;e3ed,, 6bTu\ 24 July 2002 *cooooz* A VACUUM APPARATUS FI ELD OF THE | NVENTI ON
The present invention relates to a vacuum apparatus. In particular, the
vacuum apparatus nmay be used in a disk 5 recording system for recording a

crove AN o e o o ecored on ' ai sk shapea“Hedt ui and’ mey

subsequentl be 10 pl ayed back. Generally the information is arranged
either in sd%stantlally ci r cuRaVACUUMSAPPARATES cont i nuous spiral track on

t he di sk. An exanple of the fornmer arrangenent is the magnetic floppy disk
or hard disk, where the information is divided into sectors lying in 15
concentric tracks Exanples of the latter arrangenent include the
convent i oril ] VENFITONcar ryi ng sound information in analog formin
t he spiral groove inits surface, the optically read videodi sk carrying
vi deo i nf or mat iThve ipresealtodnventnion aedestesstofapvasuamr apgedaP@sspiral ly
on the surface (or on an interfacial boundary) of the disk, and the conpact
optical disk peartiyuigraudhe vacouherppafatuatmay be dsgdtah dodiskn a
series of spirally-arranged pits. The granophone record, the videodi sk and
t he cofpactecdirsiingr e ygstemex dopl escofdimedi a disR4syahya2082canmpadiabl e to the
consuner whi ch cannot normally be recorded on by the consuner; recording
t akes placdsdn a master di sk which is subsequently replicated by various
processes such that the di sks bought by the consuner are 5 cl ose copi es of
the geormetry and the information content of the master disk. In particular,
recordi ng onto the master dISkS for video disks and conpact disks is
convent i o BAMMARYe Off0 (TiHE] P ART of a | aser beamincident on the nmaster
disk. 10 Alternatively, an electronic beamcan be used to irradiate a
recordi ng surf deayolsysteémskarenkndws tasehich visfermabibebeis nust be
provided in which the el ectron

recorded on a disk-shaped medium and may subsequently be

10 played back. Generally the information is arranged
either in substantially circular rings or in a continuous
spiral track on the disk. An example of the former
arrangement is the magnetic floppy disk or hard disk,
where the information is divided into sectors lying in

15 concentric tracks. Examples of the latter arrangement
include the conventional gramophone record carrying sound
information in analog form in the spiral groove in its
surface, the optically read videodisk carrying video
information in analog form in a series of pits arranged

20 spirally on the surface (or on an interfacial boundary)
of the disk, and the compact optical disk carrying audio
or other information in digital form in a series of
spirally-arranged pits. The gramophone record, the

videodisk and the compact disk are all examples of media
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beam can operate. The process of recording information on any of these 15
medi a usually shares in common the fact that the disk or naster disk is
rotated at a speed typically anywhere between 163 r.p.m (for sone

gr anophone records) and 1,800 r.p.m (or even higher for %OJ[L; Vi %ﬁgdi sks)
while the point of recording (which' me¥ be a magnetic head,”%HY. chani cal

stylus, or a focussed |light bea is_ traversed between the inside and outer
edge of tRVHLRLE %Psqlg?/\é?orf%ﬂ‘n%?r MBI 1R foFMeEldul Reent of the
recording systemthat the rotational motion of the disk may vary only
slowy, ifrégordad Qumdy S MU i dGqoF Hisutedkess PIALS 1 imerti a of
the disk itself, t’ﬁ%(etrl_gir with that of the nechanism which rotates it. The ,
radial notf&HEeF dhek wislaly i sp epdilt P lisaded Ry ofriRugi sk is,
however, not so easily controlled. In the case_ of nagnetic di sk recording,
it is usué?r‘f‘?%'isefshes‘r‘"éb %gthr‘r’eéjdsrﬁfstboh’@?’é Py dihse G W@egh A iset ween t he.,
separate concentric, tracks by 5 contrast, in the cases of granophone

T ebor 4. Vo U S O D RS AHe RS AT HATE ST o

continuously relative to t t]ie disk in a generally radial direction in order
to lay out®% H'§ MRk iHP%n a spiral track, and it is characteristic of
t hese cases that the 10 snoot hness of the radial |oti oné{',s nor e i nportant

than the absol Ut BRFHE\ATof HEaPTa Mo STYECo ity Magter ne record,
for exanpl e, any_ radial tion havj.ng si.gnificant enerqgy in the audio
frequency ‘bHRP iaf“‘{T?c‘?’%Wg‘soﬁl C&“é’ﬁ&itllof“ra&gﬁ HPTFHOTRE aver age
groove 15 spacing, Wl | .appear as a_cqrrespondi | at er al enent of the
pi ckup ety THRAT (B & JeaT E55P ilECdF&?z?dPnaﬁg‘%t fes trt 5K audi bl e as a
noi se soup%g&rgpos d on the recorded _audio signal b Wth videodi sks and
compact® di & VG né” G T RE 5o 5P EnFEedhOsudden radial 20

noti ons of, t he, recordi n% head wi || _cause .t he er t%f.ail to follow the

. |
track on tHF¥IiEhe & &€ ng s"blrtfﬁé:en&feasglgis us 10 F8LSh&EFSrh& such

L ons” w06 SSIMELOS, AUTRLY DEGUSE Ly Ll tesubL i gl oni 1 can
beam can operate.
The process of recording information on any of these

15 media usually shares in common the fact that the disk or
master disk is rotated at a speed typically anywhere
between 16% r.p.m. (for some gramophone records) and
1,800 r.p.m. (or even higher for some videodisks) while
the point of recording (which may be a magnetic head, a

20 mechanical stylus, or a focussed light beam) is traversed
between the inside and outer edge of the disk at a slower
rate. Normally it is a requirement of the recording
system that the rotational motion of the disk may wvary
only slowly, if at all; generally this is easily ensured

25 'by the inertia of the disk itself, together with that of

the mechanism which rotates it. The radial motion of the



25 track. Since this spacing is typically only 1.6-1.7pmin the case of
Conpact Discs and 0. 79pmor less in the 4 24 July 2002 case of higher
capacity discs, and any reduction in spacing has the effect of increasing
the crosstal k between tracks (resulting in interferencej4ﬁjd¥§ Rhgbure from
a videodi sk, or an increased likelihood of bit 5 errors wth conpact
disk) it js.desitabl .gintappn_a erance of at np +O lumin the
track ?pﬁéﬁﬁgﬁ 8%d98§§%§za I§£atﬁ%cﬁl§#o£%? ? %Y%ﬁtenékﬁﬁotﬁ?i}iygtthe .
case o | [ ci S a_tol erance +0,01.mar less. obtain e
necessarycgggfgﬁﬁgaack¥ﬂg£§%tFgﬁ? P Tﬁgﬁg h%ua%g%orﬁ§95d%ﬂg’r gording head
al ong a strajght.l| i ch_pa hy ough th i.s of the disk, in other
woqu rgd?glP%Ea$hgﬁgF§g%§dfgﬁzgggﬂ%pﬁgﬁg ?%%gf@g%%s%%rgyfﬁfg§?flponnnnlyt
achi eve u ecor L [ or rolling noun
andfnnvin§¥?ggbggﬁggﬁé g?éaggg f%f%tgﬁgcggg_s%rgﬁgéﬁg;nﬁf. Satisf?ﬁtory

per f or gan i eved, by , i o) e
Ieadsc$2m§§?#§%§?§ g¥eg¥ge%%%é%.¥o gg%&%ﬁ#éﬁ?%%?%ﬁg?éfrlc??%%l? St he
mounting. . Ln_yi [ d ' ri ( rding) a simlar
techniqueO%aﬁgﬁéggge§¥s?%’Zgﬂgﬁfgﬁofﬁgk%gﬁg%gI&E?%H&%ggduce.phe f ocussed
peam ar e JBXERNGUSL) P Eel 2L Ah N MERL s Sk oty T, BYaLgh the, dhpagivant age

that part™0 e opttcs are us” nobvab e remarnhder (owing to the

i ft ' | : . ixed, jt_js 25
o7 o BErb RN B ISFac O Sub ORI ThXEdip iyl o 20
A di it h . 0 .
Strai ght TrAEh caags toahifattiiiic e el reRAAY AIFTY T e
| : . C ol . Ci . q 5
or of oy e EmER SE e PRI roblop iy SR-ECMAR LB MndRET O T
di . Ctoal ot he Ty di ti

Consi st orfhs; PRESHIY HESE ARy e R ads Al M A R TR TERECH et er m nes
t he bandwi ' I j C t é#gﬂ]
regorg?né&%ﬁoﬁoéiﬁgr%%%m%ge]%gér}fégggl%go{rg% elt lerﬂl&{ e rgj(r:go‘?%l ng head or
the turmtanhe PR DGAEPed NhdTHIdh S ARMne RIS oy A P619042
proposes that the turntable is arranged to rotate on a turntable bearing,

and the tiy @@ﬁ@sbé}?@gi&m tseifal s AU Y aIRURBRAEfafOWrddv ~5 an air
bearing so as to be noveable relative to the recording head.” A fluid filled
dashpod ispdt vy e F oSS Vs R Y Porddi doild tr-0f ridi&erdidt bearing
and t hus stabll!se the notion of the turntable wWth reference_to the_frane
of the maghifige igf@hip Wii h8{d W ihal heectkd WPl £ Paafddlg didsel f is a
rotary air bearing. SUMVARY OF THE INVENTION Inits nost general terns, the

present igENtYONM BOVAEiH e T & 3 5 afige viiigds dtb i cHa1r ough the wal |
of a 25 vacuum chanber and provi des an exhaust path fox air exhausting from

an air bessddio tdidid ha graauuMWikdiBaldeodisks and compact disks

there is not only the possibility that any sudden radial
20 motions of the recording head will cause the player to
fail to follow the track on the final disk, but also the
more serious likelihood that such motions will be
dangerous simply because they will result in significant
changes in spacing between successive turns of the spiral
25 track. Since this spacing is typically only 1.6-1.7um

in the case of Compact Discs and 0.74um or less in the



24 July 2002 The present invention may thus provide a vacuum appar at us

I ncl udi ng a vacuum chanber, a rotatable shaft nounted on a support body via
a5 first air bearing, the first air bearing being provided wi thin the
vacuum chanber, a second rotatabl e shaft extending thro 4; g E of the
casing of the vacuun1chanber and nmounted therein by a sécon I r "beari ng,

10 wher exn.t oy Seeoid SBabhci by hatLew alngaitSrashec@hn' ghation and the

hol | ow portion is nlca ion wt one air output fromthe

first ai Egﬁ@ﬁ?é}; Qs & thé herEeapvak S?%c?éésf?ﬁgagﬁ& BgoLkeaykhe first air

beari ng. rst alr bearing may be enc I'n"a second 15 chanber.

Using ¢ Mo AU ARDRL A 80l c1RE LRVEREL PPerahEoT efULRETOLAL RS TiTst alr

beari ng can d and can renoved rough™ the seb Faft. In

partICU|§£%m i 6faé%%&%gpegﬁt§ﬁtlﬁg?egg&#uflégﬁf g&asogfb @e |nvent|on be

used in a recor appar at us n such an apparatus 'the first air
bearing apl ey L uy ot g+Lo thin the
vacudﬁlc H%G%'é?ﬁgieargﬁakgec%a%$§%?% r%ﬁ%gtﬁénﬁg%ﬁgawk ot exposed
to that t [ eari hj.ch not be used in
vacuum ?%féﬁﬁé%%%teﬁﬁ% REBELFG. ButCoh Do el PR RhGL B0 o Testri ct

| eakage Of o ALLA {1 P LRGR! £1 0685 1 £814P40c4 "Bhan this, in the case
of higher capacity discs of a tolerance +0.0lpm or less.
To obtain the necessary radial tracking motion, it

10 is usual to move the recSrging head along a straight line
which passes through the axis of the disk, in other words
radially. When recording gramophone record masters this
is commonly achieved by mounting the recording head on a
linear slide ér rolling mount and moving it by means of a

15 rotating leadscrew and nut. Satisfactory performance is
achieved by careful engineering; the stiffness of the
leadscrew drive is great enough.to overcome residual
friction in the mounting. In videodisk and compact disk
mastering (recording) a similar technique may be used, in

20 which the optics which produce the focussed beam are
moved over the rotating master disk. To avoid the
disadvantage that part of the optics are thus movable
while the remainder (owing to the size of the light
source, normally a laser) have to be fixed, it is

25 alternatively possible to move the entire turntable

(which carries the master disk) together with its rotary



24 July 2002 vacuum chanber. A vacuum punp may be provided to evacuate the
vacuum chanber to a pre-determned | evel. For exanple, in use, it is
expected that the vacuum chanber will be operated 5 at or bel ow about 10-5
Torr. The first air bearing nay be arranged to be novable within the vacuum
chanber relative to the second air bearisng. In the case aherel¥ ml%Acuum
apparatus of the invention is used in a disk recording systemthe first 10
ai r bearingP®a¥Fibg aleaggedstsapehiolabee veinyi ¥eleadshecwecqhgh g head
and in the case in which the first air bearing is provided in a second
chanber, théhse&6rerdingbbradayenainsrfinged.to be novable relative to the
recordi ng head by mounting the second chanber on an arm 15 rotatabl e about
the second air b arﬂﬁ@gmﬁgéhlpasgpéicm1omgme@dMakﬁ,oérthptyggyun1chanber
whi ch foans the frame of the recording system In this case, it is

parti cul ar | FOBB?&hRt dgebasusadt foneavdbonmir odanaerdata the dugntapl e drive
mechani sm cgnmuni cates with an internal portion of 20 the second shaft, so
that air>re§@FRedaf oforakant rlbeear ielsfcitie nateitabl we e iymarechani sm can
be supplied to the second chanber, and air exhausting fromthe drive
mechani sm cAnTBal} ¥nboed Peerninel s evldradvs Hamberaxtimoughe ddedimg er nal
portion of the second shaft. Thus, the air 25 bearing on which the second
shaft turnstiBy PPR%+Heent vekth mRrarafrien sitortHe ioptt ionire sisi reeghani cal
connection 8 24 July 2002 into the vacuum chanber whilst |eaving all the
drive nechafftdFbty siwlchiptarnines dihe biamelwimthprodtvitde & iigiat abl e
frictionless high vacuum feed-through for cables and pipes to and fromthe
first air BERFRhLANPe Fegonsiaderithrovigbosdc die clemmireting. ot her mechani sm
w t hin the vacuum chanber. For exanple, it is possible to provide at |east
one i np]Ld] condui ¥ viiliiSY e slassiwd bedarboyenmeditbati thewireroad ingput
portion of .a second chanber for supplying air to 1.0 the first air bearing
i nsi de the RF dhgnifairntahd o degranpdeant beesibe oowingt piemeandui t

wi thin the _second shaft communicating with an air output fromthe second
chanmber for YRR nGFary 0047842t PrgPPFee thatf thet turntbbaei ng. 15 The
present invention therefore provide an air bearing through a wall of a
vacuum chaf&P98 Doy iF @& a6t RRa2f FRERtahl esbepsihani el thanection into

t he vacuun1chgg? rr and a_ rotatable frictionless high vacuum f eedt hr ough
into the vaed ShERI1DE FhaslLuds ngowntedppar at suppbrthbodpvensi on, a
di sc can b%nlocatgg on_a turntable and processed bé_an el ectron beam whi ch
oper at €3 i 1 a™NAcOGAT 1PHeSPufft GBI Bejpe¥eabhe| relatipper tedthy an air
bearing wi thin the vacuum chanber. The air bearing may be enclosed within a
25 second %EgnﬁgﬁnﬂiﬁﬁP ‘thg ggB ﬁngéh%%%e??SQP@h inebBeYidedetomni sm

I ocat ed Ouﬁﬁkggvgoggmggﬁgbg£SthgTﬁbgigﬁtgéwkhegafﬁ-ggégiggognd thus

stabilise the motiqn of the turntable with reference to
the frame of the machine itself. Furthermore, the

20 turntable bearing itself is a rotary air bearing.

SUMMARY OF THE INVENTION

In its most general terms, the present invention provides
a rotatable shaft which passes through the wall of a
25 vacuum chamber and provides an exhaust path for air

exhausting from an air bearing within the vacuum chamber.



beam can process the surface of the disc to a higher l|evel of accuracy when
using the apparatus of the invention than when using conventional systens,
| eadi ng to an enhanced recording quality. Such apparatus is 5 applicable,
for exanple, to recordabl e and erasabl g discs, includin92%333f w@hﬁﬂ]carry
an enbossed pattern of circular or spiral tracks. One or Yo
sources nmay be [hevipdedent dowentiicat imay Wiltis sone or all of the out put
portions of 10 the first air bearing, via the output conduits) of the
second shaptovidiese vacuanm smparesudelqehvdipievent air exhausting fromthe
air bearing fromcontam nating the vacuum chanber. For exanple, in the case
of a recordi ng sysdemud Scleawiet,Si Nng a vacuum apparatus according to the
invention, a first output fromthe second chanber may be the exhaust region
of the first aia betataigle asithite mpaced ich coBupposat AWtk the
at nosphere surroundi ng the recording system while a second ("roughing")
out put Srayf 20sthea jur dveateichdyetiieerf it fdinstbeautipyt banddt beovaalelng neans.
It has been found that this neasure radically reduces the punping
requi remerifin hehgumruwim ctheenteoyat es t he vacuum chanber. One or nore
vacuum sources may al so be provided in 25 comrunication with sone or all of
t he output portd crecafd trvd adeddrd shiaf thextienglinghe hraaghm:seuweg 1may be t he
| p 24 July 2002 sane for both air bearings. BRI EF DESCRI PTI ON OF THE
DRAW NGS Af erfrodiamintg aff tthe praesemt dhawdeti andwinblinBew bRedesgari bed in
detail, by way of exanple only, with 5 reference to the acconpanying
dr awi ngs, Ly amsextondriaglr belaximgper spective view of a di sk recording system
i ncl udi ng the vacuum apparatus according to the invention with a roof
porti @® of the whemeaim ¢thenseconemshadt 'is hO1Eog. aohg #tsragsssegti onal
view of the systemof Fig. 1, Fig. 3 is a second cross-sectional view of
t he syst emodfatfiogn ahd FEhg. hélilewapothéonciesinseominonatatview withhe system
15 of Fig. 1~ Figs. 5a and 5b illustrate a first rotary dashpot

at least one air output from the first air bearing for

the removal of air exhausting from the first air bearing.
The first air bearing may be enclosed in a second
15 chamber. Using the vacuum apparatus of the invention,
air required for the first air bearing can be supplied
and can be removed through the second shaft.
In particular, it is envisaged that the vacuunm
apparatus of the invention be used in a disk recording
20 apparatus. In such an apparatus the first air bearing may
support a turntable, the turntable being located within
the vacuum chamber. Since the bearing mechanism of the
turntable is not exposed to that vacuum, it may comprise
a bearing of a kind which cannot be used in vacuum, in
25 particular an air bearing. Means may be provided to

restrict leakage of air from the air bearing into the



whi ch may be used in a disk recording systemincluding the vacuum appar at us
of the present invention, Fig. 5a being a sectional view and Fig. 5b being
a detail of the 20 dashpot nechanism Figs. 6a and 6b illustrate a second
rotary dashpot which may be used in a disk recording sy§he3hi9c§¢@5ng t he
vacuum appar atus of the present invenfion, Fig. 6a representing a sectional
view and Fig. 6b illustrating a 25 detail of the dashpot nechani sm 24
July 2002Vagupmgchamperystrates an arrangenent using a spring for applying
the torque to the shaft of the main air bearing in an enbodi nent of the
present i nvent foR2CtBgePREP WY HPa Peankdedrtamivasiahy e Yaguamon of the
5 end of the spring renmote fromthe shaft; Figs. 8a and 8b illustrate

anot her afFPamgeieh? asPhE ASEPFPHECE ofe bl yi% £ATRAR tin tweshaft of
the main air bearing in the enbodi nent of the present invention, together
with a nedhsifofxRBnfedr Fhatt Hee sfaaivm gihanken ovishy ibRy, org XAt®h being a
perspective view of the arrangenment and Fig. 8b being a detailed view of
part of tAE aFrBfyevedPovt F9g.T85F-Fig. 9 shows a local servo |oop for
controlling the notor arrangenment of Fig. 7 or Figs 8a/8b of the first 15
embodi nent of TR® pHeSerdlf nv@ikivh; e ¢ g It siaal e

capacitive_electrical )
within the vacuum chamber relative to the second air

bearing. In the case where the vacuum apparatus of the
invention is used in a disk recording system the first
10 air bearing may be arranéeg to be movable relative to the
recording head and in the case in which the first air
bearing is provided in a second chamber, the second
chamber may be arranded to be movable relative to the
recording head by mounting the second chamber on an arm
15 rotatable about the second air bearing which passes through a
wall of the vacuum chamber which forms the frame of the
recording system. In this case, it is particularly
advantageous that the second chamber of the turntable
drive mechanism communicates with an internal portion of
20 the second shaft, so that air required for the air
bearing of the turntable drive mechanism can be supplied
to the second chamber, and air exhausting from the drive
mechanism can be removéd from the second chamber through
the internal portion of the second shaft. Thus, the air
25 bearing on which the second shaft turns may provide a

very high precision frictionless mechanical connection



sensing device for use in the enbodi nent of the present invention, Fig. 10a
being a sectional view and Fig. 10b being an expl oded view, of the disks of
Fig, 10a; 20 Fig. 11 is a block diagramof an electrical circuit for
processi ng the output of the sensing device of Figs. 10h, . Eig. 12
shows the variation of the output Ve f§0n1the circuit 0%4ngl ?9055 Fi

13 shows & offtq{ee'}}fl%iq:{‘ Cl i twgqtr ]ﬁ%‘liarxﬁtddz% qFféﬁér}%[S ut pht vol taQe

fromthe o put 2 clircui OWs a servo

anplifier f sﬁ%’rt? S.L%nl d‘w}ﬁ&r esen Oéf@;étq{g |5%?ue Fe grE J“%Ysg’%%’o Servo system

for the di recording s Ystem we & mul tiplying

O scr 1 ke, D JB et S 0P AL g, g 17 1

a perspecti ve VI ew. I n use

DESCR PTI Q1% '%%‘M"tdol A Q:o ]aznof‘ A ¢ he ég'srkg 45 LRl ']ulé Wg a vacuum

appar at us “Accor ding e Gonvent i i fartition ning a

ot  mi R & 1R oy o & R o L RS o B e L ot

shown) . Within, E@_ v%ﬁgﬁﬁ;qhanber 2, a turntable 3 has an upper surface S
for supportlng a glass master disk. The turntable 3 is |ocated at one end

of an arm? ﬁ) arrxaa eicét a?bsg%O%lglqu etg)f tI}& l%eeccag{)tld q%%r%%r arm?7 is

arram beari ng turne abo t turnt nDunted on

fed to rotate %&mﬁumtm B Voo Sra¥® U] By B S PO

an input portion of a second chamber for supplying air to

10 the first air bearing inéide the second chamber, and to
‘provide at least one output conduit within the second
shaft communicating with an air output from the second
chamber for removing air exhausting from the first air
bearing.

15 The present invention may therefore provide an air
bearing through a wall of a wvacuum chamber to provide
both a frictionless mechanical connection into the vacuum
chamber and a rotatable frictionless high vacuum feed-
through into the vacuum chamber.

20 Thus, using the apparatus of the invention, a disc
can be located on a turntable and processed by an
electron beam which operates in a vacuum, the turntable
itself being supported by an air bearing within the
vacuum chamber. The air bearing may be enclosed within a

25 second chamber within the vacuum chamber, with the drive

mechanism located outside both chambers. The electron



perpendicular to the unit |located within a of the arm7. The central radial
pi vot vided to evacuate the 2~ Fig. 2 is a cross-sectional view of this
di sk 13 24 July 2002 recording systemin a plane including t he axis of
the bearing 11 and the central axis of the second chanber @; gﬁggn t he
turntable 3 includes a body defining angupper surface 5 60H gl ass
master 15 can be 5 positioned. The turntable 3 is nounted on a shaft 73

whi ch can bbennt atedpbycasdrine seehase s8F 1fhyi @i el LY D&, ?ﬁ% bearing 19.
The second chanber 9 is nounted at one end of the arm 7, mﬁ chis itself

mount ed on iheehp@éraeodraéyawﬂ@ns@@iﬁgStEgtggﬁgg@tggmgya% y. The shaft
rotates wthin an air bearing 11 nounted on the frane of the recording

devi ce. TheinwentiEonf thie wmnﬁh@r@ﬁﬁv&ﬁﬁoéﬁ@ﬂsﬁé,ﬁ m the yacuum
chanber 2 by a seal 23 |ocated at the upper 15 end of e alr Journal 19

(as shown itoFay.eanded recsipiig eghidVidhe addch O ﬂg 19
(through an input conduit which is not shown) and eX|ts fronlt e air

journal beaapmbidébbd, bfdh @il rtexsnstdyd romided 1£nd of the

bearing 19 into the lower portion of the 20 chamber 9 an annels are

provi ded t cdtersiucin@iudim iAW iR Tdnyy e egnmo?sm fLcates
with an output conduit 27 | ocated within the shaft 8. A secon output

portion of ¢hecwlhmnber fpiml heragker end of the bearing, which is in
comuni cation with the cavity 25 via a 25 channel 29. The conduit 27 is

vented to the atnesghempre vadum aicurediausly e Prowilded gy bearing can
pass into i4 24 July 2002 the chanber 25, and via the conduit 27 to the
at nospher e.communication with some or all of the output portions of
10 the first air bearing, Via the output conduit(s) of the
second shaft. These vacuum sources help to prevent air
exhausting from the air bearing from contaminating the
vacuum chamber.
For example, in the case of a recording system
15 comprising a vacuum apparatus according to the invention,
a first output from the second chamber may be the exhaust
region of the first air bearing, and be placed in
communicgtion with the atmosphere surrounding the
recording system, while a second (“roughing”) output may
20 be provided between the first output and the sealing
means. It has been found that this measure radically
reduces the pumping requirement of the pump which
evacuates the vacuum chamber.
One or more vacuum sources may also be provided in
25 communication with some or all of the output portions of

the second air bearing. The vacuum source may be the



This provides a passive exhaust of the gas fromthe bearing. Additionally,
a second series of output conduits 31 5 in the shaft 8 leads to a vacuum
punp, and is in conmunication with a tube 35 which conmunicates with an
out put portion 37 of the second chanber 9. The out put channel 37 is between
seal i ng means 23 and the input end of fRe exhaust channe 429Ul acuum
punp thus provides %g roughi ng effect to renpte gas exhausting fromthe
air punp beTdte f‘?rl %@é & gff‘g%’tr}ges'seal ing means 23 and into the vacuum
chanber 21. The drive mechanism 17 may be as disclosed in EP-A 0619042. 15
The drive nechanism 17 of the device includes an earthing contact 41, a
pol ari si ng di f comut ation of the notor, an optical
encoder 45, BRHE Pl R e FHE PRANINGS, st bearing 49 supports the
turntable 3. .2Q The tu%%ge jtself includes a nunmber of differential
thr Ead | evel i ng ‘8tr e ga ehIESRY L5 ANVERELRDpHAHLdESW Seati on and

el ectrical contact to the top face of the glass master disc, a levelling

di aphr agm éie,sca'?fgaeac} g’irhscgetca&r&r’i g)ry BRY 2’% g%@mpéei §ndYer Yd&hsection of the
same di recordin stemin a second vertical plane [ncluding the axis of
15 24 July eirhcge E%Oarﬁ%r‘?g ALEEFRAINGRY CRaPARgSeadB. W}‘PIE adi ng the axis of
t he second cham%ggQ

'l is a perspective view of a disk recording
system including the vacuum apparatus according to the

invention with a roof portion of the vacuum chamber

removed;
10 Fig. 2 is a cross-sectional view of the system of
Fig. 1;

Fig. 3 is a second cross-sectional view of the
system of Fig. 1;

Fig. 4 is another cross—sectional view of the system

15 of Fig. 1:

Figs. 5a and 5b illustrate a first rotary dashpot
which may be used in a disk recording system including
the vacuum apparatus of the present invention, Fig. 5a
being a sectional view and Fig. 5b being a detail of the

20 dashpot mechanism;

Figs. 6a and Gb_illustrate a second rotary dashpot
which may be used in a disk recording system including
the vacuum apparatus of the present invention, Fig. 6a
representing a sectional view and Fig. 6b illustrating a

25 detail of the dashpot mechanism;



Fig. 3illustrates how the cavity 25 in the arm 7 conmunicates with the
out put conduit 27 in the shaft 8. 5 Simlarly, the channel 35 in the arm?7
comuni cates via output conduit 31 in the shaft 8 and further channels 34,
36, 38 fornmed in the non-rotating portion of the systemwth ? rg hi ng
punp. Passive vents 59 al so communi catg W th the out put é8nddiy n an
internmediate portion of 10 the shaft 8 for passive exhaustion of air from

the radial journal bEbgirg 5mﬁ@mﬂ£@lE@rhﬂF@f:9aﬁfémé&§f@§ Pfathe shaft 8.
Al r exhausting fromthe journal bearing 57 may therefore be renpved via

vents 59 passivegl foansbpl wichaiiel Sodde 3& akk 3Gy dr "BYe Q&bj]%onnect ed to
ca

a vacuum 15 punp. The cavity 27 in the shaft 8 accommbdat es es, pipes,

etc. for talansmessimn if @i rendsodimaity idr U %o ddhtl G%Jé}gﬁ{mpo”i on of
the second chanber 9 and such other devices as are attache o‘arm7 within

t he vacuurhagdeiier .witth Ehengmnhaiv s Mo i 18 rREAHH G ot (& toite qrJ ve
. t

mechani sm for the shaft nay be as disclosed in EP-A061904 rust

beari nd 5%mdsupparites dpre mshafdmote FHoHIe HDIM-F61 rotate the shaft 8,
while a rotation sensor ~63 neasures rotation of the shaft 8. A danper 65

25 provi des frikitgsanl8esand SHOUI 1damRiane ahoihe %tréiaﬁ%n%ﬁ-ﬁt l&giﬁpaft 8.
i6 24 July 2002 Fig. 4 is another cross-sectional view'of the system

through aaplspadrigndoxdiapglyi@gcentioe gk thethhakhagt B4t +agajg;not
including the centre of the second chanber 9. It shows in nore detail the

wor ki ng oBirhbedriing Snmebkarinbodihieak bt @hespkb8epbalihvintIpg drive
mechani smincl udes torque notors 61, and a rotary viscous danpef 65. A

sl ewi ng- r tngetbeirswitbvadmdahs fapi fbyitetahg the deawner 83 afjg the shaft 8
and thence the arm7. The clanping ring 71 can clanp or 10 rel ease the
out er 1far spofindanpéy.68a being a perspective view of the

arrangement and Fig. 8b being a detailed view of part of

the arrangement of Fig. 8a;

Fig. 9 shows a local servo loop for controlling the
motor arrangement of Fig. 7 or Figs 8a/8b of the first

15 embodiment of the present invention;

Figs. \0a and\ob illustrate a capacitive electrical
sensing device for use in the embodiment of the present
invention, Fig. 10a being a sectional view and Fig. 10b
being an exploded view. of the disks of Fig. 10a;

20 Fig. 11 is a block diagram of an electrical circuit
for processing the output of the sensing device of Figs.

10a and 10b;

Fig. 12 shows the variation of the output V, from the

circuit of Fig. 11;

25 Fig. 13 shows a differentiating circuit for

generating a further output voltage from the output



Fig. 5a shows the construction of a dashpot which can be used as the danper
65 in this enbodinent. It consists of interleaved thin annulae. In Fig. Sa,
an annul ar nmounting 130 supports a fixed 15 danping elenent 131. The fi xed
danping el ement 131 surrounds a shaft 132 (which may €.g,,C rre%ﬂﬁld to
shaft 8 in Fig. 2 so that the dashpot &8&rresponds to the ﬁdﬁﬁ54 It 65 of
Fig. 4) and a novi ng danping elenment 133 is fixed to that shaft. The fixed
danpi ng el émgiftB o5 Fisp ‘ured to the nounting 130 by a cl anpi ng nenber
134, which is pressed down by springs (not shown). As shown in nore detai
in Fig. 5b statifcd9rands SPOsSaPe 55550 gBRLLALIRRe TPExBECdARDPERE el enent 131
which are , interleaved with noving vanes 136 secured to the noving 25
danpi ng el EFEREMBINVENRIO8Gus fluid 137 fills the resul ting dashpot. 1~
24 July 2002 Fi&§. 6a and 6b illustrate an altgrnatgve dashpot arrangenent,
havi ng” i nt er | eaved comc EROMSc LB PRAVPCaYSEEBt FBRsFheofipdlents of Fig. 6a -
and 6b correspondi ng to those qf. Fi&u 5a and 5b are indicated by the sane 5
o

ref er ence g AYSEER B $één APRig. 6b, however, the static
cylindrical sectjons 138 are vertical, as are the nmoving vapes 139. Again,
1 this dashpot Hi€ uddd ShAWEhe BHBEAPIEABIORLRFEIMIDAERE WRAFE B3P mmy
correspond.to the shaf§|8 so t hat %he d shEot ig forms the danper unit
65. ~' ., TRE dAShdm & §&5%8: FYS5FRFPisF18a 4nd 6b is preferred because
is allows freed§n1of %gLustnent of the noyable_elenments in a verti cal

direction and bécfrsé’i 5 & BESFBPCEHVEi FieYnBTstRECERPRAMRERE +P4i d wi t hout
15 causinthube%SH Radi al gaps nay be left at intervals in one set of
cylindrical**ect ‘o YSF-order to allowthe fluid to distribute itself
evenly. A very high viscosity is required to control the very sl ow speeds
of notion required, foraexanple in conpact disk recording, but 20 suitable

fluids_.are_r for exanple the fluids sold under the brand
nane "ﬁ&viéﬁﬁ§§i§i¥&g§§hgggk§ﬁeun1Ltd. and avail able in a range of
viscosities. In_order to.fi%L thﬁ str ctgre with.fluid,  the viscosity of
the fluid my b&5 SR8 By “hdat Fhg?i FL5A FEFPREINI55YEE re of the use of
arotary beariqﬁgjn conj.unction mﬁtp a rotar¥.dasF$oﬁhaccordiQ$ to this
embodi ment 8 NI Fg Euﬂﬁlﬁpﬁﬁﬁﬁ B?eggﬁ?r WENE? oh*F s hEE %%id changes
to the posiitign of the vabl I nts_nay be effected b i sing the
clanp 134 ﬁécﬁngstﬁe?@%?%?gogagh%g?%%%%%n%l?a §u?h a@#%#o%?%riﬂgshpot

el ement 13%1%3&%&$Sc%5kgkgtﬁha HYEHttﬂgspartition 1 and defining a

15 roof portion of the wall of the vacuum chamber, is not

shown). Within the vacuum chamber 2, a turntable 3 has
an upper surface 5 for supporting a glass master disk.
The turntable 3 is located at one end of an arm 7, and
arranged to be turned about an axis perpendicular to the

20 surface of the turntable by a drive unit located within a
second chamber 9 mounted on the end of the arm 7. The
arm 7 is arranged to rotate about a central radial pivot
bearing 11. A turbo pump 13 is provided to evacuate the
vacuum chamber 2.

25 Fig. 2 is a cross-sectional view of this disk



5 130. The driving force to produce the relative notion of noving and fixed
parts may, as stated above, be generated by a direct-drive electric notor
usi ng the novi ng-coil, noving-magnet, induction or hysteresis principles.
In 10 accordance with the principles expressed above the nntoi qg t. not
contribute any friction to the relativgsymtion; this is ¢ dadt Y i eved if
the noving part of the notor has no bearings of its own but is nounted
directly omrddeerdiaf tsyistadm tite 4 Glaine ainc1RRBHGEhd fasd ation of the 15
drive current is required (as in conventional roving-coll notors) then

. C
it should Meageimey dtledire! etia Qriraldly 434 ARY @h e MRS Beh%ﬁbnb‘g}o‘gﬁ means,
rat her than by nechanical switching. Alternatively, 1t has been fdund

possi bl e t Gisexdiotin, 2@ Heh@ ureAeSI 1B LW al B JP 'erfqnayl? g by neans of
a spring, for exanple a coil spring whose further énd is secured, for
exanpl e, t epple cuirfalcesSafupodf waichdWuclhilarsofakher 1shehnpyt shaft of
which is driven by a conventionai d.c notor. It is apparent that even if
the 25 $ai positpoheshafl Thies thehtablea 3f ixefonaskhi R, af BRa$Rr HYY Wi ll exert
a torque which changes only slowy as the 19 24 July 2002 noving parts of
the air bewhiich and denpetazssebll ¢ HetigbemebRAHBikh 1Y kRat Qe nature of
this arrangenent to produce a substantially constant relative notion by
purely pasgpuenmdarir bedrdanyg adj.ustnents to the speed of 5 relative notion
can be perfornmed by driving the gearbox in a relatively crude manner. Thus,
Fig. 7 shows th@het becehdf th8mberconngcihsdnt&daaspPbhBdendOosrWhych in turn
is connected to the output shaft 141 of a gearbox 192, which gearbox 142
connects 18rmhg, shkhithlda fbsalfohenntdd3on!thésubpendeadvapt ageous to
pl ace the notor/gearbox assenbly in an inner servo |oop having a relatively
short t@spshaétt8nexténdbndedowmwardibyt hi Bhooska bt exrotheeshaitniél al so
extends to a rotary potentioneter 144. Thus, the output signal Vp of 15 the
pot ent i oneaerain kearesgohlismbuntéed Posthé ofrafetde chaftedddaidg 9s. 8a and
8b illustrate an alternative arrangenent, in which the strain in the spring
itself is devibeel. in order to drive the inner servo | oop. ~20 Conponents
whi ch correspond to those of Fig. 7 are indicated by the sane reference
nuneral s. | n Fithe 8ipside sprilg ddomdsclaaibeat Selsd i ©8alandr@pst rai n gauge
146 is nounted thereon. As is shown in nore detail in Fig. 8b, the strain
gauge i s Cormer@unyichdmmied ? o5 cosme 3 drscdided tat atheuigpdr ampl i fi er
148, which generates an output signal Vp. 20 24 July 2002 Fig. 9 shows
the inrer e \of W aief efouthalo Hholes dhovkr gin Eig he Fyear ox shaft
position sensor (fromFig. 7) or the spring torque sensor (fromFigs. 8a
and 8b) i sSuhredittolSthe e qiyputalsibpeating 19 ofblidvwisensdhput fed . 5
to a differential anplifier 151. That differential

conduit which is not shown) and exits from the air

journal bearing 19 at both ends. Air exhausts from the
lower end of the bearing 19 into the lower portion of the

20 chamber 9 and channels are provided to conduct air into a
cavity 25 in the arm 7 which communicates with an output
conduit 27 located within the shaft 8. A second output
portion of the chambef 9 is the upper end of the bearing,
which is in communication with the cavity 25 via a

25 channel 29. The conduit 27 is vented to the atmosphere,

so that air exhausting from the air bearing can pass into



anplifier 151 also receives a control voltage VQ and generates an out put

| 52 which drives the gearbox notor 143. Thus this inner servo | oop causes
t he sensor output Vp to follow the control voltage VQ 10 The signal VQis
generated by a further servo loop (which will be discuss?% inlnnés getail

later) which has a sl ow response, so tB&t the position of“t H81gealBox

out put shaf and henc he torsion.in the spring and hence the speed of
noti on of tt%hee r’é})vaa{?rjl—l’ & (ee%ge'n@ﬁ’t V(lr‘.flapfé’ley cepRdppé | foaithepeirosgheseor, the
novabl e papﬁlof t he qishpot and th%ﬁépnplete turnt abl e bearing assenbly),

i s control | ed by CoparT fy PAY Sae AERUSEnP Lo EhoPREgE T omithR a vol t age Vs
representaﬁh%ﬁig t he speed of notion and obtained from position sensing
means for exanﬁlé;as 20 described bel ow. Turning now to the neans of
sensing the poﬂﬂﬂ&ykﬁg tgg nmovabl e gﬁrts, mhi%h nag formthe sensor unit

63 in Fig. 4, it9% ProBdddd PhaFgdapsEt eFvelePREPRECSPREBASENgLdevice is .

orovtdect osl 1 Andle Al gl 0 2 cthe ArangemE | Llustrated. the
2124 oL AR AU S (o5 s o QoL o seckore 1oL eceupying part o
ot ached byl el ogsuetke, gagh oL Ve cari] eopon L Lovar o1 aci g
such sect o isaandy 91 Uit B0QULEE, (A0S O oA Nt Ch L 1 desiea
ol oW 19 S X BBRNGIER 062 T (O 0, 100,10, CBL1 o5 on, sech face

apart g@ tha : tyeen them al so subt end 45, The conducting
sectors 16 %I’cl’ ?ﬁéag\i%%?gggs%%fr?h%‘{?o?%? ?éba‘é?té“éﬁ’i%ﬂ tRyetter and are
all el ectrj I egte nduct i n ylinder 165 and a flexible

| ead 164. kﬁ%gbc%ﬁgg’%? i %té g%%:?%?%&]?o%ﬁé}ﬁeéh%\os% greaes %%2“‘&63 are
aligned in; ogi.L.e: [.ng i jch are electrically connected, and in
addi tion aﬁgggngb% gégﬁgﬁsc%%hégﬁnp%late are electrically connected, so
that there are Lp.. 2Q; £ alternate sectors (A and B) each
sharing a commlrIllHSI ég%?%({%%gg%%h%@t%nm%%%east 58P h 10 eE'sP'fz?Z, 163.

Al ternativggibghofunctional ly equival ent nethods of construction will of
course be apparent to those skilled 25 in the art, for exanple to form

ei thergghe fixedhgondygti YeTol Q 1.ng anes,. or both, from 22
24 July 2002 net al I?c nat@%lginﬁsg{vs\l/a@sgfo?%ger r%)%aln y“}coslrur#)eﬁg %hem on the
surface of capthisy! abhPScfBiLr il dj A ref0r..all the noving
sectors to form o%e sel f-supp’ortipnog pI eéclglgg?ilrée ;H:’a ﬁgnrr?é%cét&'ﬁé‘llcand
opposite abbfieatlon CbECHEd Gltoi! ADTHth¥AIA UL erP 3 ARl gd Lo the two
sets of fixed sectors. Preferably, thesé voltages are square waves of

anpl i tude E%sﬁl@@@'ﬁo@rvﬁ.tspp%' - - resWl b+ of (gapaci tance

bet ween the conducting sectors on t‘%gigggﬁ?a .é?<§ﬁ§?d%§% 5% the. sectors
on the fixegrRtatbes 362, 163, an alternating voltage appears on the
conducting sectors on the disk 160, of waveformsimlar to that of the

vol tages appl i efhé Lot A9 Atsls iR assd Plrithder 182 163 and of

magni t ude and phase
differential thread levelling screws 51, a clamping ring

53, which provides location and electrical contact to the
top face of the glass master disc, a levelling diaphragm
55, and a glass carrier 57.

25 Fig. 3 is a cross-section of the same disk recording

system in a second vertical plane including the axis of



15 dependi ng an the azinuthal position of the said conducting sectors on
the rotating disk 160 in relation to the sectors on the fixed plates 162,
163. This voltage may be buffered (and optionally anplified) by, for
exanpl e, an operational anplifier of |ow gain and 20 higghijg%? Jogeedance,
connected by the flexible | ead 64, andyédorns the input to a phase-sensitive
detector lessentially a nultiplier followed by a | owpass filter) whose

ref erence itlfu@moeb&ihae1%5@%05&apmhi edis0c98€, SehcPhalhg £hgegksgctors as
shown in Fig. 11. Fromthis 25 phase-sensitive detector a d.c. output Ve,

i s obtai negf wWRieCReleonHERRBRBBEAbI, Ve of the orientation (A) of the 23 24
July 2002 noving sectors relative to the fixed sectors. It nmay readily be

shown that the ghjg. ¥ohitaget¥atbs RUNSEROLEM LYy BOPORtiQOaAh 0y~~~ C5
CA + C where CA and CB are the capacitances between the novable sectors and

one or othepmmehiehtbkxpetaeeher sutpapesshdely. 27 fid hendi sl pndgthe fixed
plates are flat and parallel at all tines then these capacitances are in 10

turn prepogtih@nak1yp the angagsedf 35ver | ae betneencdheuimyvapl e $ectors and
the respective fixed sectors. If the sectors have circular inner and outer

edges, thesutpasecanhaastaBe hhnene snacti onsndffihenazicadhadiangie 8, and
CA+ CBis a constant. It can then be seen that the d.c. 15 voltage Ve is a

substanti ably BBn€akmbtnghi 8HeOhol-rexEEPig NESFLidie PPitHS {Pfrand 8H) at
which the rotating sectors are aligned with one or other set of fixed

sectors. FiwgthlB gBayhihfepdapendeassei ¥ wenwdh o fOrsd heomasei v e the
sectors subtend 45 at the centre. Onving to its 20 symmetrical construction,

the sensingigavihe ehtpugscoA@aianz7 10 ar irt@masdiHfe SSdmaidonse where the
rotor 160 is not exactly equidistant from or parallel to, the fixed plates

162, 168. €heashyfthBsfopt phiofve eashigs thon Gef |y beromdidd echi=S in a
nunber of ways obvious to those skilled in the art. For exanple, the nunber
of sectorsjsaynhe bearenged7sfommed on the outer surface of the
shaft 8. Air exhausting from the journal bearing 57 may
therefore be removed via vents 59 passively and via
channels 34, 36 and 38 which may be connected to a vacuum
15 pump. The cavity 27 in the shaft 8 accommodates cables,
pipes, etc. for transmission of air or electric signals
to the inner portion of the second chambér 9 and such
other devices as are attached to arm 7 within the vacuum
chamber.
20 The mechanism of the bearing 57 and the drive
mechanism for the shaft may be as disclosed in EP-A-
0619042. A thrust bearing 59a supports the shaft 8.
Torque motors 61 rotate the shaft 8, while a rotation
sensor 63 measures rotation of the shaft 8. A damper 65

25 provides frictionless viscous damping of the rotation of

the shaft 8.



to subtend | ess than 45; the sensitivity, i.e. the rate 24 24 July 2002
of change of Ve with 8, is then increased but the |inear working range
(6g-6A) becones | ess. Wien this rotation sensing neans is applied to the
enbodi ment of the invention shown in Fig. 1 so as to 5 sure t

azi mut hal position of the swi nging turnt@ble bearing asggﬁbﬁgfyré$Q%
arclike notion, it may be objected that, although the voltage Ve is a
substantial ly |iBédr fluhEt RBALBRraCrPEsTSeabionnbrebywaoli hbar syahemi on of
the distance of the recording head fromthe centre of 10 the nmaster disk.
The latter 8hxpHaBeannyaBe éRpivdind bReorentre ¢f-the, shaflihBreb®e is the
radi us of the nmotion of the turntable bearing assenbly on its swinging arm .
and 8 i s thadgapueotsiprlgdinenthhecerEbe dphigtiheagierped ehamberedcentre of
the master disk (assumng that the systemis aligned so that there is such
a position)?taﬁaogﬁn100m8§?i§eﬁé%1at¥?ﬁ%%?ky@gf®gc¥b%nd5¥vﬁ. However, a
geonetry _may be chosen for 20 which the |inearity is adequately good for
the presénthpghppisn whichxhaappbesithR-shadpBmmand it is desired to
record conpact disks with a radius of 60 mm then (0-90) 17 maxi nrum and at
thi s maxi mum exclP8i fFAvenBeGhprigi \RC1Yes crQrgye oRPHOLS 46l f ramd tdhe val ue
linearly extrapolated 25 fromsmal| valuss of (8-60)._~ correction for this
error may bECRRHE ¥lEEPRONTREPEY $P- nk eI THIRENED al SiRro¥idede found

desirable to position 25 24 Julg 2002
to rapidly rotate the damper 65 and the shaft 8 and

thence the arm 7. The clamping ring 71 can clamp or
10 release the outer part bﬁ damper 65.
Fig. 5a shows the construction of a dashpot
which can be used as the damper 65 in this embodiment.
It consists of interleaved thin annulae.
In Fig. 5a, an annular mounting 130 supports a fixed
15 damping element 131. The fixed damping element 131
surrounds a shaft 132 (which may e.g. correspond to shaft
8 in Fig. 2 so that the dashpot corresponds to the damper
unit 65 of Fig. 4) and a moving damping element 133 is
fixed to that shaft. The fixed damping element 131 is
20 secured to the mounting 130 by a clamping member 134,
which is pressed down by springs (not shown).

As shown in more detail in Fig. 5b static vanes 135
are provided in the fixed damping element 131, which are
interleaved with moving vanes 136 secured to the moving

25 damping element 133. A viscous fluid 137 £fills the

resulting dashpot.



the rotation sensing neans such that a zero value of Ve does not correspond
to zero recorded radius (i.e. the position where the recording head |ies
directly over the axis of the turntable). A voltage VR which does so 5
correspond may be obtai ned by adding a suitably chosen Ehxgglge%gégnce
vol t age (VoFeseT) as shown in Fig. 1471t is found experinmentally that a
very good signalto-noise ratio may be obtained with this arrangenment, and
in particular Fhas-i fajangotki bl sloratn aim Al eradtrumidaghinpeta second

out put voltage Vg which is adequately representative of the rate of change
of Ve (inabraegeRentis, havprestmienisavest coeypedd ofyiadlinicaibti on, dR of
the recording head relative to the master dt 15 disk) to be used in a servo
| oop to cBREkEdPNEhe Forpanen®s i oh.Fithe ool GutgnrrsanangdjaovSamy be
obtained by a differentiating circuit as shown in Fig. 12. As discussed
above in EbadecefoRig t e \endtHerare sirgligradiad dadithe d@®endent error in Vs
(owing to the geonetry of the 20 swinging armin the enbodinent of Fig 1),
whi ch Prayreéereneechapeer bt r oM <1 P4 fsarsc oz Widrhédldi fferenti ating
behaviour of this circuit is primarily determ ned by Cl and RL. The
optional RewWpHRENt EhRZA B3 € ekidiiniciale sestians k3t afiqgh 25 frequency
response of the circuit by introducing firstorder | ow pass responses with
tine consYeREsCREC-aamrRIE® RHUNT SdRESHd Ithe HgGH ¥ r dfudddy® noi se which
appears in 24 July 2002 the output. It has been found possible to control
the said dpeRebfisayred Hotthm qubodimente 8 drid-edor iy sbeffact di sks in
the manner herein described, notw thstanding that the said speed is only of
the orderl3Zdray fewresRebstpdihassdafd Srisp thetsHdms dasdrsitr ucture of a
suitabl e servo anplifier for controlling the speed of the radial notion.
The vbY t abRIWS Flhaprdaprat iR df° ¢ he speed of radial notion is conpared
with a control_voltage V~ 10 representative of the des~.red speed, and the
di fference (VSERe)CYLIBArieRl i9aometry &f s i%& arfhéodSput VQ of this
anplifier controls the speed of radial notion, for, exanple by controlling
the t or qUFSHRTTRY RRFTS 5 2 EHS AFeefaiomtuaias BEnE Bdefiba, for

exanple by a 15 direct-drive electric _notor or, alternatively Qy rotating

t he one %Pl%:%¥ﬁmeﬂﬁﬁi%ﬂg%Mﬂﬁﬁ?%&?ﬁeﬁ%ﬁ%fq¥9naFF5% GGt e novabl e
caual 1o AR eATAERercE Hhp e e S (e £l S R egrat ing
resp e, 20 and b dj usti the values of the resistors r _and.the
capa orc%‘sﬁ‘fégo‘?}\e/t?lgﬁs're AR 8P Y% ﬁ?@ g 0 24y HERE y*bé'set to a
2 G000 c M 0T s VRS ng S B iRse 1 ek ng TRY Y em Lo be t oo
20, SLow g8 L4 S 0 1% L3R5 Vel BUERRcoskey

is required to control the very slow speeds of motion

required, for, example in compact disk recording, but

20 suitable fluids are readily obtainable, for example the

fluids sold under the brand name “"Hyvis" by British

Petroleum Ltd. and available in a range of viscosities.

In order to £fill the structure with fluid, the viscosity

of the fluid may be reduced by heating it. A further

25 feature of the use of a rotary bearing in conjunction

with a rotary dashpot according to this embodiment of the



24 July 2002 27 onto the radial notion. Fig. 15 shows a servo systemfor
controlling the disk recording systemof Fig. 1. In Fig. 15, a radius
sensor 108 generates both a radius voltage VR and a radial 5 velocity
vol tage VS. The sensor 108 thus nmay operate on the basis fJiff%h tion
fromthe position sensing unit 63 of Fi&. 4 which has bezh Gscddséd in

detail with reference tpo,Figs. 10, 11, 1 nd 13. |n simlar,way, the
otation oPreRentuinreBrbon’Ts Pt ‘Saptf Frndsadte,Ene PratFiPh: abl o
strobe and' sepsor (optjcal.,encoder) 45, whi enerates a pul se train signal
102 (idealP? h%qﬂéngkﬁv%%eW%%F% %¥a??v%gg?gﬁﬁgmﬂﬁrﬁa%QPPg gﬂ% rot ati onal
speed radi ans/ se nd a_del ayed pul se trai,n signal 104. These signals

102, 104 arETB’Bthﬁzsg%df*F%et el%“‘hh’?‘%i‘%ﬁ}?%td?%? %a?%rﬁhi‘go, 92. The
first discrimnator 110 also receives the radjus, volfage signal VR fromthe
radi us senSBF SR 0RaS P SAGHE (1ol STRrAl S J6Pthibe: tf HIOR SERFR nat or 110 -
gener at es oltage V1 which is proportional to VR-a. That voltage V, is
conpareg Zg3éﬁth a reference voltage Vo representative of the desired

and thi & gener STRE G BIRBUECHET | g BESUFee ovartoBeFEvY HuShbonro b cn
rotates the turntable 3. 25 In a simlar he second di scrinm nator 112
recei ves tHeVPgnard F+%ﬁ$t$ﬁf %Y 45 %ﬁ%&%ﬁs%?%ye’a.e23e5%¥€% 02
a1 0 pul SebPr &, AL EEUETBUEe VIR (OrY 150 af BheMSURIER b ompar ac
with the voltage V- which.is representative of.and substantiall
proporti onZfVt gd’f—‘?gn%l%’ THE %ﬁ‘f ere‘?‘nceh%eti%%% T voﬁ%ge% V-~ lgnd VQ
O Ve, S Eh¥a-aLh A S e AERRU B SBRNRERR el AL bdld {1,
oo, SRR Bhrt Bl A IS 4B ke UL B o osen
eor eSenLa441E,BL, HIEaGHPALALC B MELEVIEN, B, hecechl oyglnbily, second
ARSI BT R A L A LS
shaft 8 of the rotary air bearing. If commutation of the
15 drive current is required (as in conventional moving-coil
d.c. motors) then it should be generated electronically
by any of a variety of known means, rather than by
mechanical switching.
Alternatively, it has been found possible to exert
20 the necessary torque on the moving system by ﬁeans of a
spring, for example a coil spring whose further end is
secured, for example, to the output shaft of a reduction
gearbox, the input shaft of which is driven by a
conventional d.c motor. It is apparent that even if the

25 said output shaft is held in a fixed position, the spring

will exert a torque which changes only slowly as the



anplifiers 111 and 114 will norrmally be necessary, in a manner known to
persons skilled in the art, to ensure a suitably accurate overall response
consistent with stability. In particular the anplifier 119 may have the ~5
cha'racteristics discussed above in connection with Fi9241ﬁu1§i9 0%6
illTustrates a structure which may be yged for the discrimnator 91 . The
structure of discrimnator 112 nmay be simlar, with the reference 29 24
Jul'y 2002 m&%iﬁﬁﬁbéﬁﬁﬁréﬁﬂﬁﬁé'Hlﬁ'BédﬂﬁM@abnﬁRdah?eEistéﬁbl@n el ectronic
switch 101 is controlled by the pulse train 102 fromthe sensor 45. The
swi tch 101rgredes Atasus Mol a0 IHEHatlRR Wi ¢higl berdagementbebween the
radi us vol tage VR and ground, at the frequency of the pulse train 102. The

vol tage trgnsdidons @ibdtniaafoosmftahite relgtavel@dtaauseycurrent pul ses
to flow through a capacitor 105 to a second electronic switch 106, which is

cont rol | edoiye I {16 Aked Ry thedinbarsi gl alifdstRehtemtbhenkusplabl grst robe.
That del ay should be less than half a cycle. The del ayed strobe signal 104

may be menes Bd et dymdt 5ot aith o ipealf cx@esobyadiri Rangn thee gehiebg di sk, but
may alternatively be generated by electronically delaying the strobe signal

102. As a iip 4 esdldtivdiey dehryethasine@he signal 104 gates the current pul ses
arriving fromthe capacitor 105, that gating being alternately between

ground and the Tyt mifg.am andvsf idatl@he $hust 8 HBaBownaktdga Yo appears
at the output of the anplifier 107 which is proportional both to V~ and to

the 20 repetsprioty riede, adhidre ist tohe disge@ehni@2edHesceheVbuitpupr oporti onal
to VR~. The capacitor 115 serves to attenuate the transitions in the
wavef or m adhdfite Ml tafen \deanoixch 421, e wilieht gebibBogulB@Ntopnkses arri vi ng
fromthe capacitor 25 105. The discrimnator 112 of Fig. 15 may be the sane
as 30 24cRkl sh2602 4Thecodiss aroitimrnatdsr, offtFig. foGnaxadpanthatous pl ace of
VR it uses a reference voltage 213 which does not vary wth radius, but
whi ch may the rsleicd rtHy epirdr/@reatrbokhe sdesbl gdihr ank ipneehsBrege as to obtain
an out put vol tage
loop having a relatively short response time. In order
to make this possible, the shaft 141 also extends to a
rotary potentiometer 144. Thus, the output signal V, of
15 the potentiometer 44 corresponds to the position of the
shaft 141.
Figs. 8a and 8b illustrate an alternative
arrangement, in which the strain in the spring itself is
sensed in order to drive the inner servo loop.
20 Components which correspond to those of Fig. 7 are
indicated by the same reference numerals. In Fig. 8a,
the spring 145 has a flat section, and a strain gauge 146
is mounted thereon. As is shown in more detail in Fig.
8b, the strain gauge is connected via flexible

25 connections 147 to an output amplifier 148, which

generates an output signal V.



5 representative of Pw. 2n Fig. 17 is a perspective view of a disk

mast eri ng system i ncludi ng a vacuum apparatus acCording to the invention in
conbination with a device for generating an 10 el ectron beam for recording
onto a disk. As shown a |lid elenment 71 cooperates with~the partition 1 to
define the vacuum chanber 2. An area 780is provided on whFcHI&YdFe%?i s

| oaded. The di sk can be | ocked in position by a |ocking nmechanism 72 (shown
i nconpl et e) and Bi®eatedhgprsarthes iginggt seavbedrope nerfairaddtcarbelvect r on
beam col um 74, including ion di~"~~on punps 76. A high vacuumvalve 78 is
provi ded fom thighsfSr ity gemnhex ishad tt pesiidonnsehsoer( £2onTHd gvacuum
chanber 2 itself is isolated fromvibration by active vibration isolators
79. The vactumr direHaray Lorguey sepsoad (GsomgFagsur 8@ padp 880, iand a
vacuum roughing line 82 energes fromthe recording systemfor connection to
a roughi ng 5@ at 240 Theooorryt ciarpd ¥V, fremctluhs appasar uss i fisd udi ng a.
vacuum chanber, a rotatable shaft nounted on a support body via a 5 first

ai r beard ng-° #hélifffiestentiia lh einnildd Ueai A§lpr oFhasddwifEkirenthelvacuum
chanber, a second rotatable shaft extending through the wall of the casing
of the vac@pldfderl Adn@ ldsureseiviesr @i ropyralsvedtagai Vobading, 10
wherein the second shaft is hollow along its axis of rotation and the

hol | ow por t9éReHad-esn agpprtpudatiogn Witiich drivegsthengearposumptierf rom t he
first air bearing for the renoval of air exhausting fromthe first air
bearing. 2.14& -vagfmlrﬁ &b & ANBSTaEEEVEI AGOPOCRNER g,hewﬁéflépﬁ PHEPUE fir st
air bearing supports a turntable of a disk recording system 3. A vacuum
appar at us gbc%?dﬁﬁbl?ﬂ e FPRtEperephtadre o-rst. air bearing is novable

relative to a recording head of the disk recording system
10 The sighal V, is generated by a further servo loop

(which will be discussed in more detail later) which has
a slow response, so that the position of the gearbox
output shaft, and hence the torsion in the spring and
hence the speed of motion of the movable elements (namely
15 the main air bearing rotor, the movable part of the
dashpot and the complete turntable bearing assembly), is
controlled by comparing an external control voltage V.
with a voltage V, representative of the speed of motion
and obtained from position sensing means for example as
20 described below.

Turning now to the means of sensing the position of
the movable parts, which may form the sensor unit 63 in
Fig. 4, it is proposed that a capacitive electrical
sensing device is provided as in Fig. 10a and 10b. 1In

25 the arrangement illustrated, the shaft 8 carries an

insulating disk-shaped rotor 160. This rotor carries on



20 4. A vacuum apparatus according to any one of clains 1 to 3 wherein the
first air bearing is ~f2vv~vAhk~ about the second air bearing. 5. A vacuum
apparatus according to any one of the preceding clains wherein at |east one
i nput conduit 25 within the second shaft .comuni cat es mﬁEQ gnlaié %$put of
the first air bearing for the supply ofjair to the first 9%y 2002
air bearing. 6. A vacuum apparatus according to any one of the preceding

cl ai ms wheteith tites fdnstacais doiict@nigS sBE@WI-ded i BEEﬁp%ﬁeC?HQtCha”ber- 5
7. A vacuum apparatus according to claim®6 wherein cables and/or pipes

Wi thin the dfoldamli pantfiaere .of Thie seesrdishabtin@k@ bHBteEEUNI cation with the
second chanber for the transm ssion of electrical signals to the second

chanber. 1@n%ulAtiaguhaappanatys 186CatdhBEe80taN¥hLeNeigbgt he preceding
clainms further conprising a roughing conduit wherein the roughi ng conduit

i S an out pdtracteeiordoneach of ahighr cadtpys 5ﬁ0ﬂtghgn&ggatfggingearing to a
vacuum source. 15 9. A vacuum apparatus according to claim8 déependent on
cl ai m 65wheneifaceheondughiing sendois (&, BPNsessesté@ BySREPAG,al r out put
fromthe first air bearing between an input end of a first air output and a

seal i ng nmegapsuhi Theseambebebfiesnch hee €668 0d6PBET 0ANENE e yELLHM
chanber. 20 10. A vacuum apparatus according to any one of the preceding

clains furtrhegecodprosiatjgoa whilghi iy CongkisirE@NECiénge ANbdd I fout put from
the second air bearing to a vacuum source.
. AHYe. A% AShAS8rABnA¥NMeAB( i ALBELAStdd Afte e . #Ye A gt . EEEAE AHY. AL AL A A, .
A% A. AU. A@ A3A, . ALY. Al 9. A3. A@) @Qi8qU. @u
zupkf a\ W cal ¢avéapca] makimiwahowéma c ad £ad 2] cajmealwdaicalemr] cal cal cal cal ca
]ca]calca]cAa]ga]ca]ca]ca]cAa]cAalca!U qr !
0 carries on each face four.sectors 161, each subtending
45° at the centre and equally spaced apart so that the
spaces between them also subtend 45°. The conducting
sectors 161 on the two faces of the rotor 160 are aligned
together and are all electrically connected to a
15 conducting cylinder 165 and a flexible lead 164. The
conducting sectors on the two fixed plates 162, 163 are
aligned in opposite-facing pairs which are electrically
connected, and in addition alternate'sectors on each
plate are electrically connected, so that there are in
20 all two sets of alternate sectors (A and B) each sharing
a common electrical connection on the two fixed plates
162, 163.
Alternative, but functionally equivalent methods of
construction will of course be apparent to those skilled

25 in the art, for example to form either the fixed

conducting sectors, or the moving ones, or both, from
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- Bq EYNCLvoltage may be buffered (and optionally amplified) by,

for example, an operational amplifier of low gain and

‘ 20 high input impedance, connected by the flexible lead 64,

and forms the input to a phase-sensitive detector

(essentially a multiplier followed by a low-pass filter)

whose reference input is the waveform applied to one set

of the fixed sectors as shown in Fig. 11. From this

25 phase-sensitive detector a d.c. output V,, is obtained,

which is representative of the orientation (8) of the
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sectors and one or other set of fixed sectors
respectively. If the disk and the fixed plates are flat
and parallel at all times then these capacitances are in
10 turn proportional to the areas of overlap between the
movable sectors and the réspective fixed sectors. If the
sectors have circular inner and outer edges, then these
areas are linear functions of the azimuthal angle 6, and
Ch, + C; is a constant. It can then be seen that the d.c.
15 voltage V, is a substantially linear function of 6, except
near the points (6, and 8y) at which the rotating sectors
are aligned with one or other set of fixed sectors. Fig.
10 shows the dependence of Vy, on 6 for the case where the
sectors subtend 45° at the centre. Owing to its
- 20 symmetrical construction, the sensing device of Figs. 10a
and 10b is tolerant of situations where the rotor 160 is
not exactly equidistant from, or parallel to, the fixed
plates 162, 163.
Clearly this rotation sensing device may be modified
25 in a number of ways obvious to those skilled in the art.
For example, the number of sectors may be increased so as

to subtend less than 45°; the sensitivity, i.e. the rate
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objected that, although the voltage V, is a substantially
linear function of 6, it is not thereby a linear function
of the distance of the recording head from the centre of

10 the master disk. The latter

distance may be expressed as 2R. sin (6-90),
2

where R, is the radius of the motion of the turntable

bearing assembly on its swinging arm and 6, is the value
15 of 6 when the recording head lies over the centre of the

master disk (assuming that the éystem is aligned so that

there is such a position), and sin (e-eais not a linear
2

function of 6. However, a geometry may be chosen for

20 which the linearity is adequately good for the present
purpose. For example, if R, = 200 mm and it is desired to
record compact disks with a radius of 60 mm, then (6-8,) =
17° maximum, and at this maximum excursion the voltage V,
differs by only 0.4% from the value linearly extrapolated

25 from small values of (6-9,). A correction for this error
may be made electronically if necessary.

In general it will be found desirable to position
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10 10, 7' 10W§9t1q@me€§e the recording head lies directly over the
axis of the turntable). A voltage V; which does so
5 correspond may be obtained by adding a suitably chosen
fixed reference voltage (Vypser) as shown in Fig. 11.

It is found experimentally that a very good signal-
to-noise ratio may be obtained with this arrangement, and
in particular that it is possible to obtain

10 electronically a second 'ogtput voltage V, which is
adequately representative of the rate of change of V, (in
other words, representative of the speed of radial
motion, dR of the recording head relative to the master

dt

15 disk) to be used in a servo loop to control the radial
motion. The second output voltage V; may be obtained by a
differentiating circuit as shown in Fig. 12. As
discussed above in connection with V,, there is a small
radius-dependent error in V, (owing to the geometry of the

20 swinging arm in the embodiment of Fig 1), which may be
corrected electronically if necessary.

The differentiating behaviour of this circuit is
primarily determined by C, and R,. The optional
components R, and C, each serve to limit the high-

25 frequency response of the circuit by introducing first-

order low-pass responses with time constants R,C, and R,;C,,

thus reducing the high frequency noise which appears in
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notwithstanding that the said speed is only of the order
5 of a few microns per second.

Fig. 14 shows the structure of a suitable servo
amplifier for controlling the speed of the radial motion.
The voltage V; representative of tge speed of radial
motion is compared with a control voltage V.

10 representative of the desjired speed, and the difference
(Vs-Ve) forms the input to an amplifier. The output V, of
this amplifier controls the speed of radial motion, for
example by controlling the torque applied to a rotary
bearing system damped by a dashpot, for example by a

15 direct-drive electric motor or alternatively by rotating
the one end of a coil spring whose other end is attached
to the movable element. The action of the servo system
is such as to tend to maintain V, equal to V.. The servo
amplifier shown in Fig. 14 has an integrating response,

‘ 20 and by adjusting the values of the resistors r and the
capacitor C the overall response time of the servo system
may be set to a suitable value, for example S to 10
seconds, such a value being found to be a good compromise
between a long response time causing the system to be too

25 slow in settling down and a short response time allowing

too much noise from the rotation sensor to be impressed
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onto the radial motion.

Fig. 15 shows a servo system for controlling the
disk recording system of Fig. 1. 1In Fig. 15, a radius
sensor 108 generates both a radius voltage Vp and a radial

5 wvelocity voltage Vg. The sensor 108 thus may operate on

the basis of information from the position sensing unit
63 of Fig. 4 which has been discussed in detail with
reference to Figs. 10, 11, 12 and 13. 1In a similar way,
the rotation of the turntable 3 in Fig. 2 is monitored by

10 the turntable strobe and' sensor (optical encoder)45,
which generates a pulse train signal 102 (ideally a
square wave) representative of o (where o is the
rotational speed radians/sec and a delayed pulse train
signal 104. These signals 102,104 are both passed to two

15 multiplying discriminators 110,112. The first
discriminator 110 also receives the radius voltage signal
Vi from the radius sensor 108. From Vp and the signals
102, 104, the discriminator 110 generates a voltage V,
which is proportional to Vyw. That voltage V, is compared

20 with a reference voltage V, representative of the desired
linear velocity. The comparison is carried out by a
servo amplifier 111, and this generates an output acting
as the DC drive to the motor which rotates the turntable
3.

25 In a similar way, the second discriminator 112

receives the signals from the sensor 45, and also a
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representative of and substantially proportional to dgr .
5 dt

The difference between the voltages V., and V., drives a
servo amplifier 114 whose output causes radial motion.
Thus the action of this second servo loop is such as to
tend to hold V, equal to V_. If the sensitivity of the

10 discriminator circuit is suitably chosen in proportion to
-the desired track pitch P:'then V., can be

made representative of the quantity Pw, whereupon
21

the action of this second servo loop is such as to
15 hold the radial velocity dR equal to the desired value
- dt
2o .
In the arrangement of Fig. 15, suitable adjustment
20 of the gains and frequency responses of the servo
amplifiers 111 and 114 will normally be necessary, in a
manner known to persons skilled in the art, to ensure a
suitably accurate overall response consistent with
stability. In particular the amplifier 114 may have the
25 characteristics discussed above in connection with Fig.
14.
Fig. 16 illustrates a structure which may be used

for the discriminator 110. The structure of

discriminator 112 may be similar, with the reference
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5 between the radius voltage V; and ground, at the frequency
of the pulse train 102. The voltage transitions of the
waveform of the signal 103 cause current pulses to flow
through a capacitor 105 to a second electronic switch
106, which is controlled by the delayed strobe signal 104

10 from the turntable strobe., That delay should be less
’than half a cycle. The delayed strobe signal 104 may be
generated by a second optical sensor acting on the strobe
disk, but may alternatively be generated by
electronically delaying the strobe signal 102. As a

15 result, the delayed strobe signal 104 gates the current
pulses arriving from the capacitor 105, that gating being
alternately between ground and the input of an amplifier
.107‘ Thus, a mean voltage V, appears at the output of the
amplifier 107 which is proportional both to V; and to the

20 repetition rate of the strobe signal 102. Hence, V, is
proportional to Vyw.

The capacitor 115 serves to attenuate the
transitions in the waveform of the voltage V,, which are
due to the current pulses arriving from the capacitor

25 105,

The discriminator 112 of Fig. 15 may be the same as
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Fig. 17 is a perspective view of a disk mastering
system inciuding a vacuum apparatus according to the
invention in combination with a device for generating an

10 electron beam for record;ng onto a disk. As shown a lid
element 71 cooperates with the partition 1 to define the
vacuum chamber 2. An area 70 is provided on which a disk
is loaded. The disk can be locked in position by a
locking mechanism 72 (shown incomplete) and treated by an

15 electron beam generated by an electron beam column 74,
including ion diffusien pumps 76. A high vacuum valve 78
is provided for transferring matter into the vacuum
chamber 2. The vacuum chamber 2 itself is isolated from
vibration by active vibration isolators 79. The vacuum

+ 20 chamber 2 is evacuated using a turbo pump 80, and a
vacuum roughing line 82 emerges from the recording

system for connection to a roughing pump.
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a second rotatable shaft extending through the wall
of the casing of the vacuum chamber and mounted therein
by a second air bearing,
10 wherein the second shaft is hollow along its axis of
rotation and the hollow portion is in communication with

at least one air output from the first air bearing for
the removal o% air exhausting from the first air bearing.
2. A vacuum apparatus according to claim 1, wherein the

15 first air bearing supports a turntable of a disk
recording system.

3. A vacuum apparatus according to claim 2 wherein the
first air bearing is movable relative to a recording head
of the disk recording system.

20 4. A vacuum apparatus according to any one of claims 1
to 3 wherein the first air bearing is vevdwblk about the
second air bearing.

5. A vacuum apparatus according to any one of the
preceding claims wherein at least one input conduit

25 within the second shaft communicates with an air input of

the first air bearing for the supply of air to the first
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5 7. A vacuum apparatus according to claim 6 wherein
cables and/or pipes within the hollow portion of the
second shaft are in communication with the second chamber
for the transmission of electrical signals to the second
chamber.

10 8. A vacuum apparatus éécording to any one of the
preceding claims further comprising a roughing conduit
wherein the roughing conduit is an output duct connecting
an air output from the first air bearing to a vacuum
source,

15 9. A vacuum apparatus according to claim 8 dependent on
claim 6 wherein the roughing conduit is connected to a
second air output from the first air bearing between an
input end of a first air output and a sealing means which
seals between the second chamber and the vacuum chamber.

20 10. A vacuum apparatus according to any one of the
preceding claims further comprising a roughing conduit
connecting an air output from the second air bearing to a

vacuum -source,



