A ROTATING RECORDER WITH DUAL ENCODER ARRANGEMENT
HAVING ECCENTRICITY COMPENSATION FIiELD OF THE
INVENTION [01) The present invention relates to the field of recording
information with a rotatable recording device, and more particularly, to the
control of a rotatable recording device employing a dual encoder
arrangement. BACKGROUND OF THE INVENTION [02] A magnetic disk
drive, such as a hard disk drive, stores data on one or more disks coated
with a magnetic medium. For read/write purposes, the surface of the
magnetic, medium carries a number of generally parallel data tracks,
which on a disk typeROFATIVGRECORDERIWEHINAIly with one
another about the ENCORERARRANGBMEN HdHUeXHNGrm positions a
transducer or "head ESVGEHTRISIEY ESUMPENPMEIRNad writes data to the
track or reads data from the track. As the disk rotates, the actuator arm

dlal direction across the data tracks under control
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empliRfigAeRlal i ArsRiyenisiormation. As the head passes over the servo
fields, it generates a feedback signal that identifies the location of the

BACREREIAMNOP TR reiReoN the desired track. Based on this location,
e servo system moves the actuator arm to adjust the head's position so
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[03] An actuator arm positions a transducer or “head” over a desired track, and the head
writes data to the track or reads data from the track. As the disk rotates, the actuator arm
moves the head in a radial direction across the data tracks under control of a closed-loop
servo system, based on position information or “servo data”, which is stored within dedicated
servo fields of the magnetic medium of the disk. The servo fields can be interleaved with
data sectors on the disk surface or can be located on a separate disk surface that is dedicated
to storing servo information. As the head passes over the servo fields, it generates a feedback
signal that identifies the location of the head relative to the centerline of the desired track.
Based on this location, the servo system moves the actuator arm to adjust the head’s position
so that it moves toward a position over the desired track and/or a desired location within the
track of current interest.

[04] One requirement in the manufacture of such a hard disk drive relates to the formation

of the servo patterns on the magnetic disk, which are typically in concentric circular patterns.



_I\/Iastering_Systems for forming the servo tracks on a master stamper used

in magnfetlc contact printing have used both stepped translation

m_echanlsms with laser beams and continuous translation mechanisms

with electron beams. During the recording of the servo data on the

s?bstrate, the substrate is located on & rotating turntable located at the top

of a spindle. A_spindle control motor rotates the spindle in accordance.
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rovided by employing an encoder located. in thi i
(05he AiaEmet SPTLAEERBN & o0 S raTe bt L e A LT cam
gerisraiobssafotiallthe pastere ity diskhacit je cotmsingevithithe fumtabln Jhpgontrol of

the%g]n(y esi%m? %“%W?ot?&?d\fﬁ%p{ﬁ& E@&%@MU@%%& IpRSREHEM HaGordance
encoder signals. [07] Although providing for a precisely centered mounting
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signals, the location of the encoder at the bottom of the motor is problematic when used to
provide a clock, position or velocity source for the format signal generation process during
recording. This is due to the mechanical vibrations, however slight, that occur in the rotating
portions of the recording system. In particular, the vibrations at the top of the spindle, where
the turntable is located, are not synchronized with the vibrations at the bottom of the spindle,
where the encoder is located. Because the distances employed in servo tracks are extremely
small, such as between 50 to 90 nm, even minute disturbances will create problems of track-
to-track phase errors.
[08] Simply moving the encoder adjacent to the recording surface at the top of the spindle

does not provide an adequate solution, however. This is because, in practice, providing for a

substantially perfectly centrically mounted encoder adjacent to the recording surface has



[OS] Simply moving the encoder adjacent to the recording surface at the
top of the spindle does not provide an adequate solution, however. This is
because, in practice, providing for a substantially perfectly centrically
mounted encoder adjacent to the recgrding surface has 3 proven to be
very difficult to achieve. Hence, an encoder provided adjacent to the
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position or velocity signal that overcomes the disadvantages of single
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recording clock signals are provided as a function of the encoder signals .
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encoder on the turntable with respect to the central axis of rotation of the
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[11¢midydirioptdual tnsqslersctheispiadiomotor may be precisely controlled as a function

of encoder signals from the first encoder, and recording clock signals are provided as a
function of the encoder signals received from the second encoder. In certain embodiments,
the controller includes logic for compensating for the eccentric mounting of the second
encoder on the turntable with respect to the central axis of rotation of the turntable.

[12] The earlier stated needs are also met by other embodiments of the present invention
which provide a method of controlling a rotating recording device having a spindle, a first
encoder mounted on a first end of the spindle, a turntable mounted on a second end of the
spindle, a second encoder mounted on the turntable, and a controller coupled to the first and
second encoders and controlling the rotating recording device in accordance with signals

from the first and second encoders. The method comprises the steps of determining an



which provide a method of controlling a rotating recording device having a
spindle, a first encoder mounted on .a first end of the spindle, a turntable
mounted on a second end of the spindle, a second encoder mounted on
the turntable, and a controller coupled to the first and second encoders
and controlling the rotating recording Hevice in accordance with signals
from the {Iirst and con% eg%agers. ;I'tile methoa(fl com ise§ the
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when taken in conjunction with the accompanying drawings. BRIE
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electron beam type recorder system, for forming servo marks on a disk
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cross-section. [16] Fig. 2 is a cross-section of a portion of the electron
[15hedrierdcirdinifecitoe of moelactrpmtbspandirrg iFFsatsier qeitemnfonfemying servo
markS'BROdesi andsneRde! GailigetatioRdmans Y ancelcuibhershadicetdsiiwn in

the present invention. [17] Fig. 3 is a block diagram of eccentricity
CrosaiRsation logic constructed according to an embodiment of the
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recording device, such .
with embodiments of the present invention.

[17] Fig. 3 is a block diagram of eccentricity compensation logic constructed according to
an embodiment of the present invention, for use in the electron beam recorder of Figs. 1 and
2.

[18] Fig. 4 shows a flow chart of a method of controlling a rotating recording device, such
as the electron beam recorder of Figs. 1-2 in accordance with embodiments of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

[19] The present invention addresses and solves problems related to the precise recording
of information, such as servo information, on a recording disk. Problems created by the
vibrations in such recording systems are overcome in embodiments of the invention by the

provision of a dual encoder system. One of the encoders may be employed to control the



as the electron beam recorder of Figs. 1-2 in accordance with
embodiments of the present invention. DETAILED DESCRIPTION OF
THE INVENTION [19] The present invention addresses and solves
problems related to the precise recor%ing of information, such as servo
information, on a recording disk. Problems created by the vibrations in
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beam recording system, but may also be another type of recording

ma.g&gm%uch as a laser beam recording system, for example, which would
[21ipclude system 10 is an electron beam recording system, but may also be another type of

recording system, such as a laser beam recording system, for example, which would include
different components. The system 10 includes a turntable 31 and an electron beam column
33 for generating and manipulating the recording beam. The turntable 31 supports the disk
21 for rotation in the direction B about its vertical axis. Examples of such an electron beam
recording system are available from Unaxis Nimbus Limited. It is assumed that those skilled
in the art are generally familiar with the structure and operation of electron beam column
devices. However, for completeness of the discussion, a summary description thereof is
provided.

[22) In the example, the electron beam column 33 includes a thermal field emission (TFE)
electron source 35 and a suppression assembly 37. The column may also include electronic
extractor 39. When appropriate voltages are applied to the TFE source 35, the suppression

assembly 37 and the extractor 39, these elements cooperate to generate a stream of electrons



different components. The system 10 includes a turntable 31 and an
electron beam column 33 for generating and manipulating the recording
beam. The turntable 31 supports the disk 21 for rotation in the direction B
about its vertical axis. Examples of sugh an electron beam recording
system are available from Unaxis Nimbus Limited. It is assumed that

fortmrﬁ!ﬁw&é;sﬂﬁhthﬁﬁétcalﬁxﬂ?Bg.raﬂuefgﬂémﬂro\f’mé@&?ﬁmw‘%h a first triple
mpie

operation of electron be column devices. However, for co eness

elee R deBfct B REouB M A R Bt ibh ARk Aclpnking GprRIBYE 25 1 Thetpfgeam of
eleaxaniy fen fassesabitaglbesnvcaloraaddiviellidases Bpsaléit] (beBXEaHe, by the

sech;g%il%lﬁ%tsr% &Oﬁ;\@c& %% r§1gr]d a suppression assembly :_%7. The column
may also Include electronic™extractor 39. When appropriate voltages are

[23hpplee hsameppsitiosomare B5centadled e siplicationeefialyv Glfage diotithe deflection
plafStHACI A3 tRRE A RIRTDR UE the RARID IO IRACIA R AR RIBACHPHR other

6 for further processing in the column 33. The stream of electrons passes
elemeRis gh therrelumBrds é‘fgrﬁ’éﬂf%ng‘ﬂ? FramRiolig HeflsrHoRPlatste b tyRen the
blaskilgnkjrenapensiramtb. i elaisean ofltreg ooméh ety RRsseariiviatgh @Rre other
arrd Enrr?retsadditional lenses, represented, for example, by the second triple

TRREU7 0 the drawing. [23] The beam position may be controlled by
[24hpplibatsbepes af\asdapdtagahefdbsicimals gpplied WOthT lelementisd tobatiord dierve

to fodlefie cHape Al Qa6 ltmbhs iR YeriBdha iRk |6 RLRiRN RBape and

column, is not critical. In the example, the deflection plates are between

having %Ity SasEsYulevalsiaha wrsticarsaprlicAtoryh BaReamplifirp set of signals
apphidd ctutesS dlnentb of e abMMEIBaliddd THeacshmpe oqfensAtealtapasiotd beam

e signals ap Hed to the Iel{pents of column 33 serve to f cu%gnd .
for formuing serv érns o ep icular size an Eﬁ’t at Tocations on thé surtace of the disk_
shapethe stream of electrons into a modufated beam of a desired Shape .

21. aFkr ¢rawing indagirbehewedyy heent faveliparticongh Alppiickion3 ey a straight line,
for B¥VBRICR SEARERIRAIS IRRANGHIR R RIS OH IR S3nd diverge as

. causes the column to generate a modulated beam for forming servo
it PSHR IO ARATIAP S HEmETS L b SRIRARSnE Srdftdasfnsutandt tagple on the
turrdigktable 31 in a desired manner.

[25] The electron beam recording system 30 also includes a format signal generator 61, for
generating the various signals used by the electron beam column 33 to modulate and deflect
the beam and thus format the patterns being exposed on the disk 21. The formatter 61
essentially comprises circuitry forming one or more signal generators, for producing the
various signals applied to the components of the column 30 to produce the desired beam.

[26] One example of a signal produced by the generator 61 is the format modulation signal
(or beam “format” signal) for application to the blanking plates 43, which controls the energy
level of the electron beam and thus the exposure of the recorded pattern. A controller 30
controls the rotational speed of the turntable 31. The format signal generator 61 provides an
encoder signal to the turntable control 63, to regulate the rotational operations of the

turntable 31, and the control 63 may provide one or more feedback signals to the generator



21. The drawing in Fig. 1 shows the beam traveling through the column 33

as a straight line, for convenience of illustration. In actual operation, the

beam would converge and diverge as it passes through the various

elements of the column 33, in order to focus on a sample on the turning

table 31 in a desired manner. [25] Thé electron beam recording system 30
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turntable 31. The format signal generator 61 provides an encoder signal
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ence, the index can also be used to determine start and end points of
The spindieiRois supporied [y spedlfdeanags Parlier, the use of a single
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turntable, i.e., at the second end of the spindle 18. Sensors 26 operate in conjunction with the
first and second encoders 22, 24 to provide encoder signals to the controller 30.

{30] The controller 30 includes speed control logic 32, digital clock logic 34 and
eccentricity compensation logic 36. The speed control logic 32 controls the speed of the
spindle motor 14. As will become apparent, the speed control logic 32, during recording,
normally controls the speed of the spindle motor 14 based on signals received from the
sensor 26 at the first encoder 22.

[31] The digital clock logic provides its output signals to the format signal generator to
control the electronic beam recorder column 33 to produce an electron beam in accordance
with clock signals. As will be explained further, the digital clock logic 34 employs the

eccentricity compensation logic 36 to compensate for the eccentricity of the mounting of the



of the spindle, where the turntable is mounted. This leads to track-to-track
phase errors. The use of a dual encoder arrangement, as depicted in the
embodiment of Fig. 2, overcomes these disadvantages. [28] In Fig. 2, the
_elements of column 33 are depicted gsa single block for ease of
illustration. The spindle motor 14 has coils 16 and a spindle 18 that rotates
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glass substrate. Once the marks are laid down on the disk, these marks are fixed, but a

distance variation, (frequency component when the encoder is rotated), reveals a variation in
the timing of the pulses, which is fixed relative to an index position. It is termed a
“repeatable component” because the amount of timing variation referenced in the index will
always be the same.

[33] In step 74, the second encoder 24 is employed to control the speed of the spindle
motor 14 and is also used to measure the repeatable component analogously to the control
and measurements performed by the first encoder 22 in step 72.

[34] Next, in step 76, the first encoder 22 is employed to control the spindle motor 14, but
the second encoder 24 is used to measure the repeatable component of the timing of the
pulses.

[35] In step 78, based upon the above measurements, a measure of eccentricity of the

mounting of the second encoder 24 is determined. A table may then be formulated with this



[32] In order to use the second encoder 24 as a position, velocity or clock

source for recording the pattern, such as the servo pattern, on the disk

substrate 21, the eccentricity of this second encoder 24 must be

measured. In certain embodiments of the present invention, the

eccentricity of mounting of the second encoder 24 is measured against

the more accurately mounted first encoder 22. A process for measuring
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started. In step 72, control of the spindle motor 18 is made according to
m%ﬁ@%ﬂ%ﬁ‘éfe&éd to the first encoder 22. Measurements are made of tke-
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the timing of the pulses, which is flxe&%gveé{) ?f? index gos&t&opdcgtla a much

31, tétr RBAPEO VidsH 8 ARRBRe ACEIRE FARRK 15 BB P8 g VaTatidh

orelRiRRRsR%: e friexheitecatdimgsshrfadec2daame a@hblesi¢ptierebiyeavoiding the

. second encoder 24 is employed t tr '
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sﬁin fe motor 14, but the second encoder 24 is used to meas thg the stored
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infoReNithqRile webaadsurements, a measure of eccentricity of the mounting
of the second encoder 24,is determined. F 3 ;
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SCC%%SO&QO%PQ%I%' PR aRchif Yagoreml p@iaidal the signals from the second

encoder 24 are employed to produce the digital clock source, as described above.

[38] The digital clock logic 34 and eccentricity compensation logic 36 include a digital
phase detector 40 coupled to a custom filter (loop compensator) 42. A numerically
controlled oscillator 44 receives the output of the filter 42 and provides its output to the input
of a divide-by-N multiplier 46 that is used to multiply the clock. The digital clock logic 34
and eccentricity compensation logic 36 are able to reference the table 38 to provide the
eccentricity compensation as required.

[39] With the embodiments of the present invention, accurate recording of a high quality
pattern on a master substrate or other media is achievable in an electron beam recorder or
other rotating recording device, by the use of a dual encoder arrangement. The encoder of
the spindle control system located some distance away from the recording surface is not

employed as the primary clock source for recording the pattern on the master substrate, since



axis of the turntable 31. [36] In step 82, recording is performed with the
relatively accurately mounted first encoder 22 operating as the spindle
control encoder for the spindle motor 14, and the digital clock generating
system providing signals to the format signal generator 61 during
recording. Since the second encode %4’is located adjacent to the

recordin rface 21 in the turntable, 31, i id re
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sigrificantroas ibeicd cordis gl etee R rdisplpaeAISRtB 0 dseus bptakgonithe) shlstrate
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compensated using.the eccentricity.co ation logic 36 and the store
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second encoders Z2, 24. During an actual recording operation, the signals
ecchRififitYe second encoder 24 are employed to produce the digital clock
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compensatiop |ogic 36 include a digital, phase detector 40,coupled o
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0gic'34 and eccentricity compensation logic 36 are able to reference the

table 38 to provide the eccentricity compensation as required. [39] With

the embodiments of the present invention, accurate recording of a high

quality pattern on a master substrate or other media is achievable in an

electron beam recorder or other rotating recording device, by the use of a

dual encoder arrangement. The encoder of the spindle control system

located some distance away from the recording surface is not



employed as the primary clock source for recording the pattern on the
master substrate, since 10 the mechanical distance between the spindle
encoder and the substrate surface will allow significant mechanical errors
and momentary displacements to occur between the substrate and the
encoder, causing this pattern recorddd-on the substrate to be inaccurate.
Instead, the invention provides a second encoder located on the turntable

W@W&Eﬁ%ﬁ%%rding surface, and which can be used as a position,

ocit source for recording the pattern on the substrate. A
mounting eccentricity of the second encoder can be compensated by
meagsuring tge legtcrgntgié:zil%? %irr&st the spindle control encoder, with a

digital cloc’i} gee%era'ﬁng system lfsrincé)rg d?éll?e%phase locked loop

comppnsdtimpgofor;this measured eccentricity. [40] Although the present

invention has been described,and illustrated.in,detail, it.is ta be clearly .
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motrothoobgh thkepihglovmptof limithtiongtfissaupecodtidendssent invention

being, limi theder ended claims, -ll- WHAT | .
CLE?M{IEE%ESI :gligﬁﬁgglgc%%ng%%g%%%cgg e?, ng}gﬁ%raiﬁs?r?zl?a\gn |anC gtlf%%o%é}? of
rotaiggpindle driven by the spindle motor, the spindle extending through the

spindiesDRIRaLPFRARANG SRS, MRfQF AR bawRg first and second

ends; a turntable mounted at the second end of the spindle and having a
cerfrHcaRi B eeeammrriety sndhe uatableutned at the first end of the

spiRdientRRECEAHRACRIGE m%%&%ﬂ&&%&%@&%@%@%&;&%@ﬂ%@ and
coupled to the first and second encoders and the spindle motor and
controlling the spindle motor and generating recording clock signals as a function of

encoder signals received from the first and second encoders.

2. The electron beam recorder of claim 1, wherein the controller includes
logic for compensating for eccentric mounting of the second encoder on the turntable

with respect to the central axis of rotation of the turntable.

3. The electron beam recorder of claim 2, wherein the controller includes

speed control logic for controlling speed of the spindle motor.

4. The electron beam recorder of claim 3, wherein the controller includes

digital clock generating logic for generating a digital clock signal.

S. The electron beam recorder of claim 4, further comprising an electron
beam generator and a format signal generator coupled to the electron beam generator

and modulating the output of the electron beam generator.

6. The electron beam recorder of claim 5, wherein the format signal
generator is coupled to receive the digital clock signal as a input and modulates the

output of the electron beam generator as a function of the digital clock signal.



controlling the spindle motor and generating recording clock signals as a
function of encoder signals received from the first and second encoders.
2. The electron beam recorder of claim 1, wherein the controller includes
logic for compensating for eccentric mounting of the second encoder on
the turntable with respect to the centtal axis of rotation of the turntable. 3.
The electron beam recorder of claim 2, wherein the controller includes
speed control logic for controlling speed of the spindle motor. 4. The )
eleciron bedih FEHITe PR RISV AR TR AN inGek Sonttplaosic
is colnaklge asatingtiogioffonariae sangsadigitn 9l aakmigrak&ief he electron
beam recorder of claim 4, further comprising an electron beam generator
and a format signal generator coupled to the electron beam generator
anddmodulBhingetbeouthiant thealdatrof biam Jenwteiein 6thEhdigiedtrelock

beam recorder of claim 5,.wherein the format sjgnal generator is couple
s O S ater e B S e R s gt from
onlyhbecleatrolebeadergenerator as a function of the digital clock signal. -12-

7. The electron beam recorder of claim 6, wherein the speed control logic

is controlled as a function of encoder signals from only the first encoder. 8.
ThePelectrdhhednstrevorokamof tiadmidt, volfiedimnmheB digitedrelockhe logic for
' ' iQital ¢l ignal ' er
co L ol G A A IR T e
eccenieitg, ol Hieraiqunng gicthersasonthenessiéng for eccentric mounting
includes stored information regarding a measured eccentricity of the
mounting of the second encoder. 10. The electron beam recorder of claim

9, Wifereinlthe glgriaPeIdaanycisersttig Mgrdaime | e yhephnsttodiaidalosipck
genéPinbCRYRIEd1O18A8I09IGHAke locked loop (PLL) coupled to the logic for

compensating for eccentric mounting of the second encoder according to the stored

information.

11.  The electron beam recorder of claim 5, wherein the controller includes
position signal generating logic that generates a position signal as a function of encoder
signals from only the second encoder, wherein the format signal generator is coupled to
receive the position signal as an input and modulates the output of the electron beam

generator as a function of the position signal.

12.  The electron beam recorder of claim 5, wherein the controller includes
velocity signal generating logic that generates a velocity signal as a function of encoder
signals from only the second encoder, wherein the format signal generator is coupled to
receive the velocity signal as an input and modulates the output of the electron beam

generator as a function of the velocity signal.

13. A method of controlling a rotating recording device having a spindle, a
first encoder mounted on a first end of the spindle, a turntable mounted on a second end

of the spindle, a second encoder mounted on the turntable, and a controller coupled to



compensating for eccentric mounting of the second encoder according to
the stored information. 11. The electron beam recorder of claim 5,
wherein the controller includes position signal generating logic that
generates a position signal as a function of encoder signals from only the
second encoder, wherein the format signal generator is coupled to
receive the position signal as an input and modulates the output of the
electron beam generator as a function of the position signal. 12. The =~
the ofst, R PeSHTPRICSRFQAEECIANY SONENEIS tHE cEtRENEr TREATEE \HoicRy in
accoign@lcgentr atinglogierh e anaraiRssacld ik sigRAltAs tédsdi@dmprising:
d tencoder signals from on}y the SeCO({'/d encoder, wherein the format slignal
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fro v%%cg% gril%r}ca}ll. (}ci%érA method of controlling a rotating recording device
rﬁavmg a spln(ﬁe, a’ first encoder mounted on a first end of the spindle, a
turntable mounted on a second end of the spindle, a second encoder
moypted o (he Iyrtable, and a,controliet coupled to 13 e st and 1 des:
second encoders an confroﬂlrﬁg e rotating recoréﬁng evice N e >
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ising. ini eptrici t c coder,with .
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controlling rotation of the spindle in accordance with signals from the first
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signals from the second encoder, and” measuring a repeatable
component of a timing signal with the second encoder; and

15. The method of claim 14, wherein the step of determining further
includes forming a table based on the measurings, the table containing stored

information relating to the determined eccentricity.

16.  The method of claim 15, wherein the step of compensating includes
passing signals from the second encoder through a phase locked loop and correcting the

signals from the second encoder using the stored information in the table.

17.  The method of claim 16, wherein during a recording operation the
signals from the first encoder control rotation of the spindle and the corrected signals

from the second encoder are used as source signals.

18.  The method of claim 17, wherein the source signals are at least one of: a

position signal source; a velocity signal source; and a clock signal source.
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controlling rotation of the spindle in accordance with signals from the first
encoder, and measuring a repeatable component of a timing signal with
the second encoder. 15. The method of claim 14, wherein the step of
determining further includes forming a table based on the measurings,
the table containing stored informatign relating to the determined
eccentricity. 16. The method of claim 15, wherein the step of
compensating includes passing signals from the second encoder through
a phase locked loop and correcting the signals from the second encoder
usingthe Stheethtiodrsttioniin the, tablgeih/ thethemeiog@ralaiinddbice is an
wherein durin%da recording operation the signals from the first encoder
St the spindle and the corrected signals from the second
encoder are used as source signals. 18. The method of claim 17, wherein
the source signals are at least one of: a position signal source; a velocity
signal source; and a clock signal source. -14- 19. The method of claim 18,
wherein the rotating recording device is an electron beam recorder.





