addition, as described above, the writing lead wires WW in
the conventional writing lead WL have been twisted together
since this twisting was helpful to improve their noise
resistance or to contain the lead wires in the tube 7. This
embodiment using untwisted writing lead wires WW may cause the
user to feel concern about noise resistance. However, the
present invention will assume great significance because it is
an enormous challenge to provide a hard disk drive adaptable to
higher data transfer rates. Any problem caused by containing
the writing 1lead wires WW in the +tube 7 can be easily
eliminated by fused-bonding them.

In order to properly transfer signals, any circuit must have
sufficient uniformity. Especially, such uniformity is more
important for the reading lead RL. If a circuit can keep a
constant impedance, it can be said that the circuit has
sufficient uniformity. Thus, two types of reading leads RL
made to the specifications listed below were evaluated in terms
of uniformity in impedance of the reading leads RL. -

Type 4 Type 5
Diameter of core wire 9 28.1 um 28.1 um
Thickness of Au layer 10 2.0 um 2.0 um
Thickness of insulation 5.3 um 2.0 um
layer 11
Twisting pitch 0.9 mm 0.3 mm
Twisted/Untwisted Twisted Twisted
The results are shown in Figure 8. 1In the figure, the axis of
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abscissas indicates time (pico second, pS) and the axis of
ordinates indicates impedance Zo (ohm). Figure 8 shows that a
more constant impedance Zo can be kept if a wire exhibits a
longer flat portion in its curve or a more delayed rising
timing. Therefore, it can be verified that the reading lead RL
of Type 5 which has a thinner insulation layer 11 and a smaller
twisting pitch is more excellent in circuit uniformity.

It should be appreciated that the reading lead RL of Type 4 is
different from the reading lead RL of Type 5 in that the
thickness of the insulation layer 11 and the twisting pitch for
Type 5 are smaller than those for Type 4. It is intended for
reducing the above-mentioned spacing LS that the reading lead
RL of Type 5 has a smaller thickness of the insulation layer 11
and a smaller twisting pitch. Specifically, the reading lead
RL of Type 5 is smaller than that of Type 4 in spacing LS by
approximately 10 um. This means that the capacitance C of the
reading lead RL has been increased. That is, circuit
uniformity can be improved by increasing the capacitance C.

As described above, it is very important for the reading
operation to increase the capacitance C for improvement of

circuit uniformity. On the contrary, it is necessary for the
writing operation to suppress the capacitance ¢ for reducing
any delay in rise time of input signals. The results shown in

Figure 8 indicate that a thicker insulation layer 11,-that is,
a smaller capacitance C can be helpful to reduce any delay in
rise time. Therefore, as described above, it is desirable that
the insulation layer 11 of the writing lead WL is thicker than
that of the reading lead RL.

As described above, this embodiment has the reading lead RL and
the writing lead WL made to different specifications suitable
for their operations, respectively. Therefore, this embodiment
can accommodate higher data transfer rates more reliably as
compared with the prior magnetic head device which has the
reading lead RL and the writing lead WL made to the same
specification. In addition, as shown in Figure 7, the magnetic
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head device 1 according to this embodiment can be applicable to
data transfer rates of 400 Mbps or higher, and more preferably,
of 600 Mbps or higher. These data transfer rates are
equivalent to or higher than those for the current ILS and can
be considered very significant in view of cost advantages.

From the foregoing, the present invention can provide a

magnetic head device which can accommodate higher data transfer
rates by using lead wires.

3. Brief Description of the Drawings:

Figure 1 is a plan view for showing a magnetic head device 1
according to an embodiment of the present invention;

Figure 2 is an enlarged view for showing in part a reading lead
RL and a writing lead WL;

Figure 3 is a sectional view for showing the configuration of a
reading lead wire RW and a writing ‘lead wire WwW;

Figure 4 is an enlarged perspective view for showing the end of
a head slider 3 in the magnetic head device 1;

Figure 5 is a sectional view for showing the configuration of
the reading lead wire RW (writing lead wire WW);

Figure 6 is an enlarged view for showing in part the reading
lead RL and the writing lead WL;

Figure 7 is a graph for showing the error probability evaluated
with respect to the data transfer rate; and

Figure 8 is a graph for showing the uniformity in impedance of
the reading lead RL.
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[Description of symbols]

Magnetic head device
Magnetic head

Head slider

Load beam

Mount plate

AE (arm electronics)
Tube

9 ... Core wire

~N oy U N

10 ... Au layer

11 ... Insulation layer

21 ... Data reading element
22 ... Data writing element
23, 24 ... slider pad

RL ... Reading lead

WL ... Writing lead
RW ... Reading lead wires
WW ... Writing lead wires
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4. Claims:

1. A magnetic head device, comprising:

a magnetic head slider having a data reading element and a data writing element;

a first lead for transferring data between said data reading element and external
devices, said first lead consisting of a pair of lead wires which are twisted together; and

a second lead for transferring data between said data writing element and external
devices, said second lead consisting of a pair of lead wires which are untwisted but

arranged in parallel to each other.

2. The magnetic head device according to Claim 1, wherein the spacing
between the paired lead wires constituting said first lead is less than the spacing between

the paired lead wires constituting said second lead.

3. The magnetic head device according to Claim 1, wherein each of the paired
lead wires constituting said second lead has an insulation cover layer and the paired lead

wires are integrally formed by bonding the respective insulation cover layers.

4. The magnetic head device according to Claim 1, wherein said data reading

element is a magneto resistive element.

5. A magnetic head device for reading data from and writing data to a
magnetic recording medium, comprising;

areading element for reading data;

a reading lead wire for transferring signals between said reading element
and external devices having a first core wire of conductive material and a first insulation
layer covering the outer surface thereof and having a thickness of 3 pum or less;

a writing element for writing data; and

a writing lead wire for transferring signals between said writing element and
external devices having a second core wire of conductive material and a second insulation

layer covering the outer surface thereof and having a thickness of 4 um or more,
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wherein two reading lead wires are twisted together to form a reading lead and two

writing lead wires are arranged in parallel to each other to form a writing lead.

6. The magnetic head device according to Claim 5, wherein the thickness of

said first insulation layer is 1.5 to 2.5 pm.

7. The magnetic head device according to Claim 5, wherein the twisting pitch

for said reading lead wires is 0.5 mm or less.

8. A magnetic head device according to Claim [,
wherein said lead wires of said second lead have a core wire of conductive
material, a metal covering layer covering the outer surface of said core wire and having a
thickness of 1.5 um or less for bonding to said writing element, and an insulation layer

covering the outer surface of said metal covering layer.

9. The magnetic head device according to Claim 8, wherein the thickness of

said metal covering layer is 0.5 pm or more.

10. The magnetic head device according to Claim 8, wherein said core wire is

made of Cu or Ag material.

1. A magnetic head device according to Claim 1, wherein each lead wire for
transferring signals between the data writing element and the external devices comprises:
a core wire responsible for signal transfer;
an Au layer formed on the outer surface of said core wire and having a
thickness of 1.5 um or less; and

an insulation layer formed on the outer surface of said Au layer.

12. A magnetic head device according to Claim 1, wherein each lead wire for
transferring signals between the data reading element and the external devices comprises:
a core wire responsible for signal transfer;

an Au layer formed on the outer surface of said core wire; and
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