DEFLECTION REFERENCE ADJUSTMENT FOR VARIABLE TRACK PITCH MEDIA Background
Data storage media are used to store and retrieve large amounts of digitally encoded data in a fast
and efficieriymanagi-fych media have been commercially provided in a@auder@ddifierent forms,
such as magnetic, optical, solid-state (e.g., 5flash memory), etc. Some media, such as magnetic
and optical discs, can be rotated at a selected velocity while a head assembly transduces a read back
signal to recover a data pattern s{)oﬁr %ﬁ‘ﬁsﬁg &A’Bﬁﬂ@ﬁﬁ@ftems are often arranged on
such media along a series of concen |9.5 Erﬁ%Lg.QRﬁ@q@ﬁmm&ontinuous 10 spiral, etc.). An
actuator, under the control of a closed loop servo circuit, can be used to position the head assembly
adjacent the tracks in order to recover the data patterns. Actuators can be rotary in nature so as to
pivot about a pivotgeiRtagdiacent an outermost diameter (OD) of a medium. In this way, the head
assembly follows 15a cuyvilinear translation pa ? across ' i By, contrast, linear
actuators advance and rgﬁ‘ﬁéﬁﬁé%né%éa aa?s‘éer% ?éé%ag“a T?rrl[:e%ag% L’é%%s%%%%%c%gs the radius of
the medium.  Iresode dasds detansafbriestaarnpe. praciymedis 18V4 PRELEARMETFIMG manufacture to
provide servo or ofher;tpes LRt dRrmatieons THenRemZBsitittetanticitsmale ge written using
an actuator with a different translation path geometry than that of a reader system used to
subsequently acce¥SHREFREHIUTIT: In such cases, the pre-written data may not conform to the finally
utilized translation geométmeahtiie. realles mystetie. Afiepkval disesl W GfsErefrt?, relative differences in
angular position of the head Assamfl: with [esnest tethe.dala)as taa bpas 2bmevesafrom one track to
the next. Summary Various’embodiments of the present itpventiog re g}g]%@{l)lg directed to an
apparatus and meEPROFEHETErAHAG laﬁd}i‘rf’é{fg%:%i}%fg?%?%u%ﬁsa@sea deffection: -2- signal used during
the writing of tracksuef: gatiatel engatatabiefstoragimedikafe tavisg dovanaiie s Pich (TP).

10 spiral, etc.). An actuator, under the control of a closed loop servo circuit, can be

used to position the head assembly adjacent the fracks in order to recover the data
patierns,

Actuators can be Totary in nature so 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. T he pre-

20 written patterns may be written using an actuator with a different translation path
gcometry 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 embodiments, a first digital to analog converter (DAC) is configured to
output a deflection signal having an analog voltage level 5corresponding to a magnitude of a first
multi-bit digital input value applied to the first DAC. A second DAC is configured to supply a 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. The deflection signal is used to deflect a write beam
supplied by a write beam generator. 10In one aspect of the present invention, there is provided an
apparatus comprisisgha fisst dligitaftovanalpgfoocierbdD ARG rgentipstedao weipat a deflection signal

having an analog vggﬁgg Jg\égjﬂﬁggwggiﬁg)#p a magnitude of a first multi-bit digital input value
applied to the first DAC; a 15second DAC configured to supply an analog reference voltage to the first

DAC having an analog volte§erTatRaecsiPedntsHa P R My ATRIS 84 Set8ing FROKTHT digital input
value applied to the(pacynd-biiGirand auvprite befknigeseratdrvidich geheratdesg lwrite beam, wherein

i writ begm is dfleled by e delenlon gl 20l aRaibes Agaeclel matesen invenion, here

is provided an appa?%rfﬁsspgom rising a writer system used to write data to a Storage medium in the

form of a plurality ofiesRAtric ek tHeihworiryatdmsuerhprihgeiasiow Ps Arehntrollably rotates
the storage medium,,i¥y i€ 48BN ge NekA i apshigenerateg imdte beerontonmpitige the storage

medium to write data harelo, and e deflection contiolsystem adaplagia enaligly,deflect the write
i the y

beam over each revéﬁifﬁoﬁ“:i)uii e’ es%gf’age‘ me(eilum,, eflection control System comprising a first
digital to analog corfiefesra (@ACEoHgRiFeHbo oV berrataiieflection signal having an 30analog

voltage levglcorrespondin toamé%g itufdt of a first multi-bit digital.input v(?lgea lied to the first
B BT

DAC, and a second DAC ¢ n?ilé% Y 6|§}r5%e%%%1‘6“gnPe§int %Eéés F e Raﬁaél\lﬁng an analog

voltage level correspongirightQ: a fhagditice tofadegancvorthi-Oit A @ifiputaddoewpplied to the
second DAC. -2a- gIn another i pect of theﬁrese(%]t inv nti?n, there is Pro ided a method
; &

comprising: providin%e ?ﬁ%?‘aﬁéﬁ% agﬁ}ﬁ(?él% Vérte T(T%& oﬁ(ﬁ-lrgaq%ng 8&¢8iid DAC, the second

DAC adapted to supphgainiaik\dtafisaimiiefirdidRAGhpeneatingsidéfie diofrsighAalas an output
analog voltage

15 second DAC configured to supply an analog reference 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; and a write
beam generator which generates a write beam, wherein the write beam 1s
deﬂectéd by the deflection signal.

20 In another aspect of the present invention, there 1s provided an
apparatus comprising a writer system used to write data fo 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

a5 beam 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

30 analog voltage level corresponding to a 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.



from the first DAC responsive to a first multi-bit digital input value applied to the 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 100ther features and advantages of the various
embodiments of the present invention can be unde tood from a review of the following detailed
description in conjunction with the associated drawmgs Brief Description of the Drawings 15FIG. |IA
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. IA using a linear

actuator. FIG. 2 gememﬂyrdxepﬁcmﬁthemg@eta?wdmiml ﬁiaresiamgiﬁdmetry across 20the
rotatable medium of f C%com 1B, r%!v(i?’d .3is %rsL{th n?,g bloc resent (E-,-B ian electron beam
recorder (EBR) opera cordgaﬁ)ce Withssbma ¢ odlmen s ﬁ1e pres ﬁ ention.  FIG. 4

depicts a pivot transiafiehtgecmetry %ﬁ;ntermﬁd)mmpméabmnmmncmraﬂk&mga rotatable
medium. 255FIG 9{{{‘@'{’ eglAEpresepa {1% %ré%l %volté‘e control s aalnlé gd tohgrowde deflection of

a write beam along a Selécted axé?%ﬁec ows a dlgl 0 an og J crierter (DAC) that
can be conflgureﬁmmmemmgwage Sontrollsigiadgl k] Gipnt FUES agfliathd 7B are analog
voltage control signals er 30different oIt & range FIG..8 sho S a control circuit
with primary and %e?clm aryfgi S glperacfe in a@cgrda % Cin et r?%%dimeﬁfés to address the
differences in the valtagexafgesdodf@ Sie dailEstion 31gnal 10 deﬂect a write beam from a

write beam generator

10 - Other features and advantages of the various embodiments of the present
invention can be understood from 4 review of the following detailed description in

conjunction with the associated drawings.

Bref Description of the Drawings

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 geomeiry 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
concenitric tracks on a rotatable medium.
25 FIG. 5 graphically represents an analog voltage control signal used 1o
provide deflection of a write beam along a selected axial direction.
FIG. 6 shows & digital to analog converter (DAC) that can be configured to
generate the analog voltage conirol signai of FIG. 5.
FIGS. 7A and 7B are analog voltape control sipnals 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 i the voltage
ranges of FIGS. TA-TB.



-3- FIG. 9 represents analog voltage signals with different ranges corresponding to different track
pitches on a rotatable medium. FIG. 10 is a control system configured in accordance with some

embodimengs, 5 Pgipled Description The present disclosure generafly¥giaies 1a4dhg generation of
analog waveforms in a control system, such as deflection signals used to write data to a recording

medium. 10FIG. |A schematically depicts a reader system 100. The reader system includes a storage
medium 102, such as a magnetic storage disc or an optical storage disc. The medium 102 is rotated
by a motor 104 at a seledtidl Y&fBEE I IPadAte eintiotimithts hHERERb1E4 rotates the medium 102 at
a constant velocity dgaeRgtasingngulaenalacidy patieddd)s adthablgmether. rotation profiles such as

15constant linear velocit ).can be alternative . ctuator 106 is positioned
)?3 yits! g]p?['hs str%m 80nmg§%'&) 9%?0 rdance Rﬁasré{n%

adjacent an outermost diameter iéﬁ%no ediunt 102. The actuator 106 pivots about a pivot shaft
108, thereby movirigrbeeeerbssembly 110 along a curvilinear translation path as generally denoted at
112. It is cogtemplated that the head assembly 110 can carry out both read and 20write operations

with the medium 1%2@3 alltgzuggisggg is not necessarily required. Reader system electronics are

generally denoted tem electronics include a read/write (WW) channel 116, a
controller 118, and a servidwircafnt FociTies eaadmiliitelalsanibe BeerREANELeE%8 exchanges with the

head assembly 11Q,lodtansier dakabeiwesn the nedivaiddsaam ahost deiiag{oi 25shown).

The controller 118£rov'des top I&vel control of the system 100. The servo circuit 120 provides a
closed-loop servo COTitroloparation to position the head assembly 110 adjacent various tracks (not
shown) defified on the mddiain/serfavetitnlsolvrcembadimententHY) sdhroeiteiliyEe0 applies controlled

current to a coil 127,308f.a vRiGeCRlMRton I MGM » n0h iy hawmetaRivetihpagtuator 106 about the

ivot shaft 108. For reference, X and Y axial directi r fi with. r h
pivot shaft 108 osto?age%is%?’Theamgdiune})i :dsrgt%%e?l%%grgogcﬁ 1%%%{3&616%%8 %ecltog?t}. ?n

some embodiments, the motor 104 rotates the medium 102 at a constant velocity
(constant angular velocity, or CAV), although other rotation profiles such as
15 constant Hnear velocity (CLV) can be alternatively employed.

A rotary actuator 106 is positioned adjacent an outermost 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. Itis 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 vartous 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) fo 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,



medium. The X direction corresponds to a radial direction across the medium 102, from a center axis
to the OD. The Y direction corresponds to a tangential direction along each track on the medium 102.
It will be notgeythat thesgurvilinear translation path 112 has both X and Y gefmpoaanssiG. 1B
provides a schematic representation of portions of a writer system 5130. The writer system 130 is
configured to pre-write data patterns to the medium-#02 of FIG. 1A. While not limiting, it is
contemplated that in some embodiments the pre-written data patterns can include embedded servo

data used by the sERR T5FEHE 290 IS cERng R FReR NS B8RP reader system
100. In some embailingeats, the: metiunediribieocby: thdl b iberegybiene 86 fdnaamaster 10disc from

which a population.of replicate 1qi§ﬁgsabroqtpﬁoa%gegoﬁ&%&§ via a printing operation. The writer

system 130 includes a motor 132 which rotates the medium 102 at a selected velocity. This velocity
may or may not match thBCof harverseifsrhnFste Byt HIBtor Proret pha Ye4d ey L§8tem 100 in FIG.
IA. The motor 132 ingl SFHGvRidnayteaiats theorfeaisinod iz using asqganstaniolheatesiacity (CLV), or
some other profile. A linear a tor 134 is provi diacent the medium, 102, and is used to
advance and retrac%t0 %(ﬁ#g 'h?eﬁad%gﬁi%%%éﬁ/milé%g’aﬁon%%idﬁtﬁ?]x %i%ﬁ%l‘g%n pat 1386a§ross the radius of
the medium 102. ShehTatatitnirctiéntce belatniabetipy eoindsetsedibe hppifeation of current to a

coil 140, which intefiaats withuaimagaetig field-popusedyopesnanentinagoatsydda. loovill be noted that
the linear translatiollg ath 138 i alrign%gealo(?wlg the .éedigﬁ%gionr%nd has substantially no Y component.
e o]

FIG. 2 generally illis FALSS The USE OF variable tac ﬁ%ee\fvsrﬁgé? syé?grﬁnals 0 of FIG. 18 to

accommoddte the gisolrerandiaticrremidrtietaristids vtdtsreagaralsashsdEoriFiG. 1A. FIG. 2is a
simplified diagram wyithfigply.g¥aggerated differences in track pitch (TP), or width, for seven

el e TS PRSTEG aL l e AT ey ol e
at a selected velocity. This velocity may or may not match that of the velocity
imparted by the motor 104 of the reader system 100 in FIG. 1A, The motor 132 in

15 FIG. 2 may rotate the medium 102 using a constant linear velocity (CLV), or some
other profile.
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 subsiantially 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 mn 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
36 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



30the 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 he seen that tracks near the
innermost agg,auiemqst diameters (ID and OD) of the disc 102 such as $@gkshNag:7P7 may be
-5- significantly narrower, or have a lower TP, than tracks near the medial portion of the disc such as
track TP4. As noted above, this variation in TP will cémpensate for the geometry of the rotational
actuator (pivot translation) path 112 of FIG. IA. Referring now to FIG. 3, in some embodiments the
write head assembREBirag PRI e fhe Et dRtariZEdtias Farkateasde mpirbraHBlettron beam
recorder (EBR) 150hAgsvihbensecognizedynthase skilled inthadart: an RBRoapemies to generate a
write beam comprising, a stream of.electrons. The write beam impinges the assaci medium to write
A patiorn thoreto, THe o GsSRaeh S e s e e AR B S SE PR B et cye
reactive, etc. Other typesksteing 1ObEAMHS: drdncomerapritensohh 8 BB RAHHRIMPIG. 3 is merely

ilustrative apd not lingargIG. 1 FAsvHiR heangenerinidbigenariRshensuitadean (denoted by
broken line 152). T [ eam 152 is passed through r lens mbly 154, adjacent a
R R e e oo At hgs St et ot

deflection plate ass(e' , and through a’To ens assemb ( pinge upon the medium
102. The deflectiongpharetas seiabRATSEIPIREICHIRHD N dletftastidheof dhebbenmiis2ealong the

respective X and Y dirgGHons d asdaay tedkite 2 phRsdafieeiomplaieasrenobii.ebcasbe arranged as

respective pairs of parallel plates disposed on opposing sides of the beam path, The application of
20controlled voltag(@l csfa%%\lgf Esa%n&i'é%‘ﬁ’é’&%ﬂﬁ’ég g%é%%é?%:ﬁ"ﬁn’h%w g é@ﬂ%’ﬁ osqg‘]”ﬁléﬁs on paths 160

and 162, imiPart a deatre Heabolispimiaracrottbf HRabGAIPEIG- Gfiteewhitdbamvd 61 withough not shown,
a closed loop deteqtigfyspechanism can be employed to ensure the desired amount of beam deflection

is obtained in response to a g_iv%n desired tinplusti 25The X 1i;md Y %eflec(tiion silgglalljs gre generated by a
signal generator block wrlte beam generator generates the write beam (denoted by broken

line 152). The write beam 152 is passed through an upper lens assembly 154,
adjacent a deflection plate assembly 156, and through a lower lens assembly 158 to
15 impinge upon the medium 102. The deflection plate assembiy 156 imparts
controlled deflection of the beam 152 along the respective X and Y directions, as
required.
The deflection plate assembly 156 can be arranged as respective pairs of
paralilel 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 moduiate (furn 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-



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 seyg cj&)ﬂt,{ﬁl, Signals on path 168 to the linear actuator 134 to agdyanrs dhifsgasl assembly
136 across the medium along 30path 138 (see FIG. 2). Control of the motor 134 is provided by a
motor control circuit 170. In some embodiments, the-faotor control circuit 170 can provide a once-per-
WO 2011/017441PCT/US2010/044433 -6- revolution index signal to the siqnal enerator, as indicated
by path 172. A confrRBitieringrovienss tohdcierbeifBiuf thatmtedsopath TR GA4 is an exaggerated
view of a number ofa@iaeentirpeksdids B dhednesivnhd @BRTIe tracks are arbitrarily denoted as N-1
to N+3. A portion of the SIQ%yglne%r transl%té%q igvgt& %%g n%‘etrhoef ggj%g%r[ §X§%%@8%L{ggor 106 (see FIG.

. . S €xa
1) is also shown in exaggerateé’ form e series of points are shown for each track,

corresponding to thasiditersdetioheEmaks ronbiedl dhgielwasks RV t6- MBS WHIEh the reader

head assemply 11Q.(FkGned) witkRass pinen the madien issahtaselgsiedsapguias lgation. 10In some
embodiments the trqckshare written using.zone E}f‘é? (E%%%én@}gZBR}.}gchniﬁuesfalso referred to as
i

zoned constant andtiaf \?&%ﬁf/x("f%ﬁ&?\gf) rSEBrfiAG Using AE5NS that ea

‘ _ . means that ea%no?rthe tracks N-1 to
N+3 has exactly theashtsihgpntsenosfisiganthel ibiessrecordeiitrdeatsatthid Tprbvidd &ach of the tracks

in a given zone with\the,samaivimberet dala sectors. aowing ihairead/wiie ihdehannel to select and

maintain a given read/twri"[aﬁ frequen% 1for data exchanges with tracks in the given zone. Each of
the tracks can be witEh I SERLBVE8%E B, more typically, multiple revolutions, such as 100
revolutionsléf the mediunifermaohtvdckents Wwoulekbeapossitsie tongrensteathé ERBRINS0 of FIG. 3 to hold

the write head 20agsamply.d30.stilkias afixed 1adiys-dor each-ehibasewavalitignagnd then advance
the write head assembly 136 in a step-wise fashion%%ré r to copmencipl%he writin E%Lthe data for the

next revolution. HoW&VEI $hit HAY tnd BRI hesehgeHhe tracks N-1'to N3 has exact

same number of channel bits recorded thereto. This will provide each of the tracks
in a given zone with the same number of data sectors, allowing the read/write

15 channel to select and maintain a given read/write frequency for data exchanges
with tracks in the given zone.

Fach of the tracks can be written in steps over one or, more typically,
muliiple 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 fo the
writing of cach new set of data.

Accordingly, the EBR 150 of F1(. 3 1s 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 transiation curve at 180, The curve 180 1s



latency time during the recording process since the head may need to wait substantially an entire
rotation before writing that next step. Initiating and 25stopping movement of the head assembly in a
step-wise faghiop, camyalgo undesirably excite mechanical resonances thatpegdoe/badamped prior to
the writing of each new set of data. Accordingly, the EBR 150 of FIG. 3 is preferably operated such
that the head assembly 136 continuously moves acrdss the radius of the disc 102, and the X 30and/or
Y deflection signals on paths 160, 162 are used to maintain the beam impingement at a constant

radius (or other desfkstgakibnger ndExibvh Al oS HERELATH SEtHIHPARtA WItE BHEam is depicted in
FIG. 5, which shovsin.sfegisectmnsiiedapad transiations assaretdicd 891, Thtaoudld80rs substantially

linear, indicative of a t(éonsetrz%g]ti. %i{gﬂt‘gupﬁ%rl%eigg%tﬁgo the write m@awm%;&@ (e.g., beam

source 151, lens aBéenidiies ' and deflection plate assemblies 156?_ during the pre-write
operation. As notedhaieveaIesesicE iRrEnE g AR assatixtaroriapiBesPife assRP Yssembly, moving
the entire agsembly&alangasatiproussprpfilesuciasmatdconsibnbugtooily advantageously reduces

the excitation of re%% anc%s Whijch might af{jtlac{;[hg}%vhltlg}f%&t%é%%m%w%%ﬁ@&qgc% (me beam 152
. i y fur I

. exclifation of Tesonances w -
onto the medium 1 COASTANt movement of: e Write head assemb er increases the efficiency

of the write operatiofthT herusdé begrehaireditciéental advances of the 10head assembly might
undesirably lengthen the @sgmadite RRERtION:E Risisheiia tectig requisitedisaedehadvance and settle the

head assembly at each new %ldiusq as well as éhe rotaggtréa!wk%(ge&g% @g}l&%ﬁ %i]g.gsdom Jhe appropriate

. 1ICIERCY O write operation. e Use O . L.
angular location of IHE QAR SS TotalE rotnd 16 the head assemb lle a linear radial velocity is

shown by 180, othécgptefiesbtamnitBaltdesstisiptshas iy WVHieheratRn THIFIGHS 14 closed loop
detection and contrgl sysieRR SHCh AS.anlasan iRigrameian samheyusesinensiRPEecise movement of

the actuator along 55'51 Egct)&%o]thsti%hal latency delay required for the appropriate angular location of
the medium to rotate around to the head assembly.
While a linear radial velocity is shown by 180, other profiles can
15 alternatively be used. While not shown in FIG. 3, a closed loop detection and
control system, such as a laser inferometer, can be used to ensure precise
movement of the actuator along the profile 180.
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. § corresponds to the X deflection signal on
path 160 in FIG. 3. Tt 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 FEG. 5 can be generated using a

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



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 20applied with transitions coincident with each
rotation (in this £A$R-RQ¢N track boundary). The profile 182 in FIG. 5 corgespogfisyioutiags 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) dire®fiGH: PAS BT HORTESAY GRS WRHHGPO R BRIHYGS C4ch track, as
represented at 184oAtihendpachusiaroabthecsiitnglbt thepdstbitpf digivénstraekaltize write beam

"snaps” back in suffiient fime to wirite the fitsk ik o e %K iagks Yisitestional deflection control can

be carried out in simifar fashion 30to provide controlled, stepwise detlection of the write beam along
the Y direction (e.g., in thEPeRERYbHONRSAGR%CH fradd s o ataliT SIS SigRAY such as 182 in
FIG. 5 can ke genemtecdising Ragigitat k0-anal sRESNVBten(DAG)y sl kb eppeetited by those

naving skiln the a. BACE aeneTallQRerale (0 gDV &yl b claighnputyalue o 2

corresponding analog output voltage. The output analog voltage has an analog magnitude that
corresponds to thedtmitinsec RIS IRRERIve M REC PRE BT S GRddItede FARGEBPE DAC is often
established in relatigng.evpRir Safitefergnesu fages!y RER mandMREm Bywiaygoforoviding a

smple example, a 4o bit AC IR refPrerch lages ol AY.ANLO AY.A Bigge 24=16 different

C
increments in output ahﬁhg‘%ﬁage Detwe 1 volt. For example, an input value of 0000 (010

would genéfally resultdze ah olYpat anemoefipstagacoroney Ohh inpuraidearelly Pesde) would
generally provide ag giputaRaleariOvpltagesdsl.0V; an inteimediary value such as 0111 (7,0) would

generally provide an out oltage of 0.5V, andsoon. ..D can be provi jith a variety of
input bit capacities; for exa’tﬁ‘n%pﬁ8?%%%@8%%%?{%@?%?%06% Aé%aﬁréa gcraur%%rﬁgly%?n% loyed in a number
of different applicatiérisi, Geherailyl Givé Righerthebreriyaainovné iy reatepehel Essietion in the

150utput voltage rapge.Jrohexammaian2aAenit D Al vieud Ggnaralivadentdiyideon in the
15 output voltage range. For example, a 16-bit DAC would generally tend provide a
greater number of available output analog voltage levels (steps) as compared to a
10-bit DAC; the 16-bit DAC would allow up to 65,536 (2'% steps responsive to the
magnitude of the 16-bit input digital word, whereas the 10-bit DAC would only
allow up 10 1024 (2'%) steps responsive to the magnitude of the 10-bit input digital
20 word.

DACs 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 nput 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 OV 1o 1V, from -3V to 43V, ete. 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



greater number of available output analog voltage levels (steps) as compared to a 10-bit DAC; the
16-bit DAC would allow up to 65,536 (21') steps responsive to the magnitude of the 16-bit input digital
word, whergas ihe 40-hif DAC would only allow up to 1024 (210) steps resiansiy@tdhae magnitude of
the 10-bit input digital 20word. DACs can further be provided with a variety of maximum reference (rail)
voltage ranges, such as IV, 2V, 5V, 12V, etc. That isythe 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 f&ferEnce DBy irages s dipinsereds i Bnitsd HrRR S BIGYISAC can supply 65,536
steps over a voltagagaggerehfrom OV to IV, from -3V to +3V, etc. It will be appreciated that the actual
magnitude of each output, step will d on the. I I re are a variety
of DAC constructions kng\ﬁne)%%lgg?g%%% mgé[ %:gdg]\i{sc o‘i‘é%%%ﬁggﬁggﬁﬁ{?g}ggﬁﬁ?e16 Some DAC
configurations utilizBasoneAiserrasitivis raagaphedvbik ths &3& f & d Shiebdb Yoltage divider
circuit to output the; gtesipty analogamalua shaaeivaldnigenahgosfigovationpettite DAC can vary, so
that the present dlsc{osurgI Pﬁj—lr%%g Il%gnug%g fgsal%rt'r%fl%r] % gggglmlqgﬂ mlé ) Segg%ﬂgplary DAC

circuit is illustrated ‘&t 186 I purposes of the present discussion, it IS contemplated that the

DAC 186 is a 10-b DA Gvitte5the pange fowoRsilit SefdiFand B vblnsonrvslete®ange of 1.0V.
Respective referengglipgeisesasda 80 pravideMREFovand VREF iyaihvealimges to the DAC
186 over the range0 rom VREF-to V tEF+. It will bﬁgogge plated for purposes of discussion that
VREF+ is nominally #fﬁ\?“gn&%ﬁ‘ -Eivser%riheisn%ﬁry %/, although other relative values could be used.
10Multi-bit digital input valdelsidiedsgipblrmaivislysatieoppliadd adbdfeded sasnsieediock signal can be
provided via path 194..GengiallminePaAGrda8.arer pias:al eachslackieansitioado output an analog
voltage on output path 196 over the range from VREF+ to VREEF- that correspotri\}dl%go the magnitude of

the multi-bit input SEFAIE FhRIESIOHITBIOB AP BY LEERSE YA BRI AT diHical representation of a
first sawtooth curver20thgenerated Bk BAREBG oL FiGesgoihdodhevea200iiks pidited against an

elapsed time x-axig,gQ2and trgdflgf%@@,gﬁu\gg R3NP P42 The curve 200 represents an X-deflection
I

signal such as illustrated at 182 in FIG. 5, although other applications
15 FIG. 7A shows a graphical répresentation of a first sawtooth curve 200

generated by the DAC 186 of FIG. 6. The curve 200 is plotted against an elapsed

time x-axis 202 and a reference voltage range 204. The curve 200 represents an X-
deflection signal such as illustrated at 182 in FIG. 5, aithough 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 2bout 102 steps of resolution being available to provide the desired



and shapes of curves can be used. The signal is generated by successively 20providing digital sample
values to the DAC 186 (via path 192, FIG. 6) that decrease in value linearly as shown over each of the

three iIIustra‘RﬁgﬁHﬁ%ﬁhe digital sample values are supplied to provideghgQuinuhaiaiog 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. 25It 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 #leleRey e 4 Fneypef Bydi @ 1§evs abat VAT BErEseHyenly be updated

once every five clogkguThiliisRecavse spiQhdaerements aee availahlel betieemthe operative range
of 0-0.2V. 30FIG, 7B.shows fur}&% pdrgﬁgationu?f th{a DAC 186 of FIG. 6, this time providing a second

are aval ©

sawtooth curve 206’8\}\;}% an operationa raorkllépe Qafrﬁg%%‘{? to 01 V. The curve 206 only utilizes 10% of
the overall DAC output raffeciestitififin A024iresrubbiicies Yepaiet basditticA 18ing available to

provide the glesired:,i@s ARAIREOHRUE bhsigRaildhaRAks 18RdsiclackedidQ24 times per cycle,
the output value can only be updated once every 10 Clﬁ.§ since 02 different values are

available for the ou?ﬁlﬁ‘tcgﬁ’é%%%@r% ! ifintwegcelfﬁfﬁE‘)er%{’sd]ibryy %,{& opé%gt?c?rﬂﬁ¥rar%tgsv§ﬂ%1?eas illustrated by
FIGS. 7A-7B 5can {eal tocHiffidutiasieradbhidwimgedradie. atherigkotivhedib v@prsider a particular

medium that to be pagisred-RiuthefBR AR Gre3pitBa B iRbIG EaRkditchnscmas generally
illustrated in FIG. 2, The_ track pitch will vary in relation to radius. If deflection signals are applied to the
I@:P é% % tIle ﬁeadn assgn

write head assembff}I?S%) of tEE ﬁofjoa R BRI S B A HOVErmant of the head

assembly, 10then tthenshostootivitadidipdéfllectionssignatildegeniy aliyneh angeprfdnplitude in direct

relation to changes p.meehanicAlikack RittRehanidiifRllavpadhat the voltage step sizes for each rotation
will also change on a per-rotationér%goper track) basis, as will the utilize sé?m ling range (i.e., number

of analog steps in the outhf YA IS BEC P SPESA B PR 10V BB 1 Brange, an EBR
with a 2pan/V respoasetfiten @updluéek) ofsmesvahitbaludéHetsioniog eagh (V..ofumputadeflection

signal), and a trackanéﬁsg SHOhmuthers ayid hie @Q%alv@&”@m%p%,e@? fardthe deflggiion signal over

each rotation, such as illustrated by the curve 200 in FIG. 7A, In this case, the curve 200 would be

applied for Bach incBRRCERRT BEHEY SR Sde AuitHth THRATaHIPReRITERSIe in FIG.

each 1V of input deflection signal), and a track pitch TP of 1um, there would be
205 available steps for the deflection signal over each rotation, such as iliustrated
by the curve 200 in FIG. 7A. In this case, the curve 200 would be applied for each
incremental step of the selected track {with the TP=1pum), and each cycle in FIG.
20 7A would correspond fo a complete rotation of the medium.
Assume that at the completion of the selected track, a second {next
adjacent) track is written to the medium with a TP that is 1% less than the first
track. This will require a reduction in the overall voltage 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 oniy 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)



207A would correspond to a complete rotation of the medium. Assume that at the completion of
the selected track, a second (next adjacent) track is written to the medium with a TP that is 1% less
than the firsttragk. This ill require a reduction in the overall voltage range-Ry@abis.d34; which in turn
may reduce the number of available DAC steps to about 202 steps. 25If the TP were to continue to
decrease by 1% per track for the next 50 rotations, it tan be seen that the 50th track may be reduced
to only about 102 DAC steps, such as shown for the curve 206 in FIG. 78, While at a macro level the

il
sawtooth deflectiorPd§rafin &8s B2 WAl hage bRapHEALY f?&ﬁtﬂféhwléﬁ%ﬁgr‘lggl%t a micro level
there may be significant amoutitstefielectiicah ftisé,ith¢heacidflaCtinng sigial,838resulting in radial errors

in the placement of the written, data Along e Asks: ACCRIRINAN-YRUUS SRUIMGNTS of the present

invention generally operate to address these and other limitations of DAC resolution for small
operational rangesPRIG I SaHowampbaleskhgeathprPaRE Bitha e toAREHP BBAG 212, The main
DAC 212 mgy be naminally idapticaliigd A i8GirKkkBedioAsiyiil) thepBAI €186 in FIG. 6, the
main DAC 212 in FIG. 8 is canfigured 1o recei i=hit digi S lecti e sample
values) on path 214 and §g%11rrn°pglsée% oc r%‘%cf%%nm[%%ﬁbaéﬁdégﬁ%ﬁgiﬁs%qﬁﬁigr%g%%qgc 212 5outputs
an analog voltage (oHesainmptathahexngsietfion Sigrharr serprdtnoRa Cs 298, 33 BF derSifblary DACS 220,
222 are shown in FiGp 8o he pavided ierconuwasiiace\ith) theupain DAC@ 1R: hhiese secondary DACs

220, 222 are denot AC+ and DAGC- an rve as reference g }I)ﬂvgl@g}g SOUFCes for the main
DAG 212, 1n some Dt S ee‘"ﬁ‘};%e‘r’fﬁ%ﬂ %3%%%?5&’%#03 s o?_th‘écDAcs‘,3 10212, 220 and 222
can be idenfical, in@l2diy i Rfearndsorreeh it BaR AR EEIRIMMARS SCUPUTHEEDACH 220 is

shown to receive amyiltirhitdigital value (VREF+) via path 224, and a once-per-rev clock signal on

path 226. The VREF+ digital value on path 224 will be a digital expression esired VREF+ analog
reference 15voltage for thie %Pzﬁ‘# 5318% %f 1R S ?ﬁs‘ﬂ}lgtﬁ,%fhe}%tﬁé? %ig rfg%%i\fglsaa multi- bit digital
value (VREF-) on peth 228 @ndc thiecarrcaepatorbvigtocknshghed9n phary 286+ Thala/ReBE- digital value will

provide a digital exgression.of3icRresRANIRE BT AR aley veferensaivofiagenter use by the main
DAC 212. Operation of the circuit 210 of FIG. 8 can.be c%rrrile%lggk%s_ E%ows. 20Assm11trir_1e for purposes
qn,

of the presént discSSis IaRHEAA DAC 15 R TE: receIves a mu

bit digital value (VREF-) on path 228 and the once-per-rev clock signal on path
230. The VREF- digital value will provide a digital expression of a corresponding
VREF- analog reference voltage for use by the main DAC 212,

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 '%y 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 (L.e, 1 x 10" m of mechanical deflection per volt),
and a first track is to be written with a recorded track pitch of 1.0000pm,

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 0.01526pum 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.



DAC which provides 65,535 (216) 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., | x 10'6 m of

mechanicalﬁ%ﬁ;ﬁﬁ}}gﬂ Jgr volt), and a first track is to be written with a regergedhtiagkpiieh of

1.0000um. IS 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 suppty an analog VREF+ voltage of 1.0000V to the
main DAC 212, and the DAC- 222 would supply an analog VREF- V%Ita%e of ocgq]o&%/ to the main DAC
212. The sawtooth defledtii St R AaTEE B ATt v BRETHSEERRith a resolution of
3065,535 steps fromis ROAM o1ds0nN0DMaith Oelt5a6hm e ¥iepn afdirrirsaximium X axis

deflection range woycibe. 1,080, AR SXEMACLVAY AR Padsos shargalaristics is depicted
KoeH8 bana

in FIG. 9 at 232. - _ 2Xt, assume that a subsequent rotation requires a reduced track pitch TP
value that is 1% lesetheidisirrWaitRiasrmabsTit BesoeBH IS (6 End Ftation may be for a
second track adjacgptthe fisstrask-aimaydhe aglpsequent VRBTondugngf& ARV rotational writing

operation for the fir%t trackgfg%y%’%g}%? év&gl%g& ke enfigiediasHnply anRpalee/REF+ voltage of

0.9900V to the main DAL , and ( would continue to supply an analog VREFvoltage of
0.0000V to the maire e 2A 2000 ik MBIAS A4 3oty BEFRIRAE © HHRRIAPEEYSS steps, but over

a reduced range of fform £ 49:8.9900V:t Gach stepaizensosidihusvhow. #@Hobd.01511m, as shown
for waveform 234 in Flgielng?' f ver a %%%%L@_gil?sieng.lﬁgsr})tot;gﬁ/%y%%gf&m IR s eentinually

reduced, a point m5&9pne reac"i%et where the r 220 will supply an analog VREF+ reference that is
significantlydess thén the initial reference level, such as a voltage of 0.5000V. The main DAC 212 will

still retain a full resolutionof,6p,53&tepssibstatbe AvpuionavRiTem: ditieadty efdkedsteps will
correspond to a reduced mechanical deflection o about 007629m. This.is, generally illustrated by
waveform 236 in FRS™M™aY berﬁeéctk:’ﬁ%cf%‘ ejigl%ﬁ rélé %?E&rjﬂi%l Blrlggql aIyag%}joLFsts the respective VREF+ and
VREF- reference voitages:tibaa iranmgéfithat cvespoigsntszhefunosleyge sihge drolage

of 0.5000V. The main DAC 212 will still retain a full resolution of 65,535 steps in
5 the output waveform, but each of the steps will correspond to a reduced
mechanical defiection of about 0.007629um. This is generally illustrated by
waveform 236 in FIG. 9.
The circuit 210 of FIG. 8 thus precisely adjusts the respective VREF+ and
VREF- 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 F1G. 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 FI1G. 8



20the 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 data to the medium. In some embodiments, anP;B g%ﬁmmgon may be
made of the\%\ére‘g%@c fé\%g TP values for the various tracks to be written, an ﬁe 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 trackctdiincE Math2priRat atidudimitiiss fiadlepriemplled divdhetbanrdesystevided with

- derated reference 30yQltage rpngasdmiciatiniir the differencas i HENRIMRS. isiach as provided by the

derated waveforms 234 and 236 in FIG. 9. FIG. 10 provides a functional block diagram of a
deflection control sy&BY3%8 skt b ifizdd in conjunction with the DAC circuitry 210 of FIG. 8
-13- accordance with varidtis cenuodsiaren ti0ltnFEbritemplated thatttre Conttel system 240 of FIG. 9

and the DAG circuity 44 oLbI30B.GAR REMGOPOIAISHIBI0AN RBIRABIn o, 150 i FIG. 3

The control system 240 in FIG. 10 receives a number of inputs, such as a 5recorder resolution value
(such as in volts pe?"tﬂﬁ%‘i‘éﬁ%@m%@ﬁlf)pétﬁhdgm ?ﬁ?s‘élﬁusﬁcéﬁf’r@lﬁ‘%?&ﬂ’&ﬂ“&%k PR ) measure,
such as in pm, on pathaddl lstaspansendie:contnabsystempdtrseriatates, ancludddyer of output control

signals,including digigly. xpiesape MM kYRS AREVRRE: VAUBS:TE MRS, values) on

combined path 246 or ut |zat|onfsa/the respective secondary DACs 220, 222 in 10FIG. 8. A
once-per-rev (OPRYERIEReE AP & WdWHZéHOMIWE%@S&Fs%“fBF‘ﬁgBdBVfﬂégé BREIDD0, 222 as

discussed above. Fidlge matr@bayﬁtxeme:Mm@emsammm maire BAGdef ection waveform (DW)
sample values on p%th %1 %ttﬂg DAC,waveform sample clock on path 250. Translation

signals and rotation sigha s &an further es"é*ﬁspedﬁeﬁ on paths 15252, 254.

The control system 240 also generates the main DAC deflection waveform
(DW} sample values on path 248, and the main DAC waveform sample clock on
path 250. Translation signals and rotation signals can further be supplied on paths

15 252,254

While the various embodiments discussed above have been directed to X
axis deflection signals using a generally sawtooth shaped waveform, it will be
appreciated that the disclosed circuitry can readily be adapted for a number of
different applications and waveform shapes, including applications not necessarily

20 associated with the writing of data o a rotatable mediom.

Moreover, while the exemplary circuitry of FIG. & 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 ¢liminated 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 1o eliminate the DAC+ 220 circuitry and rely on changes solely to the lower

reference voltage VREF-.



While the various embodiments discussed above have been directed to X axis deflection signals using
a generally sawtooth shaped waveform, it will be appreciated that the disclosed circuitry can readily be
adapted for g aumber-of different applications and waveform shapes, inclu g aRpheatians not
necessarily 20associated with the writing of data to a rotatable medium. Moreover, while the
exemplary circuitry of FIG. 8 shows the use of two sééondary DACs 220, 222 to provide each of the
respective VREF+ and VREFvalues, it will be appreciated that thjs is not necessarily required. In some
alternative embodiments 'brill Ghe BeaeriseiF HIRE De KB eI AeY 2 I5trrid8¥8sary. For
example, the DAC-iR2R;coulsh be liminatestandk replaspd tvith duharddpngsctioritoral reference plane

(¢.g., ground), voliage [egulalqr.rSame, AINES,FRYLLIR RN MBRE wyaitage Fhis would be
useful in situations where the lower reference voltage value does not vary but is maintained at a
constant level. In thidWeic-sapsatine srsths drerahpran HerBn ERLoIEER THRY ™SR Bither higher or
lower) would be effggtadsalely:ywthaagingethe multi-bit input value (VREF+ value) to the remaining
DAC+ 220. Similar arrangements could be made tq.eliminate the DAGH 220 circuifry and rely on
changes solely to the Iov_\?[e?r“?ie g?g%ceea li%gateeﬁg F? -14- " It will fusfther%ﬁé appreciated that the
two secondary DAGRY 23220 MRBdmAiRumET 6f farrbis: dopreritiily piivige D5y reelective values and
ranges as required ;&£okxampRigs theVREFs vale coudddislaatta anynaarineionvalue, such as +2.5V,
- 1.0V, etc. depending on the desjred magnjtude, and.range,of th utput alag psignal from the main
DAC 212. It Wi||sh‘%‘{‘,\/“%1é ‘giﬁ%?etlé?a eag'}aﬁ’é![etﬂ%%awéﬂgsp%q’r%%%?%%ts of%?e present invention can

provide a niimber ofusknefitshaCasstrdiip i fansmagnimsesed caflrefiorense Vi SrataHEige allows the full

DAC resolution to bgJnaisiained invsiiuations wherathemageitudeiat the Ouiputgpnaleg voltage
changes over time, 10such as in,th{?1 case \here .diff(?%gnt maegmt%qlgas[ of defle!():tior;[l signals are

required as describBE HERER PRRIE LR EIREPSA WIS beant has been disclosed for purposes of

providing a particuldifémebosimertyitteiities dpprabiated tebliafydriofhse pomagerefttifpes of write
beams, including byt.not limited tedasetpeinagnetic write beams, can be used as desired. 151t is to be

understood that even though numerous characterisﬂg%%nd advant:—;lges of various embodiments of the

present invéntion have bebh SePe8RTTHIME #aHEES: SUHPBHSH: FBGATHER With Getails of the structure
and function of variedeengpodivieints efitidimusntibihe thissae inllediceordton s& adtrative only, and

changes may be mﬁ%%?e&ﬁl@he@&ﬂﬁ%'kXé&W%&giﬁm%rﬁrMe 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

invention.



20arrangements 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 elepents,May vary depending on the particular application withoutrdeparsiagsirom the spirit
and scope of the present invention. -15- Claims: 1. An apparatus comprising: a first digital to analog
converter (DAC) configured to output a deflection 5signal having an analog voltage level
corresponding to a magnitude of a first multi-bit digital input value applied to the first DAC; a second
DAC configured toGaisisly an analog reference 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,;
10and a write beam generator Wh!aCh aggnergrtne%a}n%rite beam, wherein the write beam is deflected by
the deflection signal. 2. The appgra%s ot claim f, herein the analog reference voltage is
15characterized as a first fiskefégits o ahalge camgieh PSR PR Agpat bR RItASF ISHfrises a third DAC

configured to supply a second gnalogareigranceyolisggdodthedisishhtinavingamiadalog voltage level

cotespondingtoa magniude of 8 Ul gt I LR AREHEIIA BB DAC, 203 he
Irst reterencevo

apparatus of claim 2, wherein tAe’f tage comprises a VREF+ rail voltage and the
second reference voltage somprides sovREEd yaivdtayansib srsletrcovtpitdn 16§ Voltage signal has

a magnitude range within a ranga defipag By VRE Foliaey RET toreMRIE to voltagemestablished by the
o e, ety otal IR Y B el i RS SRIERI B SeLEwP A third mult-o
10 and
a write beam generator which generates a write beam, wherein the write

beam is deflected by the deflection signal.

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 COmMPrises 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 ¢laim 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 voliage



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
revolutionsyph saigspadium. 30 5. The apparatus of claim 4, whereirea¥its2fe¢érgnge voltage is
applied by the second DAC to the first DAC for a firsé revolution of said medium corresponding to a
first track pitch (TP), and a different, second reference voltage WO 2011/017441PCT/US2010/044433
-16- is applied by the secopd DAC to E irst Q‘Hh [ f.saichmedium
corresponding to ds(ﬁ?fgﬁﬂ# éEe)ecS(?ﬁ%m# %E B H %Agfz)%ggr%%&gge{%g&iﬁﬂf?ifgvéﬁ(}ch the analog
deflection signal isnchanacteripertiag @ repEeming §a/ddsth signal that varies in relation to changes in
the first and second digital input values. 7. The apparatus of claim 1, in which the analog
reference voltage supplied by the second DAC 1o the first DAC is adj N relation to variations in
10track pitch of a data st%rage?ﬁ%@?ﬁ?ﬁaf%s%ﬁéﬁmd%tgl é\vr%cv%n fen ab% tgiﬁgv%#g 5%5%1?9 8. The
apparatus of claimchinwiiahathersprtingsamionttsiub ihaovariksta e S s AR #Edium in the form of
concentric tracks hayving, a vadahle dfack Rileh /4189, and the reference voltage applied to the first DAC
by the second DAC 15is adjusted in relation to said TP. 9. The apparatus of claim 8, in which
the writer beam writes data to the rotatable storage medium along a first translation geometry to
emulate a different, Secorithtramstaticroireométry vhixhdbrerBsrifieataiEdto subsequently

20read data from S3idEdID: secol AR PRRIAN DACTPLSING SNKIRISStematisactio wite data o a
storage medium in the torni of a plurality of concentric, tracks, the ertqu s%ste omprising a motor

which contt8llably Fekaicne aragioresdnsrvs QAR ek are wnnen by the write bea

8. The apparatus of claim 1, in which the write beam writes data to a
rotatable storage medium in the form of concentric tracks having a variable track
pitch (TP), and the reference voltage applied to the first DAC by the second DAC

15 is adjusted in relation to said TP.

9. The apparatus of claim 8, in which the writer beam writes data to
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 mediunt 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 Jevel 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 0 2 magnitude of a second multi-bit digital

input value applied to the second DAC.



25generator 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 mewﬂ}%ﬁ&f{ection control system comprising a first digital teanaisgeamyerier (DAC)
configured to output an analog deflection signal having an analog voltage level corresponding to a
30magnitude of a first multi-bit digital input value applied to the first DAC, and a second DAC
configured to supply an analog mil voltage to the first DA(%r,h ving an analog voltage level
corresponding to a magnitdde of % SRRBHISALMEBI dightay F?gﬁ??/%?ﬂcem}atﬁﬁﬁreakfoafﬁe second DAC. -17-
ii.The apparatus of clainm 10hinmehicin theigoncecknodnddRs énre vamittevittortbasrradith having a track
pitch (TP) thatt varieswith radiyis. apdl the fafefrnesavolipgr arplied ixthediistRAC by the second
DAC is adjusted in relation to said variable TP. 5 12. The apparatus of claim 10, in which the
writer system writeggitents ! i‘_’éf‘aaféﬁlgpstorage medium along a first translation geometry to emulate
a different, second translation geometry of a reader system adapted to subsequently read data from

saidmedium. 10 13. pystorage medium haine, dataurilicnDetelo e il system of claim

10. 14. A method comprising: 15providing a first digital to analog converter (DAC) coupled to a

second DAC, the sdbordDRCswiEs et alopaadlrsiroBHai #sIRE T & B Generating a deflection

signal as an output apales eliagerfienythatsslcl A 1esprensivrttedafiral msltisbibeidital input value
applied to the 20firs§eélt3dba%taa§d a s%c!gengurmnulti-bit digital input value applied to the second DAC; and

O 54t
10
13, A storage medium having data written thereto by the writer system
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 1o a different, second TP.



using the deflection signal to deflect a write beam from a write beam generator. 2515.The method of
claim 14, wherein the write beam impinges a rotatable medium to write data thereto over a sequence
of revolutioRgpiEaigiadium. 16.The method of claim 15, wherein a firsefailfskstagetiddpplied by
30the 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 appﬂé‘d by the second DAC to the first DAC for a

second revolution of said sedium.coriespopding 19 A ASHSAL 26600 (o iffsrices 17 The method

of claim 14, wherein the genera_inegné ep comprises adjusting the rail voltage supplied by the second
DAC to the first DA@litstinglHereiht phagmitmatctbbeielsesrad piay st EcEassioe rotations of a data

storage medium imgjggeg F}bé%?é'jﬁiiw&eemékma BluralityL 8t shoe:methegdhelaimdkd, srggein the write
beam writes data to a rotatable Sté){& e. ﬁ%nediugw in the form of concentric tracks having a variable track
pitch (TP), wherein TS TBIAES %‘b &a'B

y tfie second DAC is adjusted to a different value for
each of a sugcession of adjacent tracks written to the medium in 10relation to differences in TP of said

tracks. 19. The methaq of cfgimyla whersimthe fretdfite v adaptadsaauiutamaximum

number of steps in the output deflectjon signal respqnsive ta atrttggall numbe(;ofalg'tshirg Eaid first multi-bit
digital input value, RATRHeTEREHESHITE EVBTATR Sf tha° SRS G DRt 1048 8 Saintain said
maximum number gfietefi¥ intheecdeflectio ndigeraduwybeddact s esohdibAcfinadivsgdéomedium impinged
by the write beam. difgfn%gt Aifaie sierage medivmhavingdatamitiendharaio aasRidance 20with

the method of claim 14. ] ,
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.



