T1. METHOD AND DEVI CE FOR RECORDI NG/ READI NG | NECRVATI ON ON A MOVABLE™™*~™

@TI CAL OR MAGNETO OPTI CAL MEDI UM The present invention relates to a
novabl e |nfornatLQn medium in particular in the formof a disk intended
for recording/reading of information along tracks. The nmedia currently used

are equi p%%%f@;{#ﬁo%ﬁtﬁd@wr@ﬁm MO e ENITED NIotkiace AMBLTIFIER pr e-
etching phase. These preformats are used to generate service signals
allowing the recorder/gfaearourid obpdratinvearthisircal representation of the
axis of the track, focussing, synchronization, addresses, etc. Numerous
pre- et chi Byidgeet hpoer dwpikt £ideemhaie o ek tigwey h&lamed BNt i oned
t he met hod as described in French patent application No. 82 04218 filed on
12 Nappily f£ros@t @nl thablonkier tymderNgab sppplo 2.8, e@ enber

1983. The net hod described consists in providing, .alo virtual tracks
of &uchi smpligiiens oEERTMLIM RIE £“°‘h<?rr°: tt?g'beug%g’s of el ement s
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IS, g%ﬂ%%éﬁfi&ﬂkEE&EHQ@QQ§r¥&iQnt amplifiers for magnetic resonance
imaging. These amplifiers have though an inherent deficiency in
that they are of low power efficiency. Such low or reduced
efficiency results in large amounts of semi-conductor materials
being used for pass devices and large heat sinks being used to
receive the generated and wasted heat due to amplifier operation.
Another type of an amplifier, the switch-mode pulse width
modulation (PWM) amplifier, offers improved power efficiency but
suffers greatly from poor bandwidth and poor fidelity. PWM
bandwidth is typically an order of magnitude less than needed for
many aﬁﬁlications. Operating with switch frequencies in the
megaHertz‘range in order to attain the necessary bandwidth
results in low efficiency and is, therefore, not practical. The
. .

use of megaHertz operating frequencies is especially difficult

{
and costly if the output power measures in the tens of kilowatts.

-

It is known in the practiced art to use ‘two separate PWM
buck mode power supplies to power the traditional totem-pole
topology (non-bridge) linear amplifier. In-addition to requiring

two PWM supplies, whereas bridge designs require only one supply,
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one of the solutions currently adopted at the present tine for producing
optical or magneto-optical disks. Inreality, two main formats exist, which
have been described in I SO standards: 1SO 9171, 1 and 2, in the case of
media of the read-only, or "Wite Once" type according to the term nol ogy;
or i nthieedeSAghR0 A wd arstprired ¢hthensan ddxcespisico-gaxptimnat£iltkdst They are
referred to as the A format and the B format. The first format (A fornat)

i s knomeratingntefifiicuisrcmnposdfer Mhecodnition iof dihe aoipkifier by fipeti s
the repl acement sheet 2 conti nuous re-etched grooves, possibly

i nt er pdpPad tromldiaatdhe plewky W&%W%MHW tRigeh@ theadeam
during witing or readlnqﬁm% I nformati on. The pre-etched grooves na be
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supply. For many uses, such delays of the amplified signal are
not allowed nor desirable. In attempting to make a PWM buck
supply faster, typically the output voltage ripple from the
converter is compromised, and at low operating currents, the
output ripple voltage contains large amounts of switching
subharmonics as cycle-skipping behavior is manifested by the
converter. The missing of cycles is common when a buck converter
operates at near zero duty cycle to produce small output
currents. | .

In the use of bridged linear power amplifiers, the
applic$£ion of multi-level signal tracking power supplies for the
purpose of powering the amplifiers, such as described in U.S.
Pétentsh4,778,452:and 5,045,990, are capable of providing
amplifier system efficiencies‘which are much improved over the
basic Class B operation with fixed DC supplies. Therefore, in
the concept of the following described invention, a multiple of
separate PWM buck mode power supplies are utilized in conjunction
with a'Bridged linear power amplifier to produce and provide a

high—-efficiency fast precision amplification system which does
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The first segnent is called "Header" according to the term nol ogy, and may
khe conpared with the flags descri bed I n t he abovenenti oned French
patent application. In effect, it includes a certain nunber of pre- etched
elenents t he functions of which are detailed by the standard. Anong the

e m‘% IS el e&?ki@ﬁéﬁegrfe?&fbggsym%ﬁ&%é i DeegBaLEONSd,

T1 oW n ocussin oni zat 1 on ey nust
al so &a Q#Qr&tts‘f&b&vwmkeaeﬂwﬂl §A81 BERaGean {Hasti pewesrl so call ed
recognltlon nction. One of the problens encountered ing the phase of

recorignd fledws €l ates to exerting control over the forn1factor of the
etched elenents. In fact, wuse is mde of a thermal effect, produced
by a | aser beam for reco Arive Phy3|cally, this
action translates into an al teration in the sensitive thin | ayer of the
medi um THis Ghisriwventhep aakwidgpdelinearopaver sppplibierthdt is to say
di sappearance of the |layer, deformation, for example, in the form, of a
bubblrowexred by s phurality PSgPHHhPBC}ShseaVEHgﬁﬁé which aze PRSAFEY, with

the ajd of a netic field generat bri ng about podi fication of the
magnett z%ﬂ‘?%l%gndi F?S}HI SPHY%Etgﬁi BRF§?§ a MOPSDEhanIIé : B%‘é‘lﬁﬁ nt sheet

source and is joined to a common pair of output terminals. The

output terminals are applied to the power supply terminals of the
bridged linear power amplifier. The buck converters are
maéulated with modulation reference signals which operate in time
alternation such that in any conversion cycle there exists a
plurality of modulating wave forms which are identical except for
their time delays and which are evenly spaced in time over one
conversion cycle. A feed back control amplifier compares the
voltage output of each converter to the ﬁagnitude of the
amplifiers required supply voltage and drives the modulators to
control the switching duty cycle of each of the ‘individual PWM
converters.

Accordingly, it is an object of this invention to provide a
high efficiency fast precisio; amplification system capable of
producing power in the tens of kilowatts.

Another object of this invention is to provide a power

amplifier having a high operating efficiency at reasonable cost.
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-3- Inreading, a laser beamis also used, of |ower power, f or reading
these alterations. It can thus be envisaged that use is nade of non-I|inear
effects. Below a certain heating threshold, there is no alteration in the
| ayer. For various reasons related, for exanple, to the quality of the

terial q,lhe | toth dit t ip. L h
g?cﬁlr Ing I agn% gpegélwgo“?‘ﬁ%&%g%ri%oe%q |%%éé r}? Fg t he
f t
cont 1 anpdi£ige ?’#&?? éﬁé}?e%% R B S Rofhatods My “%%%ﬁfﬁ? “ﬁb\“ed
addedcaphB§@anicd AL Gafhtande ¢ @k B t&r&;ﬂi@tﬁﬁéﬁg ashd Xiawp 4 hat

there can be an alteration in the sensitive layer, it can be seen that the
physi salf f¢ eientilgn hiig-seead dirclalny oighdle et eeely diog to whether  or
not there is a prior recording in the current recording space. If

t her epirecotind triiicge im thenpmdtnok systeme nore rapid and thus the threshold
nore qui ckly reached. In order to aIIeV|ate the latter problem solutions
have beeftigdopmsdther iobjatterrf thvis chivenplon ds die Wow0iBlegE goWer ed
on 5 July_1990*and pub- lished on 10 January, 1992 under No. 2, 664, 420.
Theses§§EP-Vou§§rpH’er’Rﬁ¥é?%41aVé1%F | PRYERX Wghfe’-ﬁ%r‘fﬁlf%ﬁ}rlcﬁfs F#xedycl e,

t hat 'S to S%§ oﬁgggéngBQlth a clock frequency which can be

synchronized to external system clocks, thus preventing beat
frequencies forming in the system noise.

And still a further object is to provide a bridged linear
power amplifier hawving a PWM buck power sﬁpply converter in which
the spectral intensity of the supply ripple current induced noise
resulting from cycle-skipping at low operating currents is
reduced with any remaining supply ripple current induced noise
becoming incoherent with likely repetitious ¢control signals.

Further objects of this invenéidn will become apparent from
a reading of the following description.

Brief Description sf the Drawings

Figure 1 is a representa?ive set of wave forms showing a
'representative 6utput voltage signal from the bridged power
amplifier of this invention in conjunction with the necessary
amplifier supply voltage in which to support or produce such an

amplifier output signal.
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on the transitions between the logic "0" and "1" of the recorded .
isnformati on. Various types of information codings have been used. A first
cl ass conprises the codes which are not very sensitive to the formfactor:
NRZ code, etc. The drawback of these codes is that they offer |ess econonmc

f if th di d it t i | deyed. | der t
ncr ease FSRTR ot ) LG (1 STEDD 7N SHIARE o TR GRS 1 he

| R H t n M H n 'w
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repr esaeed dBs S Aasitd %@f?w@rté 1y 1 QOh 1S &F the a%ﬁ;gi‘ffﬁ%ﬁ,lt can

easily be envisaged that, due to this chdracteristic, this type

codeForimine 0 sdmhdyy Beditive to the quality of the formfactor. In order
toillustrate the invention, in a nore precise way, in what follows,

i nformat i @igudd Peig eprasendsednddulated chevke ef@mentfedietd efigii PWM whi ch
varies in increments. It is therefore evtgent.tha} t he snaller.tpe
i ncr bwekt convexrtigteropématiedsin ypafal ébranmd | subjdctodd cem drelividuadn ont o
a disk. Referring to what has been recalled, the precision in the length of
an eSWAEghedarinie signrplseith the resulting buck converter produced
inductor currents as the combined total indqctor current fed to
the power input of the power amplifier. |
Figure 4 is a combined circuit and block diagram for phase
synchronizing a Pierce oscillatér from a digital synchronous
input signal utilized in the PWM controller shown in Fig. 2.
Figure 5 is a random noise generator circuit diagram
utilized to produce the control voltage for the modulated signal
fed to the buck converters and which also forms a part of the PWM
controller shown in Fig. 2.
Description of the Preferred Embodiment
The preferred embodiment illustrated is not intended to be
exhaustive or to limit the invention to the form so disclosed.
Rather it is chosen and descr%bed in order to best explain the
principles of the invention and to allow one having ordinary
skill in the art to utilize the invention.
In Fig. 1 an idealized amplifier supply voltage 101 is shown
to produce the amplifier output voltage 102. The supply voltage
is slightly larger than the magnitude of the amplifier's output

voltage with the greater the supply voltage the more such voltage

This Sheet Has Been R

[T .




al'so of an increment, is limted by a certain nunber. of parasitic effects.
It is, furthernore, difficult to obtain good reproducibility of these
lengths. It follows that the nmaxinmum density of infornmation which can
be witten on the nediumis all the nore limted. The invention ains to

al l eviate the drawbacks of .the.priqQr art whjch have just, been recalled. In
or der YL Th %?‘Y’\I?ﬁg ﬁEth&sgéggit&f’ﬁgoflsp't‘hesF?ﬁ/%%t+gn&ﬁ%k§%‘vﬁf'ovi sion for
Wit C. el e Vi :q. | f p . Rl ace
Al ong TISLEEECE? THEHER PRk agL3 a8 SAGLPoLE SLRRCRIEAGRELALE L0 Y 0T

witte Bl $565a0Raki BBneRd1l,n ikhesSaRe £88MihiLoNSo agakderhaf or mation
proper 1s witten. Although particularly adapted to the recording of data

accor difgrdferde Betrnakbhedneagpbpdyl ¢blBhget AR MEHOEMBLLLidi g botptie
i nvention applies equally well to the so-called continuous-conposite

f or mtvoIltaige t herosubj Barthert, hadditénhadnlosses nef hdae ofupply ovdihggeeadi ng
information along tracks of a novable pediumgiven a uniformdrive
speed axgpivei bg amphifderf inkerpailndmppdanaed vinich metlbnfurkher paygse
conpri sing a- step of form ng vari abl e-length alterations in a

| ayer ®dfNeREIFAEY BLILRESREE betWeeR the aherly YRbrge aandoklererhgut

vari abl e-duration This is,the repl acenent sheet, , . .
voltage of the amplifier system. Thus, minimization of such

losses or amplifier dissipation requires that the tracking supply
be very precise. Obviously, the faster the change of power
demand in the amplifier voltage, the faster must be the tracking
power supply.

Switching power supplies can offer high efficiency if the
switching element can obtain low on values of resistance and low
switching event losses. The switching event losses are
proportional to operating frequency and, therefore, operating
frequepcies can not be increased without limitation but what the
losses become unacceptable. Buck topology is well suited to
prqviding control of the output voltage to values as low as zero
and at currents approaching zero. The maximum buck converter
output voltage is limited to ;hé supply input voltage. In the
amplifier system of this invention it is desirable to produce
voltages in the order to 200 v and 200 amps. ' The minimum voltage
required from the power supply is a small operating headroom
voltage in the order of approximately 10 v and at currents as

small as 100 mA. Thus the converter output dynamics power ratio

This Sheet Has Been Reilaced

(R0




5“pﬁ|sed information signals, the transitions between altered regi ons and
unal tered regions of the said | ayer representing information, characterized
in that the witing phase conprises an additional step of formng a series
of sequences of alterations in the said |ayer, of different | engths and at

| east ,equal._to two.in nunber w thin each s ence W th the . aid of
conve?‘giSﬁLﬁﬁgﬁg,y BT S ENBhES aq'[eéroa (fegﬁson%eqiorr 023 'oci]%f &PWth a
parti EBolsn WG A G HLRILAIE AdSHAO Tnd SRS AHd Wl

I nf or%g%?gﬁgaﬁgn%dr%yﬁgplaengﬁ% erences for t él)srl arggig{gqan In thPa‘%tit

CONPr{;§88ageke adyP S Seduliredd e & WY U007 et 9 HodRAHNGH 1th
| ength-ref érence al terations and converting theminto duration-reference

pul sefimpi §asl thatorchichecifenticrt athws e, paweat afardwiratadiing tite oxrdd:erat i ons
representing information fornmed in the said associ ated areas and converting
t hem VY&t BHpul sad 78 ik damdviaitht epeqfirespraodawitnimiye firespredery iind dehoat i on
by conparison with the duration-reference pul sed signals. The subject of
the iavéari of AsMiizso Sudyihdghl Gwitghtine regrengiiess aan Iesulthdn

i nvention will.be better understood and other characteristics and

advanPUgEshipg eYspdalanses Meh 17 R des crasnasitaticon 1 1B, with
(oo S ehO g AT LA AT Ay R Wikl 20 W "0
switching ripple in the converter output.

Fig. 3 is a wave form diagram in which four buck-mode
converters 202, such as ‘seen in Fig. 2, are utilized for
illustrative purposes. The number of buck mode converters 202
utilized in the system wili depend upon the desired maximgm
output of the bridged power amplifier 203, also seen in Fig. 2.
In Fig. 3 at the top of the diagram is shown the modulator
voltages and control veoltage or signal fed specifically to each
pulse width modulator. These respective voltages (modulator
voltage and control voltage) produce pulse width modulated switch
drive signals 81, S2, S3, S84, in each of the respective buck
converters which in turn produce the inductor currents Ill, Il2,
I13, and Il4 produced in the Lime lag sequences illustrated for
each of the converters which is summed into the total inductor
current 313 fed to the bridged amplifier. The switch drive
signals for each of the converters are designated respectively by
the qumbers 305, 306, 307, and 308 and the induced or inductor

currents produced by each of the specific converters is shown by
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- Figure 2 diagrammatically illustrates a track portion of a novable

| mf ormati on nedi um according to the prior art, - Figure 3 is a timng
diagramillustrating nodul ation signals, - Figure 4 diagrammtically

il lustrates the detail of an etched elenent, - Figure 5 is a timng diagram

||| UShEAN RO oafh S OTR! Sy FASYT £0ndbaBLBIYRLLERLLY Eblpstrales o track

portion O a m)va e Tnfornmation ne m acco varitant enbodi nent

of t n, SihdesheR! AEREEDALS ges 7 and 8
dlaggggggﬁﬁgféx/|ﬁﬁgit$a%é§the the?na gffgggag%%egg?%%pﬁ%g% t he recording

of debawerter@) et bogEETRE| 6pelitihgUstegh8ficRniopthéakusli 6k the
recorder/reader apparatus, - Figure 10 i1llustrates a device allow ng the

| npl dmEivdidual efpdretimg hideghebbies nwhileothe- nét gouepdt carsentn ng
diagramrelating to the main signals used by the device of Figure 10, -
Fi gurdpple disd qlxaartehatleed@cmod'rhaﬁtaubousl €ouf théecdnstrecbioRi gre 10.
First of all, with reference to Figure 1,
output filter with reduced output capac1tance for the required
attenuation. The result is that the large required bandwidth is
obtainable with a plurality of economically constructed buck
converters.
Referring now to the overall amplifier system shown in Fig.
2, the buck converters 202 are shown connected in parallel and
individually numbered 1, 2, 3, and N which represents a specific
number of such parallel connected converters depending upon the
available output of the converters in relationship to the desired
power input to the connected bridged amplifier 203. While for
illustrative purposes in describing this invéntion, four such
buck converters 202 are utilized in order to simplify the current
diagram in Fig. 3, is to be understood in order to produce a 2
' MHz effective maximum operating frequency for the b;i&ged
amplifier, eight 250 KHz buck converters 202 would be utilized
and connected in parallel. E;ch converter 202 includes a MOSFET
switch 207, a free-wheeling diode 208, an output coil or inductor
209, an input bypass capacitor 211, and an illustrative output
capacitor 210. While in Fig. 2 there are individual output

capacitors ‘210 shown, it is possible since the capacitors are

utilized in parallel to provide a single capacitor in the
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process of recording an information el ement on a novabl e optical or

magnet o-optical mediumw ||l be recalled briefly. It will be assuned in what
follows, in order to establish the ideas and without that being limting,
that this is a disk. Mreover, it will also be assuned that the structure

of this disk is_in_accordance wiith the so-calledq s | ed recordi ng schene.
P H et L Rt HR P araT A% s T o RN of Jan

I .af ' it t | S ' I . tanti al
oot ahbaPk ol FETHHS ddaiNaddiled lhiiadile S afe il dapy A0t A1 1Y
repre : I  tt t AR t hes | t he
ti ﬁe téﬁﬁ?“tggﬁgggsg%\&%c?rfr% %E :Et'i njgé% sape%q:b:ct i veégﬂr g%& cer %ﬁﬁ%i@ﬁol d

Pl er r fon¥Bir& @D RN e %@«&rmiag,m%/pﬁdmmﬁnlaatzs)m Phdde BeNpddt Ve

| ayer of the nmedium This ablation is effective during the tine interval

t1- tfrertothi, ocdftgut surmint pasRRiddmenthenammtyare wetamsi dejudterdi sk
turning at constant speed, an ablation length of the | ayer corresponds, in
a per2@8t hyeoffart @asdime rtenmemsthudthend rard mioarey atonpidctr riher ex rlarge has
been indicated,. if a so-called sanpled structure is used, successions of
two t ¥peYcEpraplde e Maggde sihenFatind @utemtarcwrais nquirengntk ofir eas
which_ will be called "flags" in what follows, containing pre-etched
el enefP8, Aand post-etching areas, This is the replacenent sheet

There are two basic buck-converter topologies which would be
capable of using the shown and preferred N-channel MOSFET
switches 207. The topology shown in Fig. 2 is chosen for its
ease of implementation of the géte drivers of the MOSFETs. The
other basic buck converter topology would place the N-channel
MOSFET drain terminal on the positive supply node and the MOSFET
source terminal on the inductor-diode (209, 208) node. The
inductor 209 then would be connected to the positive output
terming; and not the negative terminal as is shown in Fig. 2.
This described but not shown buck converter topology requires
separate supplies for the gate drivers of each phase and the
coupling of the gate drive signals across a very high dv/dt
interface from the common—to—;ll—phases controller 206 at a
greatly increased cost and complexity.

A single .power supply for the parallel connected buck
converters 202 comes from a main DC power supply 201 which may be
in the range of 180 to 200 V. The phase control for converters

202 is produced by PWM controller 206 shown in Fig. 2. Aan
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7- intended for the recording of the so-called useful information. Such a
structure has been represented diagrammtically in Figure 2. The
Z[err] area is the "flag" area. |IT conprises in the exanpl e descri bed,
three pre-etched areas el to e3, of generally circular shape. The el enents

I d e2 h tch ither .sjde _of the h ti ' f
RIS SRELPSFL SPYCFRIERD B ok 0F PRAVEATORLY 0bablE (UREI 1y
dopt.ed . f t dj st ti h 1 t g,k th
i & o P T 8767, RERERE b Rpb B4R 0 Bofheb B o EHRRER' Bl 10

two trankse i Jheses ehraebateb1angd 8dear eamsuakh ¥r Wbt tv&pdcbALPERVRES track

followng upon witing or reading. The elenment e3 is centred on the track

Pi [ efgdocaitsh s 4 V@SmaRas¥Rghaanioat aichl egenktéor PhmecoradoDlew b6 cl ocks
for the data read or to be recorded in the Z2 area. The distance separating

t he eirdrntin euendpepducesi theudestiimetl ihpatl cusrentintihgoegs bevckgniti on
of the "flag" area with respect to the other areas. It is spoken of as
"si nglanwiistens 202 Cthekhrebirddgedaymba 164t ogepending ovpdn thesdemand
recognition. The area Z2 is intended for the recording of

situation. :

PWM controller 206 includes the synchronized oscillator
shown in Fig. 4. The Pierce oscillator 405 of Fig. 4 oscillates
at the intended frequency without any input from a data clock:
Should a data clock signal be supplied, the oscillator output
will assume a unique phase relationship with the harmonic of the
data clock which is at the free-running frequency of the
oscillator. A large number of integer multiples of frequency are
possible for phase locking so long as there is a harmonic of the
data clock close to the free-running frequency of the oscil;ator.
The se;ies LC resonator 404 is tuned to resonate at the
oscillator.frequency and will be excited by any appropriate sub-
harmonic. The circuit of 402 in Fig. 4 produces a controlled
width pulse which stimulates the resonator 404. Circuit 402
produces a single edged trigg;red rulse from the data clock which
eliminates duty cycle sensitivity. The Q of the resonator 404 is
maintained as. high as possible which requires that the resonator
be driven from a low resistance source such as CMOS buffer 403.

The use of sinusoidal current injection into the oscillator 405

eliminates multiple edge outputs from the oscillator during

10
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sb-call ed useful information. In Figure 3, three information el ements
dlerr], d[err]and d[err] are represented centred with respect to the track
Pi[err] but of diffrent lengths. It will be assuned in what follows that
codi ng of the information based on the nodul ati on of the duration of a

o' fﬁé@ﬁ%ﬁi%ﬁ?@mﬁ%ﬁ Qo3 e ng | MR AL VA GBE cAVRORTIREn
;o Tosighatd, bl PGEERIERD encT A AL RELe A, 1, iR BEAL) D Phe

general forhul @onﬂyz&éxs ndi IRRI G QFRAY A8 showrB-inlWig.Te # I, a
formula in which DT is the tinme increnent. By way of exanple, for 12, T2

=To +38D7. athegeriRedid Fdou t3e) Pl lypiase ABMITrby Mol Hagfee lgendrtdttor pul ses
of equivalent durations and therefore into etchings of |engths

pr oposdBonahown time Fdigr.atdi.on Tife appcloat iinpulf dthdHeasynohrasdszed f t he
mnimal | ength of the etching elenent which can be witten, and which
cor r eopoadd ator| geneyatas ¢d grjayy Jof lﬁla%@hiﬁﬁedarﬁﬁ%eﬁm?ag oiadeent gi ven
dlerr] is given by the formula: I[err]= 1[err]+[err]1
pulses which are in turn converted to the triangular waves shown
in Fig. 3. The triangular waves are applied to one input
terminal of a comparator while the control voltage shown in Fig.
3 is applied to the other input of the comparator. The result at
the output of the comparator when combined with the appropriate
control signal or voltage is a set of width modulated pulses
(305-308) which are individually coupled through high-speed
optical oséillators to drive gate drivers which in turn drive the
MOSFETs 207 shown in Fig. 2 as is the common practice in PWM
products.

Some precision applications of the resulting power amplifier
use sample data systems that supply input wave forms digitally
and process the system outputs in time synchrony with the input.
Small amounts of high frequency noise when present in the output
of such systems can result in*small but serious (beat frequency)
signals when multiples of the data frequency combine with the
high frequency nqise. The "beat" disturbance can be reduced to

zero frequency by phase locking the tracking converter to the

data clock such as illustrated in Fig. 4.

11
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To establish the ideas, a typical value of I[err] is 0.8 1m The increnments
DI in these condition [sic] will be chosen to be equal to 0.3 or to 0.4 im
In this formula x represents the nunber of increnents and DI an increnent

whose length is in one- to-one relation with DT in the absence of parasitic

phenomena. 1 flaus&a 4y SLRER 2BRRt E6ALky118pT 866NEE the Abibadgeheragbrdx. \Wen
such an etched elenent 1s going to be read, by an optical route, there is

obt aidiaslyn afht eFi@pt s cal TRbeebltage eppuer amphifiebetireshipedodl oft Figal
signal V[err] including a planteau nore or l.ess exended al ong the | ength of
t he & gheskhetesetihe Sontrol woltagegwhiich ig[usefi to pxoducp| thet Wi
di agrammatically on the upper part of the timng diagramof Figure 5. |f a
t hr estedullatéd conbses 385apPRi eBows dhi 19 gRal , The f49p5a4; BFEYAR —convert
it into a rectangular signal. This type of pnocgssing i s well kpnown. In

e

Fi gureansion masseeeRRUYsURBETRRBF 8PPI FRPHRL 1PnET8r cReBE 8V ERER:
| engi TGt HEORFERGHocFBoNP L 89Pn AE TR0 AP L162 PLBGHE 47 0L The ybRas! ©
opel£5 127, S6a' U8 LULA0E FULURCRHE e BRcphiVELER8e il batepnon
gﬁ;éf&é&&%ﬂ;e QfpfEahboaistebhkioch EREL] at mbeer EatBksahs £bif.r eghkacenent
is possible to create a spectrum of noise at the output of the
voltage error amplifier circuit 501 identical to the noise source
if the injected signal into the amplifier's virtual ground
produced by the RC network 504 has the same time constant as the
RC network which composes the feedback network of ampljfier
circuit 501. RC network 504 includes a lag feedback resistor
(R1fb) and a lag feedback capacitor (Clfb) with the resistor
being multipiied by a constant and the capacitor being divided by
a constant which is used to scale level.
Whén high-frequency supplies are. required to .regulate at
very low output currents, it is not unusual that it will be
necessary for their controller to invoke cycle skipping. The
underlying problem is that th; required output current is less
than the operating frequency times the minimum charge delivered
per switch cycle. Each time that a buck converter switch
engages, a certain minimum amount of charge is transferred to the

output circuit. Since the controller cannot reduce this charge,

the only thing that it can do is to reduce the rate at which

12
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-9- The instants t'[err] and t'2 correspond to the intersection of the
threshold Vthreshold and of the curve V1. In the present case, the curve V1
reduces in practice to a bell-shaped curve. The duration T[err] of the
pulse I[err] is different fromTo and in general |lower than the latter.
Howev@iarde 008- teanBEeirdledl bynwiilRtdics sbmkeoeehe! kadechvevdintal.i OfThe i N

t he absence of any spurious phenonenon. This is, however, not the case in
real ihystfDikéhe ressdts ishithathaylesewildcdld etipped ome aspegidwtiat i on TN
= To + NDT of the nodul ation signal, different I engths of alteration are
obt aireslis onesnilting. i ssbrhammards vHdiags Fipplee@rodh@ WIYRAE | n
readi ng, the phenonean may bqlac%gptuatqd. A %%rtain nunb%kéﬁhéguleilof
mal f FRYSEATRg eXhet ComvEsteKisPutPutyfdiltest is noY &5 &F {
ok gl SELUEE! B S PR S odd. " S B e U e 1
oo, SR B RIS T B Thd MRS Bl et B
reprefgoéfdini@hEeQWEﬂbtl@ﬂdﬂdﬁiirgaﬁﬂnﬂﬁﬁiigﬂﬁyaﬂglére severely

disturbed by having periodic noise in the output signal.

It is possible to randomize the cycle skipping phenomena if

a noise-like signal is introduced into the control loop composed

of feed back or error amplifier circuit 501 and feed back network

502 of the supply. Input signal to the control loop is supplied

by a differential receiver 503 which acts to give frequency

emphasis and liﬁiting to the power amplifier voltage demand

signal.

The bridged linear amplifier 203 connected to its load 204

and supplie& by a single source power supply regulated through a

multipié parallel connected PWM buck converters 202 produces a

high efficiency amplification system of relative low cost and

exceptionally fast speed. The amplifier drive and control 205

cauées controller 206 preciseiy switch the MOSFETs of buck:

converters 202 which in turn, is illustrated by Fig. 3, produce

an input power current to the bridged amplifier in precise

increments depending upon the demand level placed upon the

amplifier by its load 204. The modulating frequency of each

converter 202 is high enough to allow the construction of an

13
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be called Derr]' in what follows. The reproducibility of these tine
increments is thus equally difficult to obtain. It can, however, be
envisaged that if only limited tinme intervals or equally limted recording
| engths are taken into consideration, there is a chance of obtaining a
r epr oelfitedt iveyswitbh-ogte \supipdlys qubpartetfdilters abbi, cké0t whoseapass
application in question. The two abovenentioned conditions are,

nor ecvand Esuhtrgparnough & adsvheutpitheL the Lapseah SUWESNE® driven
at constant speed, there is tine-space ratio which is also constant. In

fact , TPEULREd aBYy EREN PRIAGRT FMUITHEE - the variations in the

characterigtics, of the material, th his is.the repla t te: o
3 MAR 97 ﬁt’? §B°Yedrlﬂ‘/é”§-p‘é’éh ’\?aﬂ%nT‘ nz)eaﬁd' g:re fia?’ Fo%glg?r%tett %gg%t fer
par a . a I ' |G t ' saniaukhy 9BebRkeANc1iiGd atter
casen(?%%ggf‘gggt J&%%gle)}?ﬁ%u SH&? t emgc‘ﬁl)%% gfl [Ethﬁgl i nven??on. Thg

i nvention takes advant age of this observation. According to one of
the main characteristics of the invention:' concurrently with the witing of
information data, etched elenents will be witten,

14
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precisely, these marks will be etched at |east equal to two in *nufroer for *
each information area and will serve as a length reference. for [sic] al
t he atlcdtedr etaknt $stecorded in the latter. They will differ by at |east
one length increment DI. In a preferred vari ant, i1 lustrated by

Figure 6, the réﬂea@ﬂééfwﬁrk§°W?FlSHQPBBSFl€FBHEd°PHPFh§1§9e§ RAVER will be
called "flag" area; area Z[errg I n & spage ﬁﬁ% féﬁ thIS gﬁea In this
f|gnu%ﬁp%éf%@ﬁlhéglPﬁeaePQWEFt Rt h 3a P e By tﬁu figs¥18FRF gure 2,

t
The MR TR 6e8 R EPBRBoRs pRERE SeREEe Beafty Sonk0kaa' SR Bhemth
them dge RiastLh! €81 cbhne%t% [l e g@b hey gm&t | 888! bohvbied, by Lhe

ot her enents are not sturbe resence. Still according
to a rﬁéﬁﬁéffgﬁ ¥aLbRRhg ikhel ixod:%&" a@maﬁaf %roaalaf aﬁxﬁhméﬁ a!vz kakida
exanpl e e a maxi mal -l ength | ma For t he | atter

| maxX cohd&Ftértnbbhs chlQ@tﬂgeltyheorrrWt@sthmgrrbatreﬁ{: Epomesmifis of the
nmodul ation signal. This arrangenment ensures optinmal precision, in the

genergbweénséupplle tbheaidnamplficirr woWerhdwnpu&.m ni mal [ ength 10. The

order of occurrence of these two marks is not critical either. |Its

suffices im.gen@halambaWEﬁbrh@w@ex'ﬁh@@lad¢éM@@it of Claim 1 wherein
said amplifier is of the -bridged -type.

3. The amplifief power supply circuit of Claim 2 wherein
said amplifier has an output terminal at signal commoﬁ.

4. The amplifier power supply circuit of Claim 1 wherein
each said converter means for operating in a separate current
producing phase selected mode so as to minimize output ripple and
increase the effective switching rate of the collective output
current of all said converter means.

_5:' The amplifier power supply circuit of Claim 4 wherein
each_said converter means includes a switch-mode supply output
filter means for allowing output;ing ofi the fastest current
required by said amplifier at‘its said éower input.

6. The amplifier power supply circuit of Claim 4 wherein

each said converter means is of a buck-derived topology.

15
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Thi's i s the repl acement sheet The arrow f in Figure 6 indiEHﬂIful Uﬂ"“lll"'m
direction of drive of the track Pix. Referring again to Fi gur €%t iy o
parameters To and Derr] can be kept under control with great precision and
are preproducible. It suffices to enploy clock signals produced by

osci | | at ors. havitg ®mpehifpeecpowen angplyeairstnabi ftglabuch whekreliat ors

are well known. The value Nis an itemof data known in advance. On the

ot hereawindzontertex heears chpalyded| ar Epree—gpEpinal nsyifghemegns
representing sone information, are prodyced in,an area.(area Z2

cont iGRRESREIYS HEe e Pylag warkh Pﬁ?@éagfgraf}vﬁnﬁlgﬁﬁ u??@nP?VlRPt% t he
witing of the reference,marks, t i t.hin the tige of no . i

t her ﬁ?ﬁﬁxﬁﬁTﬁ%ﬁtBeﬁ§én?ie§8aﬁ§F§L%ﬂfeF?Tngﬁgl ég gxggﬁg%ﬂlgé&géffor

the contjqu a .~grea Zerr]. To establish the ideas, it is assuned
t hat ﬁqﬁgﬁkéngdéﬁg?l?é the shortest recordable and has a length I[err] =

0.8 1[err]gn 'tmﬁﬁegﬁﬁfif éEUBQwEPaEubPﬁyﬁFikEHEEnHEbéiaQﬁ inghepeahs N is

equal to 10. Int e conditions, the Tength of the mark Merr] is equal to

4.8 idAch idotPert8er RERALSiRavadas! aRgbpeeatahgt Or8qdetsy whiehels it
shoul d be clearly understood that, with the exception of the value N = 10,

t he gjthese vBbelesd tbathesdatasaptehef] angahpletil dataairpatom one "fl ag”
area to anot her.

9. The amplifier power supply circuit of Claim 8 and
including a pulse width modulated controller means for sensing
the power input demands of said amplifier and in response thereto
producing a said pulse width modulated drive signal for each said
converter means, said controller means including a free-running
oscillator and phase lock circuitry including a resonate circuit
stimulated by a data rate clock pulse for synchronizing said
oscillator in producing said pulse width modulated switch drive
signal.

10. The amplifier power supply circuit of Claim 9 wherein
said controller means includes a noise generator means for
supplying a control voltage which in conjunction with modulator
voltage created by said osciliator produces said pulse width
modulated switch drive signal, said generator means for producing
a random noise signal for injection into a supply control loop
forming a part of said controller means to randomize the

amplifier power supply circuit operation at low values of said

collective output current.
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They serve as reference only for the associated information a;ﬁ“l' lelf I“"I
to say the informati on area which has been recorded at the sa
marks and in the sane conditions as the latter. On reading, t he Iengt S
associated_with the marks ML a ective
N[ err] 1y, Wil FEs ARRIATEEY rﬁ%“’%l’ar%‘f? ’6‘?‘?1%‘? %a‘%§ nﬁé ‘i‘ii%’F‘i‘zHi‘

+ NDT' wi | r it is
p055| B%’édt 8°5§3u]§e artc]r The ef*r&gém ‘gy&g&% eu%g%%qd$W| m nati ng

T [err]. In fact, (T'[err]N- T [err]) (T [err] - Tlerr]) NDT' and

Derr]" N This is t he repl acenent sheet - 12 - The process for
determ nation of Dlerr]' is thus sinple. It suffices to detect the
transitions of the signal |, at the instants t'[err] and t'2 in Figure 5,

during the reading of the marks Merr] and M. Wth the aid of a reference
clock signal, for exanple, the durations T [err] and T'N are deduced
therefrom N being known, any appropriate calculating neans makes it
possible to calculate DI'. Know ng D[err]'“ and T'[err] will make it
possible to reproduce the recorded information precisely, by
conparison wth these values or with derived val ues. An

17
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exanpl e of enbodi nent of a device for inplenenting the nethod of the
i.nvention wll be described |ater. Al though the position of the reference
marks Merr] and M2 is not critical, it is naturally necessary that it be
fixed i n aWerGe-¥ODE hrOWERE ¥ UP®NYD#ORCeA0OBRIDEHED UDENRARUBMBLYFIBRN readi ng.
I nstead of being recorded in the "flag" area (area 1), the marks Merr] and
M2 may al so be recorded iabgtwnct eaf AheDibtlosapen. |t is then necessary
to inplement a nethod of sone sort neking it possible to identify them
anong t he dtorrert eppvestereihdchl incdudgsspppEidggd Wagwer aRBhpLéert o
post-etch information. _elenents used fqor this rpose or o reserve a fixed

posi tAAELESR tFeCP n? oF AL BR FL8FLeybCudPPR nBﬂﬁan?VuFﬁ% EBFBBFPeB sampl i ng
f t b id d. F h - | ed

o B B8 By SORE S5 i phEE soPUREERLED, 0 ones 1vne
whi ch. Blevald Se SLPg em%gs%;.fctaag withl $%e2bholls §§L?%é' bheug hoé%i-ﬁ/f;éng.

greater precision, a ru, S not nec\essar r the mar errf‘ and

M2t Q §oRPTEREMnd €58ACELER! ¥nkike ivhahleebniBEL i8Ry EEe | ORESE! BBk a
repectively. It Is sufficient to record two marks err] and M2 differing

by atplhfast i ©peot engililhtihgmpakeDiforhei #hioh! 8p8Nidenticaloekdepe for

recalled, corresponds to the tinme increnment Dt. This is the repl acenent

sheettheir time delays and which are evenly spaced in time over a
single conversion cycle. A feedback control amplifier compares
the voltage output of the parallel connected converters through
the magnitude of the amplifier's required supply voltage and

drives the modulating components of the circuit to control the

switching duty cycle of each of the individual PWM converters.

18
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-"13 - If two nodul ation signals of duration T[err] and T2 are consi dered,
there are the follow ng relationships: T[err] = To + Nferr]T T2 = TO + N2DT
in which N1 and N2 are known constants, equal to the respective nunbers of
increments, and DT the tine increment. It is assunmed that N2> NL. "It is
deduced that DT is given by the fornmula: (T[err]-T[err]) [err]T(T[err]-
Tlerr]) Derr]= (Nerr] - Nerr]) In reading, after conversion, a
simlar formulation is again found: (T [err] - T [err]) Derr]" = (N2 - N1)
The value of T[err] can be deduced therefromby calculation: T [err]+

T [err]) - (NL + N2)DT" 2 Finally, in order to refine the process, it is
possible to use nore than two reference marks. My way of non-limting
exanple, it would be possible, in addition to the marks Merr] and Merr]
of length

=T |ME
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|ferr] and (l[err] + ND1) to record a third mark M, representing
a mean length. Assuming N to be even, the length of this mark would be
(I[err] + Derr]). It has been assumed up to now that the
fluctuations in the length of the reference marks faithfully reflect the

| ocal variations in the etching this is the replacenent sheet - 14 -
condi tions, anong other things the local variations in the characteristics
of the sensitive material. Normally, from one site to another, the
reference recording conditions undergo only limted changes. It may be that
limted changes (sic]. It may be, because transi ent parasitic phenonena,
that the fluctuations in I engths of the na%és becone suddenly "anomal ous”
or may be considered as such. This woul d beNt he case, for exanple, if, for
t he sanme nodyl@Etiomsigmalof duratj onfro—tie-Tark Menr] varied in length

from si ngl e ®q doubl e Ftromfofr{the whrks may al §o fluctuate
abnormal | y. e t t he 1Iu3; tHdons of this typs_should not
be taken intd\jacc do| npt ¢ spond t ¢ thc ions in
the |ocal parjanmet ernpl  parasitig phenonena. Ich ef erred
vari ant of the| net 0 fhelinvetidn, the vari atyd ih the
par amet er s Eg S \\ |
o - ) o |8
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related to the reference marks Merr] and M2, and, in the first place, the
| ength fluctuations, are stored in nmenory. It is possible, in order to do
this, to use a menory-storage method of the FIFO or "First In First Qut"
type according to the term nol ogy. At each instant, a certain nunber of

val ues anong the nost recent ones gR€)2vail abl @OI4 is therefore possible
to produce a nean and reject an Wﬁgﬂg v tﬁb% | ess than a defined
percentage of this nean value. | tte M he |l ast valid val ue

adopted for Merr] and/or M2 w || be tlhken, fpr exanple.. It is this value
(or these values) which will sep B@@t gauge for the contiguous
data area (Area Z2) andynot t n or values. Qher nethods can
al so be used. Wthout p odumVM;Gmsi MQPS possible to reject the val ues
whi ch are gy F?stan r mMaedA i INESATEA S /al so
possi bl e t erpgl XA o e t u (Y - and (n +
1), n being ' r r | &N\ n L ng\of/ X h S
(Merr]-Merr]). This- ' : = TAME(n+1)
relate, respectively, tp e\ypai /ch\pr egede ~gh
follow the pair qof, markg r 1AW N 1 YN of/x adiy /N THINS S
t hat v VOLTAGE
<C
prd
Q
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the data area Z2 read after the passage of (Merr]-Merr]) of rank nis

pl aced in nmenory. Finally, it is possible to decide that, if the parasitic
phenonenon persists or is reproduced with an abnormal frequency fixed in
advance, an alarm signal should be generated. In every case, it is
necessary for the frequency of occurrence of these reference marks to be
sufficiently high so that the tine interval separating the reading of two
series of consecutive marks is, for its part, sufficiently snmall to make
the drifts int ec i ng and/ or reading paraneters acceptable. A priori,
in a sanpl ed-type fJTnatq such as has just been described, the frequency of
appearance of {the "filags"] is sufficient for this condition to be
fulfilled. If {th Wer & npt the case, for exanple for a particular nmaterial
formng the thszgge i Ple | ayer, it m ght be necessary to post-etch the
reference mark tﬁE%fllags" areas and/or the data areas, in a greater
nunber t han thélfgift 'E;Ihe met hod according to the invention requires
only a small dkod adfi tional information which is not directly usable.

In the preferr Fankpf Kbh , | information, that
is the say the E%ig@ﬁe) (Bs|, may noreover be r@corded in areas (area
(0
O
e

Z[err]) which | 8ffor recording so-cal Yed d¢iseful information

re

e
(area Zferr]). et(h th makes it possible tjo overcone, to a |large
extent, the par
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recal led and thus to obtain better reproducibility. In the final analysis
i,t makes it possible to reduce the length increment and, by this means, to
i ncrease the recording density. In fact, with an etching el enment being read
by conparison mnth a valld reference for a | ow-anpl i tude region, the length
of the incpere 3 W th greater precision. "-16- It remains

the case, howevlerC@t even pver a short distance, the so-called thernal
effect may gi g IR A $ in the length of the etched el enents.
These fl uc | e y deS|roy t he advant ages afforded by the

I nventi on. Q@Qgggtlc effegt cap be alleviated by applying the teaching
of the abg | French pgtent [application No. 90 08542. This

parasiticsffect and neasuresyallowing it tofg |l eviated will now be
recal |l ed brlefly with reference to Figure In- Figure 7 an

I nformati q rapresent gd—m vertical section, novi ng
in the difrecti ‘ agﬂgff a di sk turning about a

vertical &xi cong nt11 rcles. In order to wite

i nformati o x6ks of |ghegnedium 10, a | aser beam 11 is

provi ded, <<ft3$ 1

P —ﬂ—%iti 503
50| : f |

1 |+ 3:+vcc 1
1» e MCC

506 (CAMP DEMAND A
504 / L INPUT }
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concentrated onto the surface 12 of this di'sk. As has been seen, 45T fect
of the laser beamis locally to heat the medium 10 so as to give rise, in
the heated area, to a physical nodification which will then be optically
redadable, in general with the sanme | aser_ybeam but of ‘| ower power. The
surface of the.nmedium 10 includes, i'n the-exanple, a thin layer over which
the heat brings about an alteration consisting, for exanple, of an

abl ation. The |aser beam 11 is of circular cross-section. Wth respect to

the direction f of novenent of the medium 10 it exhihits a front eﬁérenity
13 and a rear SWIRIH-MODE] PGWER |SURRLYEOR & BRIDGER BINEAR PMBLITHERM s

applied to the nedium 10 between the oi%t A ng Bt.Nbre precisely, at the

start of the witing sequencé?Eﬁﬁ¥3¥¥§¥511;;5§-%§—§P—%ﬁ% beam 11 is at the

point A and, atpthe o il HGCACRarkitul 82iyedifpld Sbukhe
e e Ml 40 FRUR Bz cRal 621y "OTR02S ©

beam 11 is at the at the etched elenent 15 witten

onto the iyt 168 bid S il Aol &evhiina1d8appTH ssi seyhbred.
) e

id
repl acenent - 17 - not coincide with the point A, and a rear edge
17 whi ch, dddtewingsl i £ioess nof fanitmisiidponierh suehpaisntinBthhbensi afof f set d

I's between the points A and 16. In .
kilowatts with wide bandwidth and very low distortion and noise
which makes them nearly ideal for precision amplification
applications such as gradient amplifiers for magnetic resonance
imaging. These amplifiers have though an inherent deficiency in
that they are of low power efficiency. Such low or reduced
efficiency results in large amounts of semi-conductor materials
being used for pass devices and large heat sinks being used to
receive the generated and wasted heat due to amplifier operation.

Another type of an amplifier, the switch-mode pulse width
modulation (PWM) amplifier, offers improved power efficiency but
suffers greatly from poor bandwidth and poor fidelity. PWM
bandwidth is typically an order of magnitude less than needed for
many aéélications. Operating. with switch freguencies in the
megaHertz‘range in order to attain the necessary_bandwidth
results in low efficiency and is, therefore, not practigal. The
use of megaHertz operating frequencies is especially difficult
and costly if the output power measures in the tens of kilowatts.

It is known in the practiced art to use two sep;rate PWM
buck mode power supplies to power the traditional totem-pole
topology (non-hridge) linear amplifier. In'addit;on to requiring

two PWM supplies, whereas bridge designs require only one supply,

REPLACEMENT_SHE;T

e

N R

2 o
% % 20 FEB 197
8 '




what follows, reference will be nade, above all, to this offset. These
offsets nean, on the one hand, ‘that the etched el enent 15 does not exactly
have the desired position and, on the other hand, that the length of this
information elenent 15 is different fromthe desired length. The
corresponding time offset Ds may be expE%Ssed by the follow ng fornul a:
Derr] =[err]O + Derr]l inthis formula so is a constant-value termfor

t he sane recording nedium and the same type of recorder and Derr]l1 is a

So 15 tho SHRUBSBRONRONBY A FEANER AL FRBF LERCRT BREAe 12 WA TACLONS hout -

an el enent LA Jletes Sy dit-L itionh Sof G { d 1

a negativeogéﬁggghghgkgﬁgﬁggkgf?gg?ggpg%gﬁg?%%gi% ?ie recor e§£%$#<ﬁfﬁf§§%
a part in deghRingosalabe: tﬁ%pembﬁlliry::ekbendiﬁ?rﬁéﬂls Sippg e tovgdte S plag
Its power, and the speed of novenent of the information nmediumwth respect
to the wi stagtbeanproacipat the aktessadyi supply tvwoltewyd antarddisnts.delme
exi sts between the start of the application of the beam 11 to the medi um 10
and the norpdy methodhof: stedr precegoitinn that is|fsrsihlel fgr manynsyichm

[eaches Uhe valus Wil gh Lo Ul LSl S0L T QLM HLLNOLIILY T Okl L HOUE B

millisecohds which is the response time needed by a slow PWM

supply. For many uses, such delays of the amplified signal are
not allowed nor desirable. In attempting to make a PWM buck
supply faster, tgpically the output voltage ripple from the
converter is compromised, and at low operating currents, the
output ripple voltage contains large amounts of switching
subharmonics as‘cycle-skipping behavior is manifested by the
converter. The missing of cycles is common when a buck converter
operates at near zero duty cycle to produce small output
currents.

In the use of bridged linear power amplifiers, the
applic$£ion of multi-level signal tracking power supplies for the
purpose of poyering the amplifiers, such as described in U.S.
Patents 4,778,452 and 5,045,990, are capable of providing

) amplifier systeg-efficiencies‘which are much improved over the
basic Class B operation with fixed DC supplies. Therefore, in
the concept of the following described invention, a multiple of
separate PWM buck mode power supplies are utilized in conjunction
with a’%ridged-linear power ampliﬁier to produce and provide a

high-efficiency fast precision amplification system which does
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the etched el ement 20 which has just been witten, in solid lines, and, in
broken lines, an etched elenent 21 which is to witten. The upper

part shows the tenperature te of the substrate along the track on which

t he mar,ks are being made. The tenperaturg teOis the tenperature-of the
medium 10 in its entirety in the This is—the repl acenent sheet - 18 -
absence of heating, that is to say the anbient tenperature. The curve 22
of Figure 8 shows that, immediately after the formati on of the etched
el ement 20, the tenperature of the medium 10 at the site of this etching

el ement i sneti shffebstanni theydafjbbenches réfexndd e mvse ity Fespecthat
the tenperature at the adjacent site 21 is also higher than the anbient.
tenperatur§°tFBPr?ﬁrﬁFPFBEQh“Fbkb¥e@hgﬂmt¢ﬁﬂth#&ﬁgﬁﬁl%%?%ﬁ?1ﬂ9¥%§ te of the
et ched el enen %0 From these considerations it results that the delay Ds

i s smal | er 2BRLAEERT Bt ched el enent has just been witten at a preceding site

& Sl o
of Ds with respggtthost BveheYbAUS! Uri\&?é& | e e S Rdver BMpl ilrdleR BR1
depends on the length 1 of the etched enment 20 and on the di stance 11
separ at i ngpbWweredcbgda plurality of PWM buck converters which are operated
in parallél. Each converter shares a common DC input power
source and is joined to a common pair of output terminals. The
output terminals are applied to the powef supply terminals of the
bridged linear power amplifier. The buck converters are
m&éuiated with modulation reference signals which operate in tinme
alternation such that in any conversion cycle there exists a
plurality of modulating wave forms which are identical except for
their time delays and which are evenly spaced in time over one
conversion cycle. A feed back control amplifier compares the
voltage output of each converter to the ﬁagnitude of the
amplifiers required supply .voltage and drives the modulators to
control the switching duty cycle of each of the ‘individual PWM
converters.
{ Accordingly, it is an object of this invention to provide a
- high efficiency fast precisio; amplification system capable of
producing power in the tens of kilowatts.

Another object of this invention is to provide a power

amplifier having a high operating.efficiency at reasonable cost.



el ements 20 and 21. The witing of the etched elenments witten before the
etched ‘el enent 20 thus nakes a contribution to the term Dsl. However, it
has been noted that, fromthe fourth precedi ng etched el enent, the
contri'bution becones negligible for the gpdulation formats and codes widely
used at the present tinme. The abovenent+erred French patent application
proposes several enbodi nent variants suitable for correcting Derr]1 and/or
so. In the context of the invention, it is the first time offset, Derr]1l,
which is the nost troublesoggpsince so is substantially constant for one

medi um and one PefUFHBPFr GRAEFtapS| FhAscinvention is ko mrravife fopaer .
(e e KSR LhyBAlASEEh. bR Lo L AL S e

he“zZone 1n quest! on.

making it passbbtente &Alr ¢alukbanbbeihl &&gifﬁ&%ﬁ%g{iﬂfég ePanesAll ed.

whi ch arrangenments are the subject of one o ee I'ment variants

descri bed suttheiahtygnrayhospdedpraeRingnNsignal that needs no Thi s
is the repl acenent sheet - 19 - According to this enbodi nent variant,
duri ng t heprecogditjophisethehecontwolesysten. and Dal or the single term Dal
are corrected. In order to correct this Dferr]l term there is provision
for recordi ng, $hidlndppkher object of this invention is to provide a power

supply for a -‘bridged linear power amplifier which allows fixed
frequency operatibﬁ.with a clock frequency which can be
synchronized to external system clocks, tﬁus preventing beat
frequencies form%gg in the system noise.

And still a further object is to provide a bridged linear
power amplifier having a PWM buck power supply converter in which
the spectral intensity of the supply ripple current induced noise
resulting from cycle-skipping at low operating currents is
reduced with any remaining supply ripple current induced noise
becoming incoherent with likely repetitious control signals.

Fgrther objects of this inventidn will become apparent from

a reading of the following description.

Brief Description of the Drawings

Figure 1 is a representative set of wave forms showing a
. _
represeritative output voltage signal from the bridged power
amplifier of this invention in conjunction with the necessary

amplifier supply voltage in which to support or produce such an-

amplifier output signal.
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which may be one of the areas of the information nmedium the variation |aw
of the offset Derr]l, or of the offset so + Dsl as a function of the
previously witten information elenments and of the tine separating the
wisting in progress fromthe previous mm%ting. The tenperature at a site on
t he medi um al so depends on the | ength e=Fke previously witten el enents
and on their spacing from the place in question. Hence, a nenory is
provided with values of Derr]1 as a function of the I ength of the
previously witten elenents and of their separation fromthe elenent to be

witten. It is BG¥S @ 1§ Palkdogkc §4A8TBRI §fothe biidged pkinreal Mpws®nent ..
For better _precision_in.the lLculation.. . several elenents | ch

precede mfﬁpiﬁFgﬁghf&%ﬁf% 6%2&,1Fn1§X?h5§8ﬂt?h?Y10$I? ?Eﬁ?pi%FQQH%BQF?Cbe
necessary ggnlakee2sCqineR tabihe! Batetol ced] t

I ndi cat ed. Tﬂese \(/aal ug t abl es areed te?m’ ngﬁp?i g%%/ﬁ%%%%ﬁh%‘? acto
the medi umgapfling accomidn teader manufacturer. For preference, the table
is inserted into menory of the information mediumin prerecorded data
areas, when a sBigaleed dsnpl edtf ofmmbdulatedobawd. fohis teblto iiddr tHus be
specific to the nediumin question. However the values of Dierr] wll
possi bl y vBBRgKf CEORVEREerFpePSratedoinecpParaliabtand  suyiectash|tdndividaal

di sk turning.gt cgnstant.s eﬁd, t he dknensions,of the informati on el enents
vary switch drive signals with the resulting buck converter produced

o

inductor currents as the combined total inductor current fed to
the power input of the power amplifier. |

Figure 4 isﬂg combined circuit and block diagram for phase
synchronizing a Pierce oscillator from a digital synchronous
input signal utilized in the PWM controller shown in Fig. 2.

Figure 5 is a random noise generator circuit diagram
utilized to produce the control voltage for the modulated signal
fed to the buck converters and which also forms a part of the PWM
controller shown in Fig. 2.

Description of the Preferred Embodiment

The preferred embodiment illﬁstrated is not intended to be
éxhaustive or to limit the invention to the form so disclosed.

{ -Rather it is chosen and descr%bed in order to best explain the
principles of the invention and to allow one having ordinary
skill in the art to utilize the invention.

In Fig. 1 an idealized amplifier supply voltage.10l is shown
to produce the ahplifier output voltagenloz. The supply voltage
is slightly larger than the magnitude of the amplifier's output

voltage with the greater the supply voltage the more such voltage




as .a function of the radius of the track on which the elenent is found. In

this case, the law (or table) for determning the values of Dlerr]l wll

t ake account of the radius. In general the Dlerr] values vary linearly with
the radius. This is the repl acenent shee - 20 - For further details as

to the device allow ng the nethod whic just been recalled to be

I npl emented, reference wll usefully be nmade to the abovenenti oned patent

application. A device allomﬁng t he net hod according to the invention to be

i npl enent ed Wi I e Jde b|ISh mﬁthout
t[\rgt bei ng é‘ﬁé |sg:n1g°n e scopcﬁhi?mt heu{t ven B%est?léeh%ﬁer t|on of an-.
optical di %pfﬁqqréier- rePRed wlamqen\@rl h:e&awrés é&ﬁéh&@ﬁa&gé eldys &tﬁ'la

reference to Figure 9. Figure di agrammatical |y Il lustrates

exanpl e of apleapn |padmde)rcd:ﬁnm1dl gl rieadiotgpess b @ dt sl mdke arhept i caI
route. A disk 90 turning in a plane around an axis parallel to the third
axi s of thdififexenpe datstesre e sSpnpdiv Xeltagel audsthe mupkifigers fatkputa
| ayer of thernosensitive material in which infornmation has been recorded

al ong tr acFSIFRTErRERO +  FRENES0 qq‘l’é-lq.}d’é‘aﬂl 4§8S9F 7% | the SRERA R I WRATS

specific are due to amplifier internal impedances which will further cause

a necessa}y difference between the supply voltage and the output
voltage of the amplifier system. Thus, minimization of such
losses or amplifier dissipation réq&ires.that the tracking supply
be very precise.r_obviously, the faster the change of power
demand in the amplifier voltage, the faster must be the tracking
power supply.
switching power supplies can offer high efficiency if the
switching element can .obtain low on values of resistance and low
syitching event losses. The switching event losses are
proportional to operating frequency and, therefore, operating
frequegcies can not be increased without limitation but what the
losses become unacceétable; Buck topology is well suited to
providing control of the output voltage to values as low as zero
i and at currents approaching zero. The maximum buck converter
output voltage is limited to the supply input voltage. 1In the
amplifier system of this invention it is desirable to produce
voltages in the order to 200 v and 200 amps. The minimum voltage
required from the power supply is a small operating headroom
voltage in the order of approximately 10 v and at currents as

small as 100 mA. Thus the converter output dynamics power ratio
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code in accordance wth what has been described and areas Z2 intended for
the recording of information. The disk, wth a dianeter of about 30 cm is
given a rotational novenent, inparted by a drive notor integral with the
chassi s*of the opti cal recordlng readlng system Typically, the tracks, for
exanpl e 40,000.in nunber, are witten mk%hfn a crown centred on the axis of
rotation and of width equal to about 8 cm The nunber of flags witten, per
concentric circular track, nust'be suffici ent to overcone parasitic

phenomena rgl at’géiréllg {ge“_nature t he, um o the fluctuation in the
rotational Y¥pee Vpreartyde b%‘f Risy 1:3:g§: qq 48s 020 - wr i §Hmﬁer -
tracks [si 53§?y I he. enb

exanpl e Hus%%ét%%ﬂfgaélz%%%eégﬁ‘t evice %aé‘cc?esl 285 § p(regamé FRhed

track of thﬂgx&a?deﬁqwlxse&@qdiﬁ@ii fId1dw At Ao %@rea%%séeuhaewﬁmeh
represented) generating a beamof parallel rays F[err] and a novable part

consi sti ng Wipkies ridwat dihey/conueitend fEveper pokeri bakgendtht ba thet erddki 6
"is the replacenent sheet - 21 - conprises an objective |lens of the
m croscope 18 g&#HZY erk 175 |Iﬁi%d?ad'}d%<%‘w Fedlizes ansyischingofreguaneyngni the

the magnet '%}Jg;'d Y 3ed®] RS T0 B g BRCERERCTEL BARVEELP in
swztchlng event losses which are totally unacceptable. If the
switch frequency is lowered it is difficult to filter out the
switching ripple in the converter output;

Fig. 3 is_a,yave form diagram in which four buck-mode
converters 202, such as-'seen in Fig. 2, are utilized for
illustrative purposes. The number of buck mode converters 202
utilized in the system wili depend upon the desired maximum
output of the bridgéd power amplifier 203, also seen in Fig. 2.
In Fig. 3 at the'top of the diagram is shown the modulator
voltages and control voltage or signal fed specifically to each
pulse y?dth modulator. These respective voléages (modulator
voltage and control voltage) produce pulse width modulated switch ‘
drive signals S1, 82, S§3, S4, in each of the respective buck

{ converters which in turn produce the inductor currents Ili, Il2,
I13, and Il4 produced in the.éime lag sequences illustrated for
each of the converters which is summed into the total inductor
current 313 fed to the bridged amplifier. The switch drive
signals for each of the converters are designated respectively by
the qumbe#s 305, 306, 307, and 308 and the induced or inductor

currents produced by each of the specific converters is shown by
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gal vanonetric mrror Merr]1l providing the radial slaving. The

gal vanonetric mrror Merr]1l is novable about an axis Dy parallel to the
axis OY of the three-axis reference systemso as to provide the said radia
sl aving.. The beam F[err] is focussed intg a spot ta at a predeterntned

pl ace on the disk onto one of the abovementioned tracks 91. I s assuned
here that the systemis of the single beanmisingle track type that iIs to
say a systemin which the single beam F[err] serves alternately for witing
and reading as well as for providing the functions of radial track

fol | owi ng e dfirfesc 398 nPELOhiSlasFd Nespegtdivedyt forstbpefORTt he

i nvention. In order to detect the reaqbQFantreflected b

semi - t r ansFFERT YRR e MBeR MFLNg, Ime inter %@&dgﬁi’pﬁgpbﬁfﬁcof t he
single beamdlfliderdie V«ﬁ,eeafgffeféa%e bl hef fzgguantpestﬁdstscgsﬂ 8Y the

photodetector means chgenerate atter

transmitteddgwidial JYARSHld EdlflidhidC Whlidel GheThEEColi®bher cGhEENET S,
in addition to the circuits which are common to the prior art, incorporate

circuits wWrigdplas esspaaidtily eddued .nvaiiisorldesswWitoehthel tonstrbetion of
described. The reading of an information el enent, such as dl, d2 or d3 in .
Figure 6, gummtastiltfer netiloredafcas audpiody gamciaange €onvthe| mguiamd of
t he pul ses of duratjens which will be called T [err]. IS necessar

rel ate t heAERIVATIAT: r She FETHE 37 Ghat Meadrsge GPqPPTEegl B?\‘&‘F‘" %‘H $9r
the .erduI at Ichoarlna%loet Q‘%. WO::).r %ﬁuﬂalltir o'F %%%%ﬂca&gy gggggguc{:gg rg&g;? m

the ~ nunber®
converters.

Referring now to the overall amplifier system shown in Fig.

2, the buck converters 202 are shown connected in parallel and
individually numbered 1; 2, 3, and N which represents a specific
number of such parallel connected converters depending upon the
available output of the converters in relat;onship to the desired
power input to the connected bridged amplifier 203. While for
illustrative purposes in describing this invention, four such
buck converters 202 are utilized in order to simplify the current
diagram in Fig. 3, is to be understood in order to produce a 2

- MHz effective maximum operating frequency for the.b;iéged'
amplifier, eight 250 Kﬁz buck converters 202 would be ntilized

- and connected in parallel. E;ch converter 202 includes a MOSFET
switch 207, a free—wheeling diode 208, an output coil or inductor
209, an input bypass capacitor 211, and an illustrative output
capacitor 210. While in Fig. 2 there are individual output
capacitors ‘210 shown, it is possible-since the capacitors are

utilized in parallel to provide a single capacitor in the
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associated increnents. It has been seen, by way of exanple, that a
duration T [err] corresponded to the duration To, and that Dlerr]’
corresponded to a time increnent DI. According to the invention,

coppari sons of the direct or indirect vgjues read will be-carri ed out with
This is the replacenent sheet - 22 —reference values which are valid
for an area Z2 of limted extent. These values are those derived from
reading the marks Merr] and M2. In the preferred variant, it is the area

Z2 associ atgd Wi h apSLnolesx +&gv &2 MY G ?%rli“ﬁhgsresgr%%g Merr] an'd

M- Vari ol& 1Bt hods may be e arrlve By way of

non- i m ti#o axesm! &f %@Iw@az ciégmémlosi{%uﬁ RehrbRAL¥oROENe! biriaged
invention will be described with reference to Figures 10 and 11. Figure 10

di agr ammatampiligier] ushs adesexdmpls ; cior aioEd AUtetal satdputf, aightckuck
signal which is of high frequenc conpared with the frequency of
occur r enceconfertexs needcenlyi ipdividuyaddot prooduge at BS iknpbﬁﬁﬁt Fenmeas

well as the duratlon reference signals derived fromthe narks Land
Merr]. I|tthe tokat epfput r@%’é%%"a’?c' f‘f‘ﬁ%”-’{q‘?@%eq&'@ﬁBﬁYorflf'ﬁeag‘PghEF FFeFE

to be very,ss aé)zl-ee £dP" EQUEL» £d8%onstruct and are more compact then a large

inductor able to handle the total output current requirement of
200 A. _

There are two basic buck-converter topologies which would be
capable of using tpe shown and preferred N-channel MOSFET
switches 207. Td; topology shown in Fig. 2 is chosen for its
ease of implementation of the gate drivers of the MOSFETs. The
other basic buck converter topology would place the N-channel
MOSFET drain terminal on the positive supply node and the MOSFET
source terminal on the inductor-diode (209, 208) node. The
inductor 209 then would be connected to the positive output
terminq; and not the negative terminal as is shown in Fiq; 2.
This described but not shown buck converter topology requires
separate supplies fo; the gate drivers of each phase and the
coupling of the gate drive signals across a very high dv/dt
interface from the common—to-;ll-phases controller 206 at a
greatly increased cost and complexity.

A single .power supply for the parallel connected buck
converters 202 comes from a main DC power supply 201 which may be
in the range of 180 to 200 V. The phase control for converters

202 is produced by PWM controller 206 shown in Fig. 2. An
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hi gher the frequency, the greater the precision obtained in the
process of reproducing the information signals. Typically, a ratio higher
than 10 between the frequency of occurrence and the frequency of the clock
signal’s will be used. The tim ng diagraqlgf Figure 11 illustrates these
various signals. The clock signal is d Herr] in the figure and the
duration reference signals T [err] and T [err]. An information signal
denoted T' x has al so been represented. Referring again to Figure 10, the

main el emepl, pfedde EHiUL!chBExbIPAEETAIAN ddiP WAL A1 1VN0 L RuaNthga.

inthis e I'ment varrant, Is a counter recei'ves the clock sighal HR

on one inpif1@etyvated 1AOUCSCI PateAt L3 fodd J545THes Ictvinheictear betieehhBriages
"AND' function, by conbining the read signal | and the clock signal HR The
signal | imupbifierd203ocandheostyoble[206] (AmpduifEe®) drivele caagrafi 2RSwas
explained with reference to Figure 5. The counter can _therefore_count the

cl ock pul seEodycessaifenanrfsignah FPYurhicly actyatess P cPBHr2ddRENROEheet

1 23,00 e 2 e BESSE0SE o0l ke PHLSF oSl IR LRt BB
del i vers, éggééfiers 202 to the bridggg.amplifier depending upon the demand
situation:

PWM controlier 206 includes the syncpronized oscillator
shown in Fig. 4. The Pierce oscillator 405 of Fig. 4 oscillates
at the intended fggquency without any input from a data clock.
Shouid a data cl;;k signal be supplied, the oscillator output
will assume a unique phase relationship with the harmonic of the
data clock which is at the free-running frequency of the
oscillator. 2 large number of integer multiples of frequency are
possible for phase locking so long as there is a harmonic of the
data clock close to the free-running frequency of the oscil;a§or.
The se;@es-LC resonator 404 is tuned to resonate at the
oscillator.frequency and will be excited by any appropriate sub-
harmonic. The circuit of 402 in Fig. 4 produces a controlled
width pulse which stimulates the resonator 404. Circuit 402" _
produces a single edged trigg;red pulse from the data clock which
eliminates duty cycle sensitivity. The Q of the resonator 404 is.
maintained as. high as possible which requires that'the resonator
be driven from a low resistance source such as CMOS buffer 403.

The use of sinusoidal current injection into the oscillator 405

eliminates multiple edge outputs from the oscillator during
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bus Sc connected to a parallel output, an image binary word the counting
states [sic]: Cnl, Cn2 and Cnx (Figure 12). These states are expressed by

binary words nl, n[err] and n[err]. In other words, the counter C converts
the durations Tlerr], T [err] and T[err];into a series of nunbers n[err],
nferr] and nx proportional to these durat++ens. It is assunmed that the |ogic

circuit LOof Figure 9 generate a signal Wduring a tine w ndow
enconpassing the pulses T [err] and T [err]. Taking the context of a
recording format of so-called sarrpl ed type, it suffices to detect the

posi tion ckodkip Widds Bhrss dack Fejdk sRoothyandaveryngrickn t f¥ngarenans -

h f th Kk
coner at | o R o SrafEdd %#Mtiﬁ e e LT R S T
al so needed, ¢ AR AT WRIRAE B kvakRl 'fb%ﬁsegﬂgﬁnointf‘l\/?]\l' ﬂné‘ﬁél,

T [err], T [err] and T'x. In order to do thi a nonost abl e

used, triggenecran ddigiverl g atgepaliyphacesmgaalatdr| eoltade Jex[xeféﬂ:erThe
latter delivers the pulsed signal S[err] as output. This signal is used
first of aldétshmgetin Rig.erdo- cdhet @lackeghdnpnkt ofl théasynclPraftzeadl y, it
will be reset to the zero state. The signal is transmtted to a zero-reset

i nput pr oV afOR [generAtRE @ InPWR @f Phasgeshifbed Hat cdutyheveleary
words nl, n2 and nx nust be stored in menory. To this,end,_ a nennr% NVEM i s

used. For RAHEEHW RS iigh tuxn jconyexrted  tenkher Friangiiay YaresisRoVRo

separate %&?%%g. 3. The triangular waves are applied to one input
terminal of a comparator while the control voltage shown in Fig.
3 is applied to tgg'other input of the comparator. The result at
the output of the comparator when combined with the appropriate
control signal or voltage is a set of width modulated pulses
{(305-308) which are individually coupled through high-speed
optical oséillators to drive gate drivers which in turn drive the
MOSFETs 207 shown in Fig. 2 as is the common practice in PWM
products.

SQme'precision applications of the resulting power amplifier
use sample data systems that supply input wave forms .digitally
and process the system outputs in time synchrony with the input.
Small amounts of high frequency noise when present in the output
of such systems can result in‘small but serious (beat frequency)
signals when multiples of the data frequency combine with the
high frequency nqise. The “beat" disturbance can be reduced to-
zero frequency by phase locking the tracking converter to the

data clock such as illustrated in Fig. 4.
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first area is intended for storing permanent val ues, such as the nmaxi num
nunber of increnents N, or sem - pernmanent val ues, the nunbers n[err] and
nferr] which vary only when a new area Z[err] is read, that is to
say new reference marks Merr] and I\/[er_fj_. A second area is used for
recordi ng the successive val ues nx correspending to the information - 24
- elenents d[err] d2 or d3. Alogic routing circuit SWreceives the
paral l el output fromthe counter SC. The routing between one and the other
of the two nenory areas i s conditioned by the state of the tine w ndow
signal W Morednsiudede within PiMnceptredleyec206kis thedwise Eananatar of

falling edggs of, s%gnalg T'%@rr# #ﬁ T x. In order,to do this, Lg IS )

condi ti onS8°MP Re FAfpedrand@eoVOLRIE| GREPT SNERLLEIRR (TIPS o B &igo
t &t t ' : te .

210 TSt of HBallate el Sonkiero ST ABI0UHh oL S 5sed e AR Ut wiaen

are knownpoli1a¢eBbul skke3es5a508! BHSwhen "Ri&. PHASeRie AiIAEE Ysdddi Ng
reference values n[err] and n2 in nenory, and a phase of successively

pl aci ng t randam Godseal(PEN)nyeneraeow $06 TER6%n Vit Uty W8 Ipradvides a
determ nation of the nunbers of increments attached to each information
signal source to the voltage error amplifier circuit 501. Bypass
filter 505 is used to remove the DC output term of the source and
shape the amplitude distribution into a more Gaussian form. It
is possible to create a spectrum of noise.at'the output of the
voltage error amp;ifier circuit 501 identical to the noise source
if the injected signal into the amplifier's virtual ground
prodﬁced by the RC network 504 has the same time constant as the
RC network which composes the feedback network of amplifier
circuit 501. RC network 504 includes a lag feedback resistor -
(R1fb) and a lag feedback capacitor (Clfb) with the resistor
being multiplied by a constant and the capécitor being divided by
a constant which is used to scale level.

Whén high—frequenéy supplies are. required to .regulate at
very low output currents, it is not unusual that it will be
necessary for their controller to invoke cycle skipping. The
underlying problem is that th; required output current is less
than the operating frequency times the minimum charge delivered
per switch cycle. Each time that a buck converter switch .
engages, a certain minimum amount of charge is transferred to the

output circuit. Since the controller cannot reduce this charge,

the only thing that it can do is to reduce the rate at which
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el ements, and thus their reproduction upon reading. In fact, if the
interval of time separating two consecutive clock pulses ERis called dt,
the foll owi ng equations describe the inplenentation nethod for the

reproduction of the information: for T[g{_] [sic], T'[err] [sic] = nldt for
T [err], T [err] =TJerr]2[err] =T [err ic] + Nerr]' for T [err],
T[err] = n[err] = T[err] (sic] + Nerr]J[err]T in which equations Nis the

maxi mrum nunber of increnments and Nx the nunber of increnents of any
information element dx. Sinplifying, the value of Nx is deduced
therefrom nf[err]-n[err] nferr] = “-em---- ) nferr]- n[err] Followng . -
i naccur acichange ik LS¥Fes &y ing so@eypLctbe awated eNenks: atThe

S0 S ool NP S Ul A9 B LRSSk T Sekfob
R ok e 20 4 SR VO stpgaeLUE LHLepRtRNE) U o)
' waveform. The converter's output filter is not as effective when
the ripple frequencies are reduced. This supply noise may also
not be completely rejected by the amplifier and appear at low
level in the output signal. Some applications are severely
disturbed by having periodic noise in the output signal.
It is possible to randomize the cycie skipping phenomena if
a noise-like signEi is introduced into the control loop composed
" of feed back or error amplifier circuit 501 and feed back network
502 of the supply. Inpqt signal to the control loop is supplied
by a differential receiver 503 which acts to give frequency
emphasis and limiting to the power amplifier voltage demand
signal. !
The‘bfidééq liﬁear amplifier 203 connected to its load 204
and suppligé by a single source power supply regulated through a
multipié parallel connected PWM buck converters 202 produces a
high efficiency amplification system of relative low cost and
. excgptionally fast speed. ?he amplifier drive and control 205
causes controller 206 preciseiy switch the MOSFETs of buck:
converters 202 which in turn, is illustrated by Fig. 3, produce
| an input power current to the bridged amplifier in precise
increments  -depending upon the demand level placed upon the

amplifier by its load 204. The modulating frequency of each

converter 202 is high enough to allow the construction of an
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calcul ation, any appropriate digital calculating neans is used, which neans
wll be called computer CAL in Figure 10, and which receives the values N,
nferr], n[lerr] and nx fromthe nenory MEM It shoul d, however, be
noted * that the successive cal cul ationg of the numbers Nx nust take

pl ace outside the period of acquisition he val ues n[err] and n2, and
bet ween the acquisitions of two successive n[err] nunbers. In order to do
this, an enabling circuit VAL has been represented in Figure 10. To this

end, it re s i j be, falllng- j.Qn
signal 9 er%%f\é%l%niurégas}vh%ﬁ% e ne%@wﬁﬁ&ﬁgg %6§§?§t£¢s§|1’r’rpﬁ/wgfﬁ§§e§?ﬁsgss of.
regi sters. pandaist largerdrisigh e allllows budple: of NenhdEFRddesth i irerr@put er
can be conmbined into a single nenory- based stage of the programrabl e
read-only wegaired RROVhenduuddedy amplilféeter mi nol ogy, in which the | aws
maki ng the cal cul ati ons possible are recorded. It nmay also be noted that it
is not strictlyThE &PeY® inyerdderny ishaoli tpebentinited tofthe datpidse so

variant, naqt illustrated, .t .i ossible to transpt, this value directly to
t he conput &F37F37Fffe e §§§° %ayi k’et pedifiedsgithin fhe RrRASNGEG S12ims.

hard-wi red val ue permanently transmtted to the conputer. The routing
circuit SWnmay be produced with the aid of conbinational |ogic gates. An
enbodi ment exanple ts illustrated by Figure 12. The circuit SWincl udes two

series of gates,

/



denoted LO2 and LO3 of three-input logic "AND' type. The SHMUMEIHUI@HIII
I ncl udes an inverting input e[err] along its three inputs. . .
LO2 and LO3 receive on their inputs, e[err] and e[err] respectively, the
tioe window This is the replacement sheefs, - 26 - signal Wand, on their
I nputs e[err] .and e[err], the signal Sket+t. It has been seen that the
signal transported by the bus SC of Figure 10 is nulti-bit binary word
representing the state of the counter C. Each bit by of this binary word is
sent to one of the inputs e[err] and e[err] of the logic "AND' circuits LO2
and LJ er means, the bits of the word n[err] and n2, .

By thy
represent é%’f%yroféyﬁ‘slié" rﬁ’pect ive durations T [err] and T [err], are
transmtted on 4 he %ﬂp&{{xﬁlﬁﬂxf lpffet gAY GiPdGy Eﬁ%n?i:isih& aSE&yER

LO2 during the time interval ™ W(Figure™1) of the me w ndow W and
the bits ofmpiiever dfaving r€pasantripus of glealiegessi yaldar @iddns T x on
the outputs S2 of the logic circuits of the series LO3, outside this tine

i nterval Twaullateshawittch-oiodeipowest convenere seansdconnécyedein Jparallék
produced sinply by an "AND' | ogic gate, LO4 with two inputs, one of which
is invert mgl.) agapPtRe fer i SRRACTEN & & RE POWRTsSYRRLY ( af@chheonverter

means for tracking the power demand for said amplifier, all said
converter means collectively for outputting current from said
power supply to said amplifier power input.

2. The amplif;gr power 'supply circuit of Claim 1 wherein
said amplifier is~of the-bridged -type.

. 3. The amplifiei power supply circuit of Claim 2 wherein
said amplifier has an output terminal at signal commo@.

4. The amplifier power supply circuit of Claim 1 wherein
each said'converter means for operating in a separate current
producing phase selected mode so as to minimize output ripple and
increase the effective switching rate of the collective output
current of all said converter means.

5. The amplifier power supply circuit of Claim 4 wherein
each_said converter means includes a switch-mode supply output
filter means for allowing outputging of] the fastest current

- required by said amplifier at'its said ﬁower input.
6. The amplifier power supply circuit of Claim 4 wherein

each said converter means is of a buck-derived topology.
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inverting input the time wndow signal W The cal culuﬂagrmla!uﬂ“&lm“‘
values Nx is thus initialized upon the detection of the falll} *
only outside the interval T[err]. The subsequent use of Nx is outside the
scope ,of the invention. The processing_gg_this value is carried out
according to the known art. The invent+ s not limted only to the

enbodi nent variants of the methods and devices described in detail.
Al t hough nore particularly beneficial in the context of a so-called
sanpling recording format, it applies equally well to the so-called

conti nuous- composi thefl ampatifike pheeri supplyi citredisobel ¢glaimtéiavherein
pul se-wi dt h nodul ation code of the type described, but applies to all codes
i n whi ch eashpgonveshest mepas: ARFIrdpsne Fhprestarainat ovwhtsh means t hus

be d ] d [ Ly. | | i || f
Whi ch T ecGRARRE V8 P80 S0k Ao Rt RORPIRPEHLAREY AELVe, FLaPehiand | Kot ins a '
replaceneggnigﬁitc?Pmbnzéetmﬁﬂgirghape%ﬁ.EQ? c&ﬁﬁgbtiéﬁtfg oﬁé’?é%%&$al of

Wi su iS1s t y

exerci sed I Ccl ent precilsion. € case especl al en use

I s nmade fggiahgoﬁaQOEQngny a thermal effect, an effect which is
non-linear originating largely from

8. The amplifier power supply circuit of Claim 1 wherein
each converter means includes an operating frequency which is
phase locked to the data rate of a sampled data input.

9. The amplifier power supply circuit.of Claim 8 and
including a pulse width modulated controller means for sensing
the power input demands of said amplifier and in response thereto
producing a said pulse width modulated drive signal for each said
converter means, said controller means including a free-running
oscillator and phase lock circuitry including a resonate circuit
stimulated by a data rate clock pulse for synchronizing said
oscillator in producing said pulse width modulated switch drive
signal.

10. The amplifier power supply circuit of Claim 9 wherein
said controller means includes a noise generator means for
supplying a control voltage which in conjunction with modulator

" voltage .created by said osciliator produces said pulse width
modulated switch drive signal, said generator means for producing
a random noise signal for injection into a supply control loop
forming a part of said controller means to randomize the

amplifier power supply circuit operation at low values of said

collective output current.

REPLACEMENT SHEET
1

20 FEB 1997




phenonena which it is desired to overcome. In order to sur mr“nﬂ ﬂ !l mu”m
problem the invention provides for the formati on of referen& . il 18
| engt hs associated with a nearby area for recording infornmation el enents,
formation carried out in the sane condi fjrons as for the information

el ements. This is the replacenent sheet——-28- CLAIMS 1. ‘A nethod for
recordi ng and reading informati on on a novabl e nedia having a sensitive

| ayer and being driven at a uniform speed, said nethod conprising the steps
of : recording said information during a witing phase includ- ing a first
step of form nd¥s rﬂhee/a?nmiﬁ'ﬁ!emﬂezalatmplyabﬁ.&a&itnosatﬂasﬁngbt@,ngéflyer
separated fr.am one another by unaltered regions, by converting variable
duration & J‘%ﬁeoﬁ?d’ﬁ’iﬁ#‘{# grialef e Sigited npseidusranderectysai d
alterations and said unaltered regions répresent said i.nformtion and
wherein said witing phase further includes a second step of formng a
series of sequences of |length-reference second alterations in said
sensitive | ayer, each of said second alterations being of different |length
and each sequence of said series of sequences including at |east two
alterations and wherein each sequence of said series of second alteration
is associated with a predeterm ned area in
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which said first variable-length alterations are forned .and wherein each of
sai d sequences of alterations of said series fornms a |length reference for
said predeter- mned area; reading said information in a read phase
including a first step of reading said |length-reference second alterations
and converting said | ength-reference second alterations into
duration-reference pul sed signals, f 3! respective associated with
predeterm ned area and said read phase further includes a second step of-
reading said:first variable-length alterations representing information

formed in sai i H o e j re o0+ ti pd.first:
vari abl e-1 engtha gﬁﬁ%}@ﬁt%@%@fbm%ﬁdagNﬁ%r éﬁgf‘zgi%* :
reproduci ng said recorded igb%wh%%%\“h sai d C
duration-refer- ence pul sed sSi S. -29- 2. d according to claim1
wherein the pulmeckd rRfcaveattar @il ihdaArRedubativgadspewaksafhifably ‘
coded in duration, by junps of tine increnents, the said first variable

| engt h- poWwerned £aamt & waleomr Finglistdd Hmpad powert souredi bhrowglpaars and -
formed by conversion of pulsed signals of a first duration and of a second

dur at i oR1UFReIFY FamAFRE IR reannrFhad AW busk saaverkerfncrBhent. 3.
Met hod .accc‘)rreditn & Q %I aiora"é‘t \o%fe# ei saie%efi rst dyrat ion | S ghosen 1guch t hat
the | enJiR-T e SrendE AMBTHToF St f&Ference signals which operate in
time alternation such that in any conversion cycle there exists a
plurality of modulating wave forms which are identical except for
their time delays and which are evenly spaced in time over a-
single conversion cycle. A feedback control amplifier compares
the voltage output of the parallel connected converters through
the magnitude of the amplifier's required supply voltage and
drives the modulating components of the circuit to control the

switching duty cycle of each of the individual PWM converters.

" _Fig. 2
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with the aid of the signal of .this duration has a mninal |length, this
length being in a one-to-one relation with a mninmal duration of the

modul ation signals, and the said second duration is chosen such that.the
alteration obtained with the aid of the signal of this duration has-the
said mnimal length, to which is added a defined nunber of increnents N of
I ength, N being equal to the maxi mum nunbgr of time increnments of the
nodul ation signals; and in that the step—ef—reproducing the recorded
information com prises the determning of the durations of the converted
signal s corresponding to the alterations serving a length reference, and
the determnation, on the basis of these durations, of paraneters in
.one-to-one relation with the said mninmal duration and the tinme increnent.
4. Method according to claim3 wherein the reproduction step conprises the
cal culation of the duration of one tinme increnent by subtraction fromthe.
duration of the signal resulting fromthe gphversion of the
length-reference alter- ation of maxinmal | th, of the duration of the
signal resulting fromthe conversion of th engt h-reference alter- ation,
of minimal length, followed by the divisiokby the said number N, this time

increment serving as a referencé. for the i d associ ated predeterm ned
ar ea. -30 - 5. Method according tp’ghy e€f claims 2 to 4 and 1,

wherein fluctuations of the paranetefs assdciatjed with the

T =1

/
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reference marks are stored in nmenory and in that conpari- sons are nmade _ -
wth reference values in order to ignore the marks of which the said

associ ated paraneters are outside a predeterm ned range. 6. Method .
agcording to any one of clainms 2 to 4 and 1, wherein, the said nmedi um bei ng
equi pped with a superficial thernosensitive |layer, the alterations consi st
of a localized ablation of the said |ayer by irradiation of the latter with
the aid of a |aser beam 7. Method a ing to any one of clains 2'to 4 '
and 1, wherein said nmediumincluding, alternately, distributed al ong
tracks, areas of a predetermned first typgmin which said first alterations
-are formed during a prelimnary, pre- recogying phase, and areas of a
‘second type jntended for recording the sai dlU~nf ormati on, the sequences of

| engt h- refgrdnce alt | d i defined region of the areas
of the firstNtjype an rg d W th ascoptiguous area of the second
type. 8. MetRqd afcordi ng 7 wherei&; id nmethof conprgsgs, in a
prelimnary phasel a s

ordi ng i@ @nati on ubed ensat e,
upon recording or] upon. nationggg the of fpet t t he

r
actual site off eagh Zaijd |fi | t ey at]on ‘Re said | pyer " 0r e} medi um
and a desired|site. ding to gl a¥m 8, whefein ai:ﬁ
prerecorded infor fratepr a frakingy i4, possible & cdlQul pte said
offset as a f#nct]on of el pted oo &t | east pn altdEét on
previ ously forjnedjon e Met hod=ac€ording t o ?L@irnﬁz Wher ei n
t he paraneters < S
] =
=
a'.
W
.
L O
O O gi
= o >l N o~ =
+ oG Q L e =
R N o & 2
{ > N
| \ 4
'%‘ JIRS A
{ « N
PN Ly}
2
1N
=
Ar}
g —
+H
AN
Q 9 o)

—>> |

| >>—11 od

S NP~ 5 21
R

REPLACEMENT SHEET. |

20 FEB 1997




relating to the previously forned said at | ease one alteration are its

| ength and the distance separating said at |east one alteration froma
subsequent alteration to be forned. 11. Method according to any one of.
clainms 2 to 4 and 1, wherein said nediumconsists of a disk. - -31- 12.
Devi ce according to claim1l, wherein further com prises a logic circuit
enabl i ng” det erm nati on of the nunber Qi..:tncrerrents only during the periods
Separating two detec- tions of said éférmatlo erations representing
informa- tion. 13. Device accordj ng3 | ai m 1 rel n said neans for

converting the lengths of the fi M@i[) ,’_a_bl M@t@ lterna- tions into
nunbers conprises a digital counter ei vingjan nting clock signals of
much hi gher frequency than the en y currence of alteration

n

et t|

detection, a logic circuit al co nly during the periods . of
detec- tion of the sai | ter for resetting the counter to
an initial state after the end of t&he nof the said alterations. .
14. A devi cMORULATOIR: o)/ ks/Qf /a nmoveabl e
medi um bei ng/@l_h'pAGES ni pexd, ai- de | c ( rp&i ng: neans for
detecting | ength-referenle t at n n AV e a _af ME
novabl e medi um and i nf of | e S | eyat 1 00s/Nn | jj
representing o : . CONTROL
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| recorded information, and for converting said | ength- reference alterations-

and said information alterations into electrical signals; neans for )
converting the length of said detected |length- reference alterations and
said information alterations into nunbers proportional to said Iength;
means for storing in nenory at | east ,said nunbers corresponding to the

" detection of said |ength-reference aerati ons; and cal cul ati ng neans for
-determ ning a nunber of _incre- nents associated with each said information
“alteration detfcte onverted into one of said electrical signals, on
t he basis of daid ngnbers} and of a maxi mum nunmber of increments (N). -32

-- 15. A nethoqg f ng and reading information on a novabl e nedi a

" having a referjenc e and being driven at a uniform speed, said nethod
conpri si ng t hd (s recording said information during a witing phase
includ- ing a (X 2Zbf forming first variable-length devia- tions from
sai d ref erenceg Dy} converting variable duration pul sed information

si gnal s wher ei j_.g"lsLOf | at surface areas
bet ween said ¢ p@sEnt sai d info'rmatiE_gand wherein said witing
phase further espnd step of form ng aYSeries of sequences of _
| ength-refere Vi & .
r
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ti-ofrs- from sai d reference surface, each of said second deviations being of
di-fferent length and each sequence of said series of sequences including at
| east. two .devi ati ons and wherein each sequence of said series of second
deviations is associated with predeterm ned .area in which said first PR
vari abl e- l'engt-h devi ati ons are forned angd wherein each of said sequences of
devia- tions are forned and wherein each—ef- sai d sequences of deviations of
+eorre—a—length reference for said predeterm ned area; reading

sai.d serie
said mfor@mﬁ-\/@@ead phaYe including a first step of reading said

| 'engt h-r efler e pat i nd converting said | ength-reference
second devi in-EEiE@EQdAtKi

rence pul sed signals, for a respective
associ atedq sai d_ erm ned\ar ea
T said fi vari abl e-1 ength devi ati ons representing

nd said read phase further includes a
second stgp of re

fornmed in said as

I nformatio
said first variable-length ae V|at ons into %5 signals and a third step
[ arison with said
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METHOD AND DEVICE FOR RECORDING/ READING INFORMATION ON
A MOVING OPTICAL OR MAGNETO-OPTICAL MEDIUM.
Abstract

The information is recorded in the form of alterations

of variable lengths (1,. 1, + NA1 )}, for example in the

form of localized ablations of a thermosensitive layer
of the medium. This type of information coding is
sensitive to imprecisions of the form factor due to
the non linearity inherent to the recording method
used. The method according to the invention comprises

the recording from location to location, of marks (M,

M2) used as length references. Said marks (M,, M,) are

recorded at the same time and in the same conditions
as the information itself (d,, d,, d&,). During the
reading process, the marks act as length reference for
the associated information zone and, after conversion'
into electric signals, as time reference.

Figure 6



