; e3ea&at dp, 6T& 0 6 N O V 2002 PCT/ US991 11355 WO 99/ 62059 *166166* QG NOV 2002
ADAPTI VE LOWONGY/Rbs0 CURRENT GE\ ' ERATOR Al THOD . 5 Rel at ed dgpbuswatisen This
application clains the benefit under SSMMWWH@M ) of U S. Provisional
Application Serial Nunmber 601086, 481 fi il 998. The present
invention relates to the field of mass-stordgesdevi ces. More 10
particularly, this invention relates to a nmethod and circuit for generating
| ow noi se curr enADASTIWEJr@WeNOISE T URBENTAGE NERET ORyA NDMRIEHODof  any
conputer systemis a device to store data. Conputer systens have nany

di fferent devices where data can be stored. One 15 conmon place for storing
massi ve amoynts of data in a COWWE&@MBES on a disc drive. The nost
basic parts of a disc drive are a disc that is rotated, an actuator that
noves a transducer Tws¢pplication diymsthedieschrmden U SiGd 19Naf BiS.cuitry that
s used to Wi b AndhOApNIRAM ISR MmBBkd GRSl Mediiag 2o Thiedi sC drive also
Includes circuitry tor encoding data so that it can successful ly
retrieved from20 and witten to jawe. A m croprocessor
controls nost of the operations. of .the dis ri.ve, in addition,to passing
the data back to thﬁher‘graifgéllni"ﬂg'ogé%tﬁi Eé’ﬁk%ﬁﬁfgt%mahsgs‘a%& FYSTH &'¥Equest i ng
conputer fao spatitughy, hit heestionGelalth® slingthod bnd/eirdutgbigdrating Idnsducer head

for witing data onto cjircular or spiral tracks in a magnetic |ayer the
di sc surfaces Q‘Pl‘ae?W“F@émaﬁ@et?'ﬁ%”&’é‘i%eafiﬁ-_om 2~ the magnetic layer. In some

drives, the transducer incl “de%a?ﬁg%ﬂﬁhﬂl‘ﬁnmlﬂﬂ ven coil (or "wite
head") that provides a nmagnetic fie or witing data, and a

magnet o- resi stive (O kel componert of anyevarputas ayktem 1sradevitstte stose ¢tmnges in t he
magnetic field. along the tracks for..reading data. .The transduc S
typically pl acgamBHtglésyé%ﬁ]slha‘éee am %‘H%'I'egg%vgcﬁf ‘g%’erree earcfgéeé ¥ U€ a slider,
that is aerigdypafinéaplaye fi¢Stoging chassive dmdduntstofidhiags a oyputehs/sihss onkhe sl i der
i s passed over the dis¢ in a transdugi rel at'ionship with the disc. Mst
sliders have aﬁ‘%ﬁ?‘-’%e irﬂ‘g“Q’Eﬁ‘q‘%‘éO?aﬁ%SdTVWF@ﬁlﬁcﬁ%tﬁ%l@éa‘? Bls and a

cavity betweengtihifor Bt rfoyeVi@AnddlEerdh $4ndudiRh®shs ok th Qisel APIGeBSt ween t he
rails and the 0 6 NO V 2002 WO 99/ 62059 PCT/ US99/ 11356 7
that is used to write and/or read data to and from the disc. The disc drive also

includes circuitry for encoding data so that it can be successfully retrieved from
20  and written to the disc surface. A microprocessor controls most of the operations
of the disc drive, in addition to passing the data back to the requesting computer
and taking data from a requesting computer for storing to the disc.
The disc drive includes a transducer head for writing data onto circular or

spiral tracks in a magnetic layer the disc surfaces and for reading the data from

o
w

the magnetic layer. In some drives, the transducer includes an electrically driven
coil (or “write head”) that provides a magnetic field for writing data, and a
magneto-resistive (MR) element (or “read head”) that detects changes in the
magnetic field along the tracks for reading data.

The transducer is typically placed on a small ceramic block, also referred
30 to as aslider, that is aerodynamically designed so that it flies over the disc. The
slider is passed over the disc in a transducing relationship with the disc. Most
sliders have an air-bearing surface (“ABS”") which includes rails and a cavity

between the rails. When the disc rotates, air is dragged between the rails and the

M
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di sc surface causing pressure, which forces the head away fromtheUcﬂ SNOVAQOOZ
the sanme tine, the air rushing past the cavity or depression in the air
beari ng sur¥Y@8¥62pi%duces a negative pressure area. The negdGWEHHeSure or
suction counteracts the pressure produced at the rails. The slider is also
attached to a load spring 5 which produces a force on the slider directed
toward the di : J f { lhr e ider flies
over the surfggg%ﬁ C’?%%Sll ceéaétﬂgelé@ggcptf?%g aﬁﬁgz&eﬂs%\lr'%ﬁrﬁﬁqg%%%rﬁt% he fly
hei ght is thesshstmpabe ietwhang fabticgheltaaty oudémessiand thaar beaaing durficag head,
which is typically the thickness of e air. lubrication film This film

el i mi nat es th@fOPP%/eétai‘Eﬁathvﬁd’f?sé%’ﬁlaf‘?anS‘hh\%&%a“tvﬁaf“é\%&PHS%%&%‘E‘[‘“WS t he
transduci ng hepGresagre Prsduc¥bitahé RilEEThAGIdeR]s HRMHtaeHeddb hildd sPiige rot ation.
In sonme disc drives) the slider passes. through a |ayer of lubricant rather

than flying owichimsedusess fasee o the slidagidiected iovrdriteidess suefpiceddat ati ve of
data is Stored,AfsiiReodfuliRthe 88 iHRIMREAOR: Hehrrd SYandliy g Sy St ems T ead
and wite information stored on tracks on storage i i scs. Transducers, in
the form of r eadtuiai desirebfiylbeight dldteety hetght becths distkar s betbveerathedison bot h si des
of the storage disc ead and. wite infornati n,the starage discs when
the t ransducef‘ér(ija:ﬁ3 &h%@fgﬁaﬁ?@l‘:y‘gd}%‘?’ﬁ%ﬁél& W‘éaﬁf}éﬁ%thbcfmnfﬁe&&bes gnat ed tracks
on the surfaceubgkaddiefilst OTHRYAINA eBRinalds ¢hd friatiodl ieElesilEn@ve s thaivduid® be noved

to a target track, As the storage disc spins and the read/wite head 20 is
accur at el ylQoFur Hribeitransdyang headragddise ek in mehapisalforiact drmgdisccan store

data onto a track,P¥n\Wht 1R6 dHDEQIHIBLIG Pt RPIESSIN Al M rMbrdaliFap@tt 0 t he
storage disc. Simlarly, reading data on a storage disc is acconplished by

posi tioning t hendlyag over thesutfecedbfabodiec.a target track and reading the
stored material on the stor i W r. read fromdifferent
tracks, the read/ vvlh} ?%n%lgaégpggseg%ﬁg%eggtargélIog?qun glgrs%rg%etoﬁéheﬁoa{%&(cs to a

sel ect ed t ar gdisct DagekdrivERgstelas eeatd andlivvitediaébrimation stofeddnitogld dredtorage t he
tracks. In some disc drives, thlg tr cka/ are.a nultiplicity of concentric
circul ar tFackscs | Hrapidyesss.dn e 9 pbeadiyriie heads gbirrdied | 1hgslidegs. one track on

one side of a;gi,g8 oHboMidesdT VIR FGREDASK rdadfaBh WRitk AoinPatidR 8A e accurately
| ocate the transducer. The actuator assenbly is noved to the required

posi tion 30 anwrageldiscy when Hediansdusksy atackwrgtely pesitpned ovigrione obiher at i on usi ng

the servo infaor i Typl gal - QU i I.Ld dto
provi de a congf %ﬁ#at%{\gasc k%:/grl% {rihgns'% }’f? %?Otﬁﬁ%srt%é%@gﬁeﬁ% tlﬂnr{sg '#é:} %53358 L!'E@ad.
Changes i n t heo besiostdioadangkt trivk. As thdstrapt digc 20102an40h0 eda62GBOhEACTI i ;

~99111356 MR el enent result jn a change,in voltage,across the MR el enent,
and a vol tg(be IR WRLely p??i‘tioé’ﬁi%la{"?vf %ggﬁpt?%?kdg‘?éﬁa[d}"f'%Sg‘ga%?‘ﬂﬁ&ég.Satﬁny noi se

in the currentonfitiak b¥ivritidgeiabrinaiith Retesentitiveldidad @ntage sefp@dict he MR

el enent, and thus in the detected voltage. There is, therefore, a need for

a nethod and Mgy, reagingglatiermt plATer GIfC Hoicsemelished Ry PPElioning8ducer s, and
in particular rgaﬁvw%g\@% %o%@%'taﬁ&kt\@?acﬁ%H@f'eggingltﬁé@&rﬁ material on the

storage disc. To write on or read from different tracks, the read/write head is
25 moved radially across the tracks to a selected target track. The data is divided or
grouped together on the tracks. In some disc drives, the tracks are a multiplicity
of concentric circular tracks. In other disc drives, a continuous spiral is one track
on one side of a disc drive. Servo feedback information is used to accurately
locate the transducer. The actuator assembly is moved to the required position
30 and held very accurately during a read or write operation using the servo
information.
Typically, a current-source circuit is used to provide a constant bias

current for the MR element in the read head. Changes in the resistance of the



A nmet hod and apparatus is described for generating | ow noise curre tﬁ fNOVLQUOZ
a disc-drive (rjb g[) and in one enbodi nent, for a nagneto- reslrall d One
enbodi nment B/IO 22 a current- generating circuit, a disc-drive syé m usi ng
the circuit, and a related nmethod. The systemlncl udes a rotating disc, a
transducer havi ng a read head positioned to read data fromthe disc, and

the current - geviRleddn®dnt fdstlé iH 4 chahBe irCublfa@iicr@ Ny MIRMlerfidnit Gt ta voageper ati vel y
coupled 15 to the read head. The cu: enerator circuit includes a

fi el d- ef f ect - tACHRST STBH 6 YFIdASIFe HbpSEhAREFS Agnaoishindhe exreant sousetj ust nent

t t
ci 1 aoti ve w arh T 1 GRaTRE PP b St MR BRinetl e B FUpELa =1

current-mrrorvoltegecui t |n order to reduce noi se. I n one enbodi ment, the

adj ustment is nade uto un um ac tabl e 2 voltagels
obt ai ned actoss a cuft% ‘Prt fl ry‘?g q{a?rl'crrﬁ!eogfl cﬂﬁ%fﬁ’glger};‘fé%’é’é %t the
present i nventrofyd cpfromti foeigarddwists; QxliﬂmQﬁﬁQm&ﬁ'ﬁo"r mughetu:reslg‘tﬂé s@RfiRrati ng

| ow noi se current for a transducer or other application. This circuit

i ncludes a fi SIS ect-transistor current-mrror circuit and an automatic
adjustnment circuit operatively ent-mrror circuit 25
that adjusts an effective width-to-length ratio of field-effect-transistors
of the current-ni ngk methodnd appargngisidescaibed fugenangingdowmise kemeradprect  of

Lhe Bresenlo! ARLAL RLRULAS7 ol IRbOReh O RSAURLARABY SR OT 52 1 2

plurality of currer@rednibodim¢raiprevidds afcurrknt-gehéretitg ¢1rcansa ditedisye and (b) 30
selectively disablin e .or a of fiel ffect transi stors
Co adi st x wistemeahedorRruinEiG SedRelt o ten dide Tbige Aot her

aspect of the f§esadhsdubitealingR rBddheall SsiBordd 36 redd UME rRMSthemst all i ncl udes
a rotating disc, a transducer having a read head positioned to read data

0 6 NO V 2002he\root-eamsuorraiiSTHe cursse-2anaratansitchi ipstativalygoupled
current - ge'i‘fr%é%e %?@Héadfﬂi\ e @uton édeﬁﬁi(%y rc%hidéﬁrdké‘ﬂggd‘@!rfg&%a%%s length ratio

in order to reduce noilse dvant ageous e syste circult, and nethod
descri bed for cgrmeetr—xatr’rmgul:mmmdmsaaltcomzrtrceadjusfrmnt alrttmtaupsducdy caigriedate

t t ed t of the di. t | t
ot her L mee. adPhBTeR PBaR BRAL adirn BT PR e e alh. Lot engtn

ratio of a trafeducalsiskirasf GUkLRE-rHiedF Eitcuitlif ofRA® redltedbi¥enirSonet he
wdth-to-length ratio i s adjusted by selectively disabling one or nore

pairs of fiel WE&?"H‘P&F\@JP%P‘S‘SW’E agtpmatifallygnpip @W@PV‘eqcceé’éable
current-m Eéor ?g &b #r@draERﬁsaUﬁ'rtrér{t Sgt{]gg siRkir&3t W dth-to-length ratio is

achieved that w stl mal ntain at |east a m ni num desired voltage
across a current siAmothdrasprotref herpragenvinvestion prevides ¢ exmenygengradared for t he

transducer 1S aliib] Bkl A5l SMent LB IakliGeR Y1 L80! iABAGH o the

fr
current sink FI'G Vi ew o I'SC r mul tiple
di sc stack andTas tiagit includes a ﬁeld effect-transistor current-mirror circuit and an

automatic adjustment circuit operatively coupled to the current-mirror circuit
25 that adjusts an effective width-to-length ratio of field-effect-transistors of the
current-mirror circuit in order to reduce noise.
Another aspect of the present invention provides a method for reducing
device noise in a current mirror circuit. The method includes the steps of (a)
providing a plurality of current-mirror pairs of field-effect transistors, and (b)
30 selectively disabling one or more of the pairs of field-effect transistors to adjust a
width-to-length ratio and thus to reduce device noise.
Another aspect of the present invention provides a disc drive system that

includes a rotating disc, a transducer having a read head positioned to read data



| S assenbly for |oading and unl oadi ng transducers to and fromtheU SUN‘QMeZDOZ
of ‘the dis 2 is a block diagramof a current sourc

i ncor por at Sﬁ%%ﬁne present invention. FIG 3 is a block di ag?ﬁ’ﬁqg"s? l(‘)%/(sfng nor e
details of current source 200. 20 FIG 4 is a circuit diagramof details of
one enbodi nment of portions of circuit 200. FIG 5 is a circuit diagram of
details of ongomnhediscyand a oirreitipencrpor intaB Jorfutdmdticily ad@ingfalwadthé is a
graph of circuit noise wi tcg and without adaptive WL adjustnment. 25 FIG 7
i's-a cl ocki nglodicRgh &30 BOTSRE CAMGAIOMENt. FIG 8 is a schematic view of a
conputer System ushBgardiGoRhE§RN sy Rkl Oha fikitbd GestrioclBVEhring! one
embodi nent of the present irnventron. the follow ng detal escription
of the preferroe\dn@mmmefmtstrawur:@fcembmmwatsdmmmwfdh@ dhiec- elrmﬁorrpanyl ng

dr awi ngs ich form her ch

illust rat}Ng ,p%weer S%cd&g'ﬁ%gagr?g&{r)an?qp% \m!t SR W%Hg atupoghdnﬁﬁbv Xsﬁ)r acticed.
It is to be undeffetidedvidthato- laignlerauemiﬁ@mmabmyunem sburcd. (M s30@2 VO
99162U59 PCTN899111356£{51 be uti lﬁ zed and truﬁ’ han es may be nade

wi t hout depar EFPRfIFFR fidt-goseen r?tl‘fé‘sﬁ l,y ablipgone v ent i on
described in phhsreqfaRk bpﬂéragrremraaﬁ%wmitqre Prdd lmbaﬁaﬂepis Hirs-ioves.

i ncl udi ng hard-disc drives, ZIP drives, oppy-di sc drives) and any other 5
type of dri vesyresysquaess, witi! thejswatleg sidth- t%rienath reéel israghivedathatayilletill

| nexpensi vg/ | RRPARdPRLe JiiGinfll ¥&fed vOlagRahby: LORhARALLAGLOF O her

devi ces, V\/ner dat a read using a fead i'ase by a current
source. The |ambmixhemsdhscundmegenemted”ﬂost}mmhsdua&rlxnmmumptlrseﬁcﬂi asweri,h many
electrical and mechanical configurations of disc drives having either
rotary or |inB&EfFS cé{EF‘Hé’F?SSWM%ﬁCmP n, the invention is also useful in
all types of disc drives inc zip drives) floppy
disc drives and any other type of drives where providing a | ow noise
current sour cElG.of 1&%"@@?&@9&'@“@ dﬁéeﬁ’éblar@lﬁﬂéledﬁpg@?barldilm expl oded

view of o errbodl f esE showi ng
one type g a di sc ri v@ fi}lgg%lgén ng 611°drdo ary ergté?hzdtgémﬂﬁ?%%?c drive
100 includes a housftrhgdcsr:s base 112 and a cover 114. The base 112 and cover
114 forma di ?f ure Rot at ab gttachzi)g t he. b e 112 on an
actuator shaffq %ﬁlf dizerqn Phf © eé’ d“coﬁ?éat %Prﬁ?e"ésserrbly 120

i ncl udes a conb- Ilkﬁ/eﬁtﬁdmcture 122 having a plurality of arnms 123 Attached
to the separate arns |23 on the conb 122 are | oad beans_or | oad 20 springs
124. Load beaﬁkco}lsladﬁ%{:kébar&rﬁﬁé QY188 Mospdgtalisof pwgent sousee A9spensi ons.

Attached aj, thgsend oo rceﬁlaragﬂaﬁa&r&& rgego&e%uoau@en%f,si&ﬁo&s?&cwgwh carries a

magneti c transducer sone enbodi nents, transducer 150 includes a
el ectromagneti c COQOOM[Ite head 97 and a magneto-resistive read head 98
(see Figure 2

sl i de h, t n .50 f.ormwhat is
tmny 2511 mee FIGHT B4 e AlsBtant FLaclelS ol o o Rt PR e or B o er s “have
one transducer 150c@tidt200at is V\/nat is shown in the figures. It should al so
be noted that invention is equall Ilders havi ng nore
t han one t ranﬂacé'rs a %ﬁé}ho feucyifnpisy with é‘?‘&%‘é‘lﬂ“?&p&éﬁe l@ﬁ?u(ﬁ?“%gnet 0
resistive feagigny M&&kﬂ%&l:dgrﬁﬂ&‘&%ﬁﬁferdbo&%ehﬁ general ly used for reading
and another is generally used for 30 witing. On the end of the actuator

arm assenbly F; %ppaoif,h@reattcweew SbRICHTRYIF GYSIAR ASiAE the eseB) iNYERION126 is a
voi ce coil 128916% [sHERED atboF B e dtRiRAR §f the Drdssntdnvehfigt. Magnet 130 and a

second magne
Description of the Preferred Embodiment

In the following detailed description of the preferred embodiments,
30 reference is made to the accompanying drawings which form a part hereof, and
in which are shown, by way of illustration, specific embodiments in which the -

invention may be practiced. It is to be understood that other embodiments may



130'. As shown in Figure 1, the second magnet 130" is associated W.OrﬁtNQV 2002
cover 0 6w 629902 WO 991 62059 PCT/ US99/ 11356 6 114. Thepdigiseh Ags

second magnets 130, 130', and the voice coil 128 are the key conponents of

a voice coil notor which applies a forcé to the actuator assenbly 120 to

rotate it about the actuator shaft 118. Al so nounted to the base 112 is a

spi ndl e not or .beTtibzekrnd directwigl changaesahaydsanade mothati depapiogtfioantheatdped t he

spindle ~ hub %%%. I n Lhis.garticular disc drive, the spindle notor is

within the hul® MEPTECRUPE™P ™2 nunber of discs 134 are attached to the

spindl e hub 133. | Thetdehtich describiel Viethistappiitutibe isdissful ®r afl tphdsfoggRAt nunber
of discs may be attached to the hub. _The invention described herein is

equal |y appl i caibyee Incdpdingshardtdisg davesnfifinysy dloppysfise drvesyansanyiotes as wel |
as disc driye hay I SYHS eMsSGy as PR i 10 described herein
is also equéa/tl ﬁ@egﬁﬁn?gsé Sgenfslo di s%ﬂé?@vag-sg \;F\c)ld'tmﬁdlaglgftﬂlrr\ I ef notors which are
Wi t hi n t he hubnéx@8nsive/indapendenhéishdrives,FiogBA&D Xonfgurativryck otlieadevacaspf a
current source ,200.incarpqrati t : invention, ln sone

enbodi ment's, trGHIRES r'%gé‘gllglﬁg?ﬁa&le@ag{hgﬁggta?%%g%:elﬁegt ¥ write head 97
and a magnet o- r esi Jthi wventarddeaiidd dBthfssapplidation ks \Geful with)manllegectrivat noi se

current generator 200 is useful for nm&{lwéglﬁgs of . transducers, including

magnet o- r esi stag &eFhagirag BHGIens 1g)e1thes rofapy eEeamodi ment
shown, cur fentyGaRG! ahQldigor 1 BVérRE iPalsPRSRAM alPQPECst i deivks ent 21 4
(I-1R e, AS) into MR head 98. During wite operations, input signal 95 is
condi ti oned byindrdingharddiso@rivesdzigdnyess fleppyctiscoiriygnand anycwhdr tge afo record

the 20 data as,vari.atl y j.el cihcul ar or
spiral} on di sdgwﬁgﬁfg%g?&%bdl&lgseqﬁ%%etccuyggtcfgggé?%g P%ﬁ%{saﬁ 5?1“5? t?%er 150 is
agai n passed alesirapld Heguret @y regkpindgd eteivofonaakbodimentad theggriesent ons i n t he
sensed magneti.c fi.el d .cause,.the resistance o ead to vary, read anp
99 detects thénYeé’%‘i"tq“ﬁﬁms%dr‘PlﬁPti S@ﬂ%‘”ﬁ%ﬁ’“@f&@?"&ﬁ%@@ﬁ& 5‘?@%‘“’6’%&%[5%{3 i gnal
215, used by dica@todrinealistQeive 200iRcRdes Plouding 9epAEal B dnha deadiidata. It is
desirabl e to reduce any noise or other variations in current 214 (IMR

e, AS). One nodele bese t13and poveral 1&demy o dise erclosures Rastabiy pitaghed ifthect devi ce

such as a P i tive- .z QX j istor is
Vnosquar o oottty aadr e RrEhFENRL: BRI SR AL Ihd sLEARS! T00 Lot
30 T=t enper at wseenibly izineledeskedonibalike-structgred 28 draviog a pbuslitsaof amanl 2Some

enbodi nents, this, is typically 2/ is th ffective resistance | oad
seen by the ci t&fp?d,stoiﬂ?(égs.e?ar?ﬁeanpig#s?rgﬁﬁ8018]? ?%ﬁéreﬁﬁac}}%%?ﬁlség)l?adand GTE
squarg r oopq 2*sbﬁlﬁ§.*1\&/4|-lb_oaﬂrﬁé$m€5{ Moad Epringh ere alsb defeped @}ds@@sp@ﬂiiéﬁ?t of / t he
PMOS devi ce, B= a, constant, for ~ N 200z WO _99/ 62059  PCT/ US99/ 11356 7
t he technol ogyA“(‘ﬁCh?q'u@ tha\ind Oéé%‘ihclgﬁ% W@_ﬁ%‘t:lsiaxféd% 130 vhigh saEesBvOS devi ce,
and L=effecti vgadr@idirkhs@lcet N0, AYoEmE @Mbs@meNS LirdnSdueel 1 RAnéi€es a

wi dth-to-length Tatio). Thus, Vn:sggare root {4*K*T*~. *square

r oot (2* | d* B* Walgcromagrsitic spil prite Izad 97 and pmagnese-sesistive read beatdfelsels on the WL
ratio, the pr deyi al as L nim nat | inh order to
reduce the vol%tslg'%tg 2h§%{%‘gfoﬁﬁs h%@ﬂ@%@bﬁ%@ééﬁg 1; Pﬁoe%r%rgmsqg%dgrce 200,

whi | e sti | 5 natimésadaliedthe demiuttfshailé bé noted thagaanygslidérss have dnd thatsdiidae

current-setting Si 230 operates.properly under, normal gperat.ing
condi t1 ons. 1070t 5 GRS LA CEt. [ AP RGBSR of ¢ he
present i nventinGdhtids e @uelldpplibaiOlhtiters hgiind MbrevBid aiafansdidef; Yiidhent
direction, and thus "current source" is neant to include current generators

for either curdseriat firglseed ras 2 MR o mrgrst registiye head ingwhigk opg i ncl ude t he
opposite curr I y ; | : I 1 provi de)
onto wire 214%5%*{3?%1 18@@%9@3?& foﬁé%gﬁ]glrdé%%}?%\;\ﬂ%ﬁ \3&9 rugédﬁ)ﬁ. In sone
enbodi ment §0 t wetingi| ©n fieendlof the aetnator armoaskemble h2dopposite thy leddesprings i ple N is
one, and in yef, ot her odipents,. other.nmultiples are used. Thus,
current-setti n524s nﬁﬁhﬁg@%ﬁﬂ:zg%aae‘fdé?erﬁoﬂglzghe anount of current through wire
212, and current m Agdchdd®ithinlthe fuso ViR aNirétintapaett 139tand dsécdnl mdghaaugh wire
214. Adaptive circuit 220 senses voltage Vg 211 at the 20 node between
current m'rrorlﬁOAéﬂlf“@dF‘lFéﬁﬂ‘trQbéb??eﬁ%“ds’i’?'ﬁ%etz ISZSPCBOV G SPYRal 222 to
adj ust the effective wwdth/length ratio of the devices form ng current

m nor 210. In one enbodi nent, adaptive circuit 220 is reset upon powering
up of disc drive 100, senses voltage Vg 211, and operates to successively
reduce the 25 WL ratio of the appropriate devices in current mnor circuit
210. Figure 3 is a block diagram show ng nore details of current source
200. In one enbodi nent, regulator 370 (including bipolar transistor 371,
resistor 373, and capacitor 372) operates to generate regul ated voltage
Vreg 201 from source voltage Vcc 301. Current mnor 210 operates from Vreg

NN A - ”~ I Y B Y




10 pairs of current-mrror transistors, the step size is 1/16 of t% NOV 2002
maxi mum W L), thus reducing the voltage Vg 211 until the desired operating

vol tage i s ¥EHPENWEY. For exanple (see Figure 7 below), in JfeElbdrtent,

Vg 211 starts at 2.3 volts) and is succgssively reduced until it just goes

bel ow 1.0 volts) thus remai ning well above the 0.4 volts at which the

current sink 339 TRVt fdlsehd'Bldnelsd 30PE0ALAY 1R BIARSN!IYS afdinspaE. Ot her
enbodi nents, selection circult operates on a successive approxi mation
basis, with eaahpatees ofalypicacil nptaorwliddappdies o farbetoethé wnatmeasWnlLbly atio by

steps that ar of. the prio various e sel ection
circuit.229 i g &%ﬂf’?ﬁee%?té%u%et%{“& OESE?{ L{é é%f’ T%u'ﬂemttﬂ%g% idf Sfent shown
in Figure 3), spihdldeodér. Thdsmedlamsest iRfludds @rORIIAE SISO calRd tHSépieiot her
suitable circuitr as desired. In _sone enbodinents, the relative WL

ratios of thehybétedsithis paricrlar disc drivm dhespindic maips isavithip thedwbndn rat i o over

t he previous ia g 301.0
woul 8 be X, an e LR 4aR LB M B LAdiEahade 510, 0
woul d be 10X) dane asimgleMisc prna didfersnt qumbenef disss maygpeattactieddoittte 188.1. 1 woul d
be 2X, and the, WL rati - SQu circuit 310.1

woul d be 20X) %hﬁ'mvembolnod\?ef'éj—gbseggleﬁﬁgr ﬁiilgrga&ﬁecsag ent déﬁ?%\évhcs “WL ratios
for the vari ogfurflay 68dipcsci¢iveling disstdpives B aeat smglewiisce Bikdhvdnkis al | owi ng a

bi nary counter) s as coynter 327) to fin ne the effective WL ratio
of the enti%ed Eﬁipg‘?éﬁﬂer?ﬁ’l‘% 70 %ﬁyF%)?‘C 9(15}&)5%‘: H’BYFé"é‘ ﬁ%ﬁ‘t"“ﬁ%es four 30
pai rs of trangishokswiiihtBdBub Abrauiniothe Bhy, counter 327 to provide up to
sixteen different effective WL ratios. In one enbodi mnent, |ow pass filter
340 is a sinple RCFigura2is add@ﬁh41&@5@?&68\%@1}1@9\11‘?’9ZQQmCPWOt&ﬁ@g@m es of each
curr ent Sourc%gggﬁxﬂ} gggr%gmr_spm%%ﬂubiﬁl‘?ne%t HE:%HSDet 31§81Mude59 6 N ov 2002 VO

991 62059 PCTI gure I's a’ clrcul ragram of details of one
enbodi ment of epordrhagnetiotoitwriciicad 20@nd AmgmaJredigtvar@ur}feemw getting

circuits 301 (J abele 1.0 t hrough 301. re provided. Each circuit 30l
el utes 1 Fan FHee Dot dotsaenag sention2BLE oBIRLkf pony Reret [ ne gare of
transi stor 402ZaRidgaber tmlcnﬁmag makn @b frdsisive reﬁd%é&ﬂ%@l@rﬁbrﬁmmﬁe%) §X@, 408

whi ch sel ectively connect s gate of transistor 402 low (turning it on).
Transni ssi on g@a@nf{oﬁwemg@o%auﬂwr@m%@rmﬂlyat/@e{ XeynspoBsawreE ofi red to
opposi te phaseg of 2‘%9 ”O'st)%tgf{l%%eMT ng%e%%@rah&?sﬁ/;r{b\ﬂf&%ﬁ HDAPTB<mP

224 for the appropfiat & Bt erein m: nter 327.
Transmi ssi on gatadXEd e ritaahp e andimss tkeaun&nsgrmnc 46049 A dreddrd NiWIOS

transi stor,405) and transm Ssio udes \Ssi stor 407
and NVOS t+4n ﬂ‘f@é?’“&%’@“ﬂ‘?‘é%f’eé‘ﬁ%ﬁ dt‘ﬂigﬂg %\Wé:g? é”rs%‘ral)g/osdls‘t &n XG 408
is "of f', and DHirwg sWide§@ent TdadRpefatiohsptadhcer ( X03s a@iﬁh paBetutng eréIVDS

transi stor 415 and NMOS transi st or 414, wi.red in series wth the

cor respondi ng reqprded mRagBtin Eesks Anshasi variations ipthe, senseA magagtiofirld oo o3 i s

"on") then XGdd3adcs ot MR Réafd9)8t@’@ﬁiryvl-e‘?a@ax\flﬁr9§%eteg%tth@ﬁ§\hnﬁé @Mtx%ﬁé% 409 is a
PMOS device that, in this enbodinent, is wred its gate high (it wll
normal ly be of¥our b gapergids datput ﬁén%ltillﬁntsyd bbdbedaa@wqﬂord@wdeed-- for

exanpl e by S ge, to have its gate instead connected to the
gate of transrgg&%eg%l, adt:ﬁﬁg changing the nultiple Nto a smaller val ue
(for exanple 5-to-1tikdesitable-tboedlics any mm&drenh&whnmdmemmrrmhﬁlqugate of

transistor 409 is jnste red to the, gate, of or, 401, f{hus
Houb! i et e arsedrires ofiaeny Rep e thith ottd ST E Bt devicrarch B s are
ot herw se 'derliN'I@g'(posQWe[cﬁ!%Ed %@tawosametsexﬂﬁah&}cwr) ¢&kigeriis nmade with an
effective WL ratio of In one embodi nent, X is 36 mcroneters

wi de/ 12 ni cr on¥nsavare oyl (AWREFEGmEGR veits/VHz;, where MﬁB@ﬂtmn@s Gsianlu s
circuits 3 nt s nmade
o thoan ot oot TyanbRiieip RER LGRS RUNTG ERsBAAE M Sttt 3 TROE,
36 m cronet er sthisiidgpitaliy2B),Rrstthe sff¢cting resistaaceiond seed)bylthe c1rcu,1t or,th for the

various circuits 301. .\ 403 t he ing XG 408 is off
(thus o1 T ot et Db BaRdr hgre Hircbet S IR st or Gl tr om
conducting), adibetddBonOWhEEP@LHeRBinECuddnt of he PMOS tdBuise, 3= £tdrRianebi Ng t he
correspondi ng current-source transistor 410 from conducting). Low pass
filter 340 is forned with series resistor 441 and capacitor 442 wired to
Vreg to be a low pass filter between Vg 211 and the gate of each
current-source transistor 410. In one enbodi ment, since the current-setting
transistors 401 have 0 6 N O V 2002 WD 99/62059 10 PCT/US99/1 1356 a

bi nary progression of WL ratios ( 1, 2, ... 2"')) and the current-source
transi stors 410 have a bi nary progression of WL ratios ten tinmes as l|arge
( 10, 20, ... 1 Ox 2 ), wth blnary counter 327 dlsabllng respectlve palrs

S o Y T T o



portions of circuit 200. Current setting sink circuit 330 is for rred0<§ MZUOZ
transi st or syedd,aR§l 531, where transistor 531 is wired w thdiSsegafsss hi gh
(toits drain), in a current mrror configuration. Both of these

transistors as made very 10 wide (e.g., 1n one enbodi nent, 2000 nicromneters

wi de), to be good, |ow resistance conductors. They will operate with a
drai n- sour ce i teelyelagy e thed MBS tevige. oW EsiTertige midthiof SletRMOfdeionr to

< ho ust eq + A LR el QORI it Qi b BBantegd) [T O

enbodi ment) caoaid)eThdsl7 is initially reset, thus 15 turning on all pairs of
current-setting transistors as wel | correspondi ng
current - sour ce' Y PaHET qub{ﬂgKﬁfggfsgl?ﬂféooéé*gﬁ qgv%_g}‘*&t"?fl‘_é ‘L ratio to its
maxi num  ang s thif GolEVsIERe AepshAs b tRIWIL FariBBehE FHSent WESibe Sfigatddih ratio
maxi um Vg 211 is at its highest voltage, because the effective resistance
of the paral | ehinighizethed¥(h ratie, is@Ider o 1edugesthe veltpge noise of thaBMOS o conpar at or
325 and 20 conpar - fne : i i i ned by
i viding a 2 urieesatyl Skl bk & AOPRRR: Ul bRSRinALa SULER cha00bE! 250

Bi pol ar transiXteuchBa thachirrenssetting sibR23Geperatbepropaty wder mmmmabf conpar at or
325, which is al sq su(?rgil.ied by Vcc. Capacitors 527 and invertors 526 and
528 al ong wi t PPAREPGSIEUPS provide an initial time delay. AND gate 530
recei ves thg out putl igho HNENdBAGIARaBRAousdratdimbrithoCthe plesdak tavdBorand reset
RST 354. AND gate 533 receives the output of ANDvgate 230 along with the

i nverted out putse are oy phersigrior valkages Ang eHTenHAITsFEeN. @B fAUSr CWEAt on i ts CLK
i nput . Count erg,22¢- {13 ifR1RAd QirfeBt SREAGDIMith LRSNAGELNR, Adavertors 534
whi ch provide S(s)?é%a{ggﬁ%APﬂw 2220 t%r ough ADA]PT<I_\3I> 222M Each of these is
in turn inver t'edrdy sinkS peuedny to inplude theopp&EE cBTentdire¢tiopr ovi de si gnal s
ADAPTB<0> 2240 t hrqugh ADAPTB<M> 224 Shanal s, ADAPTB< 2240 .t hrough
ADAPTB<M> 224M ar quﬁguﬁ lftms'miuoml yé;%’tmelgg%%l,dea%@g)gi‘rsegg?’ea rf‘ﬁlé'p{(%orﬁnt when
it reachesijt sofemcburrtEhtdiwinog wiNg 121 In sendémgbeiimetanhe aliriphdés ten) t age 351
(which, in one enbodipent, is 1.0 vqlt)., the 06 NO V 2002 WO 99162059
PCT/ US991113560 pthee ipedimenss: Bomuliin's Nenghi an¢ Uy eiengmbadyneiiecessi vel y
reduce the effgegtiyveiMis b uS@t IThuefcubhitsetiiR sl TN itsRichhiMg e ansi stors
401, and the corresponding current source transistors 410, in pairs in a

bi nary progr essiont offhirsnivhidugh adiecd 2t 4and oprentirpirfos di@ wilbiprevide Nohesage noi se
in the circuit, but w th 16 h{€ ] Ni mum
vol t age Vg 211lh?tscufr8%w(:t#e°3§l§ ?ﬁregrllg' gg@%&?%&%ﬁ ”%R éefg%%\%?gte)q??%{nl géﬂn%

enbodi nent 80 trhvde de@pen vlrrand misdmZEdtand surrem-setting vk\2 3pand prayidesequence. I n
sonme enbodi nent.s, set signal RST 354 is enabled fromti to tine |ater
to cause the W‘@a};\é Pﬁ?&‘sgﬁfﬁ F?ﬂa‘ﬁtw’a%‘”?)‘bé? ?f?‘@ Ogék?ﬁ %vtcgs. My case 10
there was dri fgyreandirdg 2ii6. perhaps too low). Figure 6 is a graph of circuit
noi se with and w thout adaptive WL adjustnent. Line 601 show the noise

bet ween about 1 MHAn®AE embodimant. adapiing gircat 2204s IGSIHPIBPOYFIMEUN YT ci r cui t
200 with a typjcal; i 52f 1aRd bberftes to>&ikcdsQvdly FedlBXhAUM i N
order that thea‘%gé‘\‘/%ﬁ{bgg%ﬂ% V?éﬁ\e\%/él,‘f[jgafyi/ays t))f:er jmr’lt a 1C5 p\r'o%)er operating
range). | n26neWébaii afeint gpprdpratecdsvices pondent mireor cgemit 240. val ue of 0000.

Li ne 602 show the i se ,bet ween abou nd Wl f 0.45 X

10" 9 volts/JHz for clg?r(?&i P a%ﬁﬁ%a'%ﬁh zxvci’wg%fn?j\r/ee?éggsbot & n%é s@#ﬁeuirogfi o (i.e.,
set to its m ninanAechiddtingdnt, régudaton3 g includéngigipolat ragnto? 311, wedidtot393j n a
proper operating range, e.g., 1.0 vol tﬁ?é Thus,, a curren% giﬁrror circuit
desi gned for wiiIePEWIoE 45D OPERIES SR &S] "r“’*_ﬁb‘ﬁ}e& V§B%%ﬁ¥59g ALiramesepes: wL
that, under all;clk$4EBHANCESeRimifrBPS I(CeHe A% Y Vabd 201, Th efEper ature, and
ot her paraneter variations, would guarantee a sufficient operati ndg vol t age
211 for thé0cuembedimentrshows ) plwralitydofiragrent-mirror pairs pf transistors (301.0 an

310.0), (301.1 and 310.1), through (301.M and 310.M) are provided, with their-

respective outputs wired in parallel, as shown in Figure 3.



4
a Vg voltage 211 under many circunstances that woul d be higher thanﬂﬁeNQN 2001
and thus h ise | evel nmuch higher than it needs to b T ptive
circuit 25%%?%?6;’ uces the effective WL ratio to the snal %’g E@QIS% t hat
still obtains a Vg voltage 211 at a desgred operating point (e.g.) about
1.0 volts), thus yielding a significantly snmaller noise value. In one
enbodi ment, this darsbgepadodsinisntsathe eelaiverwiiataues &fthd Mdividuali gure 7 is a
cl ocki ng di agram for one enbodi nent. Signal 701 shows 30 the voltage for
cl ock CLK 353ransigtarfwithig g ismpaifhave g tn-tewaafaio (bt ke Y& teof ded: si gnal
702 shows t he, yoht agehd Qfcufi 38N HSoull be ROMR TOW/22418.0£8h ifi shows the
vol tage. for célunter g}% ,&I%APT<1> 0512216, si gnal 7104 lsr?omslgét}ﬁlém\y}g tage for
counter bit ADARH@ur@zaRyit 3he10 wodlddeN 0X)VTRBERoWEds 28 b6DOEUrRETdNSI911 | 356
12 signal 705 sh the voltage for counter bit ADAPT<3> 2223 (wherein M
" 3)°"S ghar ot SBhE W EERe Stert 8 Vg 22 iR oA PP AT TS B ot about
2.3 volts, angniclihedhaeidg h@nabeuie rhtiy of W/L Sorghek wréfslsteéBows t he vol tage 213
at the MR head 98. These neasurenents were nade for one enbodi nent at Vcc=5

volts and at a 5 riBfPREICTEHFNE THECUOR ClieyiifedPp@ateEon AR B§Bous| y, the
system ci rC%tinin%%hr!ﬁ‘élh@ﬂes@ﬁé&fblé%%@taé@(/gQ?H%@Eﬁdagssi\@lé"r@@&c?ﬁg furrent for
a transducer can De activated as part of The disc-drive power-on sequence
(and opt i onaldffecave B heatiohynthe smallasesten (et vaith dfesit-bid apungeraajduforr t he

effective,w dtfh-to-]| rapjo. [ l.rent urce. In
sone 10 e1 odiHER gl,l ?ﬁ'@ﬁog{r%ﬁ[&fsg{r?’&%{tﬁdg%ﬁ IgghiﬁlS% fg%j"tqjs ”élgmbvﬁ“?el ectively
di sabl i ng onehod reducieg privoltagd V§ REl ohtd ftieadebirdd apemitiat oolsagehaichtsved Wi red in
parallel as current-m rr%r. curreQPt sour ces ntil t&g? smalle,)st

wi dt h-t o- | eng‘#}ﬁ CKAPPlG (5o FAGHF d\Pelg ™I HALPGFPPOUTERY Vgl httaihatd 3 Velisst a

m ni mum desi rgd jy QAR eAC@RRd AnGUT fuSiBoes bélkw 110V BuERRR i ARRLS, the
current generated for the transducer is a nultiple) such as ten, 15 tines

the current prbosethet®? volts at uhichrthe eyrrgat sink23emay stert o Bdhieaparite vi ew of a
conput er st t k NV j i -suited for use
in a corrpz%,er&ggégg%nfg’ggg%ﬁgﬁg%{ﬁn%g?té’rs%%%eﬁnﬂe%8%) !ﬁ%ﬁ% J"snoébe call ed an
el ectroni ¢ sysitesssioe approxinfatpmhasinwithaach steppubirattieproaadiingelthdes a central
processing unit, .a ry 20 and, a sys bus. The information handling
system i ncl uaféjé“HV%gﬁ[If%f%%%&%ﬁéﬁ‘ﬁ&y‘tﬁﬁ_ 'qrptm,r *&r andom access memory
2032, and a syst ennbisiodddhbddhent ) FENEEticaRircieD o 16 dplemasted RethGent ral
processing unit 2004 and the random access_nenory 2032. The information
handl i ng syst@nEnd27 («g| thaembadigieicshawn e Figats Deorwsing 4 iregrpuéd t he ranp
descri bed,gbo L nf ‘ggggi I . 2002 may al so include
an input/%gt peét%%p-tlj;g&fgd%b&;n sdg%érggfalggéegécg@g’ p_e‘r&%‘g eral devices, such as
2012, 2014, 2016, R2Go8e emoqummoﬂzﬁmw/lbeanas oiabheatcessivelpairs oput out put
bus 2010. I:.ertlr n@%goer"!s hz(ljv%val %52t Ch I‘EIitPOCC!VléId &xeg‘;"ervgous pair (i.e., the W/L ratio of
current-setting circuit 301.0 would be X, and the W/L ratio of corresponding

current-source circuit 310.0 would be 10X, and the W/L ratio of current-setting

2
w

circuit 301.1 would be 2X, and the W/L ratio of corresponding current-source
circuit 310.1 would be 20X). This provides a binary progression of effective
W/L ratios for the various pairs providing output current on wire 214, thus
allowing a binary counter, such as counter 327, to fine-tune the effective W/L
ratio of the entire current mirror 210. For example, one embodiment uses four
30 pairs of transistors 301-310, and a four-bit counter 327 to provide up to sixteen
different effective W/L ratios. In one embodiment, low-pass filter 340 is a
simple RC filter coupling the voltage Vg 211 to the gates of each current source
circuit 310.0, and 310.1 through 310.M.



di sc drives, magneto optical drives, floppy disc drives, noni tors,UB NOV 2[][]2
keyboar ds angoodirese such peripherals. Any type of disc drivecmugomissst he

nmet hod for | oading or 30 unloading the slider onto the disc surface as
descri bed above. in other embodinents, t®e adaptive |ow noise current
source 200 is used to drive other sensors or transducers, where | ow noise
operation is desirebigulet BRciieutdingrasnef details of pre grapdiment @ pertions of

gi ant - magnet o- RS ANY I T Y 9162059
BT Usoor | 1 95k TaLcador A Siehily SEARRh: sdthe cifdufy sof (R6ckU3G BRI ” (oY e
magneti c fi el d30bM)ere irheided. nEachdirsuit 301 ineludéntrommissioh gaiesreXG) 4@dapt i ve
| ow noi se current .source. 200 is ysed, tq. dri.ve optjc sensor. I.n one
enbodi nent , adﬁ’ﬁfﬁh\féle?tbwbh‘b‘?“g&“&H}erg@}‘ﬁoc}ér&ﬂ?‘itgr %'@E(‘?}EE’& "c?)trocﬁ“five an
optical diode geRmfission ghéal(Xey) 408k R Vel D cARBREE théPale@MraMiGs Current
source 200 is used to drive other devices. In . still other enbodi nents,

adaptive | ow n8PZvtunmgtit ey deasmgsmngate (Y H0B And Basaiissiongate F§circui t s
to provide cur 1 i : 0, LORa ifiers (op
ey Fiqur e 08 e IRE SotRi s O El T OROAPT D22 AP

invention. 10 Blvesk ARAPTB<meR2Rédorab®afpuepriatechitmr{gheteini oe0,pi.ser M a

current mnor cjrcujt.Lnvolves. passin rhent, thr a plurality of
current-mrror ot)%ﬁuPLer 8??f ?reaflaplesgfp ‘éé?‘e?’r‘gxé@% n(%lru‘si ©s %ﬁ%@ Qrﬁgﬁtoﬁﬁdnﬁéhod 900

i nvol ves seloectNM@$ yrankisebd 050 andmensoiissivnrgateqfX Q)08 praiudes PMJS edrdiset f ect
transistors to adj ust effective wdith-to-length ratio and thyus to reduce
devi ce noi se. f‘?ﬁ W@ﬁ&)ﬁﬂ?&‘ﬂr,mgh‘@“ﬁ;?‘ﬁcé “B’f ng’égg’l‘@%d? s"“ar@e‘ly(g_
substantial 'y gpgnisafp tdRade verdO Trardiissh datedtkicd 443 idchudeapmerpodi ment  of
met hod 900, for each current-mirror pair of fieldeffect transistors, the
passing step 9wenssiendiSranil ABVIQernpaonf Hy Witsd épsapies wjth ghefdortespoadivant  of
current, 1o, Ehﬁé%@-'éo‘?rc?cgé&&%?&'ﬁ%%k&%tﬁz{t%%h%d’ﬁés i@“&'pﬂ}%ﬁ'i&f kep 916) a
second amount Of cCurren 0, through a current-'sourcé transirstor,

wher ei n 20 18X toff'§ ahdiwigeverdy. @pfiacat oansidtor™MO hienPMOS davicsthanmids of current

lo . In one enbodi rent) .the cgurrent-setti ansi stor i.§ substantially
imlar o cur FERCSEIEY g ipdRdnaratcaneh Byt Rrgebaotipenies n
current - sour ce abiligNsibsleadilyl rewirdls faeikhmple by @i mdthiahask @hAige [ 8 MavsSigur ce
transi stor 410.0 of Figure 4. In sonme enbodi nents, steps 913 through 914

(an arbitrary Bufbsteadicornceisd tadisaatts didraptiston Hothus Frassredhramultipa Ny of
steps are desi fedhn I Vhile RFdkdhB5loSRAT 1040 LIRS HEY Eh¥odiERL gk CUT T ent
through current-setting transistors, wherein each step passes twi ce as much
current thai tlgateiofitrentisored0f ipimstead ivingd &t tp gaSiofitrhmsistor)40i ntheodrmibling

mbodi , 918 yh. 919 bi mh f. di
on how T1ne’ a SNraY 1o SRdpERE dePleeBhite LR alinisf [FBRal Ll cps o

sel ectively 30 Quagstsegirgtfaneisior 40T1.mUg hade witnh-efodtive VA rans bsxons, wherein
each step passes twi ce as mnmugch rrent than the inmedi atel recedi ng step.
Step 915 i nvol VReNGRRRAUMFHXY? gémwwgtewﬁ%ﬁmlcrewete&rl%%twqwat control s
the current m rn'i=¢U,l,.@n&M%ﬁth&h&ﬁ&f&%ﬁitﬁm?@ﬁrﬁﬂﬁg, gaeBichabhioh@E step 998
to be provided as'LOAD 0 6 N OV 2002 WO 991 62059 PCT/ US991 11356 14 In one
enbodi ment ¥ mensiger H0on isepdevith en gfentiya iy iLrigtiselN X2 depitles step 923
of successi vel yfeuehAG A 160k 898 rAGHASS:Avidi5 SlroRBld B Shrlicie! roul !
until the voltage reaches a predetermned mninum [ n one etfibodi nment, the
predet er mi ne mnFEQiMm.j or M foethe venaes ciolitsifd. WhalxnuXG ddisvam, the 5 | n one

enbodi nent of net hod 900 rovi di step.910 further includes step 911 of
passing a firstoarpaRtnGXEA s (s elimimbng inesorrnepdin it Sutie  ng
transistor 40| te@sistof 400 PR cOhdRARS), Bl e SOERPORFMNCI419fis of(thent , NXla |
through a first current-source transistor 410.0; step 912 of passing,

though a setbndligupatiagthecormesprpdingarat soures transistort 10HTam| CfBEHNE) of
current, 2 x 1q gy %J%%hlt%lsﬂ%% b3 Rlibrelib L1t A8 chideRbr APTMAL 1Of
current; and step of passing) through a second current-source

transi stor 410.Mreg to Hecailomwhpaastilten beofeenlvg 2hit and2ke\gatoof eablacurient-saunest anti al |y

tw ce the second_anmpun f current. lp one, enbodinent of npeth ,

sel ectivel y digﬁﬂﬁﬁﬁb4g%gﬂc@ﬁ@“ﬁﬁé?ﬁ@ﬁSVﬁ%Fﬁ&&Eﬂgfgﬁn§§3n%§$§g E@%gng a

val ue, wherein the value is used to selectively 15 disable selected pairs
of the plurality of current-mrror pairs of field-effect transistors; and
step 92 | of conparing a voltage at a current-sink node to a reference

vol tage) and based on the conparison, enabling the selecting step 922 until
the voltage Vg 21 1 at the current-sink node is sufficiently close to the
ref erence voltage 351. 20 Some enbodi nents of the various enbodi nents of
met hod 900 j ust



described further include steps of; 930 biasing a magneto-resi sti vg SeNQVnQUOZ
el emrent wi nt fromthe plurality of current-mrror i f

fiel d-effewoggy%hggi stors, 940 reading data froma rotati ngpﬁfagslgeg il%:SGdi sc
with the magneto resistive sensing element, and 950 transmtting the read
data to an informati on25 handling system such as conmputer 2000 of Figure 8.
Descri bed aboybinks progredstonch favid rap@a(l a2,us 2T ind B liért RBuk OWaii&E€ current
for a disc-drive head. 150, and.in gne enbodi nent, for a nagneto resistive
head 98. 30 CHE kaypadinspnpropresuomelsV - muigtten times as lpeged DA -hHS ng a
rotating discyd3 ntagﬁ,g%l 57 2BV i ,fii oned to
read data froﬁf’t ﬁghglls 1 %&?gnd&g&gﬂ }féeSE%}‘@gE@?ﬁ((“gﬁaﬂPg%fa? &%BO. The

curr ent - gener effastive W/t uatio @0 eiadjustpd toagacly ef 3™ stepsiik.gd it M=8 hefouebid head 98.

The current-generator circui.t 0] N.ao v 2002 WO 991 62059

PCT/ US99/ 1%35%"“13??%%%%!&’@%“%3“?i%gISﬁPSe%f‘g& Eaﬁ?)ansi stor current-minor circuit
210 and an aut omat Figudj iv s cireuit diagramufdetdidOo fape eaibbiligleyit 60dtpdred to the
current-mrror circuit 210 to automatically adjust an effective

wi dt h- t o- | engPHUPBY GG g‘?%l%‘iréqn_f %‘E“&%‘%é?cgttéﬁé‘sﬁf’{’%o@md%nt - nor
circuit 210 ipa IRt siDafdeAUCHnLEfsister 937 iORReL WA, BRR Ml oH (it .
field-effect-transistor current-mrror circuit 210 includes a pf urality of
current - mi rr ofrajni ing cagent mimor edniighration.eBob of thepatnasisistass 8s mEdcveryf t hese
pairs 401, .410.0f field-eff r hstors Jjnclude cur,rent - sour ce
transi st or1 O4 18102658%‘& 1%g?ereénrlbt%-%¥sné{ntt’?jr¢gb ﬁ%ﬂ%ﬁ%&o‘%ﬁ%@% &agnoé’ dt ﬁ’év i

wi dt h-t o- | engicbistadtd eondiictedc Theuwilbopersowith @ dtaimbsired wltagd Bowstd ar ger t han
the width-to-1en 5&) ratio ﬂ{}’p}to t he correspondi current-setting

. ndi
transi stor 40%° A0 o i hopaver gprovide relieh s ARETREARGN ORE | s about ten,

in order to rgdysEmeAVBs MASHTRE VR 11 R a8R5Rd & BedbosULD v AhEENt S, N is
about five. In another énbodigrrgjré]t I,V%t hejfi eﬁd-effect-t rangi st or

cur r ent - mi nor opsratiom af courger 33d| Inere embadiment.icoyntef 320Us instiallyvesrbrthymi rs 4p1,
410 of fi gld- - j i i ISt ir 410.0 and
a second ggi rﬁ&%ﬁg %ﬁn EQ?@%&%@ H? rlngﬁe@-n g?r? {]aég{i&?98gg2{ss‘*t/%lra§mfﬁrer§%%f' rst and
second pairs tatdnovowacdiramarsiorsveiyhThid sets dieleffeaiveriytlhratiate s pr ogressi on. In
one such enbodi nent, each plaili of field-effect tr isgo i ncludes a
current - sour c@af%i@?g}usﬁ eOJeéf}?a nQISE 3t 8ﬁf“-a§‘é’f”t"i"?1@5”thrt "ng\f/%t"?)[fo 401, and the
wi dt h-t o- | engtfaxindin,0/ @31 1aa@hit§m$me@mo1§@¢4rbe@u§ertaes'ffgdt@e réiddarics of ar ger 20
than the width-to-length ratio _of . the carrespondi ng current-setting

transi st or 40@3Wrﬂéle]f"é(tf%fe"d'ffesﬁpl ISH%%EV%%daﬂ%hpsﬁomar%orét%é@ﬂdt en. In
some such 2%“9%%55?% £1-Doit &%Qfl%olftdg\é%-n k\ohism%b@arm%yrqm&guathg%}@ut omatic

adj ustment circu 220 inc es a counter 32/ operatively coupl to

sel ectivel y dreferbhas asuisetyeDOaohng re4Btors $2land 5225 Binedar ptansistbt $33 of

current-m nor irs o i el.d-effect transi r d.a ar at 325

operatively c%‘ﬁ&%’&to{ é?'%:%e khaerbe’"lsa{:u\l}% ttogg%rgﬁ%%tg%ﬁsa%bcrh rlsé%@gg‘i‘pr?%egéﬁe to a

ref erence vol vageCaftitoRsd7 apkinatiorebyo anuiiBatbngavidnaliDegatd $8%ki ng of the

counter 327 until the vo tagg 211 t he %urrent-si nk no is sufficiently
d &Np

close to the PEVMegRdRitighimegriaysiNDgste 10IpRves S RHRTER 83fe system

100, the dissc53i@41dmaswith SIBACLK G55 bhid RS RITB AN 2ske383deBf el fie! Udes a
magnet o-resi stive sensing el ement that is biased bg current supplied by the

cur r ent - m nor oBippcefi AND@ate 530-along wihthe giyenyg oupus 208)Thgte 688and 856 16 | n
nmbodi 1085 1t ta ' ' it 220
some embodi Neff 3 dHCestJ?ﬁnr%}’ﬁféﬂ &50@1.1(}1@52%@%& 39§ og@u&% %ﬁ?éon@iugy'

operates to successively reduce a vo acro a curr ting sink
circuit 230 uM)tb rédpectiveliivagtersridd sthich moydesgnads ADAPT <OP222Uthrodgh sone

enbodi nents, t te 00 further i.ncludes a mput er,. S.syste 000

havi ng a dat a_m%522%1£¥%8F%F? ‘f)_B‘etPQ’t‘PY/@T%%’&FQF%‘H’%"&W&? ansducer
150 to tragus mvhidhgiravide sighdls ADNPTH®>D236 thksbh ADAPTBEMBSRRAM, of the
present invention provides a current-generator circuit 200 for generating

| ow noi secur Ségnals ARABTBrPT 8240 thesygh %Pdﬁ%q\é?fz?@d&“‘e?lf E’é’t‘tsjt‘? st or
current-m rror,eif¢Udy @shBledRdc e SHICTRLE s AkeiS TR whéd OFb11 is

higher than reference voltage 351 (which, in one embodiment, is 1.0 volt), the



10 220 operatively coupled to the current-mirror circuit 210 that (Jf NOV 2002
automatically adjusts an effective width-to-length rati o of
field-effecMaPGRBPstors of the current mirror circuit 210 BGTEYEESE o

reduce noise. In sone enbodi nents of the, current-generator circuit 200, the
field effect-transistor current-mnor circuit 210 includes a plurality of
current-mrror j, I 0 i - - i . Each of these
pairs 40l , 410 O(il)rﬁ) alfgl?der|32%??lig?a%kercgﬁgtleg%igfrtg slg‘%fg%?(fg‘s{egg%ﬁ% gflf] q“é’%?r/?'e

transi stor 41 Cragmdf otic thercentnisetting gndistandd 5 tand theQbrrespodding@urrent-
wi dth-to-length ratio,of %g h current-source transjstor. 410 i IV\?rger t han
the width-t o- | OHEE [FARSIPrS 4¢, Ip RATIBAPLEROABH S Ot Huf ML ERdpe e Y/

Ensi st or

401 by a fact qp r@fucddevidt wRAR: foiden EERALINDRL Will dbop thedDAUedb@fdn | N 20 order
to reduce power consunption. In sone other such enbodi nents) N is about

five. In sofre whasgdiesiser mindnumiyelteger¥ehk]-ig easehedt(by ongiemhgdimeanet ldhe fi el d
ef fect-transi s‘l;o(?tg current-mrror circuit 210 includes a plurality of
current-mrror pairs 401, 410 of field-effect transistors including a first
pair 401.0, 410.0 dndoraec 2bbsbments, thaadapd®ladjusymeht s ruh oafevényglodentip ect

transistors, and the first ir. 401. 0, 4l ) second, pair, 401.0, 410.1
subst anti al | y ¥8Y9"6% 2 B7fi& 9965\%%‘5@\%%%3&@%%5%%@%@?’5 U5¥d8r essi on.
I'n sonme enbodi tiypéater &f cdubethe W/LeAkptR AGjusthht ©iop6titd agdie.g8ak Baspai r 401,
410 of field-effect transistors includes a current-source transistor 410

and a 30 clf r eheredes drifigandrgisipsthgps 2919W)and the wi dt h-to-length ratio of
each current sour cif @85! SkAbh §0ic abt 48k shPANRbNGAENIO- | ength ratio

of the corresponding current-setting transistor 401 by "a factor of N In
some such enbosdijustmerg., Lixeit§] alvmutheneise betwegrorhous LdH 2 axb20heitiZsof N i s about

five. D 99/6205 RCT/ 11599/ 143-6 17, | di f th
't R Peb b S0z e i 2 Salii e Wi 00 O 1

current-gener aﬁ rcult matl C |

operates to sugeesatd/id matieauria oader tat 6ga/gAbliage? Nswililcalwhyy withaset ti ng si nk
circuit 230 until the voltage reache 3 redeterm ned mnimum |n sone
enbodi ment $5  tAEPECPHAERS @nERj IR PHFeTDOLInIGhthis SOrEPsPARds i 8 SOUters@itect i on

circuit 229 opgfoabd VEnK 662 vethehBiss BAiRedd aRLY1 MirsaRlEalet sdbbai rs of
the plurality of current-mrror pairs of field-effect transistors, and a

conpar at or 3250.6pe0avphEY Kz &sepret2q0vidbanadeptively ehteiagd WAL raticties ent - si nk

node to a ref T ANIE ﬂﬁlrﬁﬂgﬁiﬁtﬁﬂfgﬁ%é E lvﬁ%t?ﬁ@'l%lﬁb@ iﬁ???dﬁ%r‘:hanges of

the sel ection clircul e voltag current node is
sufficiently copesaingoarighee.g.cf.@velnc dhuglatcagent nhirros cinmiteiekigdedrfon varstt he
sel ection Sb ' Céjaisé (tivan&(itcelmu gcrilgrs wg\;lg ‘s’éjeré&? rthc:?’s?nzallc:st W/L that, under all circumstances
of fabrication variation, temperature, and other parameter variations, would
guarantee a sufficient operating voltage 211 for the current sink 230) would have
a Vg voltage 211 under many circumstances that would be higher than needed,
and thus have a noise level much higher than it needs to be. The adaptive circuit
25 220 reduces the effective W/L ratio to the smallest value that still obtains a Vg
voltage 211 at a desired operating point (e.g., about 1.0 volts), thus yielding a
significantly smaller noise value. In one embodiment, this corresponds to a
counter value of 101 1.
Figure 7 is a clocking diagram for one embodiment. Signal 701 shows
30 the voltage for clock CLK 353. In this embodiment, four counter bits are
provided: signal 702 shows the voltage for counter bit ADAPT<0> 2220,
signal 703 shows the voltage for counter bit ADAPT<1> 2221,

signal 704 shows the voltage for counter bit ADAPT<2> 2222, and



I n some enbodi nents of the various enbodi nents of the current gen@r&tNOV 2[]02
circuit 200 described above, the autonmatic adjustnent ci rcghrr/‘%gg(})l #s ~

further i nMQ¥4%] sel ection circuit 229 operatively coupl &8 48758 8ct i vel y

di sabl e selected pairs of the pluralityjpof current-mrror pairs of
field-effect transistors, and a conparator 325 operatively coupled to

corpare a vol{i 7@ dhodls tRe \Rﬂlra%f!ﬂ)tr%bﬂﬁt'er mpﬂsm&rzfzfz.?,r(%ex%mvm& 9g82351 )

and operative coupled to enabl e changes of the selection circul 29
until the vol $igos 704 shaars thtwoltage femY g 21 hikvhadidssartssow2 @t ahetif 2.3ivelts,layd cl ose to

el udes. & comfapR kAo, Vol SRR 97 PrIRELTRe Baa bl\Pe B BB &7

met hod 900 f oThdsemheasungngies/vere niwde Fer dre embodiniendat VicoxSrvolts kkdiatta. The net hod
i ncl udes the steps 910 i curregt through a plurality of

ass%ng
current - m Pr oforyRRtempsratnE] of ABrdeBEES S5 transistors, and 920 sel ectively

di sabling one or moi@nRkedi’S, RRIsHsterh, éiir&ﬁtgaxﬂlfﬁ%BdHéﬁﬂ_ﬁé@ﬂ‘o%éne?a@in?dj ust an
effective width-to-length ratio and thus to reduce device noise. Tn sone

enbodi ment s ofowtiniserruripicfopdganstiueer saw be adivridas pitt pbthe giscrdrive fi el d- ef f ect
transistors, f Qf? Bﬁ%&}lﬂg es(;aﬁ(? O%Lo%aflgr& &ﬁér tlrﬁ'&l ‘é%&l) éﬁﬂgmﬁicaﬁ}%d'&gsm ng 30
efr encf ou a a[ 1 ng 0] dn

a first amounk®*of "cur urrent-set ransi stor; 916
passi hg a sechbpdffemniveantidthfto-dengtiemntio olfin translueerduasraanentsource eI soafesi st or t hat
is |arger byaf%ctor of N.thanth%fi.rst arrtggnt of cu Nov

200z VD 096288 hee dey i el engh i S At e D SRS E LT ISANEE 8% hod. t he

sel ectively diSaktkiphigs 5t Rdld-2REkt iraRdistdRINA 2% Wited BSSardlRl Xs d@@HCMibra Vol t age
across a current-setting sink circuit until the voltage reaches a

pr edet er mi nedcuficAt seuFResuRtisBrsmaliess tildirie-dength tae indchityed thehwilpstidi di ng
step 910 f”rt{%ﬁfma}"_’n ANEsUE BnithuGPSesHEd g&kggﬁé?gﬁgc&efn't Lifk. AIRW of current

though a first current setting transisto assi ng a second anount of
current throughbaientsttheanrreangenerataiior thansinstuser is @ bilppis siuplyas temough a
second current-se&}ti nlﬁ trans('ﬁt%%j a third amount of current that is

subst ant i aPI yUP6 08 CPRE! PAYEY ARG ERTESf ™ Cur rent, and 917 passing, through a

second current - SOUFigretdrig@seiiehiiic view 6fd éomputarisnitedf2000r rent 10 that is
substantially twi ce the second anpunt _of current, In some enbodi nents of

the nethod, tHAevasEassetsiydhainurdians We'l-epitsd fopkser i wEPUHEYUeBS0& eps of
927 sel ectingrp %’cﬁﬁ#ﬁersﬁ%?bm Hag akBlbdRallt St iloRicSHhBmldrye! ¥ di sable

t
sel ected pairs of t rality of current-mnor pairs of field effect
transi stors, ufeimagadn bawdbag systeraandlincledes atcentra processingsimik amegwrt o a 15

oL e 4018 B L3R A R SR 388 BOBRRAY, oo ot ot e
ref erence vol p@@&sing unit 2004, a random access memory 2032, and a system bus 2030 for
communicatively coupling the central processing unit 2004 and the random
access memory 2032. The information handling system 2002 includes a disc
drive device which includes the ramp described above. The information
25 handling system 2002 may also include an input/output bus 2010 and several
devices peripheral devices, such as 2012, 2014, 2016, 2018, 2020, and 2022 may
be attached to the input output bus 2010. Peripheral devices may include hard
disc drives, magneto optical drives, floppy disc drives, monitors, keyboards and
other such peripherals. Any type of disc drive may use the method for loading or
30 unloading the slider onto the disc surface as described above.
In other embodiments, the adaptive low-noise current source 200 is used
to drive other sensors or transducers, where low-noise operation is desired. In

one embodiment, circuit 200 drives a giant-magneto-resistive (GMR) sensor. In



In sonme enbodi nents of the nmethod, for each current-mnor pair of QE NOV 2002

field-effect istors, the passing step 910 further incl of
provi di ng a\ﬁégé’gél}?érgent -setting transistor 401 having a fi rs?e%ﬁ'm%/ﬁ%%

width-to-length ratio, and providing a cuyrent-source transistor 410 having
a second wdth-to-length ratio that is larger than the first

wi dt h-t o- | engt bnd qich embbditrest, ey GRRPRASHrIGuRtte eAbct SRlchéRAidlddsdrst or by a
factor of N. In some such enbodi nents, N is about ten, in order to reduce
power consunpt @A 1N 28is¢ Ao N BRIEBRPABIFNG 2daPteVe OWrBPIse eMTeNYEUIes8r | bed,

the passing st eRod@ drielah@prié Sekbds ofd ERBodnenPEAPLiN Bg-%ggf&ggqér 401. 0)

41 0.0 of- field-effect transistors, and providing a secon 1, 410.1
of fi el d-effecsourceadiiis iseddo thing arhepgical dibdit fensar- [reothetrenmmdimertthat i s

substantially twice that .of a corres ding.,ratio of the first pair of
rerdoef  act « PG s log oS BreRP iR RN, Ata i b fhends et B auf s

descri bed, theoset @abddiratnts, ddsmbleilong-ndise uRe) sbuttdsBDo ardigdedigiepwst eps of 922
sel ecting a val uge, Pﬁgoerei n.the value is used to ds | ectively disable

sel ect ed pai r s "B FRPEAITGRLT ORFOYHe BYFeng SRUTSHS {ofr ‘%%‘ie‘f‘%alﬁf opsratjagalef f ect
transistors, agpg %Swsg_ng a voltage at a current 06 NUv 1U02 WO
99/ 62059 PCTI USQB/ 113 19 sink node to a reference voltage, and based on

the conparison, enabignred isHlowshar00 plpnsieatpodimpentaf the presentimientere at t he
current - si n i LGl I . . t Some
ebodi ment o Cor Bk 373 bl 30 g LEARE devick afist L SHIGE AR REM o
further includavsiveppassing cO3éntbhrasgingpratiyofdurrenemirsdripais sefiddeffecl enent
with current fromthe plurality o ent-mrror. pairs of field-effect
transistors, 9¥BNYRYE %ﬁ@aﬂgdao%lr%th‘?‘gbl(ﬁq)‘f‘é?livﬁsg“#&@‘_ﬁ@l’ ﬁ@aﬂi@c‘m\ﬁ"f Rofhe
magnet o resi st b¥fe peINSH MNELI&EFOR MansiA6E 192 ubtianRtivel wigihtBged@Rfhudat a to an
i nformati on handling system 10 In various enbodi nents) the steps of nethod

900 are per f or Aedithpnto ieducsdguice aeise r ingag eabadisneniuihe pairs of Harsiserbawi ment s,
ot her orderg ag&s@g%wﬁgﬁ%{}ﬁgﬁg@ﬁt‘“@foﬁggmoiesent i nvention provides a

di sc drive system udes 'a rotating disc 134, a transducer 150
havi ng a read head BSomppasitodonead of methed @00 dbrcdch onmr¢tenidbspaid@jeldnd a

current-generatgr neans for 15 aut i~cally.adjustin Wi -to-1ength
ratio in order eﬁ%‘:t Féﬁ‘iﬁ%gsh@? Q%s.smlgts%@ltogﬁ%}é%ﬂfhcg@ééP%S(?g’g?ﬁﬁﬁ 9{“53 f{e)iﬂove
descri ption isambhrdesrdm, IDethbhghisturtdnt-vetiindiishsRedr; dmafassind (siép 9164Y t hough

nunmer ous characteristics and advant agq@ of various embodinents of the
present i nvent PEFFORGFEOBRET CuEnts iy b hF R R UTERIa YIS Grant Een Mieiesh,

toget her wijh ‘?l&tloai%)ltlaagér?fbgtah@ct&t6W§Mﬁ@h@ﬂ§t SHOG: bPEurRht @,lo 1N 8hd OUS

enbodi nents) man nbodi nents and changes to details wll be apparent

to those of skiembodimenh thexqurrentpistingdransigion s subsantiady eimilss & ¢ystenon. The

scope of the | qupl ;SN DorHELE kR mPGurRl GGl [ T of erence to

substantially similar to current-source transistor 410.0 of Figure 4. In some
embodiments, steps 913 through 914 (an arbitrary number of steps depending on
25 how fine a granularity of steps are desired) provide additional steps of selectively
passing current through current-setting transistors, wherein each step passes
twice as much current than the immediately preceding step. Similarly, in some
embodiments, steps 918 through 919 (an arbitrary number of steps depending on
how fine a granularity of steps are desired) provide additional steps of selectively
30 passing current through current-source transistors, wherein each step passes
twice as much current than the immediately preceding step. Step 915 involves
generating or sinking an amount of current that controls the current mirror, and

thus the amount of current available for step 998 to be provided as I, ,,p.



appended clains, along with the full scope of equivalents to which §CNOV 2002
clainms are enég{ﬁhéfegd WD 99/ 62059 20 What is clainmed is: @gﬂb&@/lqg

system cor‘rﬁ‘fq a rotating disc; PCT/US99/tl~~ NOV 2002 a ransducer
having a read head positioned to r ead data fromthe disc;

current-generator circuit operatively coupled to the read head; the circuit

conprising: a field o@é%&%m}ﬂeﬂn&ﬂxﬁét%dwrsel@émfamgabﬁh%%jib'zo and an
automati c adjustnent circuit, operatively coupléd to t O current-m nor

circuit, thatingludesritap 3Iafpucagssivalisredurieg ¢ veltage acrassct durtent- $eetngts|mkr ati o of
field- Ef fect- Jllrcﬁﬁ'%hﬁft% %ol‘?%ﬁe rQa%Pgqu C;frg@éterﬁ? r(erd%mﬁxl\&ﬁ uhatone em 1men§ o reduce

noi se. 2. The system accor wher el
fiel d-effect-the predetatmine immnmm isentferannevoltaige oﬂaliout oelwottes a plurality of

current-mpor pairs of fji eId effect t si stors) and erei.n each pair of
field-effect trandPOPHFE Pﬂ&cﬂﬂ%tg“ﬁh%‘{]@bemo %lp%‘éﬂi“’s't”éﬁl“déﬁd a
current-settigg JINaifpasshid a ikdembbie onewdHent, 10- ﬂhS dfifsBéurRnRiet

current-source transistor is |larger than the width-to-ieneth ra |o of the
cor r espondi ngraassios AP 1 .8esten Pt efrapringsa spconsl amoung ef @ureat NYL, , Pigoggh Fhe system

according to glal) ?ﬂngt 5 eﬁ}?ﬂé‘;ﬁswr 4$0. @Q?ééb@l@%@pas%lnrg-rmgugw oleebpgccor ding to

claim1, wherein ect-transi'stor “current rror circuit

i ncl udes a planr=hi- steyur@‘trmisroemﬂlmmtbrrdpmoustaﬁfcuxfrcrelm‘gftlﬂaeci 25 transi stors
including,a first |r an cond ir o ct tr ors) and
wheroin chE rsepStndily B IndnRERROn BE el and 65 37 efieaing AU ghe ad
Wi dt h to- | englebordadun@niPécdgdeasskiofnr 419.1 Bheumvaﬁ@mwpm&dt RN | @rla@l m 4,
further wherein each pair of field- effect 30 transistors includes a

cur r ent - sour dé sehsiangiplY ricg sgcand pmeHpt-of UIeNg transi stor, and the
wi dth-to-length r%'oqeeﬁqbs%mnpwmﬂédwEagcuwsngraﬁaﬁmgswfeéo%gﬁé than the

w dth-to-length ratio of e correspondi ng curreént-set transistor by a
factor of N mclpdt& sz(RPZO’(SQlemgQQ\/aﬁRO%e@@IhW@dllsn%iﬂozdleﬁivemhe system
accordi ng tic adljrust rreng“gi-r |t operates to

t h
successi v % f%a ucsee}éﬁtew?ﬂafraﬁgthgé’f%@g Fgrfelneﬂ’f AT R “Gircuit until
the vol tage remeRRYs; anPsRHOL B bNtdhgshrifg Aivelape aba currchbsink €M aaccording to

claim4, further wherein the automatic adj ustment cijrcuit includes:
reference voltage, and based on the companson, enabling the selecting step 922
until the voltage Vg 211 at the current-sink node is sufficiently close to the
reference voltage 351.

20 Some embodiments of the various embodiments of method 900 just
described further include steps of: 930 biasing a magneto-resistive sensing
element with current from the plurality of current-mirror pairs of field-effect
transistors, 940 reading data from a rotating magnetic disc with the magneto-
resistive sensing element, and 950 transmitting the read data to an information-

25 handling system such as computer 2000 of Figure 8.

Conclusion
Described above is a method and apparatus for generating low-noise
current for a disc-drive head 150, and in one embodiment, for a magneto-
resistive head 98.

30 One embodiment provides a disc-drive system 100 having a rotating disc
134, a transducer 150 having a read head 98 positioned to read data from the disc
134, and a current-generator circuit 200. The current-generator circuit 200 is

operatively coupled to the read head 98. The current-generator circuit 200



plurality of,&bydgnt-mrror pairs of field-effect transistoysiu@9s,
conpar at or operatively coupled to conpare a voltage at a current-sink 10

node to a reference voltage, and operatildely coupled to enable clocking of
the counter until the voltage at the current-sink node is sufficiently
cl ose to the rakchdenzBeldefiectgransigtor Jureensypumresnpirauit @ F @lamipnt antarhaticm | |

wherein: 15 the,.di has net.i ¢, sur .and the.read he i ncludes a
magnet o resi st FULCENARR YT 2T ARH B Pbr RS B nE Bl AT 30 | ed by & he
current - m rror a@bmetidally a§ustbieffastileaiMac Ardtigtid of Gbldiefebt- trdndisioher
conprisi-ng: 20 a conputer, systemhaving a data interface that is
operatively coef)qhéﬂmfﬂtﬂ@%?1%53&9,_@(01' ertp F@H%?ﬁctlfedat a to and fromthe
disc. 10. Ascurrent pGeReEabaienl, hifeidid-ERct 4aNGR A duRInl QWA RIrSH: S1y T ent) the
circuit conprising: 25 a field-effect-transistor current-mrror circuit;
and an aut omat includd§ aigluraditit ofciurrentimingp paizs 400 o4 W) afdiepd-efflect ranshstors.

current-mrror.ci,r Gui t qu@i' ' : ctive

wi dt h-t o- | engt Eaérha@%esg})mﬁ 4eTﬂCIRe eﬂcf"?@%flrf%h@ims?té goﬁrimgﬂd? %;egucnf#%%?gem rror
circuit in ordeansistorrdddund a narae-setBflg ttdnsisididO L iand the widadswrigngiritio cl ai m 10,
wherein the fi e#d-effect-transi st or wrrent-gi rl%or .é:'hrc it includes a
plurality of cf ?aéhf"‘-‘?ﬁ"r“ls?)‘fm‘b‘é?rfgt%ﬁ _}Seliir(g?é BE Widthre gy @tio ghg wher ei n
each pair qp ft&'e@n@dbﬁﬁ&ihghﬁﬁ&ﬁ-‘s&ﬁﬁ’é§adsﬁ€dru_d?§¥]§f&%rro?ﬁ I8 Q4Hh€ Sudhl ansi st or
and a current-setting transistor, and the wdth-to-length ratio of wOo
99/ 62059 PCT/ Usobgdiments, 29 iscaboit teryrip effer waeduse pewerrronsinentions I sgmger t han t he
wi dt h-t o- 1| engt Qrat i : ;I iNg current-setting transistor by a
factor of N lgshe%xé%{ﬁ;:gcﬁ?%mg%éfﬂﬁﬁgﬂ%eg claiml1l |, wherein the automatic
adj ust rent 5 ci r cui in opératebodimesuthe éskl-affekytranstoc eument-ahitrageiradtr oss a

current-settin ink.circuit. until the volt.a r eac r edet er m ned
it 13, TRED R RE6 § PRl Bl HE RO ERPHTD. SR A ¢t et
field-effeqts-t rRA&IS OfirsCpHir £N10, 310.0 @Rd £idcont pad 400 IYAES 1 3f Bbldleettt y Of

current-mnor pairs of field-effect 10 transistors includi nc? a first pair
and a second pHRRSIGrsS [T Besqfisstrad secondiprirsdolinsa bigagy-weighted Widthdof i r st and

second pai SURSLANES bolrdkbi o dhe WAREIOUBIANES MUl Qch@noth ratio

progression. 14. urt according to claim110, furt erein the
automati c 1~ attpusistorenncludies g gurenitsedreriieansistor 410 and a current-setting transistor

401, and the width-to-length ratio of each current-source transistor 410 is larger

a counter operatively coupled to selectively disable selected pai rsggﬁsf NOV 2002
Kk

20 than the width-to-length ratio of the corresponding current-setting transistor 401
by a factor of N. In s.omc embodiments, N is about ten. In some such
embodiments, N is about five.

In some embodiments, the automatic adjustment circuit 220 includes a
counter 327 operatively coupled to selectively disable selected pairs 401, 410 of

25  the plurality of current-mirror pairs of field-effect transistors, and a comparator
325 operatively coupled to compare a voltage 211 at a current-sink node to a
reference voltage 351, and operatively coupled to enable clocking of the counter
327 until the voltage 211 at the current-sink node is sufficiently close to the
reference voltage 351.

30 In some embodiments of the system 100, the disc 134 has a magnetic
surface and the read head 98 includes a magneto-resistive sensing element that is

biased by current supplied by the current-mirror circuit 200.
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pairs of the plurality of current-mrror pairs of field-effect transistors;

and a conpawanes208ber ati vely coupl ed to conpare a vol t age RCTALMIBENt - si nk
node to a reference voltage, and oper at'ié/ely coupl ed to enabl e changes of

the 20 selection circuit until the voltage at the current-sink node is

ZUfT' ciently closept ?on%e[‘e%t{o%irgén%%ﬁhé/ k3900, 1o auftde] &%%?m}x%g%ﬁ%‘{f' ng .
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current throu@bo apghtes el suteessitelg eeduend voliage2 1 paérvs adurfensbatigd figct

transi stors; and ( sel ectiyely disabli one or .nore of the pairs of
fiel d-effect FF&‘H%?@‘HW%?F(W&G@%QC}‘SW BFB%EW‘Q WHPHMY 0- 1 engt h ratio and
thus to reduce deviygnOimsodinéhts, fhe sYR@MTEINRANGGEMAEs A obfputek @l M 15,
wherein for each current-mrror pair of field-effect transistors, the

passing step @Euyerh dP@hbavingredaiainseroeep@l Ghat it apgragvehuesiptng tathe r st anount
of current th?‘%‘gﬁt‘g‘}rﬁﬁ.{);“?gg‘?ﬁ‘?‘t%“‘l‘m dhl AR Sk Qlsc 139d WO 99762059

PCT/ US99/ 11 5 assing a second anmount “of current through a
current - source tr ardsiodienaspediaf theprésantgrventipn ardvidss arcunrénthenbratort he fir st
anount of current._ |7. The nethod according.t.0o clajm.l16, a/ner in the

sel ectively dic¥SH 79005 gRl5raing fgWPRISE FRFEDt g ‘éégg‘f‘bg‘}%‘“fﬂé‘ £t igda vol t age
across a curr epkcisfnkisidg cifteic nfiiréCaifchit QM0 hhd dhauyBhdA@fusiaaniasuin
predeterm ned mnimum 18. The nmethod according to claim 16, wherein the

provi di ng ki e@2Q aperptiyelhequpledde theeyrentapurosircib2 (Ohetiqutomasiesly ng a first
amount  of Cu”a;gg&hstamﬂ@&i \Jiath%-l&ighf]ﬁﬂsbﬁﬁélhlé?ﬁctt-{rﬁe?s&o?& Bféhe(:a)réedt.v)

passi ng a second amount of current "through a first current-sourc
transi stor; (aifre)cipagifg otdhotegbdume seisond current-setting transistor, a

third amount 1 ~ of current that is,substantially .tw. the first anount of
current: and (a)(viy S%%?P%Qéiﬁmfrﬁ?Sﬁtgﬁcﬁn &6 at8ﬁ?‘?°é’h®90@‘?é%i ‘ransistor) a
fourth anount epfctCinEiidl clirfet-nlifosdiRait 200 ittlldes b pledity beceem@ndmamount  of
current. 19 The net hod according to claim 15, wherein the selectively

di sabl i ng 5% epazo4Qloy1¢ af irldretierdrantigerss fepaobhesemsjs #91.PeEfiEldy a val ue,
wherein the valyg tlaﬁsﬂs’t%?sqnélgde%%lc%ﬁ%x?t‘-’s%h%e@aﬁﬁ?l)r%ﬁ?in%%t&greﬂﬁéerttﬁl of the
plurality of current-mrror pairs of field-effect transistors; fnd (b)(ii)
conparing a votansigter 4@1, and e madth-teilenigthratie of each cuotrrsontse transistandl0 25 and
based on the coppari,son, . enablin . S ctl st j ntil the

vol t age at t he® &R W-ﬂ%ei %@ﬂlﬁ%’dlgggt stpés?ﬁ)fcﬁ':t@el %’r#?@ongﬁ%scép%ée'%eﬁtgn% ef erence
vol tage. 20. Acadliister 461 dyea Syt oINC drpomssuel embodinieats, Ngs dbag ren3d a
transducer _having a read headﬁl{)osit.i oned to read Cg‘glﬁtni)fromth .disc; and a

current - gefer AT IERIHES Rosyer SORSYMRIIPT aly SOy PR S1 QeSS ength Q ~
NOV 2p~~. 5  about five.

In some embodiments of the current-generator circuit 200, the field-
effect-transistor current-mirror circuit 210 includes a plurality of current-mirror
pairs 401, 410 of field-effect transistors including a first pair 401.0, 410.0 and a

25 second pair 401.1, 410.1 of field-effect transistors, and the first pair 401.0, 410.0
and second pair 401.0, 410.1 substantially follow a binary-weighted width-to-
length ratio progression.

In some embodiments of the current-generator circuit 200, each pair 401,
410 of field-effect transistors includes a current-source transistor 410 and a

30 current-setting transistor 401, and the width-to-length ratio of each current-
source transistor 410 is larger than the width-to-length ratio of the corresponding
current-setting transistor 401 by a factor of N. In some such embodiments, N is

about ten. In some such embodiments, N is about five.
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30 afirst amount of current though a current-setting transistor, and 916 passing a
second amount of current through a current-source transistor that is larger by a

factor of N than the first amount of current.



10" s- 109 () - +&10%&' () - L*310%& ()- (10%& ()-s9' 10%& () - Lydo%& ()-qv4i67NOV 2002
10" 610%! (WoS5R¥ () - 310% () -, 2GLO%&! () - 010%&! () - L/ 10%& Hrndkba/@ass

10@0% & ()-'f 10%ixi & ()-f 109%& ()-810% & ()- 10 10 10y8LO%! ()- 12 i1

"dE_@ 108109% & ()-3f f 10% & ()- &10% & () 1810% & ()-& : 109% & () - 10% & () -

"7 T 4o#dE. @

10! 10% & () - 9Y: 1094msqme pmbodimrents.of f Tosgt, (he-seleatpayrdiabliag swp 820 ) - 9###UB2$

$$aB @ 10F+@l 109 & i
$ ?0%1(&' ()- s&@%&?%f“‘%@ﬁ)’%@( ‘Bﬁflé@%@%‘f%ég% ST0%% et‘é'ge'“i‘@oﬁak?}‘(‘j“-c‘%(( 10( (
10( (! Y310% ( &'ufpjit the 2dN8ge&edched & pred@Bfp@ndd miknin. () } A<uV7 10! " @O%& () -~

, 109&' I 109& () - 109%& 109&' * Sk x % 0h dE V7
10! " 10f(ye)&' %/)-I 109! %“} some i’%%/%"{"f“‘sfé%W%‘Xgé@&f@)‘dlyg E%P/ 1 gf%ﬂuq ; / ~I | dEuV
7 includes ste )ns of 911 passing a first amount of current though a first current-

10! 5MLO%&' () s3109& ()-9-109& ()-1+109%& ()-sYXdO%& ()- Y#10%& ()-// BOCODOEOS
Op01b@ 10!! 1@mggt@$stoq@mpwmg&ﬁgmd(a)n.oum(pf torrent through a first current-

10} V@09 () - POPYOTIT) Pl VAo (4 oD T R0k (i
109%&' () - 7787:afficdnt oflduerentIMatiO5uBshat®Ry(tvice thel ikRarhdunt dOcukfent, and 917
passing, through a second current-source transistor, a fourth amount of current

10 that is substantially twice the second amount of current.

In some embodiments of the method, the selectively disabling step 920
further includes steps of 922 selecting a value, wherein the value is used to
selectively disable selected pairs of the plurality of current-mirror pairs of field-
effect transistors, and 921 comparing a voltage at a current-sink node to a

15 reference voltage, and based on the comparison, enabling the selecting step 922
until the voltage at the current-sink node is sufficiently close to the reference
voltage.

In some embodiments of the method, for each current-mirror pair of
field-effect transistors, the passing step 910 further includes steps of providing a

20 current-setting transistor 401 having a first width-to-length ratio, and providing a
current-source transistor 410 having a second width-to-length ratio that is larger
than the first width-to-length ratio of the corresponding current-setting transistor
by a factor of N. In some such embodiments, N is about ten, in order to reduce
power consumption.

25 In some embodiments of the methods just described, the passing step 910
further includes steps of: providing first pair 401.0, 410.0 of field-effect
transistors, and providing a second pair 401.1, 410.1 of field-effect transistors
that has a width-to-length ratio that is substantially twice that of a corresponding
ratio of the first pair of field-effect transistors.

30 In some embodiments of the methods just described, the selectively
disabling step 920 further includes steps of 922 selecting a value, wherein the -
value is used to selectively disable selected pairs of the plurality of current-

mirror pairs of field-effect transistors, and 921 comparing a voltage at a current-
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resistive sensing element, and 950 transmitting the read data to an information-
handling system.

10 In various embodiments, the steps of method 900 are performed in the
order described and shown. In other embodiments, other orders are used.

Another aspect of the present invention provides a disc drive system 100
that includes a rotating disc 134, a transducer 150 having a read head 98
positioned to read data from the disc 134, and a current-generator means for

15 automatically adjusting a width-to-length ratio in order to reduce noise.

It is to be understood that the above description is intended to be
illustrative, and not restrictive. Although numerous characteristics and
advantages of various embodiments of the present invention have been set forth
in the foregoing description, together with details of the structure and function of

20 various embodiments, many other embodiments and changes to details will be
apparent to those of skill in the art upon reviewing the above description. The
scope of the invention should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims

are entitled.
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transistors, and wherein each pair of field-effect transistors includes a current-
source transistor and a current-setting transistor, and the width-to-length ratio of
each current-source transistor is larger than the width-to-length ratio of the

corresponding current-setting transistor by a factor of N.
3. The system according to claim 2, wherein N is about ten.

4, The system according to claim 1, wherein the field-effect-transistor

current-mirror circuit includes a plurality of current-mirror pairs of field-effect
25 transistors including a first pair and a second pair of field-effect transistors, and

wherein the first and second pair substantially follow a binary-weighted width-

to-length ratio progression.

5. The system according to claim 4, further wherein each pair of field-effect
30 transistors includes a current-source transistor and a current-setting transistor,
and the width-to-length ratio of each current-source transistor is larger than the

width-to-length ratio of the corresponding current-setting transistor by a factor of
N.
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adjustment circuit includes:
a counter operatively coupled to selectively disable selected pairs of the
plurality of current-mirror pairs of field-effect transistors; and
a comparator operatively coupled to compare a voltage at a current-sink
10 node to a reference voltage, and operatively coupled to enable clocking of the
counter until the voltage at the current-sink node is sufficiently close to the

reference voltage.

8. The system according to claim 1, wherein:
15 the disc has a magnetic surface; and
the read head includes a magneto-resistive sensing element that is biased

by current supplied by the current-mirror circuit.

9. The system according to claim 1, further comprising:
20 a computer system having a data interface that is operatively coupled to

the transducer to transmit data to and from the disc.

10. A current-generator circuit for generating low-noise current, the circuit
comprising:
25 a field-effect-transistor current-mirror circuit; and
an automatic adjustment circuit operatively coupled to the current-mirror
circuit that automatically adjusts an effective width-to-length ratio of field-

effect-transistors of the current-mirror circuit in order to reduce noise.

30 11.  The circuit according to claim 10, wherein the field-effect-transistor
current-mirror circuit includes a plurality of current-mirror pairs of field-effect
transistors, and wherein each pair of field-effect transistors includes a current-

source transistor and a current-setting transistor, and the width-to-length ratio of
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12.  The circuit according to claim 11, wherein the automatic adjustment
5 circuit operates to successively reduce a voltage across a current-setting sink

circuit until the voltage reaches a predetermined minimum.

13. The circuit according to claim 10, wherein the field-effect-transistor

current-mirror circuit includes a plurality of current-mirror pairs of field-effect
10 transistors including a first pair and a second pair of field-effect transistors, and

wherein the first and second pair substantially follow a binary-weighted width-

to-length ratio progression.

14. The circuit according to claim 10, further wherein the automatic
15 adjustment circuit includes:
a selection circuit operatively coupled to selectively disable selected pairs
of the plurality of current-mirvor pairs of field-effect transistors; and
a comparator operatively coupled to compare a voltage at a current-sink
node to a reference voltage, and operatively coupled to enable changes of the
20 selection circuit until the voltage at the current-sink node is sufficiently close to

the reference voltage.

15. A method for reducing device notse 1n a current mirror circuit comprising
steps of:
25 (a) passing current through a plurality of current-mirror pairs of field-

effect transistors; and
(b) selectively disabling one or more of the pairs of field-effect transistors

to adjust an effective width-to-length ratio and thus to reduce device noise.

30 16.  The method according to claim 15, wherein for each current-mirror pair
of field-effect transistors, the passing step (a) further includes steps of:
(a)(i) passing a first amount of current though a current-setting transistor;

and
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20 (b) further includes steps of:

(b)(i) selecting a value, wherein the value is used to selectively disable
selected pairs of the plurality of current-mirror pairs of field-effect transistors;
and

(b)(it) comparing a voltage at a current-sink node to a reference voltage,

25 and based on the comparison, enabling the selecting step (b)(1) until the voltage

at the current-sink node is sufficiently close to the reference voltage.

20. A disc drive system comprising:
a rotating disc;
30 a transducer having a read head positioned to read data from the disc; and
a current-generator means for automatically adjusting a width-to-length

ratio in order to reduce noise.



