DEFLECTI ON REFERENCE ADJUSTMENT FOR VARI ABLE TRACK PI TCH MEDI A Backgr ound
Data storage nedia are used to store and retrieve | arge anounts of

di gi tal | ywenendadsdata in a fast and efficient nmanner. 8athiSaedioadsdave been
commercially provided in a nunber of different forms, such as nmagneti c,
optical, solid-state (e.g., 5flash nenory), etc. Some nedia, such as
magneti c and optical discs, can be rotated at a selected velocity while a

head assenbly transduces ®EFEESTHANREFEGENCE ADIETBVENT, data pattern
stored to a nedia surface. FPReVABIABRRAT PHICH MEDAA arranged on such
medi a al ong a series of concentric tracks (e.g., discrete rings, a
continuous 10spiral, etc.). An actuator, under the control of a closed |oop
servo circuit,Bghprobed used to position the head assenbly adjacent the
tracks in order to C h e G be rotary
in nature so as to I?Jaﬁa{/%%/rgg%%lﬁ(ﬁa g‘%%?%dgt? ts%gelrgﬁlt% r%taf\gclgrﬁﬁ gltélﬁagﬁéf?rl%%g? di anet er
(OD) of a nedi emvdddnlatahin s fasaand effieert emdnas Sechohgdid ldve bem chBanecwizliyi | | near

transl ation path gcross the radius of the nmedium .By contrast.,. |inear

act uat or s adva}?f8‘é1%3‘{113 ar%WS%?ﬁ‘?Hﬁeéerﬁg%‘alsassuglé?%rf]?/gngﬁl%)réﬁmgnIs?lﬁgg?te F&hsl at i on
path acr @ss t hfashatimesy)pétc.t he medi um In sone cases, data patterns
can be pre-witten to a di um dur i ng. ng(gufactctjre to Frq?vi(fi servo or other
types of control i nfodtemRedi%RuchpRdaghedic apdoptept i3 Ba Py E¥aH y be witten

using an act uageictediviidcity Whild LK@ bssbhblyStaadducss apaddbagiesip®il kyretdv@na t hat of a
reader systemused to subsequently access the nmedium _In such cases, the

pre-written dafase PAESTIReERBed fusiath e heidaRIPRTerpt 41F PREPAPEHIMat i on

geonetry of thgchaRERMRICHY S EH8s of BorerdBY trh@a ¢ & Odiddts Bhs, § Corlinuousel ati ve
differences in angular position of the head assenbly wth respect to the

data) aslOt he hwdal sxppdaschptgmupdss thecqpirolioda cleeeddags serapirsrityanbe  varj ous

enbodi ments of ,dAg, sEREMe HeRY SUAND 2 BLENHBORAAs hiY ordbr 16 6dcB¢er i @l appar at us
and nmethod for generating an anal og" waveform such as a deflection -2-

si gnal used dupdttegpst he writing of tracks of data to a rotatable storage

medi um having a VarA&PJt(?rs Ez{na&:l?otgf)l if rfﬁat(l;rel:) s})'as to pivot about a pivot point adjacent

an outermost diameter (OD) of a medium. In this way, the head assembly follows

15 a curvilinear translation path across the radius of the medium. By contrast, linear
actuators advance and retract the head assembly along a linear translation path
across the radius of the medium.

In some cases, data patterns can be pre-written to a medium during
manufacture to provide servo or other types of control information. The pre-

20 written patterns may be written using an actuator with a different translation path
geometry than that of a reader system used to subsequently access the medium. In
such cases, the pre-written data may not conform to the finally utilized translation
geometry of the reader system. This may lead to offsets (e.g., relative differences
in angular position of the head assembly with respect to the data) as the head

25 moves from one track to the next.

Summary

Various embodiments of the present invention are generally directed to an

apparatus and method for generating an analog waveform, such as a deflection



In accordance with various enbodinents, a first digital to anal og converter
(DAC) is configured to output a deflection signal having an anal og voltage
| evel 5Scowoespandisamg to a nmagnitude of a first nulti-bi PCaiuse@lo4d4aput

val ue applied to the first DAC. A second DAC is configured to supply a rail
voltage to the first DAC having an anal 0%;‘ vol tage | evel corresponding to a
magni tude of a second multi-bit digital input value applied to the second
DAC. The def | edigiabpsedidyring the sritigs af raskelef dagacte agotgfable stopaegmedinsbl i ed by a
write beam genglatofva il h&! pilhzfel €s and advantages of the various

enbodi nents of the present i1nvention can be understood froma review of the
fol | owi ng det ai | ed ld@serdaped wiih variaye ainbedimprsn avirstidigifabtoasalog taverterdr awi ngs.

Brief De i pt j (3 - ' d
et e PP IR R AT R N St ey rexcer

system for readi a umusing a FIG 1B
provi des San exenpkEmyingrte ¢ eagspde efia fust multi-tii digitad atpat taduetdppligdad dteabl e
medi um of FIG .1 ing.a li r.act.uat or . . E nerally
depicts an exagrgSngi 'edr)\ Sﬁ)elcc\)/no ﬁ%@ésncs ngfg'ilr(e)%{ogsélgpr}%? rr%/11 Y’;loétra 85 df(%rﬁé)ggt at abl e
medi um of Fl GShavink-ahBnalog voltagé GBvelotrsspandingtota oapmitudd dalsecoap hadebitat i on of

mbodi ment s of CE LR UL oo DACE 7B Seg el i 3y

transl ati on gegsfRtiaywits bedm buppHESECE Grie benrlgeserabr. concentric tlracks on a I
rot atabl e medi um 25FI 5 graphi cal | resents an anal vol t age contro
si gnal u@ed to pr O\f?tg%r%%‘f‘rleg%‘iadi%Ha‘lﬁ?ge\éoé\ﬁgf’%mﬂ%ﬁ‘m’%ﬂl@ﬂﬁs %fotg‘él’réﬁ"t“éd axi al
directi on. invértion ckh BNGErs@od Figintadbvibw oatmalf&gmﬁﬁ;wm aesfc@@@n ihhat can
be configured to generate the anal g voltage control signal of FIG 5.

FIGS. 7A and 78n#istiofwithige o5peiasd @yt ol signal s expressed over

30di fferent vol tage ranges. FIG 8 shows a control circuit with
primary and secondary DACs operated in accordance with sonme enbodi nents to
address the di Bredased of th Draygingsnge ranges of FIGS. 7A- 7B.

15 FIG. 1A provides an exemplary reader system for reading a rotatable

medium using a rotary actuator.
FIG. 1B provides an exemplary writer system for writing data to the
rotatable medium of FIG. 1A using a linear actuator.
FIG. 2 generally depicts an exaggerated pivot translation geometry across
20 the rotatable medium of FIGS. 1A-1B.
FIG. 3 is a functional block representation of an electron beam recorder
(EBR) operated in accordance with some embodiments of the present invention.
FIG. 4 depicts a pivot translation geometry as it intersects a number of
concentric tracks on a rotatable medium.
25 FIG. 5 graphically represents an analog voltage control signal used to
provide deflection of a write beam along a selected axial direction.
FIG. 6 shows a digital to analog converter (DAC) that can be configured to
generate the analog voltage control signal of FIG. 5.
FIGS. 7A and 7B are analog voltage control signals expressed over
30 different voltage ranges.
FIG. 8 shows a control circuit with primary and secondary DACs operated
in accordance with some embodiments to address the differences in the voltage

ranges of FIGS. 7A-7B.



- 3- FIG 9 represents anal og voltage signals with different ranges

corresponding to different track pitches on a rotatable nedium FI G
10 is a cwWOReDI01344st em configured in accordance with soRETASRUAINHAES. 5
Det ai | ed Description The present disclosure generally relates to the

generation of anal og waveforns in a contfol system such as deflection
signals used to wite data to a recording nmedium 10FI G 1A schenatically
depi cts a reader syBliCefhraueentypenlegpdiage sgnatsevith difprapfaanggs st or age nmedi um

102, such as acﬁ,&g@ﬁ%@éhg&?&%%@% SOQQé&\Q,%Flg%edﬁlwr age disc. The nmedi um

102 is rotated or 104 at a selecte city. In some enbodi nents,
the notor 104 rot atEé. i 6& anedirdsystOR configaradomstcardansegtigfeiome (const ant
angul ar vel ocity, or CAV), although other rotation profiles such as
15constant linear velocity (CLV) can be alternatively enpl oyed. A
rotary actuator 106 is positioned adjacent an outernost dianeter (OD) of

the nmedi um 102g t‘l’t}elﬁctcua,[t or 106 pivots about a pivot shaft 108, thereby

novi ng a head |l ong a curvilinear translation path as
general |y denot ed atrhelpt&entl discicgure @aiieeatyl ralaeesl td thagerehaeiomethakgsenbl y 110 can

carry out both read and 20wite operatiqgns with the di um 102, al t hough
Caeh i oot horeeasmrya Fatis pirk S s et Dm0 ik PR Ied nra-

general |y denotgérdalg cbdum. These system el ectronics include a read/wite
(RFW channel 116, a_ controller 11%, .and a servo circuit 120. The
read/ w itk channel TY6 Hatthrayicad ¢epickhiamlie it H% HéCReder Y¥&8nbl y 110 to

transfer data hefueeisiig ABMiHTIAQZ:1ARA nfaghetid stdig)d B dr AR bptdaphown) .
The controller 118 provides top | evel control of the system 100. The servo

circuit 120 pr¥oiegedisa Biedauiim ddhis seiped by ppmors |l b piarsslerisd veleciodn ti on t he

head assenbly I}Q: QRicARRMIEs, HRTARMS ol kASKShE BREuEDNRMM 2 d6ftaRediRfyt he medi um
surface. In sone enbodi nents, the servo circuit 120 applies controlled

current to a ctsonstapangdrsivelacipooreAysialthorshethef x@Nion metfilgsinehyasshown) to
pi vot thgs act u@(;ng{ant]iglgala\g%gy &&Wda}{ 8L aﬁ&ﬂt&el&%@plﬂo&%. reference, X and Y

axial directions are define ' respect to di um . The X direction
corresponds to a raflirethrydituatot 109ns pesitomsd adjecentedi auterimo diameter (OD) of

the medium 102. The actuator 106 pivots about a pivot shaft 108, thereby moving
a head assembly 110 along a curvilinear translation path as generally denoted at
112. It is contemplated that the head assembly 110 can carry out both read and

20 write operations with the medium 102, although such is not necessarily required.

Reader system electronics are generally denoted at 114. These system
electronics include a read/write (R/W) channel 116, a controller 118, and a servo
circuit 120. The read/write channel 116 handles data exchanges with the head
assembly 110 to transfer data between the medium 102 and a host device (not

25 shown).

The controller 118 provides top level control of the system 100. The servo
circuit 120 provides a closed-loop servo control operation to position the head
assembly 110 adjacent various tracks (not shown) defined on the medium surface.
In some embodiments, the servo circuit 120 applies controlled current to a coil 122

30 of a voice coil motor (VCM, not fully shown) to pivot the actuator 106 about the
pivot shaft 108.
For reference, X and Y axial directions are defined with respect to the

medium. The X direction corresponds to a radial direction across the medium 102,



-4- froma center axis to the OD. The Y direction corresponds to a
tangential direction along each track on the nmedium 102. It will be noted
t hat the WO201Waldr transl ati on path 112 has both X an@CY/USaiiomesls. FI G
1B provides a schematic representation of portions of a witer system 5130.
The witer system 130 is configured to D‘}‘e-write data patterns to the

medi um 102 of FIG 1A Wile not Iin‘iti‘r;fg, it is contenplated that in sone

enbodi ment s t hBopaeenipy axfsen theRl3 hg Y dppcdiop sprrgspends e Brgrddaledresivo dat a

used by the seglx&[&kﬁ EitictonkROmBM 8 SR SN BInARHnbl AEKiTihdPW NG operati ons
of the reader system 100. In sone enbodinents, the mediumwitten by the

writer system t@0latign pathrhk kas bodf and ¥ eonpanknteh a popul ation of replicated

di scs are produced,pgu : ud I | QF £a wri iter
system 130 i ncl udesFlé' %%F%?ld%%s mﬁ@é%%%@%?gggé ﬁfeﬂ&rrtgbdllsﬁrr? Vlvélie-{g%tégﬁ sel ected
vel oci ty.5 Thi sl30ellbe wryerspsfennd 3tvimyomfguradee pie-wiigidate patidmes to dieguédiymi npar t ed
by the notor 1 e r ystem 100 | I e tar 132 in
15F1 G 2 rmy rg?a%qulé'ﬁé*'n@gﬁ%‘?t%‘f‘% ftﬁgcoélke%lc?ﬁaé?%aﬂﬁ%ﬁﬁ’ F%‘geaer‘%\%’gﬁ%e&%st y (CLV),
or sone ot her the pfeiwitten data pattéins ¢canesaludecimbadded s34 dats ugpddyitibedrvad) acent t he

medi um 102, and i d.to advan nd.retract wi.te head ass ly 136
along a |i nearlecruéﬂg(?g‘frf’@rfe‘%(él%a“%%@g]ég’ll%"svglgtoﬁ%rag ioﬁghe(g?a%%séls ﬁ‘élgi%ﬁmyloz.
Such | ateral nmweiteBinbedimelrs, tAchediviathrhiyen BOtHeav el sf?;@t'élill\/lfe() aathl ; astat | gndol‘3
current to a cqil_140, which interacts with a magnetic fie rovi ded by
per manent® nmagn@fsian yhicha RRPFIPt“B’eOfﬁ%Pﬁ‘éﬁ\é\q éfé‘is affh%rgﬁhicﬁ PR a3t ati on pat h
138 is ali gnedpra{ti_gggpgrﬂﬂmx direction and ha; subst anti al I y noY conmponent .
FIG 2 generally illustrates the use of variable track pitch by the witer
25syst em 130 of FI GhePaitersysien dadrsaiides a mefopt {Aovhich tofpdgshg gedium 102

characteri sticg aQfedtb®vdi&RGE ThENSIER) hPPordhayilodPmaleh-thdtbGhe Zelbsityd sinpli fied
diagramw th highly exaggerated differences in track Igl tch (TP{, or w dth,

for seven exeniiPartsd oy the Rgtor 104 qizthe repdagisysteny d0Qindiecl 4t B mefat I Brinact ual
conmer cigl enbpg mg r?iﬁ‘bé thd MALiR 16961y 4 édngtg?tﬁge%sﬁﬁ)rcﬁ}l/ (18NS B mhousands

or nore tracks acros radi al extent of Ium not just the seven
shown in FI G @hergnefile.he variation in TP fromtrack-

A linear actuator 134 is provided adjacent the medium 102, and is used to
advance and retract a write head assembly 136 along a linear translation path 138
across the radius of the medium 102. Such lateral movement can be achieved by
20 the selective application of current to a coil 140, which interacts with a magnetic
field provided by permanent magnets 142. It will be noted that the linear
translation path 138 is aligned along the X direction and has substantially no Y
component.
FIG. 2 generally illustrates the use of variable track pitch by the writer
25 system 130 of FIG. 1B to accommodate the pivot translation characteristics of the
reader system 100 of FIG. 1A. FIG. 2 is a simplified diagram with highly
exaggerated differences in track pitch (TP), or width, for seven exemplary tracks
T1-T7. It will be appreciated that an actual commercial embodiment may involve
the writing of several tens of thousands or more tracks across the radial extent of
30 the medium, not just the seven shown in FIG. 2, and the variation in TP from track-
to-track may be significantly less than that set forth in the figure.
Nevertheless, it can be seen that tracks near the innermost and outermost

diameters (ID and OD) of the disc 102 such as tracks TP1 and TP7 may be



to-track may be significantly |less than that set forth in the figure.
Neverthel ess, it can be seen that tracks near the innernost and outernost

di anet er sWORDUIANM4OD) of the disc 102 such as tracks TPPCRAB201PP44433 be

-5- significantly narrower, or have a |ower TP, than tracks near the nedial
portion of the disc such as track TP4. AS- noted above, this variation in TP
w | conpensate for the geonetry of the rotational actuator (pivot

transl ati on) péaghificamlyeprreyve, orhave Ristwsr 1T rihamioasks eeaFthgmegial pertigoate

enbodi ments th e%éo%gﬁhmgwcl?@%@ r@i 1¥oted5ab ge? tl?%é%ia%%é%lj@ﬂl&&ﬁpa%ggm zed as a

head assenbly of an el ectron beamrecor e recogni zed
by those skil | éud thergepmetraefthe mtatieBR aopeonipest transipeinerpathel 12 ofifiG.d Abeam
conprising a strea I T. i [ JTpI s .t he soci at ed
mediumto wite a g% %{rﬁk‘ﬁ%g)g 0.3"J%nglgﬁ%g?&g%?ﬁﬂ%ﬁle&rﬂgﬁeéidﬁsesg% &th t he
medi um n€y be h¥geldilGelB chrbmiacdalized dy @ headasdembly, ofeh electihigamtryqeder of write

10beans are co l.at ed, . the EBR, 150 in.FI.G .3 is ly illustrative
and not linmiti ﬁ%‘ﬁmﬁ %Aw\}ﬁ |8? reec%gélé%dBéﬁ@?%%]%lredi%iheﬁgn@rﬁélggg?rﬁtgsWri te beam
(denot ed by br géeeratd 4 wete 6@ comhpresing d steak @@ Bledtbods i $hmﬁ&®damhﬁﬂg@ghan uEper
| ens assenbl 54, adj acent a defl ection pl ate_ assenb] 6, and _throu a
| owner | ens agsé‘ﬁﬁﬁ?m {-‘;gmteglu%tloWﬂlt’f‘l@Bat[?BthQrteWeerrli'ﬁdﬂtif?ﬁt?é?%g’?ﬁ@a‘ﬂé‘? ect i gn

pl ate assenbl ytht nEedivip@b} Be @@gHetie) chadicaledyeaciciion f dihe thras waR al ong the
respective X apd Y directions, as required, . The deflection plate
assenbl y!%56 cARMSTOPEAREEda %EB@&SP\%F%?I‘%mB‘FIYﬁHF%W@ angngt es

di sposed on oppagingg sides of the beam path. The application of

20control l ed voltage signals, as indicated by the X deflection and Y
defl ection signal s AN RS sEagaigh i ligsperatepihy Mritabeagniderstdry tapkspl acenent

of the axial paiyf 1Re.NEbLe PEATHLSE whthaHGNPRk: 30N, 13 cl osed | oop

detection nmechani sm can be enployed to ensure t esire uit of beam
defl ection is #hiantedeilegiionelaorrsentiy 136, gid/droudles laveer lanppisembla3ThHey X and Y
defl ectiqan si gpal; b } l. 164. The bl ock
164 al soﬁgener g@é@eg%gaﬁggﬁgglﬁngi %Trlll@g?%e%g?rl Bﬁgﬁgeﬁé%lrsg\}@%ﬁ on path 166
to the beam soemtrelldiefledionod the dtan ( $alongtht aispoctivhs and Ytdirebtgmmat52. The

si gnal generatgé 264 further provides servo control signals on path 168 to
the |inear actuator 134 to advance the head assenbly 136 across the nedi um
al ong 30pat h 138 ( sHe defl€stioR plate assembly 156 can be arranged as respective pairs of

parallel plates disposed on opposing sides of the beam path. The application of

20 controlled voltage signals, as indicated by the X deflection and Y deflection signals
on paths 160 and 162, impart a controlled displacement of the axial path of the
write beam 156. Although not shown, a closed loop detection mechanism can be
employed to ensure the desired amount of beam deflection is obtained in response
to a given desired input.

25 The X and Y deflection signals are generated by a signal generator block
164. The block 164 also generates a data modulation signal which is provided on
path 166 to the beam source 151 to modulate (turn on/off) the write beam 152.
The signal generator 164 further provides servo control signals on path 168 to the
linear actuator 134 to advance the head assembly 136 across the medium along

30 path 138 (see FIG. 2).

Control of the motor 134 is provided by a motor control circuit 170. In

some embodiments, the motor control circuit 170 can provide a once-per-



Control of the notor 134 is provided by a notor control circuit 170. In
sone enbodi nents, the notor control circuit 170 can provi de a once- per-

- 6- revolwoizon/iingex signal to the signal generator, aspCmdiscabpaidby path
172. A controller 174 provides top |evel control of the EBR 150. FI G
4 is an exaggerated view of a nunber of -&djacent tracks 176 on the medi um
102. The tracks are arbitrarily denoted as N1 to N+3. A portion of the
Scurvi |l i near t reaplstien index penahtolthdsigfal pineratasarsandigyesiityrpatict’datdor 106 (see

FIG 1) is al sgon%aﬁ%(mg' %m%g rl@e?%mﬁrﬁ?f{?éﬁe{‘%lﬁ% 4. A series of points 178

are shown for each corr s on e intersection points al ong
each of the tracks NGl4uaﬁnN*8gg9mmdngﬁﬁmdm@ere%adﬁmemaadcsalé’éenmey 110 (FIG
1) will pass vvhe s, at L& d I ion..10ln somne
enbodi ments thé fll}lrélgg%nggée%%ig/\n/rks?rte arbléarﬁﬁ en(z%%)eﬁé1 ase %ec%ﬁ%%n %t? R)

t echni ques, al savilieéae (raesthtioo path 122 nitle madcsrtsamm aastgajd)ra]lOé\(aale@(m}tM i{ ZCAV)

recordi ng. Usi CAV.nmeans th ea f, the has exact|
t he sanegnunbe%lg%%’ogﬁé%f‘@gg%?tfg@%d%ig [fg %eflgi%cpo'fmli%vﬁ“f Thoﬁ’Pg\)/rl de each zf
the tracks in echirdé) ca&enpondirdgho tHeenRe®ion poieralon eaimmefﬂseetfatclam,l tal | ow ng

t he read/wrltelchan el to s ct. and t iven /Iwite
frequency for Na 8"%%@1‘1@‘&5‘%&“5&?‘ @%@@?I@@&é lgw LRSS hen ?‘e mediuph oy of
the tracks canishea Wdcidd@mngilr 15¢48ps. over one or, nore typi cal | y, multiple
revol uti ons, such as 100 revol utions of the msdl um for each track. It would

be possi¥ e to oper#sent gabedipenisthe ypcksiars Wattengising|zang hsedgerqrdingead

20assenbly 13644 R)Itéchﬂffqu@s £1ba<1%¢erfea% 1S,0h&f coB@sll aRfuldNeRBiy gxalwf i ons, and
t hen advance the wite head assenb g/ 136 in g%slze}g\}vmsefashlon r|or to
ab EKSy.

commenci ng t heregpriingngsiog 04 maans thay pachieé thy e Dt bes expeslveder , t hi s
may undesi r abl ¥anlde%'ixﬁ>@§@f hARNGY r@dopﬁ}%d%ét@.gﬂxp &l ,?:g%g L ogﬁ}%(ix%% si nce

the head may need to walt substantially an entire tation ore writing
that next stepinadgivanizané wigh thedaia8 suoppohdetnipeereatiovohs thaecadoamde assenbl y i n

a step-wsse faghion oc%i‘ecf‘in%iqﬁ‘mg’%%' %rn%glr R ﬁ%&%&%%&?%&?@%”ances that

need to be danped prior e Wit ngo eac ew’set 0
with tracks in the given zone.

Each of the tracks can be written in steps over one or, more typically,
multiple revolutions, such as 100 revolutions of the medium for each track. It
would be possible to operate the EBR 150 of FIG. 3 to hold the write head

20 assembly 136 still at a fixed radius for each of these revolutions, and then advance
the write head assembly 136 in a step-wise fashion prior to commencing the
writing of the data for the next revolution. However, this may undesirably increase
latency time during the recording process since the head may need to wait
substantially an entire rotation before writing that next step. Initiating and

25 stopping movement of the head assembly in a step-wise fashion can also
undesirably excite mechanical resonances that need to be damped prior to the
writing of each new set of data.

Accordingly, the EBR 150 of FIG. 3 i1s preferably operated such that the
head assembly 136 continuously moves across the radius of the disc 102, and the X

30 and/or Y deflection signals on paths 160, 162 are used to maintain the beam
impingement at a constant radius (or other desired location).

Exemplary X deflection profiling of the write beam is depicted in FIG. 5,

which shows an X direction write head translation curve at 180. The curve 180 is



Accordingly, the EBR 150 of FIG 3 is preferably operated such that the
head assenbly 136 continuously noves across the radius of the disc 102, and
t he X 30aW0/20r1/0¢746f | ection signals on paths 160, 162 aPE€THs2e00é44adi nt ai n
t he beam i npi ngenent at a constant radius (or other desired | ocation).

Exenpl ary X deflection profiling of the-lwite beamis depicted in FIG 5,
whi ch shows an X direction wite head translation curve at 180. The curve
180 is -7- supbstamiallzlingar]indieative of mefingtant viebocty being wepartadhto thewdtsi ty bei ng

inmparted to t hﬁea%%%tﬁ%lgelgg f(é?%sﬁéml s\éuﬁ]cg’ @51( fend a%@?@gl?gggﬁ gnci'ée]ﬂecdicﬁlgs

assenbl i es 154 ction ate ‘asse uring t
pre-wite operaaﬁe@ssemAéesdéﬁb@rmgdwaare b/@@mpsatlglﬁ Aheotadhg®varbdcassaci at ed

inertia of the,head a ass%pla% mr&o*ua I ?dgsr; r{ﬂglﬁtrgg %L;Xntﬁé‘

an
conti nuous pro P e such as a cons nt ageous'ﬁy reduces
t he exci tat i onalorig ercaﬁmmmusps)fmhsucﬂnasmtghbnsafnf esicbcmyhdvamketgeambeeducps ngenment
| ocation of th onto t he di um 10 st ant .novenent .of the
write head assRETS T THEP ASEY Dydea At fre SRS M PR AP 80

oper ati on. Theofuhe€bean IS epvi themedimriepent al advances of the 10 head

assenbly m ght undesirably | engthen the Pre-wr i eration. This is due to
the requisite tine ('?Q?St& %Vggqegtrf’gﬂ?e‘i’“ftf’g I’f‘éseﬁﬁ’iy fu& LB each new

radi us, as wel ¢ffigisndyiE tHeOl itk 'bpe&aionl ghe i&yofdRb ke, lifdthéra ali@ihcdshe the
appropri ate angeul ar location of the nmediumto raotate around to the head

assenbl y10 whi | ead agspryblymighfqindesiglly fngthgn the pegywiils opgrat gD, Thit Kare 19r of i | es

can 15al t er nat iy @lo¥isRetis &Padviiltk lafd Qe tRORWA abRmblyGt eath newGhRsegs | oop
detection and control system such as a |laser inferonmeter, can be used to

ensure preci seebisdhertationalsiency delanregrived fonge eprsopriast mealan Beation of Ag t he

head assenbly &gﬁlehﬁmctgQ(;thtgq@uhgtostﬂ@pgadqg@ﬁgg, the medium 102 (in this case,
fromthe ODto the ID), a generally sawtooth voltage profile 182 is

20applied with t r an¥hild olreaceiiabvedery isdhotin &ad B0, odeapiosles ¢(dm thi s case,
each tr algk b Ouﬂ@?f[a)‘)/el {'ﬁseg 68’1{1]6 %&lljsggwléﬂl ]]Flb ﬁl& Qb Eo%gﬁgt'ag};m agc(jjt he X

defl ection signa preci ated that the
relative chang@)nanlckyﬁt@lhasruphys@hsmhéemmb@agm pr wkd toeen$82 piwicis¢  be adapted for

a given appli Ca%x'ze?n%ntc;rﬁﬁe ac%agoerlg%ng h%fplr(lfﬁe 1872 will generally cause the wite
beam 152 to tay

As the head assembly 136 is continually swept across the medium 102 (in
this case, from the OD to the ID), a generally saw-tooth voltage profile 182 is
20 applied with transitions coincident with each rotation (in this case, each track
boundary). The profile 182 in FIG. 5 corresponds to the X deflection signal on
path 160 in FIG. 3. It will be appreciated that the relative change and polarity of
the voltage profile 182 will be adapted for a given application.
The voltage profile 182 will generally cause the write beam 152 to stay
25 “on-track” as the write head assembly 136 continues to move in the selected radial
(X axial) direction. This results in the sequential writing of data patterns to each
track, as represented at 184. At the conclusion of the writing of the last bit of a
given track, the write beam “snaps” back in sufficient time to write the first bit for
the next track. Y directional deflection control can be carried out in similar fashion
30 to provide controlled, stepwise deflection of the write beam along the Y direction
(e.g., in the direction along each track).
Saw-tooth deflection signals such as 182 in FIG. 5 can be generated using a

digital to analog converter (DAC). As will be appreciated by those having skill in



25"on-track"™ as the wite head assenbly 136 continues to nove in the
selected radial (X axial) direction. This results in the sequential witing
of data pPaOt2erII9744d each track, as represented at 184. RCTUSR0IOOHKEBUSI on of
the witing of the last bit of a given track, the wite beam "snaps" back
in sufficient time to wite the first bit for the next track. Y directional
defl ection control can be carried out in simlar fashion 30to provide
control | ed, st BewitsBAGeeenselly operal to pravalt p multhhis dighpldnryt ¥#Ee MR r ect i on

(e.g., in the gdrfegg&n:dgl@ aﬂélgggutﬁlﬁ%hz;geacﬁl)e-output analoge%ﬁ't&g%q{abargﬁ;aio ction

signals such as 18 FIG ™5 can be generated using a digital to anal og
converter (DACmagmgidefhat coyespopgy tedheamediithde afilosiapHahditabvadue || in  -8- the

art, DACs gener al | yrigRGEAL Eole BARYSH D ACT bbb il oabuddBpayal ue T nto

a correspondi ng ana t put "v age. e output anal og voltag as an
anal og nmegni t udirefemate vargesyibiisartdd/RER. Magraytod devefing hemplegyample.gi t al
val ue. The out pyt, .val,{a range of,. a DAC.i.s, .Of est abl.i sjaed. in relation
to a pair 5of ?gi‘beltrlgﬁge‘%\?/hoeeé%é%"%ﬁfﬁ%‘grlu?%\?ﬁgém ‘l‘%r/l p\?\(&;/deé%q—%r oviding a
si mpl e exanpl ediffaredt inbiemeA@ mitivh anaddgevodtageebenaden &g 1 oblt+For®wampld, 0. OV can

provi de 24=16 different i e ts . in output anal og voltage bet n 0 and 1
vol t. For exanfl lé’?utavﬁﬂller?m?d’o\;g'leoﬂ‘go%? gﬁﬁ@@)]?'(rfffg)m %ﬁ‘\t‘aﬁﬁ%ﬂ%r@%ﬁ%yﬁsul t in
an out put anal ogvysl inpgeaht 001 DV;(1 55 woupdigene@al 1y prodfde hi diltp(tlamplogoul d
general |y provide an_out put. anal og 1Qvol t age .0V; an internmedi ary val ue
Joch as B 0 Wlbl Setrb iRty s eE R T e ieaghy BEVe Sy and
SO on. DAGSoRN vBRage 0@V is8eghdwoloh. @ vari ety of input bit capacities;

for exanple, 10-bit, 12-bit and 16-hit DACs are conmonly fe?rrpl oyed in a
number of di ff er entDAppranbePrefded Wilhireragelypf inpHEDIHsapARTCs; B8 SHMPIG apaci t y,

the greater they bSOl dn@N el HAEs dko SothRbhly ¥RbIAEEIn 3NERer STAifTR%ANPl €, a
16-bit DAC would generally tend g.r ovide a greatéer nunber of avail able

out put anal og Wpliaiigas.| @ensradly(the aighor theshibeappraiyetie geatgr thg resplutippm: thg he
16-bit wou I 0 (216 i : magni t ude
of the 16-bit %’ﬁ%‘ﬁtvl(’g%{% et ﬁo‘@‘%&‘?’%@ﬁ’eﬁ@“ Pﬁﬁ%@%gf&%ﬁyﬁgtﬁﬁdﬁ%ﬁﬁ y al | ow
up to 1024 (21preatepenbepairyaddblecoutpt pipdogridfage lavkds fepd Be canppapiditoanput
digital 20word,, f . i i i | mum
reference (rai ?‘3 p@@ﬁ%g’% 1?21%@2%? @Sl%:(%l%\s;vl ‘%@g 6%}@@) g%iffég%{l %Le {isﬁgét is, the
total nunber ofmagnimidt afthe | @hit pyput Ggigg svofd, eiremaDAC] Ivit DAdepewld ooly t he nunber

Of 1 DUt b1t <P (0 gRE 2 BB Rhlivd AUREmSLnib 8IS ikt AR g 97!
20 word.

DACSs can further be provided with a variety of maximum reference (rail)
voltage ranges, such as 1V, 2V, 5V, 12V, etc. That is, the total number of
available output steps from a DAC will depend on the number of input bits, but the
actual overall range of the output analog signal will depend on the reference

25 voltages supplied to the DAC. Thus, a 16-bit DAC can supply 65,536 steps over a
voltage range of from 0V to 1V, from -3V to +3V, etc. It will be appreciated that
the actual magnitude of each output step will depend on the overall reference
voltage range.

There are a variety of DAC constructions known in the art, such as

30 disclosed by U.S. Patent No. 6,414,616. Some DAC configurations utilize a

switched resistive ladder network to operate as a selectable voltage divider circuit

to output the desired analog value. The actual internal configuration of the DAC



25vol tages supplied to the DAC. Thus, a 16-bit DAC can supply 65,536 steps
over a voltage range of fromOV to 1V, from-3V to +3V, etc. It wll be
appreci at\®0 20hat744he act ual magni t ude of each out put st @pTMiSRO108¢EdNd on
the overall reference voltage range. There are a variety of DAC
constructions known in the art, such as-30disclosed by U.S. Patent No.
6,414,616. Some DAC configurations utilize a swtched resistive |adder
network to opefatvanaso élaggp erescabflisclowre igget linitadde e patiedai PA€o out put t he
desired anal og . \@#.HS&tion NE actual internal configuration of the DAC -9- can
vary, so that the present disclosure is not limted to a particular DAC
configuration. Apxegnpdarp DavGyeifopCistil Inggnatet! at 8861 ih FUS 6 dtoedurposed 86 in FI G
6. For purpose . . di i bt A | at t hat the DAC
136 s o 10-or P B RRERtSREh sChRERER Bt bk Pl PR TBREEAG Mo  age
range of 51. 0V. 1R4gPErtitme stepf @dentainah tvalyze saoige 025 0¥ 88espk&Dvepr ovi de VREF+

and VREF- rail volta to the 86 oy er froom VREF- to VREF+.
It wWill be confegerﬁﬂcgtg gliagF 8?“%‘1?#5@?8@ pB‘*Vldﬁ{Vsch(}‘lsLsﬂngﬁ;l%ﬁFétralE/ﬁﬁgg—esit% Honi nal I'y
+1. 0V and VREFDAICSI S6@wtitht tayigdvom ARAFO ugVIRBF-helt wik batdnvenplabdiis coul(cji be
used. 10Multi-bit digital input es _are su ied vi ath 192, and as
desired a samP@pﬁe%gﬁﬁlﬁuﬁhﬁqgﬁm 15?%1“6@69&)%3 %{éhgfgﬁ.no’@@ﬁﬁl’ ally, the
DAC 186 oper at @8, atho@&ihet kédatketvhlaBsdotiidme uk&l. out put an anal og vol t age on
out put path 196 over the range from VREF+ to VREF- that corresponds to the
magni t ud® of the rruM“i“—“B’itfhgi‘t%ﬁBR“t%IHﬁlaée PRPURS W pash 1 ¥ 2phesslstiFrdeo2.  15F1 G

7A shows a gr aphiftédlodkeinaP@nba i@ liadafhl 103! GIAMAIROHR AL Y86 200 gener at ed
by the DAC 186 of FIG 6. The curve 200 is plotted against an el apsed tine

x-axi s 202 andoReraiesabpashelock Grisiing tp awgw aponalogrdtagupientpgpaiidifesent s an
X-defl ection spangle e 'i‘roﬂiSVREFMﬁiﬂ'/ﬁtﬁﬂhﬁtco&&%oﬁrdﬁ tﬂh_@magmuﬁilewﬁlggh ot her

applications and shapes of curves can be used. e signal 1s generated by
successi vel y 20phiout wpwigarplgivalae supahiesd en redlt s to the DAC 186 (via path

192, FI 5 6) that qqg;r ?R‘%ﬁQr\*]sg %@élll['cte"ﬂa{eb%géﬁ%t%n ap T ﬁﬁ?%go\fﬁgurg of the

three illustrated cycles. npl e val ues are supplied to provide
t he out put anagagratediby¢he2DACA8epf BIG: andhe afrvd 209y Ddttedagdingn clipssl r ange

P eoeL s AR o LA LEOHREh 00,05 RBRAG 01, 1
is deflection signal such as illustrated at 182 in FIG. 5, although other applications
and shapes of curves can be used. The signal is generated by successively

20 providing digital sample values to the DAC 186 (via path 192, FIG. 6) that
decrease in value linearly as shown over each of the three illustrated cycles. The
digital sample values are supplied to provide the output analog curve 200 over a
range of from OV to 0.2V. This range represents the amount of deflection required
during the operation of the system.

25 It will be noted that only the lowest 20% of the DAC output range is
employed in FIG. 7A; that is, the curve 200 will only have 1024/5 or about 205
steps of resolution. Even if the DAC is clocked 1024 times per cycle, a new output
value will generally only be updated once every five clocks. This is because only
205 increments are available between the operative range of 0-0.2V.

30 FIG. 7B shows further operation of the DAC 186 of FIG. 6, this time
providing a second sawtooth curve 206 with an operational range of from 0V to
0.1V. The curve 206 only utilizes 10% of the overall DAC output range, resulting
in 1024/10 or about 102 steps of resolution being available to provide the desired



enployed in FIG 7A, that is, the curve 200 will only have 1024/5 or about
205 steps of resolution. Even if the DAC is clocked 1024 tinmes per cycle, a
new out puwowvalwm744itl | generally only be updated once ev@Cy/USeae/0¢443Eks.
This is because only 205 increnents are avail abl e between the operative
range of 0-0.2V. 30FIG 7B shows further!%peration of the DAC 186 of FIG

6, this time providing a second sawtooth curve 206 with an operati onal
range of from @glagpuput\Thushever ifitheeD20d 86 i glocked [G24dunes por et the overal |

DAC out put. 1 anggoueBULL Ay burdBRA6AQ QEnaboyliclizesheppaafiagol uti on

bei ng avai |l abl 0 provide t Sir _ anal og output. Thus, even if
the DAC 186 i svaliasgkeeataildbPafor ihmeytppeanalogeigaal. t he out put val ue can only be

updat ed once every g ayeL EpRENGEAlYrd0R SRRk Bl VRS Fhepavai [ abl e

for the output anal og Sign C operati1 onal ranges such as
i Ilustratsed bycdnll€8.to @bEdlBiS daachievang pravisdinfafteung ¢fireslid. rCansidemi ng preci se

mast eri ng of nedj.a. Consider a,particular j t 0..be tered by the
28R 150 of Fi Gty omayiet P o8 Pl P el HE, D i o SRR Lt at e
in FIG 2. Thetrickattkh pich ahgatetally viausyatedinrFiGal.i Die ttaok pach wisl. vahyfindef | ecti on

signals are applied to .th ite head assenbly 136 (FILG ,3 f EBR t o
accommodat e co%iat"%fo rﬁ%’\'}%ﬁgﬁ%ﬁ%go‘f Herareity? ngg%mﬁ?/‘f'g%d‘(eﬁ%?f)s?lﬁayigﬁ t oot h
Folati on 1o changee Lh maehan Cal & rack Bl Ch o oo aE the

[ S i itch. . .
vol tage St ep s&'ﬁ‘g °EHY t(g’ﬁb%gllf‘()‘feif’?tb)ﬁ SWPIFW‘ I%WrQWﬁﬁrégedﬁa‘aplﬁB\i\g‘?Wot ation (or
per track) basdifect Rfutidh td chhfi®s U hédhémiehl $a8PpitcRg range (i.e., nunber of
anal og steps in the output signal) of the DAC. For_ exanple, for a fixed

g . €Xa
1.0V DAC 15range, dhfopms et the yolappiop piaesdorraeh (gtation wilh akko qiginge o f

mechani cal def {&9&'&19&1 (oPPer @8 vas, Af wilPEbiifRh karkIgRarkk @Al dumbai st a track
pitch TP of 1/Lm there woul d 'be 205 available steps for the deflection
si gnal over eawllogstens inghe owpitizaal) pf the BACa theg exapid orafprgd 1 4PAR FI G 7A

In this case, i -Q i lc. step of
t he sel elgt ed tlﬁag R‘Cnl(lj\r;:vlﬁtR rﬁ&%e%gy%%\%)%négﬁ% %gclz(?\ @fgﬁgaﬁlﬁ&g%@i@g%%ﬁoﬁoul d

correspond to eckdMpif étput dedicetionsignel), anthe tragdpiigh1P of lumpeigrnvouidizt at t he

conpl eti on of C rac . j ac . is witten
o The medi um to ch e f R S AR SRANNGH ARG & bl 1)
require a redulgtthonuive2@the Fidetsal In thiskdsaghe g0 Obyouddbarppli€d fowkdcbh i n turn
may reduce the. nunber. of ai | abl e DAC s 9 about 202 ste 251 f the
TP were to contfRUE™E loS?ecﬁ’eog\r{heeasggeCtﬁytri%%pvét%%{)efraﬁcE” Ifngran{] ﬁaec(ﬁﬁégjf IYEIESJ[Gr ot ati ons,
it can ® seen7A hatldichaespOiidlio atcompletaraatibeot teelmedidmt o onl y about 102 DAC
steps, such as shown for the curve 206 1n FLG 7B. Wile at a macro |evel
the sawtooth defl ectFHRc SR g Cloﬁ‘plfg(‘}‘ﬁoétg%%elwqdltraﬁlé\?ée‘f%g%ﬁ’l"bper frequency
and range, at aljdte@y Qadkayetittédenie: faMuheithiadrp thitGar 1aseantis fkt el ectri cal
noi se in the defk(ﬁﬁij on signal, 30resulting in radial errors in the
placement of tFekwl Pistell [gBira? Edpsitpnih ey gaik yoltage range by about 1%,

which in turn may reduce the number of available DAC steps to about 202 steps.

25 If the TP were to continue to decrease by 1% per track for the next 50 rotations, it
can be seen that the 50™ track may be reduced to only about 102 DAC steps, such
as shown for the curve 206 in FIG. 7B. While at a macro level the sawtooth
deflection signal in each case will have the proper frequency and range, at a micro
level there may be significant amounts of electrical noise in the deflection signal,

30 resulting in radial errors in the placement of the written data along the tracks.

Accordingly, various embodiments of the present invention generally

operate to address these and other limitations of DAC resolution for small

operational ranges. FIG. 8 shows a DAC assembly 210 with a main (primary)



Accordi ngly, various enbodi nents of the present invention generally operate
to address these and other Iimtations of DAC resolution for small

operati o 20arigestl FI G 8 shows a DAC assenbly 210 wi t RCA/US2016/0¢4383 mar y)
DAC 212. The nmain DAC 212 may be nom nally identical to the DAC 186 in FIG
6. As wwth the DAC 186 in FIG 6, the ndilh DAC 212 in FIG 8 is configured
to receive nulti-bit digital values (deflection wave sarr[FI e values) on path

214 and a sanpPéCcd1dc hemgindPAG R 1HaeN bongninglly idendisalfe e PAe 1821 DAC 212

Soutputs an anplPg. WRliiadRe Dher RS @, thdthath B&EESH G siignal ) on path
218. A pair of secondary DACs 220 2 are shown in FIG 8 to be

provi ded in cosqniigetedl gnregdivemulkiebirdigital Diﬂ\@siqeﬂecﬁqve‘é@%@&?}ﬁdﬁﬂ‘;ﬁ) PACs 220,
222 are denote tﬁ‘§1pé%g§ é%gglf%f;rﬁ sggﬂgﬁ?%géésh{r‘égp%ﬁé%nﬁl@n(a'ixf“bkblz\'@l tage

sources for the nmain I'ments, the interna

constructi on obutpesin oflagheltayChr egantle, ag X0dedneiion2iznglann path 2ent i cal ,
i ncluding identical,reso Lan id ] Iy The
A pa1§ o% S%Eén%gry%ig?%) é%)i??lh Irglg}%gvlnq@g i e8 t%) bh&%rsded in

DAC+ 220 is shown to'recelve via path
224, and a onceonpectereviticthe aleisDgaal12 ofhgasdvod®By DRE 2UREEZ atidgndted val ue

on path 224vvi||5 a digital.expressian of . sired VREE+ anal og
reference 15voft3 §+F5$bgﬁfaa%?en eﬁﬂ(‘f??f%eqfag?gg%g? A Cfe%?% i he DAC 222
recei ves a mul DAC 2t Idiogie embodmbene, (hyRiEEmg] comstqeatidn of 28cha thet IeCs
once-per-rev cloc i on path. 230.. The.VREF- digjtal value will provide
a digital’ expré@s E%(ﬁa‘%f%g C%Igl?eflg?ﬁ‘& dinﬁb‘l\?ﬁﬁi@n%éels?)la%l?neafngrog Uer 0% t age for
use by the mai japGidl2. Operation of the circuit 210 of FIG 8 can be

carried out as follows, 20Assu for purposes.of the present discussion
that the main DAC 24t RACH2i}isy QW‘UR@WF@W"E?'gUideé@ %?&‘E{? P16$ st eps

over a range Ofath bUNaflt d¥nceef-tRIocREZHARN HRBL2ANTRBRREBHERItASaluBe EBR 150
in FIG 3) associated with the circuit 210 has a response of InmV (i.e., 1

x 10-9 m of neeheath 62 wildreachigitaberppespioy of ¢ gesirghYREFT ppaleg efesgke i s to be

witten w th a,hgeofded hAiRA@2LC I Qhilk: AARY, We BAEMbLRESEVeAS Buld-he first
track may require a deflection signal over a range of from OV to 1. 0000V.

The DAC+ 220 wbitiligiteralio Y REUm ed peth 228ippl the enveanareyglogRerralpairetige of
vol 1age of 0. 0BOOVEe Fha T n R pi R e BP oAk
woul d thus be YBREr atabyg refernceattagy fot aseibythesnaih DG @K1 ut i on of
Operation of the circuit 210 of FIG. 8 can be carried out as follows.
20 Assume for purposes of the present discussion that the main DAC 212 is a 16-bit
DAC which provides 65,535 (2”’) steps over a range of from 0-1V. Further
assume that an EBR (such as the EBR 150 in FIG. 3) associated with the circuit
210 has a response of Inm/V (i.e., 1 x 10” m of mechanical deflection per volt),
and a first track s to be written with a recorded track pitch of 1.0000um.
25 In this case, the first track may require a deflection signal over a range of
from OV to 1.0000V. The DAC+ 220 would be configured to supply an analog
VREF+ voltage of 1.0000V to the main DAC 212, and the DAC- 222 would
supply an analog VREF- voltage of 0.0000V to the main DAC 212. The sawtooth
deflection signal would thus be generated over each rotation with a resolution of
30 65,535 steps from 0.0000V to 1.0000V with 0.01526um per step, and the
maximum X axis deflection range would be 1.0000um. An exemplary waveform

having these characteristics is depicted in FIG. 9 at 232.



3065, 535 steps from 0. 0000V to 1.0000V with 0.01526gm per step, and the
maxi mum X axi s deflection range would be 1.0000/m An exenplary waveform
havi ng t Weeotiardtt eri stics is depicted in FIG 9 at 2BET/US2M1BA44433  Next ,
assunme that a subsequent rotation requi r%s a reduced track pitch TP val ue
that is 1%less than the first val ue, about 0.9900Am This subsequent
rotation nmay be for a second track adj acent the first track, .or

be a
subsequent 1ot at i onNefirastneth#hi sphseAsnotYAR FE AT rﬁ%“"ﬁ‘ﬂ)g?c}tﬂ“ﬁkﬂ?or t he

first track. THAuSRAGE 280ed@btndhdGsCaNfe! GUbES o@@o@,u@plmsasubs@a@énpg VREF+
vol tage of 0.9900V to the main DAC 212, and the DAC- 222 woul d continue to

supply an anal BigrRERYde fergescesndgragomhiagenidhe st wagkro RG bg p3ubSPANENRI n DAC

212 woul d cont H?Mﬁmtdgrlh%é Jnhﬁﬁro@aklhna@%ﬁﬁg oRhARA: fmbmé fikY@ickaTheduced range of
fromOV to 0.9900V. E step size woul hus now be about 0.01511Am as

shown f orS wavePa(m22@¥ould pr®ﬁg14®§ to NppW@randouUmﬁ voltags 98 4BBNto
revol utions thﬁleﬂf’n{ BA%%tz' {%{ge Snd @orﬁ)ﬂ{xﬂ&) y Bfardafls G\ﬂ@@f where the
y re at

DAC+ 220 wil | supp an ana erence s’ signi |cant ly | ess
than the initi adltageder.e0O¥ tbdwemam PDuch218s Tae voint RYE 202 wOuBEOMAue The mai n

DAC 212 w Il stj.l] resol ution of.65 iAot he out put
waveform but etzﬁléea{lgg%hgsw é sfo\}’\frlalrecu(g?&rgsl %%ffc{m w%ég%&?d r?ﬁ%hanl cal
defl ecti on of sabosite @olﬂﬂ)mﬁé\mbe Atius 0.0 85 1g emedsadhbyn ifdrwastfoat 284 imyFlGavef or m
236 in FlG 9. The circuit 210 of FIG 8 thus precisely adjusts the
respecti ve VRER+ and VREF- reference voltages to a range that corresponds

to the full vol tagelfbadigeluﬂnfbermmmqlfefmﬂ recdlutins SediPeik cordihusllydtdRBd, Aot at i on.
This allows the full reso a f e DAC t rralntalned
irrespective oP"‘EItéT“?yettetrF‘ifh ‘i‘é{ﬁ?j‘é% é%%‘(‘f’g@“l? L el " and nagni t ude
of position er fe@dénck lfhat mlg\wfﬂcamnge@fthatnh@e ﬂaiaaremeﬁce @veRdicH s a LAltagone

enbodi nents, an initial exam nati e of the 25respect| ve TP

val ues for the°ihr08Ys The grrsDag 26%“%1 ?tt”c réﬁm aa?‘l‘H resqluting of G rstPeience

vol tage fange gRRBLHE: mmﬂeﬁu%hwf%@epb@m AfrebiRd WX idaepa TP val ue. For
exanple, the waveform 232 in FIG 9 can be used rotations associated with

the |argest anbgehanisel defedianioaoutef76enmnTiisiraneally Hpeiddyary track T4
in FIG 2). Rotadrais)wikpi¢mrl | er TP val ues can then be provided wth

derated reference
The circuit 210 of FIG. 8 thus precisely adjusts the respective VREF+ and

VREEF- reference voltages to a range that corresponds to the full voltage range of
20 the deflection signal for a given rotation. This allows the full resolution capability
of the DAC to be maintained irrespective of deflection range, and reduces the
occurrence and magnitude of position errors in the writing of the data to the
medium.
In some embodiments, an initial examination may be made of the
25 respective TP values for the various tracks to be written, and the maximum
reference voltage range can be assigned to tracks having the maximum TP value.
For example, the waveform 232 in FIG. 9 can be used rotations associated with the
largest amount of mechanical deflection (such as intermediary track T4 in FIG. 2).
Rotations with smaller TP values can then be provided with derated reference
30 voltage ranges in relation to the differences in TP values, such as provided by the
derated waveforms 234 and 236 in FIG. 9.
FIG. 10 provides a functional block diagram of a deflection control system
240 that can be utilized in conjunction with the DAC circuitry 210 of FIG. 8



30vol tage ranges in relation to the differences in TP val ues, such as

provi ded by the derated waveforns 234 and 236 in FIG 9. FIG 10

provi des wofnatiraamal bl ock di agram of a defl ecti on contcolussyisiesms240 t hat
can be utilized in conjunction with the DAC circuitry 210 of FIG 8 -13-
accordance with various enbodi ments. It-i3s contenplated that the control
system 240 of FIG 9 and the DAC circuitry 210 of FIG 8 can be

i ncor por at ed i atcordanceBBR sywteemisdohenss 115 0ontemplhted tiat thf hentwbepsteal syst em

240 in FIG 10 celves a hu Of . | t ch as. a 5recorder resolution
val ue (such as zg(ﬁoeﬁéﬁtgarbdetrﬂe g%%g%ﬁ’gléryrb@ﬁﬁ%égﬁarb %Wcﬁﬁraaeﬁénq%a%urrent
rotation trackEBRtsykteth Fidh ayga8 i ®G. 3uch as in Am on path 244. |In response,
the control system 240 generate ) of. output control signals,

i ncluding digitall y%‘é&cﬁ%@s%%efﬂéf‘?i‘“mg??%Eﬂesﬁﬁ‘“{?ﬂeﬁ“w*gﬁ’ a‘@%f P VREF

val ues) on conbicbrier lRadlitiodd@alut Muckibd inivaRd ped dishyicd, WeumespRet 242emgecondar y

DACs 220, 222 in 10FIG 8. A once-per-rev (OPR) clock signal is shown on
path 246 al so FYFentEtsy pggRitch Chiimensiye, sudvasya ip, e Pl &3 JdBggseonse,  The

control systemg48ndd SEGe e @hbSitel B AumBdrdf BAGudShir&Glhs iMAYEALT M (DWW
sanpl e values on_path 248, and the main DAC waveform sanpl e clock on path
F%Fgr

250. Transl at i 8igitalixgraressed meplti-Git MREST a8 YRdiFs veluss (LB MR vabeskppl i ed on

paths 15252, 2gdmbined pat¥le Br dtliBatidd UyQhSrSERO MBSy P Acuspeshrghove have
been directed to X axis deflection signals using a géneral Ify sawt oot h
e1

shaped wHVvef or HG-i8 Anpnce-peeres PR L¢leckesignahis shavneondtagicl49sdse feiuseyt ry can
readily be adaﬁ?e?edDI\EF 2%, pyel Ql.difdver ent applications and waveform

shapes, including applications not necessarily 20associated with the
writing of data to Bhewmnaelabiten Bé@lalsmgenerates thebman PG deflaction wavefosmenpl ar y

circuitry of F th f [ ACs 220, 222 to provide
each of the reg@é?%@29%49%3%%%5%&%@;b?%ﬁwxﬁgmn %@pgﬁborcg&nat ed t hat
this is not nepab2&0.i Trgnsdlaguisigeds aldromaomesighasran ditritheebesvppliidantaths one of

t he secogdary 9€2C§ Aran be elimnated as 25unnecessary. For exanple, the
DAC- 222 coul d"be g'i m nated and replaced wth a hard connection to a

ref erence pl ane (e.While g cutids embodinane disegtddadbove havt bsardreatdh@rX circuit to
supply the VF{EF-i Oflet age.. 'g i S, woul d the usef0 | i n Sit ufat [ ans. v@er e the
| ower referencd ?/gcf S8 SEPES B 8 $°HG VAP E‘lﬂ’aﬁ 4 WP e 8%t a const ant
level . In thisayytiat@tthatshd@adssed Girduitsy ARRdadRY bé afaplee fieia nuglbbegre range
different applications and waveform shapes, including applications not necessarily
20 associated with the writing of data to a rotatable medium.
Moreover, while the exemplary circuitry of FIG. 8 shows the use of two
secondary DACs 220, 222 to provide each of the respective VREF+ and VREF-
values, it will be appreciated that this is not necessarily required. In some
alternative embodiments, one of the secondary DACs can be eliminated as
25 unnecessary. For example, the DAC- 222 could be eliminated and replaced with a
hard connection to a reference plane (e.g., ground), voltage regulator, or some
other circuit to supply the VREF- voltage. This would be useful in situations
where the lower reference voltage value does not vary but is maintained at a
constant level. In this way, adjustments to the applied reference voltage range
30 (either higher or lower) would be effected solely by changing the multi-bit input
value (VREF+ value) to the remaining DAC+ 220. Similar arrangements could be
made to eliminate the DAC+ 220 circuitry and rely on changes solely to the lower

reference voltage VREF-.



30(either higher or |lower) would be effected solely by changing the
multi-bit input value (VREF+ value) to the remai ning DAC+ 220. Simlar
ar rangenmeNo0tgur€ibe made to elimnate the DAC+ 220 ci PETiUSea10amed3s el y on
changes solely to the | ower reference voltage VREF-. -14- It wll
further be appreciated that the two seco%ﬁary DACs 220, 222 shown in FIG 8
can be adjusted tOQErQHide any respective val ues and ranges as required.

241

For exanple, the V {natherebecapregiatsd thag thefwo aaggndapnLAes 624 2PEO™duch as
+2.5V, - 1.0V, inel_fl@r.SQErpﬁé%ﬁd@&dQ@p&bﬂB%%sﬂzeﬁﬁggﬁWme% %aﬁagamawedof the

out put anal og 5signal fromthe nmain now be

appreci at ed t h&er expepleathp YikEFe idoci¢awidhessetip anyaomprcse e, siphant2 GN> can

provi de a nunber b i MdHlaustde 9 iRV ehLi.! Teference
vol t age range 21%35% @ﬁ@dﬁ&f@i" t@@s{rgds%%’%%{oﬁg{doﬁ?g%ng{ent g’i ned ©°'n situations
wher e t heéd magnkiguoad éroof the ieindeA@adi2.anal og vol t age changes over tine, 10such

as in the case wher fferent nagni s of defl i I s, are
required as descri blgg%%rel?vél[)en?m\%ﬁgeéf té%q}g @gg?soegﬁbﬁﬁﬁég?sgogzﬂﬁ%se%been

di scl osed for puegasesn plovide ovudbagfaepditst iCouiraltabbrddpdiimgethe ovérdll wi | | be
appreci ated that. any nunber of diffe es .of ite beans, including
but not i ni te&ef?r?)nﬁ%é’gg?geé?ngﬁﬁg%‘ﬁtifhﬁ%lﬁ}rnq)f‘é){%g%}%g? tc’\(,:%z’ia’nm “étalﬁlgéglgl as desired.
151t is to be sinddsstvaet thhaiageds of fhe ugputuaBg oolsge bienges @kt tihé,cs and
advant ages of vaéious enbod%neghgﬁof thepﬁreﬁﬁfh inventHon have yeen set
forth inf4he f3HBGDIMYS eS8 FPPISEHIETE PREUIUMET OWetFF GRS 8PS 6 RHE S r uct ur e
and function ofies¢Abddtiéteit MYAIE ABctrof hvritdeanas BédnQiikclobdll Br pehated 60
description is illustrative only, and changes nay be made in detail,
especially in ﬁ’é’f“tdé?gélRﬁ‘f“‘?é‘laf%P%ﬁ‘@e‘&n‘ﬂwﬁb%ﬁpaﬁﬁ@ééﬁliaéa@f"%f%fvvithi n the

principles of Hiterdat %@s’ﬁfv&rﬁé’@é%ispiﬂglh&l&glbﬁ rotlithit&ib @br dritligh@ticaskilby the
broad general neaning of the terns in ich the appended clains are

expressed. For beangande usqdeasdasiteicul ar el enents may vary depending on the

particul A app! i catj;an, e hm%ooqm%@énqgngB%mnwaﬁs aQHc{e}ist?égqnécope of the
present 1 nvention. -15- Clains: 1. An apparatus conprising: a first

digital to anakbgniegenérarequs cDAC)mersy P thepresent mvenitop ipvesbege sdt &urthiion
the foregoing description, together with details of the structure and function of
various embodiments of the invention, this detailed description is illustrative only,
and changes may be made in detail, especially in matters of structure and

20 arrangements of parts within the principles of the present invention to the full

extent indicated by the broad general meaning of the terms in which the appended
claims are expressed. For example, the particular elements may vary depending on
the particular application without departing from the spirit and scope of the present

mvention.



5si gnal having an anal og voltage | evel corresponding to a nmagnitude of a
first multi-bit digital input value applied to the first DAC, a second DAC
confi gur estot2o11gupgally an anal og reference vol tage to thepCirrstoid@4aavi ng an
anal og voltage |l evel corresponding to a magnitude of a second multi-bit
digital input value applied to the second-DAC, 10and a wite beam gener at or
whi ch generates a wite beam wherein the wite beamis deflected by the
defl ecti on si g@ddims:2. The apparatus of claim1l, wherein the anal og
reference voltage is 15characterized as a first reference voltage, and
wherein the apparatus further conprises a third DAC configured to supply a
second anal og ref erence awhfpageisttcomphigng:i r st DAC havi ng an anal og vol t age

| evel correspondi ng nit de of bit djgital .input val ue
applied to the thirﬂhﬁ% gﬂ?%ﬁ”? ‘Qgﬁﬁ?ﬁéﬂ@éﬁ?nﬁ$ﬁ?h?émqh%%?%ﬁm“?%g first
references vol t age conpr is@al itavMgahtndléd Voltagd teﬁ@&oﬂﬂﬁoﬁdmeg ﬁacmngdnm(&f erence
vol tage conprises a VREF- e so that th 0og vol tage
signal has a magnitude r¥ é@“ﬁ?ﬁ%%ﬁ% itaLiARp v g@??ﬂﬁﬁg BWE@?B ogVREF+,gthe
VREF+ vol tage est abj} icsberDRY cbm:% QﬁﬁbﬂI@JAr{dnai@gtref&le@detV@lthgé tdi@iftrgl 1 nput
val ue and the VREF- voltage established 25by the third. multi-bit digital

i nput val ue. 4. THAAGHRYPGE2E V@]t%ﬁerlr’f"f cQRiseRaRfine i magtiude t i on
signal is used to defl ectsh@niduliebieRmilifviiieapMitd @ theqpsganecat or as
the wite beamwites data to a rotatable storage nedium over a sequence of
revol uti bhs of said nedia#th 30 5. The apparatus of claim4, wherein
a first reference Vleh%%aﬁa%eﬁe@Bbl' mclbgenm?esa%gaﬁeam@hmm ewhife st DAC for

a first revolution of said nmediumcorresponding to a first track pitch
(TP), and a different, dwewnudefle¢ted bnibe doliictiyagnal.16-

2. The apparatus of claim 1, wherein the analog reference voltage is
15 characterized as a first reference voltage, and wherein the apparatus further
comprises a third DAC configured to supply a second analog reference voltage to
the first DAC having an analog voltage level corresponding to a magnitude of a

third multi-bit digital input value applied to the third DAC.

20 3. The apparatus of claim 2, wherein the first reference voltage
comprises a VREF+ rail voltage and the second reference voltage comprises a
VREF- rail voltage so that the output analog voltage signal has a magnitude range
within a range defined by VREF- to VREF+, the VREF+ voltage established by
the second multi-bit digitally digital input value and the VREF- voltage established
25 by the third multi-bit digital input value.

4, The apparatus of claim 1, wherein the deflection signal is used to
deflect the write beam from the write beam generator as the write beam writes data
to a rotatable storage medium over a sequence of revolutions of said medium.

30

5. The apparatus of claim 4, wherein a first reference voltage is

applied by the second DAC to the first DAC for a first revolution of said medium

corresponding to a first track pitch (TP), and a different, second reference voltage



is applied by the second DAC to the first DAC for a second revol uti on of
sai d nmedium corresponding to a different, second TP. 6. The
appar at uswoR20t/®i4# 1, in which the anal og defl ection si 6AIUSR&10/044433
5characterized as a repeating sawtooth \Sé gnal that varies in relation to
changes in the first and second digital "1"hput val ues. 7. The

apparatus of claim1, in which the anal og reference voltage supplied by the
second DAC to t¥ferhsdyrtheceondDafite de ’(HSti%r{"q' o 35559Rd FeyOpLPR %ﬁsﬁa@ns in

10track pitch @fedRn@dh@spoh@haera dedicHiMdcondp ch data are witten by the
wite beam 8. The apparatus of claim1, in which the wite beam

wites data to a rotatable storage nediumin the formof concentric tracks

having a variable tgack ﬂietag%rétmﬁclmq, tehitefhe beGLdcRetdARnanp! i ed to
the first DAC béthe second DAC 15is adjusted in relation to said TP

9. The appar at ekerasterizbdiasn 18pealing sohi-wnthisignalhatrveriesin aelationite ekangestia t o t he
rot at abl e st orﬂg?rmg& 2 & galg%)u Iglest ransl ation geonetry to emulate a
g

different, second translatio eonetry of a reader system adapted to
subsequently 20read data from said nmedi um 10. An apparat us

conprising a witer,syst 1 the. . Lumin the
formof a plurali ty7'of C@{?gﬁﬁa{?&ﬁ@ﬁcﬁ%gégn%@ ﬁ\ﬁ??&é@%if?@ﬁ%@%ﬁ%ri sing a
not or whi ch cortpptitd Bybthy s¢écobdDAS tb lte fabtdDAQ & adpdied in redatinn kd @ribeamin

25gener at or whic enerates a wite beamto inpinge the storage mediumto
ot dalh ¢ herbt R AL ARkt i Bmas At B e S PR R et 11 vel
deflect the wite beam over each revolution of the storage nmedium the
(DAG) cont i gured t of but pUE “RRPHHSRG0r ddf "R L S G PRI P Sanal 00

vol tage |evel eqsunnepengd: madium ia 3o donckatrRftradkd HakBip aNdtidble Radk di gi t al

i nput value applied to the first DAC, and a second DAC configured to supply

an anal og rai | PUS Ryend Begeferenservoftagsapriicsip thy st RiNaPyPevsind P evel

correspopgli ng {dpisiFBU Nl (hisgarsecond mul ti-bit digital input value
applied to the second DAC. -17- 11.The apparatus of claim 10, in which the

concentric tracks are witten to the nedium having a track pitch (TP) that

varies with radius,gand {Re,FLIE! §NEEm 8Ol AL BPRIkE Sed? Wil dihist DAC by
the second DAC is adjusted in relation to said variable TP.

the rotatable storage medium along a first translation geometry to emulate a

different, second translation geometry of a reader system adapted to subsequently

20 read data from said medium.

10.  An apparatus comprising a writer system used to write data to a
storage medium in the form of a plurality of concentric tracks, the writer system
comprising a motor which controllably rotates the storage medium, a write beam

25 generator which generates a write beam to impinge the storage medium to write
data thereto, and a deflection control system adapted to repetitively deflect the
write beam over each revolution of the storage medium, the deflection control
system comprising a first digital to analog converter (DAC) configured to output
an analog deflection signal having an analog voltage level corresponding to a

30 magnitude of a first multi-bit digital input value applied to the first DAC, and a
second DAC configured to supply an analog rail voltage to the first DAC having
an analog voltage level corresponding to a magnitude of a second multi-bit digital

input value applied to the second DAC.



5 12. The apparatus of claim 10, in which the witer systemwites
data to the rotatable storage nediumalong a first translation geonetry to
enul at e awvoibfleanatl, second transl ati on geonetry of a r@adAS26YHE4EA3 adapt ed
to subsequently read data fromsaid nmedium 10 13. A storage nedi um
having data witten thereto by the writet? 'system of claim 10. 14. A
nmet hod conpri si ng: 15prOV| ding a first digital to anal og converter (DAC)
coupl ed to a second!bAC, Thanpraa®saticlomd Vataphiehithe songappF ragksiaei | vol tage to

the first DAC g8RgtAhb Hgdﬁn%fvlnggt&aelop@ahqmﬁi (hASaAR @hﬁ B‘:ﬂus afnglipg vol tage
fromthe first DAC re5|loton5|ve toa first nul digital input val ue

appl i ed to t he referengesvoltmyr@pahed ta t@eﬁr@i%%}’the—smmd@@ tsaldjustagpint  val ue

applied to the g860 sing the deflection signal to deflect a
write beam from gt%mpgﬁgé\%gﬂ%grewner ator. 2515. The nethod of claim 14,

wherein the wite beami rrpl nges a rotatabl e rredl umto wite data thereto
over a sequence of vol f thod of, cl aim 15,
wherein a first rai Ffvol o B?Srgtgsé%fpsj @B% egvélct:%rsi DA {Sd?tﬁéofl rst
DAC for a fi rsttherretmblsttstomzrgecmﬁedsam don@dﬁmmrmlanmsmm&'tmgo ¢roulate i r st track
pitch (TP), diff econd rail. vol.tage e second
DAC to the fi rgf BRE Sfconggagsééﬁgﬁ&e?%?}gl deiredes Stglglagaiﬁ&dﬁoﬁﬁ?sé%‘fepg%pondi ng
to a different readdemrfdmlddid medidm. 17. The met hod of claim 14, wherein
t he gene @ti ng step conprises adjusting the rail voltage supplied by the
second DAC to the first DACto a different magnitude for each of a

plurality of successive A efonigt 8R8iuf hadind@h@ valtRh a@ecteBEind WritdRifaed by said

wite beam
of claim 10.

14. A method comprising:
15 providing a first digital to analog converter (DAC) coupled to a second
DAC, the second DAC adapted to supply a rail voltage to the first
DAC;
generating a deflection signal as an output analog voltage from the first
DAC responsive to a first multi-bit digital input value applied to the
20 first DAC and a second multi-bit digital input value applied to the
second DAC; and
using the deflection signal to deflect a write beam from a write beam

generator.

25 15.  The method of claim 14, wherein the write beam impinges a
rotatable medium to write data thereto over a sequence of revolutions of said

medium.

16. The method of claim 15, wherein a first rail voltage is applied by
30 the second DAC to the first DAC for a first revolution of said medium
corresponding to a first track pitch (TP), and a different, second rail voltage is
applied by the second DAC to the first DAC for a second revolution of said

medium corresponding to a different, second TP.



5 18. The method of claim 14, wherein the wite beamwites data to
a rotatable storage nediumin the formof concentric tracks having a

vari abl e woaoki/qar44eh (TP), wherein the rail voltage suppciras2dxg/otdss second
DAC is adjusted to a different value for each of a succession of adjacent
tracks witten to the mediumin 10rel ati-®¥f to differences in TP of said
tracks. 19. The nmethod of claim 14, wherein the first DAC is adapted
to output a maxi numlhunbéle méthed efpiaimp 4t Wkerejn thegenetetingetapi compgsegnal
responsive to Al T ' ' Al inRKt digital input
valge, and mhe?g&%h?ﬁgpﬁgﬁﬁﬁ%gS%@#%gg%Hgéa%ﬂgiggi%ﬁﬁyéﬁkpggt%gjusted to

mai nt ai n sai d nmEkdrent mapuitide forghclsdfapdurality bhaicdefiventdtions of agdaad ste@wgr each

Gat a storage mutl AAORAE ST I B8R (herero i n accor dance 20ui th the
met hod of5cl ai m 14.
18. The method of claim 14, wherein the write beam writes data to a
rotatable storage medium in the form of concentric tracks having a variable track
pitch (TP), wherein the rail voltage supplied by the second DAC is adjusted to a
different value for each of a succession of adjacent tracks written to the medium in

10 relation to differences in TP of said tracks.

19. The method of claim 14, wherein the first DAC is adapted to output
a maximum number of steps in the output deflection signal responsive to a total
number of bits in said first multi-bit digital input value, and wherein the rail
15 voltage of the second DAC is adjusted to maintain said maximum number of steps
in the deflection signal over each revolution of a storage medium impinged by the

write beam.

20. A data storage medium having data written thereto in accordance

20 with the method of claim 14.



