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More specifically, the present invention relates to a
dynamic optical modulator regulator and waveform shaping
10 system employed in an optical disc mastering apparatixs for
improving the character and resolution of the indicia in a
replicated optical disc while maintaining proper duty cycle
and asymmetry of the recorded information. The present
invention also provides a method and means for recording an
15 auxiliary channel of input information in the depth or
height of surface discontinuities in the recordable surface
of a recordable medium.

Brief D ipti £ the Prior Art

A great many systems are known for optically recording

20 information on light responsive media. Digital information

as well as analog information can be recorded on a variety

of media, including photoresists, photochromic materials,

and thermally responsive materials in the form of discs,
drums, and tape.

25 Virtually all of these known systems employ some form

~of pulse code modulation (PCM) or frequency modulation (FM)

due to the nonlinearities of known optical recording media.

Additionally, virtually all of these known systems employ

an optical system including an objective lens for focusing

30 the writing beam of light tc a small spot on the light

sensitive surface of the medium. In order to maximize the

information density of the recorded material, it is

necessary to focus the writing beam to the smallest

possible spot size. Due to diffraction effects, a focussed

35 Dbeam of coherent radiation forms a central bright spot
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central spot of density exists above which the medium will be altered, and

below which the medium will noct be altered. Since the

10 power density of the focussed writing beam varies as a

function of the distance from the center of the central

spot, it is possible to form altered areas on a medium

which are smaller than the diameter of the central spot of

the focussed light. In order to obtain an altered area of

15 a specific size, the prior art has taught that it is merely

necessary to adjust the peak intensity of the modulated

beam such that the power density of the focussed spot at

the specified diameter is equal to threshold level of the

recording medium. Experimental results indicate that this

20 technique works extremely well when there is no relative

movement between the writing spot and the medium and no

thermal conductivity effects diffusing the energy absorbed

by the medium. In all practical systems, however, relative

movement between the medium and the recording spot is

25 necessary. This relative movement greatly complicates the

calculation of the amount of energy absorbed by a
particular region of the medium. '

All 1light responsive media exhibit a tendency to

integrate the amount of energy received over a period of

30 time, so that the threshold level of the material does not

define a specific instantaneous power density at which the

material is altered, but rather defines an energy density

which is the result of an integration of the received power

over the time during which the power is received. In other

35 words, the threshold level for the materials is actually an

exposure level. Exposure level is defined as the radiant

flux per unit area integrated over the exposure time. The

radiant flux irradiating a particular point on the medium
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10 over the exposure time. Since the power distribution of
the focussed spot varies in two dimensions, the exposure
level over the medium defines a three dimensional graph.
The intersection points of this graph with a planar "slice"
through the graph at the altitude corresponding to the
15 threshold level of the medium maps the boundaries of the
altered areas on the medium.

An important concept in determining the effect of the
finite size of the recording spot is the concept of the
spatial frequency of <the information on the moving

20 recording medium (in this description, it is to be
understood that the movement of the recording medium is
relative to the write or read head of an optical recorder
or player. That is, the medium may be a stationary card
writen on and read by & moving optical head). This is the

25 subject of U.S. Patent No. 4,616,356 which is incorporated
herein by reference.

Also incorporated herein by reference is U.S. Patent
No. 4,225,873 describing signal processing techniques to
achieve proper duty cycle of the recorded information and

30 to ninimize second harmonic distortion of the recorded
information which are related parameters and which are
improved by the present invention. In this description,
the duty cycle of the recorded information will be
referenced in detail, it being understood that second

35 harmonic distortion is proportional thereto. That is, when
duty cycle is controlled t¢ approximately 50%, this
minimizes the second harmonic distortion of the recorded
information.
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is the about a threshold level so as to cause or not cause the

10 desired effect, respectively. Also in all cases, when the
light beam is first turned on or caused to exceed
threshold, the full effect of the energy on the recording
surface is not instantaneously realized. Rather, and
especially with media that are thermally responsive, the

15 recorded effect (i.e., indicia) increases with time due
primarily to the temperature of the medium increasing with
time under the influence of the applied energy. That is,
when the light beam is first turned on, instantaneously no
alteration in a moving recording surface can be detected.

20 If left on continuously, the full effect of the impinging
light beam will cause a wide stripe of the effect on the
recording surface, thereby defining a broadening of the
track of the light beam with the passage of time.

On the other hand, when the light beam is turned off

25 or falls below threshold level, the effect of the lack of
sufficient energy from the light beam is almost immediately
recognized by the disc surface, since the downstream
portion of the disc is cold and unaltered. Accordingly,
when the light beam is turned off quickly, an almost

30 instantaneous stoppage of the recording effect takes place,
and since the light beam is substantially circular at the
point of impingement on the recording surface, a rather
blunt end on the trailing edge of the recorded indicia can
be observed.

35 If the moving recording surface is therefore impinged
by a light beam having a sharp rising leading edge and a
sharp falling trailing edge, a rather "pear-shaped" or
"teardrop-shaped" surface effect will be noted, the leading
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: recorded surface results regardless of the recording

"effect" <chosen, for ease of discussion in this

10 description, it will be assumed that the recording light

beam causes an ablation of the surface, thereby producing

a "pit"., It is to be understood, however, that a bump,

discoloration, photoresist hardening, photoresist

softening, or other indicia can be substituted for the term

15 "pit" without departing from the nature of the technical

description of the recording effect. It is further to be

recognized that the term "pit" as used herein would be

equivalent to the bump or pit formed after development of

a photoresist if that were chosen for the recording

20 surface. For the purpcses of discussion herein, the term

"surface discontimuity"” will be used as a generic term

meaning either a bump or a pit or other surface disturbance

departing from a flat unrecorded disc surface. Finally,

the term "recording surface" refers to that part of the

25 disc which is sensitive to the impingement of light energy,

whether it be on the outer surface of the disc or submerged

beneath the surface being impinged by the 1light bean.

Although it would be theoretically possible to apply some

of the concepts of the present invention to all types of

30 prior art mastering processes, from a practical viewpoint

only recording processes which create physical "“pits" or

"bumps" will benefit, as will only mastering systems that

pernit direct-read-after~write (DRAW) disc mastering.

Thus, photoresist type mastering systems cannot make use of

35 the invention. This will be detailed later in this
description.

One of the most important parameters in the recording

of a compact disc (CD) master is the precise control of the
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recording sypf aCeephpebbftEd Hif an"BYEYSSttern (discussed in connection with
Figure 2) as an asymmetrical signal. Due to limitations in
the replication process, differences in the various CD
player’s optics, and variances in the electronic boost of
the CD players, all CD recordings, even ones that were

15 recorded with perfect 50-50 symmetry, may be seen by the
playback optics as slightly asymmetrical. Circuitry within
the CD player corrects for this asymmetry by shifting the
%zero level" to a point where no timing differences between
positive and negative half cycles exist on the average.

20 The optical head of a player "reads"™ the information
on a disc by focusing a laser beam to a spot about 1 micron
in diameter and scanning this spot along a spiral track of
pits and lands on the disc. The lands reflect most of the
light back to a photodetector in the head, but the pits

25 (actually read by the read laser from the opposite side of
the disc where the pits are seen as bumps) reflect little
light back toward the read head. The photodetector
generates an electrical signal proportional to the amount
of light reflected by the area of the disc illuminated by

30 the spot. Because the spot is nearly diffraction limited
and is only slightly larger in diameter than the length of
the shortest length pit on the disc, the rise and fall
times of the electrical signal are relatively rather slow,
and the amplitude of the signal representing the smallest

35 length pits is smaller than the amplitude of the signals
representing the longer pits. The difference in amplitude
varies from player to player because of differences in
optical quality, and from disc to disc because of pit
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term altered in addition to its amplitude.
' The EFM signal recorded on a compact disc is a run

10 length limited digital code which is self clocking and
contains its digital information in the timing between
transitions. On the disc, such transitions are the
boundaries between pits and lands between pits, and vice
versa. Therefore, the length of each pit is a quantum of

15 data and the length of each land between pits is also a
quantum of data.

The rules for the EFM code according to CD standards
require that each and every transition occur at one of nine
allowed times after the 1last <transition. More

20 specifically, the period between any two transitions must
be nT, where T is a fixed period of time (about 231
nanoseconds) and n is an integer between 3 and 11. 1In
order to decode the information, the player must decide how
many T’s pass between each transition. The rate of

25 rotation of the disc under the playback head is not stable
enough to simply time the transitions with a fixed clock.
Instead, a channel clock running at an average of one cycle
per T (4.3218 MHz) is phase locked to the recovered signal.
This PLL (phase locked loop) operates by comparing the

30 timing of each transition in the signal with the closest
cycle end of the clock. If the transition consistently
occurs just before a cycle end of the clock, the clock
slowly speeds up until the transitions occur exactly at a
cycle end. .

35 Unfortunately, the rise and fall times of the analog
signal from the disc are relatively long and may exceed T,
such that a specific voltage must be chosen to define the
instant of the tramsition. This voltage is the player’s
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_ decision point) A servo loop in the player slowly adjusts
the limit voltage to find and maintain the proper decision
10 level voltage.

' It is important to realize that the player cannot
change its decision level on a cycle by cycle basis, but
the period between the transitions can vary from 3T to 11T
instantly. Any frequency dependent influences on the shape

15 of the waveform may cause the ideal decision point for the
high frequency segments of the signal to be at a different
voltage than the ideal decision point for the low frequency
segments of the signal. The player will choose a decision

~ point which is an average of these voltages. As mentioned

20 earlier, the boost circuitry of the player is not phase
linear and therefore causes a "“spread" in the ideal
decision point voltages with freguency.

In order to read the signal from the disc, the player
must keep the small spot of light centered over the moving

25 spiral track of pits on the disc. Various techniques are
used for detecting the position of the spot relative to the
track, and tracking devices of some players (using single-
beam or push-pull trackers) are greatly influenced by the
average duty cycle of the pits along the track. That is,

30 these players will only reliably follow along the center of
the track if the track consists of a certain percentage of
pit area greater than the land area (a duty cycle greater
than 50%). While recorded intelligence information is
contained in both the pits and the lands, no tracking

35 information is contained in the lands which are coplanar
with the other unrecorded regions of the disc surface,
i.e., the surface of the disc between tracks of pits.
Accordingly, the greater the length of the pit relative to
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the entire signal, but this does not happen because there
is not an equal proportional increase in pit length over
the nine different pit sizes (3T to 11T7). A 3T pit will
cbviously have a greater geometric increase, percentage

15 wise, than will a 6T or an 11T pit. Unfortunately,
therefore, departing from a 50% duty cycle just to
accommodate single-beam trackers sacrifices symmetry, and
if asymmetry is too great, the player’s phase lock loop may
not be able to lock to the recovered signal.

20 Another consideration which has heretofore not been
adequately provided for in the recording process is the
fact that single~beam players, which tracking function
depends on the amount of light deflected back to the photo-
sensor in the direction of the tracking error, operate best

25 with tapered (pointed) ends on the pits formed in the
recording surface. The ideal pit would be an elongated
groove with an apex on the bottom of the pit, similar to
the impression that would be made by an upside down
pyramid. The more the slope of the sides and the more

30 tapered the ends, the better. Accordingly, any attempt to
improve the pit definition tends to create a flat plateau
region and eliminate the long narrow and tapered leading
edges of the pits ﬁaking tracking more difficult for such
single-beam players. Moreover, pit length varies greatly

35 pit-to-pit, i.e., from 3T to 11T, and a 3T width pit or
land can be placed directly adjacent to an 11T pit or land.
If the peak power level is increased to produce rounded
(less tapered) higher definition 3T pits, the same peak
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signal representing the snmallest 35 length pits is smaller than the

anpl itude of the signals representing the longer pits. The difference in -
anpl i tude varW@8627m®m pl ayer to player because of differenceBCYPSSEIPLal
quality, and fromdisc to disc because of pit WO 96/ 27879

PCT/ US96/ 02931 geonetry. Al players partigiéy make up the difference in
anplitude with an anal og aperture conpensation circuit which boosts the

anpl i tude of thepbuéh iéﬁwwfé&wé: 'Frain geahonbepie%ﬁmwce

signal s. Unfortunatel er econg se _boost
circuits are not pha% Ilwﬁ'g%r °§oel?#1 *fﬁfm%‘ﬁ?g j‘B? t Ff Slp I d@?

by varying annundtffamhtmelshmrr{héaeMrw i and| laTepits acb;hatein to
ngthrli it dhorredtile sARatig] pF WODOthe | 9P pAth (HAviO one |
eng i m i qi code e cl,ocki and coftains 1ts digita
i nf ormati on Pn tﬁgmf'?m &hweg:ﬁ‘ Tt i Bﬁg rg’%’(et hAnfAther  syppet
transitions are cheftgmmnttonﬁsdnﬁ\ths[ndnaeanéntandeabseaepnohnems wikh
vice versa. Thergigrér 'diéeddi@lh ofr&&NPi t thard OsKAiiHN ‘iie 1énedaggménd

the Il ength of each and between_ pits IS al’'so a guant um of
9 symmetry on eachp pit size. erw:E.se, there will be a

"spread in pattern" in the eye-pattern (discussed in
10 connection with Figure 2).

There is yet another phenomenon which contributes to
degraded optical disc replicas, and that concerns the
variation of pit depth as a function of radius. It has
been determined that even with a "perfect" stamper, pit

15 depth in a replica varies according to radius apparently
due to the lack of proper temperature and pressure at
larger radii, the pits becoming shallower toward the outer
edge of the replica.

_ Yet another phenomenon is the fact that, strictly due

20 to the meolding process, 3T pits have a greater depth than
4T pits which have a greater depth than 5T pits, and so on,
independent of radius; and this is found to be true even
when the bumps on the stamper have uniform heights for all
pulse widths 3T-11T, i.e., the pits in the molded replica

25 do not reflect the exact geometry of the bumps on the
stamper. This phencmenon thus compounds the problem of
attempting to maintain uniform pit depth when alsoc
considering the known pit depth variation caused by surface
temperature differences for different length pulses during

30 the mastering process as noted in the previous paragraph.
This pit length related depth difference is significantly
large between 3T and 4T pits and also between 4T and 5T
pits. However, the depth difference is less significant
between 5T through 11T pits. Ideally, all pits should be

35 of the same depth. _

It can therefore be appreciated that without the
background knowledge discussed above, a simplistic master
recorder design would simply maintain a 50% duty cycle in




The rules for the EFM code according to CD standards require that each and
every_transition occur at one of nine_all owed —tinmes—aft
transition. More 20 specifically, the period between any two
transitions nust be nT, where T is a fixed period of tinme (about 231
nanosecondsWO28@783% i s an i nteger between 3 and 11. |In or dACHUSYRIe t he
I nformati on, the player nust decide how many T's pass between each
transition. The rate of 25 rotation QhsLhe disc under the playback head
is not stable enough to sinply tine the tranS|t|ons with a fixed clock.

I nstead, a chaghel rébégleduifiroematich. avei agde didedle watdlss ReisT woh1d218

) i 2ePheo Rt ol SSHENE! S5O0 go "atabt md ML SCS0h0P)
t he cl osest cy@ugyespche wmmlappear toor behant easential reaguirement! forccur s
just before a gnel Q*éiﬂii-dlfn S th@tﬁbask asicpvt éf@afﬁe#pofntchb the
tranS|t|on%oc gﬁt ctI a cléaﬁb o t unat he rise
and fall tPros SOFEAR &gﬁa}' f ‘Pﬁt%"e’%‘r%c?%ﬁe‘ A RSN T
may “exceed T, mhfotmt na velpmh the portiom mmﬁhnqsen n'Dd hsigtie pike
i nstant of the il "ragahaior}mTlll ehgtfl {88€ i %o&lt%ﬂr or /
PCTLUS96! 02931re53%2'52582née¥§'m Lane "'iya%% fotuecn pits, cvel with the
With experience, it has become evident that many
10 factors must be considered in order to produce the optimal
track of pits on the disc. For example, since the depth of
a pit and its width vary along the track with the amount of
time the beam is allowed to impinge on the surface, pit
size and geometry is a function of surface speed -- an
15 important factor for discs recorded in a constant angular
velocity format. Other factors to be considered, already
discussed, are dQuty cycle (>50%), the shape of the side
walls of the pits in elevation (important for single-beam
trackers), the asymmetry, and the pit resolution. _
20 Pulse length can be increased to raise the duty cycle,
but this increases asymmetry. Increasing the power level
of the modulated light beam improves resolution at the
leading edge and increases duty cycle but produces "pear-
shaped” trailing edges and excessive asymmetry. Increasing
25 peak power at the leading edge by using a stepped modulator
driving pulse improves resolution of the leading edge but
requires a reduction of pulse length to keep the duty cycle
under control. Doing so gives unequal asymmetry for the
different pulse lengths and reguires an adjustment for each
30 surface speed for best results. Threshold can be lowered
to increase duty cycle, but this produces poorer resolution
in the leading edges of the pits and ill-defined pit widths
exhibiting substantial difference in geometrical shapes
between a 3T and 11T pulse length. Finally, any attempts
35 to increase pit resolution inherently diminishes the
ability of single-beam trackers to track.
It can thus be appreciated that, while many
adjustments of the parameters affecting the timing and




hel p of another rule of the EFM code which states that, on the average (and
irdeal ly), the EFM signal will be "high" for exactly the sanme anount of tine
it is low Knowi ng 5 this, if a player picks a decision point too high in
vol tage, the EEM signal will be |ow (|l ower than the decision i nt) nore
often than itwpgﬁﬁ'f (higher than the decision point). A se OSEIPIN the
pl ayer slowy adjusts the limt voltage to find and maintain the proper

deci sion 10 | evel voltage. It is inportanfyato realize that the player
cannot change its decision level on a cycle by cycle basis, but the period
bet ween t he trangycdometyycaof vehe pite ake caddillabls,anthe . iAtgraceimenby

d dent infl h :.deal
doci i on poi nt T aed’ ey af13BEndnt whlch WeMEHS UCRGP borRlist Tl 1b 6"
di fferent vol t agdnemendons | pEablemci whigh poreduges (Heldwandeqremjires
segnents of the scpsdantTattghBich by ld Fédrwrating dperatép. poi nt which is an
average of these volt | | LEL, LI GUILLT

of thg pl aye:?i S not g‘%&?& ﬁnﬁ&%ﬁ%eéjh%%&e(ﬁghcgﬁée%%eté‘%%zmo% %hgy

i deal deci si on pd@pParasusadior wirivinggtheclight gdulaterr sgkth ha Pudsel
e Moving 25 e e ey on e et
Lsed for et ecti W TheiBsE fated Kb BebBFoPbPE ekl ®) G HULhiE oRa
tracki ng devi ces appaysikusp| shanld (permit sadjustmentinodr prkse plehgth aamgr s)
are greatly iof| yReRd b¥othgptimize (minimize) asymmetry and permit
adjustment of the geometry of the pits over the entire
surface of the disc. This rather independent control of
these parameters is extremely important when considering
that for any given process for manufacturing discs, taking
15 into account the differences in chemicals, surface
thicknesses on the disc, molding machines, and mastering
machines, any particular system would require a different
adjustment to obtain optimal pit geometry and asymmetry,
and the prior art has failed to provide this flexibility by
20 being unable to control certain of the parameters
independently. The present invention therefore satisfies
a long need in the art for a method and apparatus which not
only can permit optimal adjustment of the modulator driving
pulse for a particular system but can also be adjustable to
25 account for differences system-to-system.

SUMMARY OF THE INVENTION

The present invention is directed to a method and
apparatus for altering the depth or height of surface
discontinuities recorded on an optical recordable medium in

30 accordance with an information signal.

In one embodiment of the invention, the information
signal is a ramped voltage to vary the depth of pits (or
the height of bumps) in the recording surface as a function
of radius.

35 In another embodiment of the invention, the
information signal is a pulse wave shape modifying means



aver age duty cycle of the pits along the track. That is, 30 t hese pl ayers
will_only reliably follow along the-center of—thetrack if--t+het+rack—-—
consists of a certain percentage of pit area greater than the |and area (a
duty cycle greater than 50%. Wil e recorded intelligence information is
cont ai ned i WQ8”278M%e pits and the |ands, no tracking 35  PRTESMMRIIN s
contained in the | ands which are coplanar with the other unrecorded regions
of the disc surface, i.e., the surface of _Il%e di sc between tracks of pits.
Accordingly, the greater the length of the relative to WO 96/ 27879

PCT/ US96/ 02931 wich g £l 15 WRRAIPDIESp1£D°(OF ! afd Hllyrt! A bilipsYDENST o
works. As indicated, wth any d E?y gclelessthan %tl{l[’ 50% the;._’(gél
insufficient tr5PRi FREOTAINIAUEFFCE, énabf'én‘bﬁk?f‘;ﬂﬁalp Ao daepritied
track. One sol ugrom @0 geriesS of ddifferent hpit wbyped Hn tmlﬁnpulaspullhe
pit-to-land dUt¥5e¥ﬁl eté’ agpwq’{gpq&d {ﬁ“ Epgg?%he pl ayer's ability to

readj ust Its ClS he increase in

recorded dufy cycle. I!Hdm*'c/eﬂf fqﬂh&rdépbpﬂim?ﬂ% of Lhe invention, ghetBik a
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there is not an ual roporti onal 1°nNCr easeé
may be of any desired format and can he continuous,

which case the pit depth (or bump height) will vary
10 continuously in correspondence with the input signal, or it
can be incremental, in which case the pit depth (or bump
height) will change incrementally. In a simple case, but
not limited thereto, the depth of pits can be made shallow
to indicate that a functional switch in the player of the
15 medium should be in a first position, and deeper pits can
indicate a second position. As an example, in the audio
portion of the playback device, shallow pits could indicate
that a monophonic signal is being presented, while deeper
pits could indicate stereo, or such a switch could turn on
20 and off a center sound channel. In a video presentation,
shallow versus deeper pits could identify a change in
picture aspect ratio of the recorded video program.
If the change of pit depth (oxr bump height) is
continuous, the information derived by the player due to
25 varying pit depth along the track could be sound effects,
an extra channel of audio, special video masking or
enhancing signals, and the like. 1In effect, the variable
pit depth (or bump height) is treated as another
information channel, like pit or bump length along the
30 track. The embodiments fully described herein, by way of
example only, however, are of the first two of the above-~
mentioned embodiments.
The invention provides a uniguely altered modulator
drive signal for use in an optical recording apparatus by
35 providing a waveform processing means which receives a
rectangular wave from the EFM processor, otherwise provided
as a modulator drive signal to modulate the light beam, and
produces therefrom a modulator drive signal which




the nine different pit sizes (3T to 11T). A 3T pit will obviously have a
greater geonetric increase, percentage 15--wise, than will a 6T or an 11T
pit. Unfortunately, therefore, departing froma 50% duty cycle just to
accomodat e si ngl e-beam trackers sacrifices symmetry, and if_asymetry is
too great, th¥O ‘s phase lock | oop may not be able to IBE?%FUW? d
recovered signal. 20 Anot her consi deration which has heretofore not
been adequately provided for in the recordipg.process is the fact that

si ngl e- beam pl ayers, which tracking function depends on the anmount of |ight

defl ected back tayhBRipadip- vaeié®r ihnatBordahest wPeh Othé h?_oéiﬁﬁkﬁ“ﬂl&ﬁéor :
or

operate best 25 it red, | epds on the pits dint
recordi ng surfacg.nw ﬁ%é%poieﬁe ﬁf‘?gﬁ%%ﬁ;&beQ%ﬁcgl'on" at 58 g?%%?ﬁtggwct% g%&épex
on the bottom of PrrRéebprained; |zgcardedc infpreation icharaghexistdcsadeody
an upsi de down pyeehld. Theamprefekeed adoainelt DrdethenintéRtidn e 8fe

definition t SndseEOLRERF Eive F5RaT, B Aimeleelax iRt orda AL o finpbigh
narrow and taper of radiusprdgeopticahediscs amla fynctioniof) the widthioful t
for such singl e- paageB! aueEh - £dbhCOYPEacd diddSHitlihuidiess oFf fﬁ"ohﬂ‘%'é?o?al
pit-to-pit, i.e., fr 3T .to 11T, ada3T¥\ndtQ_’S|t or Iafd ca pl aced
di rrectly adj acenf"ef‘ggglﬁ PLPNG, (Eh ?Hﬁﬁ.n"ﬂ‘ Mmetragk: pQkerif o f¥napically

i ncreased to proditeredundeca (fustioapafc@ithi Ygmgthde(3ITIiT)n &6 thé SEFMhe
same peak 310 source signal, or both.

The remaining discussion assumes, but is not to be
limited to, the use of a compact disc mastering machine
which forms pits in the recordable surface of the disc and

_ is capable of reading the recorded information immediately

15 after it is recorded, i.e., the mastering machine is of a
DRAW (Direct Read After Write) type. It is also presumed,
but is not so limited, that the optical modulator used is
an acousto-optical modulator, or AOM.

In one aspect of the invention, in order to compensate

20 for inaccurate injection molding at the outer radius of a
compact disc, the pit geometry is modified, in accordance
with the invention, in a manner that offsets the lack of
fidelity in molding. Towards the outer radii of a molded
disc, the pits containing the data tend to be molded

25 increasingly shallower than the rest of the disc. These
shallower pits result in a lower signal during playback,
and an associated rise in the error rate. By making the
pits at the outer radii increasingly deeper during
mastering, the detrimental effects of the molding can be

30 cancelled out.

Contained within the machine controller of a compact
disc mastering machine is a microcontroller and its
associated firmware, which produces and controls the
function of a duty cycle ramp. This microcontroller

35 continuously monitors the current radius, and accordingly
adjusts the recording duty cycle either continuously or, in
a more intelligent control mode, in small steps. The
values for the steps, and the radii at which they occur,
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pouwer level applied.when formng an_:L:LI_plt would-produce -a—very-—w-deor——
blunted trailing end portion. This difference in geonetry between 3T and
11T pits creates differential symetry in which the 3T pits have one 5
symmetry amQ962i89® 11T pits have another symetry confRCRVSISNMI and

this consequently causes problems with player decoders. | deal |y, there
should be the same symmetry on each pit si QO herwise, there will be a
“spread in pattern” in the eye-pattern (di scussed in 10 connection with
Figure 2). Therfré %o‘lﬁ:taﬁt%ﬁt .lilﬁra Q&Q‘&%‘E&B@B Wé&&%&kf-ﬂpd%ﬂw
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pits becomng s Foner towa out er e e replica. Yet an
phenonenon ?s tm‘eﬂﬂ I’H%[Faggtrl | 2 pe routed, £opp WAy S r SoaR g3-|-

pi ts have a gr eedrcuitetd altar t]iep_l:-hsonﬂing daty ayakenat er depth than 5T
pits, and so on, inagpe n%LoE:a-%ﬂE ”Pzr-]éz{‘ ;?]}é i}afdﬂ':mg bBnEolilf fyen
er I

when the bunps on the St a ave un|
summed with the AOM bias voltage (produced in a high speed

duty cycle servo loop) in the wave shaping circuit. The
10 resulting vbltage sets the charging current on timing
capacitors for the one~shots that determine the duty cycle
of the output waveform. The output waveform from the wave
shaping circuit is routed to the AOM which modulates the
record laser beam, and it in turn records the pits in, for
15 example, the recording surface of a dye-polymer media.
The duty cycle serve utilizes DRAW technology to
adjust the recording laser pover to maintain a set playback
asymmetry. By making the record duty cycle smaller, the
laser power must increase to maintain a constant playback
20 asymmetry. Another effect of the higher laser power is an
increase in the recorded pit depth. This increase in pit
depth is the cbjective of the duty cycle ramp technology.
In another aspect of the invention, in order to
compensate for inaccurate injection molding of the pits on
25 a pit-by-pit basis, e.g. 3T pits being shallower than 11T
pits, the pit geometry is modified in a manner that records
shorter pits with greater depth than longer pits. In
accordance with the invention, a wave shape modifying
function alters the effects of the duty cycle servo to
30 produce a modulator drive signal which forms surface
discontinuities having a varying duty cycle along said
track of surface discontinuities, the wave shape modifying
means altering the physical character of individual surface
discontinuities along said track of surface discontinuities
35 dependent upon the pulse types (i.e., 3T to 11T)
corresponding to the individual (3T to 11T length) surface
discontinuities.



pul se wdths 3T-11T, i.e., the pits in the nolded replica 25 do not

refl ect the exact geonetry-ef the bunps on the stanper. This phenonenon

t hus conmpounds the problemof attenpting to maintain uniformpit depth when
al so considering the known pit depth variation caused by surface
tenperature dVPPERBAtes for different |ength pul ses during 3BCT/US402931
mastering process as noted in the previous paragraph. This pit |length

rel ated depth difference is significantly Lagge between 3T and 4T pits and
al so between 4T and 5T pits. However, the depth difference is |ess
significant between 5T thr ouBRIEEIDESCR (DM 10 gl DRAWINGS houl d be 35

of the sane depth. It can therefore be appreciated that w thout the

woul & <1 mply. e nt o nTRSRB AT AFBY FRATIFeE %58 sdyaniyges of the present
PCT/ US96/ 02931 - ibvenhionewilliche i apparmxit diron rthehcadldewingodesdcription
woul d seem t o beggn vaﬁé’b@i_ Pery teﬂ:h@ﬁimﬁhﬁceofaiﬂ{éi rling%n%igg% dﬂ&w\/ix‘fé“:' e
woul d appear _to be_an essenti requi rement for the recordi ng pfocess.
Methods and ZppaF&fBEeuce:te jthe af&MdﬁPﬁngﬁrf“m%us mer el y
provi ded a rectangul aFIGBREfbrim angeherdl idesl hlockodiagpram i a pgcandivig
l'ength pit is eqyghaiBehé %ﬁéﬁﬂé‘%ep%%f&ﬂfﬁéﬁﬁ@é‘ifr%% according
' to the present invention:
FIGURE 2 is a representation of a perfectly
10 symmetrical eye-pattern according to <€D standard
specifications; '
FIGURE 3 is a more detailed block diagram than that of
FIGURE 2, and additionally shows a pulse discrimination and
shaping function;
15 FIGURE 4 is a more detailed block diagram of the pulse
discrimination and shaping function generally depicted in
FIGURE 3; and
FIGURE 5 illustrates a model modulation driver
waveform showing various portions of the waveforms which
20 can be altered by the pulse discrimination and shaping
function of FIGURES 3 and 4.

The diagram of the recording apparatus of Figure 1

includes only those prior art features of the apparatus

25 which are pertinent to the novelty of the present

- invention. For a description of a complete optical

recording apparatus, reference is made to the
aforementioned U.S. Patent No. 4,225,873.

The recording apparatus shown in Figures 1 and 3 is

30 designed for recording information on a rotating disc-

shaped medium 1. The disc is rotated by a spindle motor 3

which is contrclled by a speed controller 5 (Figure 3).

Naturally, the medium could be in the form of a drum, a

card, or a linear tape with the necessary modifications of



representing an nT length | and between pits. Wth experience, it has becone
evident that many 10 factors nust—be-.considered—in order—toe—produce—the—-
optimal track of pits on the disc. For exanple, since the depth of a pit
and its width vary along the track with the anount of tine the beamis

al | owed to WW&’on the surface, pit size and geonetry | FIFYHHIBbn of
surface speed -- an 15 | nportant factor for discs recorded in a constant
angul ar velocity format. Other factors tQa.he considered, already discussed,
are duty cycle (>50%, the shape of the side walls of the pits in elevation

(i nportant for thieNUheabgamdvidigceystehle HergElobyioasd t6e #ilskilled
resolution. 20 . Pul se I ength can be increased to raise the duty
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the drive signal and will have an average intensity
controlled by the DC offset of the drive signal and the
intensity of the unmodulated beam 9.
The modulated beam 13 is directed to the recording
15 medium 1 and is focussed to a spot 15 by appropriate
optics. These optics preferably include an objective lens
17 and a bean expanding lens 19 which spreads the beam from
the modulator to £ill the aperture of the objective lens
17. In the disclosed embodiment, the lenses 17 and 19 are
20 mounted on a carriage 21 to allow radial movement of the
spot 15 relative to the disc 1. Naturally, various other
arrangements are possible for moving the spot 15 relative
to the medium, including the movement of the spindle motor.
In the disclosed embodiment, the carriage is moved by a
25 translational drive system shown schematically at 23.

The drive signal for the optical modulator 11 is
formed by a waveform shaping circuit 31. The waveform
shaping circuit includes an EFM input 33 (Figure 1) or a
processed EFM input 26 (Figure 3) defining for receiving

30 - the information to be recorded and may also include an
input 35 for receiving a drive signal bias control for
adjusting the average intensity of the modulated beam 13
(Figure 3 only). If the speed of the information medium
relative to the focussed spot 15 is not constant, the

35 signal processing system may include an input 37 for
receiving a signal indicative of the instantaneous relative
speed.




35 to increase pit resolution inherently dimnishes the ability of
singl e-beam trackers to track. It can thus- be appreciated that, while nmany
adj ustments of the paraneters affecting the timng and WO 96/ 27879
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maki ng any ad‘]vﬂ which affects other paraneters is a tr
probl em whi ch reduces yield and requires constant attention by a recording
operator. 5 There is therefore a neeggin the art for a nethod and

apparatus for driving the light nodulator with a pulse which permts
I ndependent control ofheerscdrdingcedipmnatnyy dmeluwtiedar subsgeatéhed and

horetof ore pOSS Bl 11ghe FedhRla1d POSEALy SHAVLE PES Mdodtld b Hne”

pul se I ength and 10 opt i
pernmit adjustnenF“BFtFﬂﬁageonetry of the pits over the entlre surface of

the disc. This ratherai adepesgene sepvo 0 eampmsetmrmgl ssignﬂ(tfml y
| mportant when Caﬁéédﬁr ' rt]![J 0{%1%@6&&#‘2%1 n%i%ssto End ™ Cac?CLH Ry .

di scs, taking accou ces
t hi cknesses on t Riremit, 3%|%dm|mrm|%gfﬂﬁchmégtawg
part I cul ar syst eabmaﬂcrmaxq di fferent adjustnment to obtain optinal

pi t_ geonetry and asynggé‘wé 2 1is a representation of a perfectly
symmetrical Yeye-pattern" which would be readily understood

10 Dby one skilled in the art and is presented here merely to
show the necessity for controlled asymmetry in the
recovered signal in the player. The diamond-shaped
formations along the horizontal center line shows perfect
zero crossover of all waveforms. Producing the idealized

15 "eye~-pattern" as shown provides for the greatest immunity
to noise. If, for example, the I3 waveform (representing
alternating 3T pits and 3T lands) were asymmetrical, i.e.,
the pit and land are not equal in length, a shift in one of
the half cycles of the I3 waveform would not occur at the

20 zero crossover point. If other waveforms also were
asymmetrical to the point where it would be impossible
along the horizontal center line of the graph of Figure 2
to distinguish one nT signal from another nT signal, an
improper signal would be recovered from the played disc and

25 the phase lock loop may not be able to lock to the signal,
thereby losing the self-generated clock and destroying the
integrity of the played back signal, or such asymmetry
could ever result in detecting the edges of the pits
falling in the wrong timing window created by the clock,

30 again with disastrous results. The standard electrical
output of the EFM processor for CD mastering for inputting
on line 33, is a rectangular wave with a duty cycle average
of about 50%, in spite of pulse-to-pulse variations in
duration from 3T to 1l1T. '

35 Generally, the present invention relates to analyzing
the data stream from a direct read-after-write (DRAW)
playback read head and adjusting the recording functions to
make the playback signal as perfect as possible. In this



and the prior art has failed to provide this fiexibility by 20 bei ng
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a function of refii¥eplipga discs cpp bgniwperfeghyfhe: Mignad arj¥ing the
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varies the aept %m%?r%ﬁtsic(rbsr W%e?‘ﬁiﬁc’s(ﬁl Yb&%%éﬁﬁiéﬁ%éﬁg%géé?%%%ﬂ#;gg
as d function othei finghepraducti i thefnoided srepbica; arf piarhack disgpes
in an input pulgellrpeépéLfdet AN BHYY ipiiXogethilc adjaisting the mastering
) processing away from theoretical ideals can only be done,
from a practical viewpoint, with mastering systems that can

10 employ a real-time direct read-after-write (DRAW) function.
Mastering processes that employ photoresist cannot realize
the same success due to the need to completely manufacture
a replica disc, test the replica, make further adjustments,
and then replicate again. The time and cost of such a

15 procedure to arrive at optimum parameters for producing a
perfect replica is prohibitive.

Further, the present invention can only be used with
a mastering system and recording medium combination which
can produce continuous gradations in the physical

20 properties of the recording surface, e.g. a combination
which can produce different depths of pits (or heights of
bumps) on the media surface. Again, recording media
employing photoresist cannot be use, because they are
incapable of producing different pit depths.

25 As indicated, a primary objective of the invention is
to produce a correction signal, or compensation signal,
intended to compensate for molding phenomena, where at the
outer edge of the disk, typically what is cbserved is the
molding process does not mold all pits with equal pit

30 depth. The pits get shallow at the outer edge. There is
not enough pressure and temperature to make a good copy of
the pits at the outer edge of a CD or Videodisc mola.

The present invention solves this problem by forcing
individual theoretically fixed pulse lengths to be

35 nonconstant. As is known in the art, it is a goal of the
molding processing to dynamically adjust the laser
recording power to hold the pulse length constant (for a
particular pulse type, e.g. 3T-11T) over the entire surface



5 In yet a further enbodi ment of the invention, the pit depth (or
bunp height) is varied i n—-ascordance with an input intelligence signal.
Such input intelligence signal nay be of any desired format and can be
continuous, in which case the pit depth (or bunp height) will vary 10

cont i nuousl y WR%8M2spondence with the input signal, or it PENUS®6A2931

I ncremental, in which case the pit depth (or bunp he| ght) will change

i ncr enent aIIy. In a sinple case, but not |igpted thereto, the depth of pits
can be made shallow to indicate that a functional switch in the player of
the 15 nedi um sb@uthebdise. a :lfn 'thie preséhtninvertitesD howevetr, Cthei paisat e

a second positiog e

devi ce, shall ow |P§§h I C egtl ?eau%no nh:llc SI ngﬁ iﬂhgw:?gkto
presented, while Geﬁﬁchb Y% €%I‘!F-1r Aok @%t"@r?& ippexted atsai eentain d
turn on 20 andraf@iius.centhe Yaupd finetidn ikn @m:ﬁ%dprfﬁerﬂ apafline

hal | d

of the recor Sed SoqEsoRes 26 dnbuhER' conprt e A 8Rey bytrd Yoe SRBSHAEEY, )

i s continuous, ti'le‘ﬂl Fgrmﬁlwiﬂe# i Xanpes, signad| asteﬁ-taueutpu'%counlqdngopu t
depth along the {aeek stapihgdechreit efshect Sﬂ.‘hén afiged Coatpet Qevaidi Oz

variabie pit depPRepenthed B Wg%@#@ste R
channel , |ike piBaghingamand eg| continwously @eathe ragins wifothecwrite
fully described hesai Ehahyes\BY e S¥RBPEEnEELon BEPVDEELindae , OhohDEnédr St
two of the ab Oveor follow any curve suitable for the particular disc type,
size, and determined need for compensation, to make the
surface discontinuities deeper or shallower at the outer
edge. In a typical DRAW mastering machine, the ramp
15 function makes the pits deeper with increasing radius.
Because a high speed duty cycle loop through duty use
servo 6 is still working, still holding the asymmetry
constant, when the radius dependent variable voltage level
ramp function is inserted, the pulse length out of wave
20 shaping circuit 31 gets shorter toward the outer radius of
the disc, but the laser power rises under control of laser
poiver regulator 8, and the asymmetry is still held
constant. Thus, while the asymmetry is held constant, but
the peak power is now greater, because the pulse length is
25 shorter, the pits are made deeper as the recording process
continues. Yet, the playback symmetry remains constant all
across the surface of the disec. This combination of
function may thus be referred to as a double nested servo
loop, the ramp function effectively defining a low speed
30 servo loop. It allows changing the pit depth and yet still
maintaining constant asymmetry as a result of the two high
and low speed servo loops. That is, when a compensating
signal from duty cycle ramp generator is inserted into the
servo loop, essentially causing the pulse length to get
35 shorter, the laser power will increase to make up for the
pulse length getting shorter, thereby producing constant

asymmetry.



menti oned enbodi nents. The invention provides a uniquely altered nodul ator
drive signal for use in an optical—recordi ng—apparat us by 35—previdi

wavef orm processi ng means whi ch receives a rectangul ar wave fromthe EFM
processor, otherw se provided as a nodul ator drive signal to nodul ate the

| i ght beam Won2#87duces therefroma nodul ator drive signal PGHP6G02931\\0
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dynam cally varies in accordance with thegyesition along the recorded
information track, or in accordance with predeterm ned recorded information

characteristics, or Thel tonstant asghretnd RiVlgud HOthef high speedipulse t he

5 nodul ator driy I g 1S am_cal lter S Ncy. of radi.us on
an optical di sc?fi%e%‘ agggﬁét i%o of cﬁﬁglr%s% (ﬁﬁ ul ‘s’ggig\hié&%orr%fs% ace
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mechine is of %he asymmetry constant. But, the laser power, which has
been holding the pulse length constant is, in accordance

10 with the present invention, intentionally not being held
constant, i.e., the laser power must increase for shorter
pulse lengths in order to preserve asymmetry.

Employing this method, i.e., changing the depth of the
pits as a function of radius without changing the asymmetry

15 or virtually any of the other signals retrieved from an
optical disc, is uniquely possible with DRAW mastering
machines. Importantly, this method ‘cannot be performed
using a photoresist mastering procedure. The reason the
aforedescribed method works with the type of optical disc

20 recording technique with which the present invention is
used, is that the recording medium used with the invention
is not cut all the way through the recording layer. On the
contrary, the depth of the pits follows the peak laser
power.

25 In a second primary objective of the invention, shown
in Figures 3 and 4, the modulation drive signal is
dynamically altered on the basis of the length of EFM input
pulses used to form corresponding surface discontinuities
on the disc. Basically, this is accomplished in a dual

30 function circuit comprising a pulse width discrimination 14
and a pulse shaping processor 32, the latter supplementing
the shaping of the optical modulator output pulses by wave
shaping circuit 31. The pulse width discriminator 14
senses the input EFM signal on line 33 for 3T, 4T, and ST~

35 11T pulses, then sends the EFM signal, delayed through
delay circuit 50, along with the pit/pulse type to a
channel selector 57. The delay on the EFM signal is to
ensure that the pit/pulse type information is available to




DRAW (Direct Read After Wite) type. It is also presuned, but is not so
limted, that the optical nodul-ator used is an acousto-optical nodul ator,
or AOM In one aspect of the invention, in order to conpensate 20 for

i naccurate injection nolding at the outer radius of a conpact disc, the pit
geometry is r¥QEBFP in accordance with the invention, in aPGHESRO23Mt
offsets the lack of fidelity in nolding. Towards the outer radii of a

nmol ded disc, the pits containing the data tgsad to be nol ded 25

i ncreasingly shallower than the rest of the disc. These shallower pits
result in a | onethei ghahnelirselegtiory andkpubse shapmirry procedsorss2i befdre

error rate. By LN pi 5:?% r ai-b ok NCr | e
during nasteri ng?ﬁtbhgc&teltg}i iﬁ:t Z%te eg!tﬁsﬁ?)? ?ﬁieﬁﬁ%'fdi ﬁqﬁc%%seéj:% &bing

cancel | ed out. CBRPSPRROF wilhi Foniskichiofe ddreeo| |iéPngi°alcoaﬁaeesaiu
mast eri ng machi nehannelsi I6 pc18y rad. eEavdd channelsa6i, ane¢ 20r guneratadigh

produces and conggaéffiéewiwféﬁtngnzng{”g%g&;iq%e%@'ﬁié A ﬁ%,gi,é%ds'r-nr

m crocontrol [er cont I nuous rent r
accordi ngly adj uBi%8¢ her9ocdtdgaBerRtss Mavefoxps with shiffarent front and o
nore intelligentbacktiédde @edaysi, namplitudd cpEfset ] Basks1vpe,0tiphratieps,
grc]:?/ ngalr gg'g'glat abl! inde ' ¥otSEatie. PERHIONAT blocks 59, 61...85, 87
' represent circuitry to perform these waveform alterations,
10 and with knowledge of precisely what part of the modulator
drive signal on line 10 is to be adjusted by reference to
the waveform in Figure 5, a'person of ordinary skill in the
art will have no @ifficulty in selecting and arranging the
appropriate electronic components to perform the desired
15 functions. Of course, separate circuit stages are not
necessary, and good design with efficient layout can
minimize component complexity. For example, amplitude
setting and offset .-settirig can be performed in the same
amplifier stage. ,
20 The discriminator consists of three blocks, a 3T pulse
sensor 41, a 4T pulse sensor 47, and an EFM delay circuit
50. The 3T and 4T pulse sensors 41 and 47 use one-shots to
qualify the signal. The default signal is qualified as
sensing a pulse in the range 5T~ 11T. The EFM delay is
25 needed to account for decision time, so the pit/pulse type
will be known beforehand.
The edge shaper blocks 58, 69, 79 provide for
different delays, set by front and back pots 60 and 62, 70
and 72, and 80 and 82, respectively on the front and back
30 edges to modify the laser on time by a fixed amount of
time. One of the three edge shapers 59, 69, 79 is selected
by the pit/pulse type control signal on line 55 from the
pulse width discriminator 14. ' '
The remaining blocks 61-67, 71-77, and 81-87 generate
35 desired waveform through three independent channels for 3T,
4T, and S5T-11T pulses respectively; so different type of
pits can be formed using a different waveform suitable for
recording optimization. Each channel has its own offset



-15- are contained in a sel ectable pre-programed | ook-up table. The actual
out put that effects the change in.duty cycle-is-a-slowy charging—or———
ranpi ng, DC voltage froma digital- to-analog converter in a

radi us-to-voltage converter. This 5 ranping voltage, in turn, is routed to
a wave shapWQpe788uit to alter the recording duty cycle. TRE/VIP2NY DC
vol tage fromthe nachine controller is sunmed wth the AOM bi as vol t age
(produced in a high speed duty cycle servg :Leoop) in the wave shapi ng
circuit. The 10 resulting voltage sets t% char gi ng current on ti m ng

capacitors for fbe,ONgspolel thag, deé] £ @eghie gﬂéy%
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asymetry. Anosbepe aidjraitneint! 66, 7985 Ifarcsenting meerisimj Smepeldﬂft he
recorded pit d&gg éﬁ rease in pit depth is the objective of the duty
cycl.e ranp techno not her ect of the invention, in order to
conpensate for i nacc %1 Fi’-ﬁﬁ“gﬁl%ﬂ ferprises pniontputy stagg which

pit-by-pit baSIaomsmas &Eﬂ@foi‘mbetﬂemsﬂ?é ke A0S Srapilid thahhelsi is,
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Importantly, the invention may employ both pit
compensation functions, i.e., the radius dependent function
and the EFM pulse width function. That is, in addition to
having the ability to make the pits deeper as a function of

15 radius by making the pulses shorter and recording them with
higher laser power, as described earlier herein, the
invention may simultaneously employ an equalization method
that allows the changing of the depth of individual pits.
That is, the 3T pits can be made deeper or shallower than

20 the 4T pits which, in turn, can be made deeper or shallower
than the 5T pits which, in turn, can be made deeper or
shallower than the 5T through 11T pits. Moreover, if
deemed necessary and appropriate, other individual pit
lengths, e.g any or all pit lengths 5T through 11T can be

25 customized as to depth. In the use of the preferred
mastering system described herein, only three identically
constructed channels (16, 18, 20) of pit depth alteration
are needed, one channel each for the 3T, 4T, and S5T-11T
pits. Shown in phantom in Figure 3 is channel 22

30 representing additional channels if desired.

A pulse width discriminator 14 is used to determine
the pulse width of each pulse in the EFM input pulse train.
If the pulse is a 3T pulse, it is shortened in channel 16
separately from the other detected pulses. This altering

35 of the pulse length individually for the different 3T-11T
pulses is in addition to the aforedescribed ramping
function which shortens all pulses regardless of length as
a function of radius. It is an ultimate goal of the



shorter pits wth greater depth than |onger pits. In accordance with the
I nvention, a wave shape nodif.yifag functien alters the effects of the duty
cycle servo to 30 produce a nodul ator drive signal which forns surface
di scontinuities having a varying duty cycle along said track of surface

di sconti nui t i WO 2R3 wave shape nodi fyi ng nmeans altering thePEHPSN39s
character of individual surface discontinuities along said track of surface
di scontinuities 35 dependent upon the E¥Ise types (i.e., 3T to
11T) corresponding to the individual (3T to 11T length) surface

g@fﬁgtgg?g'ztgéfs fgveggli%ﬁ/ 426379 f needed, tlg ta ilor the 3T throu h 11T
ese_an
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bl ock di agra reco appat at us e | oy) ng t he wavef or,m shapi ng
circuit acco EaPRiat?gE&fe éﬂﬁgﬁ:’zh@ o éﬂ‘Pé?Eﬁ{"a't B8 of
a perfectly 10 mpdeﬂtnt‘cahannm pattern accordi ng to CD standard
speci fications; Individual pit depths are altered and controlled by

pulse shaping processor 32, i.e., by electronic processing
channels 16, 18, 20 which, after recognition of the pulse

10 length, 3T - 11T, shortens ar 1en§thens the pulse and,
selectively, configures the pulse with an optimum wavefornm.
The duty cycle servo 6 simultaneously adjusts laser peak
power through laser power regulator 8. For example, when
a 3T pulse is detected by discriminator 14, the appropriate

15 electronic circuit 16, 18, 20, 22 may shorten or lengthen
the pulse in width and increase or decrease, respectively,
laser peak power for the duration of the pulse.

Using the example of the last paragraph, it is

- important to note that, if all that is needed is to make 3T

20 pits shallower, only the laser power regulator 8 is needed

to reduce the laser power for the duration of the pulse

used to form the pit. However, if that were done, it would

upset the asymmetry which, as discussed above, is essential

to be kept in proper registration. This potential problem

25 is overcome by making the 3T pulse shorter at the same time

the laser power is increased during the pulse, or visa

versa. The processing channel 16 thus adjusts both the

amplitude, duration, and wave shape of all of the 3T pulses

differently from all the 4T pulses (in processing channel

30 18) differently from all the 5T through 11T pulses (in
processing channel 20). :

The discriminator 14 predetermines how long the
incoming EFM pulse is, then selects which channel is to
process that pulse (3T, 4T, or S5T-11T channel). Each

35 channel has adjustment potentiometers for setting the
desired amplitude, duration, and wave shape of the emerging
pulse to be summed with the other processed pulses in
sumning circuit 24, and sent over line 26 to the optical



FIGURE 3 is a nore detailed block diagramthan that of FI GURE 2, and
addiitionally shaows a pul se di scrimnation and-shaping functi-en—15

FIGURE 4 is a nore detailed block diagram of the pul se discrimnation and
shapi ng function generally depicted in FIGURE 3; and FIGURE 5 illustrates a
nodel nodul MO 27819 ver wavef orm showi ng vari ous porti ons oOPCYH896i02838f or N5
whi ch 20 can be altered by the pulse discrimnation and shaping function
of FIGURES 3 and 4. DETAILED DESCRI PTI ON QF. THE PREFERRED EMBODI MENT The

di agram of the recordi ng apparatus of Figufe 1 includes only those prior
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VO 96/ 27879 power leading edge, sloping off more ggéhj§f§§0€g§&rd the
) trailing edge. While this process indeed affects the
shorter 3T pulses more than the longer 11T ones, due to the
10 greater percentage of pulse time the 1leading edge
contributes for the shorter pulses, this is solely an
amplitude adjusting process. The present invention differs
in that it sets write output pulse width to the optical
modulator as a function of write input pulse width of the

15 EFM signal.

The manner of combining the two processes of
compensating for pit depth variation as a function of
radius and compensating for pit .depth variation as a
function of incoming pulse length, involves setting the

20 individual pulse wave shape compensator 14, 16, 18, 20, 22
first at the inner radius of the master disc. Then, as
radius increases, the radius dependent pulse alteration
function is enabled. It should be noted that the radius
dependent compensation can be enabled from the beginning of

25 the track on the disc to the end, or can be enabled at a
prescribed radius. Also, the compensation can be
continuous or can change incrementally at a prescribed
radius. Moreover, each pulse wave shape compensation
circuit channel 16, 18, 20, 22 has the ability of not only

30 adjusting for outgoing pulse width but also of modifying
the leading and trailing edges of the pulse passing through
the particular channel. Of course, this complex scheme of
adjusting the write pulses in so many ways is possible only
on DRAW machines where instant results can be verified and

35 parameters set for each processing channel. For example,
in such a case, the eye pattern is real-time observable to
insure a minimization of the phase errors of the zero
crossings. 1In any event, by using the feedback from the
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nodul ator 11 may be an -op I'cal nodul ator (AOM). The beam 13 exiting
t he nodul ator wl| have an 10 anpl i tude 95 Jrodul ation proportional to the
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nodul ator 11 i s may have a programmable compensation in it so that, rather
10 than having the master formed perfectly, the master may be
formed purposely not perfect (has a built-in
precompensation-for-molding function) so that the replicas
can be perfect. This additional function must, however, be
open loop, i.e., such a pre-molding offset function would
15 have to be preset rather than having a servo loop perform
the function to make the master perfect.

All aspects of the invention relate to looking at the
data stream input to the mastering machine, and using the
playback information of the disc to make the data stream

20 have the character it should for best playback of replicas,
whether a master disc produced by such a process is perfect
or is precompensated for molding. In all cases, the
invention can be used only with a DRAW mastering machine
using a recording media that can be recorded with pits of

25 different depths or bumps of different heights.

Previously described was an embodiment of the
invention, whereby a channel of information, referred to
herein and in Figures 1 and 2 as an auxiliary input 38, can
be recorded as variations in the depth of pits or height of

30 bumps on the recordable medium surface. For the ramp and
pit-type functions described in detail supra, no external
vauxiliary input® is required. However, in the embodiments
where an additional channel of recorded information is
desired, an auxiliary input 38 may be coupled as input to

35 either the wave shaping circuit 31 or the laser power
regulator 8, or both, for making the necessary pulse
modifications to create variable pit depth (or bump
height). If inputted to the wave shaping circuit 31, the




formed by a waveform shaping circuit 31. The waveform shaping circuit

i ncludes an EEM.input 33 (Figure-l)}—or-a processed EFM i nput—26(Figure-3).-
defining for receiving 30 the infornmation to be recorded and may al so

i nclude an input 35 for receiving a drive signal bias control for adjusting
the average w89ty of the nodul ated beam 13 (Fi gure 3 onPQFUSI6H293Ae
speed of the information nediumrelative to the focussed spot 15 is not
constant, the 35 si gnal processing systeﬂ?nay i nclude an input 37 for
receiving a signal indicative of the instaftaneous relative speed. WO
96/ 27879

231
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"eye-patter A" wAPBR fsul daserr ;ewer Hﬁﬂ%l%?@6d310Wh£9h ﬁéﬁgwmﬁP@G°Pﬁ1Yhe
art and i s presgshtfolertheepshert 6fStRW LaseRcseini hrchbedanodt withedhe
asymmetry in thgnformation contained in the auxiliary input.
- In either case, inputting auxiliary information to
wave shaping circuit 31 or laser power regulator 8, there
10 will be a purposely varying duty cycle of the recorded pits
or bumps along the track which the player would sense and
make appropriate correction for by generating a player duty
cycle servo signal. This correction signal is, in effect,
the recorded auxiliary input information which can then be
15 extracted for any desired use by the player.

Instead of a separate "auxiliary input" signal used to
modify the modulator drive signal to effect variable depth
pits (or bump heights), the . input signal to the wave
shaping circuit 31 (exemplified by EFM input 33 in Figures

20 1 and 2), the pit depth (or bump height) can be varied by
'encoding the Tauxiliary information® as amplitude
variations of the input signal 33.

Although the invention has been described in detail

with reference to its presently preferred embodiment, it

25 will be understood by one of ordinary skill in the art that
various modifications can be made without departing from
the spirit and scope of the invention. Accordingly, it is
not intended that the invention be limited, except as by
the appended claims.

30
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detecting tggued es zi\'h ﬁa gaé‘ei%‘s ula t| m n dh? ov¥é_§ erqaftced
by the cloc [ rFSE, Mg tens
out put of ttize FFM iy doesa 61br11@ht:rmbbvm andf belbwpaltthrgsma iXeswved3.0f s a

s T, ppSEIH Ehcbe by e, A SRkt 30E ey

the present EPR\VERRIRSHNG informabingnary A pkface) ofa ther Bedivporthe diiahtt

read-after- mma:e(w\&paba;bec keseithghaatrack crljsuritheg digcoasehndities

functions t g, B b9 ng PYOAKIrY HARuASHPET the! wBbt PR Yeilnf 16! BndPd the
threshold@d and incapable of forming said track of surface
discontinuities in the moving recording medium when the writing
beam is below the threshold, said waveform shaping circuit
comprising:

a wave shaping circuit, coupled to said modulator, for
receiving a substantially rectangular waveform provided as said
modulator drive signal to modulate the writing beam;

a duty cycle servo coupled to said wave .shaping circuit for
maintaining a predetermined duty cycle of surface discontinuities
along said track; and

wave shape modifying means, coupled to said wave shaping
circuit, for altering the effects of said duty cycle serve to
produce a wmodulator drive signal which forms surface
discontinuities having a varying duty cycle along said track of
surface discontinuities.

2. The dynamic waveform shaping circuit as claimed in
Claim 1, wherein said wave shape modifying means comprises a ramp
voltage generator which applies a ramped voltage input to said
wave shaping circuit for continuously altering said duty cycle
between predetermined positions alcocng said track of surface
discontinuities. |

3. The dynamic waveform shaping circuit as claimed in
Claim 2, wherein said recording medium is a disc, and said
predetermined positions correlate with corresponding
predetermined radii of the disc.
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as.close to perfect playback dmssmlmﬁiu a%.nslurgr s

yet the nold used in injection [ $=Ta

The signal driving the optical I an |ikew se be inperfect, such
5 i nperfect V0962987 g purposely put 1 n place in order that PREUSINIIN
product, the nolded replica, or playback disc, will be perfect. This

pur poseful adjusting the mastering processing away fromtheoretical ideals
can only be done, froma practical vi ewporﬁ T with mastering systens that
can 10 enpl oy, a regdotli kLe - af ML W_ 4 u '

Mast eri ng proqegées ﬁl}gt h&ﬁ%ﬂ%{? %hgtgg?ggi s,s{h%%g\re‘%]otar eal | zeagt hgfégrgréehsagcess
due to theCladm Bo WRABPMRE|y nanufacture a replica disc, test the replica,
make further adpai@renitacedistbfbineptiésiaderpits forhied ihrnsaiduetateof

such a 15 d . Lve at optinmum paraneters for producing a
perfect re i%%ilssﬂég%ﬁb%é/e. Further, the present invention can only be

used with a nas®aifnyayes=hanenModiRyigich reans preBifnm R | sATRh VoA tage
produce cogphiiehodongiadahsRPsshortéfsPENE! @dty28yclar 6gckhlias pitst 2o
recordi ng rfagg FE g. a conbi nation which can produce different depths of
pits (or héi Ht 8 bunps) on the nedia surface. Agai n, recording nedi a

5. The dynamic waveform shaping circuit as claimed in
Claim 1, comprising a 1light power regulator for varying the
intensity of light produced by said writing light beam source,
and wherein: |

said duty cycle servo is coupled to said light power
regulator for altering the intensity of light from said source
in a manner to vary the duty cycle along said track of surface
discontinuities oppositely from the variance of the duty cycle
caused by said wave shape modifying means, thereby forming a
closed loop servo function which allows the variation of duty
cycle caused by said wave shape modifying means to be offset by
the variation of duty cycle caused by altering the intensity of
the write beam. '

6. The dynamic waveform shaping circuit as claimed in
Claim 4, comprising a light power regulator for varying the
intensity of light produced by said writing light beam source,
and wherein:

said duty cycle servo is coupled to said light power
regulator for altering the intensity of iight from said source
in a manner to vary the duty cycle along said track of surface
discontinuities oppositely from the variance of the duty cycle
caused by said wave shape modifying means, thereby forming a
closed loop servo function which allows the variation of duty
cycle caused by said wave shape modifying means to be offset by
the variation of duty cycle caused by altering the intensity of
the write beam.

7. The dynamic waveform shaping circuit as claimed in
Claim 3, wherein said ramp voltage generator generates a stepped
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errpi oyi ng phot or esi st cannms’emhey ar e
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producing different pit deﬁi,@§heet2§asBeenR lacék i ndi cat e TH!SLBHEﬁirNA%BFEUt ve
of the invention is to prod n signal, off conpBEBLACER si

i ntended to conpensate for t%mm na, where at out er_edge o'r

t he disk, tyWe237§Mhat is e nol di ng process RRNESINB93hol d

all pits with equal pit 30 dept h. The pits get shallow at the outer
edge. There is not enough pressure and tenperature to nmake a good copy of
the pits at the outer edge of a CD or Videddl sc nold. The present invention
sol ves thi Szmgbf@fnbyfé&ﬁimﬂc&%&héﬁ' cﬁbﬂeéétt&aéﬂd/ dd f&g&fxé%éﬁ&gt hs
to be 35 nonconst known in the art, 1t 1s a gdal “of the

mol di ng pr o*ERY RpY %ﬂ cal |y adjust the |aser recording power to hold
the pul se | ength constant (for a particular puI se type, e.qg. 3T-11T) over

the entire surfag 248 £ h

PCT/ US96/ 02931 20 Hinfd D ddvetorn shaps fr’%x%%‘%iltog“ oveger the

pul se | engt PP¥ %" “SI PEP@H‘B‘}/sa“l? includesnaj wxiting 1ighie bean

ef fective fmunhé amiilan opticabenodsrater fur modalhtingrtié ubntensiityy lofp
function isege 'Bv\k}]ﬁ '&Chl'i t5a88%r %h%ef@w ?%é@:&‘ﬁ'&r&e‘i Uty
cycle ranp generator 2 uces n’@ output coupl ed
to. recording med:.um, movi.ng rel ive to the light beam, in

response to a modulator drive signal for recording information
on a surface of the medium, the light beam being capable of
forming a track of surface discontinuities in the relatively
moving recording medium when the writing beam is above the
threshold and incapable of forming said track of surface
discontinuities in the relatively moving recording medium when
the writing beam is below the threshold, said waveform shaping
circuit comprising:

a wave shaping circuit, .coupled to said modulator, for
receiving a series of pulses -of - substantially rectangular
waveform and of identifiable pulse types provided as said
modulator drive signal to modulate the writing beam;

a duty cycle servo coupled to said wave shaping circuit for
maintaining a predetermined duty cycle of surface discontinuities
along said track; and

wave shape modifying means, coupled to said wave shaping
circuit, altdring the effects of said duty cycle servo to produce
a modulator drive signal which forms surface discontinuities
having a varying duty cycle along said track of surface
discontinuities, said wave shape modifying means comprising means
for altering the physical character of individual surface
discontinuities along said track of surface discontinuities
dependent upon the pulse types corresponding to said individual
surface discontinuities.

9. The dynamic waveform shaping circuit as claimed in
Claim 8, wherein said substantially rectangular waveform is a
series of rectanqular pulse widths ranging from 3T through 11T,
T being is a fixed period of time defined in the rules for the
EFM code standard in the reWuction of
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waye shaping circuit 31. The ranped out put Ievel I
radi ad-of the' °e ;
as the radius of the wite 10 herarrp

| i near, nonlinear, or follow any
type, size, wosdey®er mi ned need for corrpensatlon to make tmmme

di scontinuities deeper or shallower at the outer edge. In a typical DRAW
masteri ng machi ne, the ranp 15 function kes the pits deeper with

i ncreasing radi us. Because a hi gh speed J&ﬁ? cycle loop through duty use

6 h
Servo Iaﬁgglr,#tat\égmgg% ﬁﬂoﬂi ﬂ.a?n Hﬁg@?ﬁ%wﬂé&o”ﬁha”éaim& e

radi us depen hg%e | eve nct i og iﬁ* nserted, the
pul se | endfi@¥ oBLEEFiRgy tB® PhyRigRAg ehaxarters1 ofet 4nd qual ¢ SpnEacene
outer radidiscontimidies, iholudés: | aser power rises under control of |aser

Pouet » o9U 1 Cnghputt BEcSSVINE! i il NG SE°BASIL e, 1

the asymmetry iIs oW grea " because
the pul se | engfeans for dehesting and %ﬁ%’-‘@ﬁe"ﬁ&ﬂe“'&e@ﬁb‘?e a@w@:re@&m ng
process conti nyfansY®or detepti)§aalid SyIvEEing £IRi 5T Hytigh 114 lpui®eoss

t he surfa%dghthe di sc. This conbi nation of function may thus be
referred t0o as a double nested servo | oop, the ranp function effectively

defining a | ow speed 30 servo loop. It allows changing the pit depth and
?/et stil 11 mai ntmi ni &g &ﬁjﬁﬁiﬁﬂt waGEEORA M ¥hapiag aSidduid £6E tude high aandl
oW spee t n g.S r u cle
| ow speed Gita1l 9Rebralla' abSardfiSl vhfiAMHL18ke0% kP lElnd AL eak

source and an optical modulator for modulating the intensity of
the writing beam of light above and below a threshold level of
a relatively moving recording medium in response to a modulator
drive signal for recording information on a surface of the
medium, the light beam being capable of forming a track of
surface discontinuities in the relatively moving recording medium
when the writing beam is above the threshold and incapable of
forming said track of surface discontinuities in the relatively
moving recording medium when the writing beam is below the
threshold, said waveform shaping circuit comprising:

a wave shaping circuit, coupled to said modulator, for
receiving a substantially rectangular waveform and of
identifiable pulse types provided as said modulator drive signal
to modulate the writing beam:;

a duty cycle servo coupled to said wave shaping circuit for
maintaining a predetermined duty cycle of surface discontinuities
along said track; and

wave shape modifying means, coupled to said wave shaping
circuit, for altering the effects of said duty cycle servo to
produce a modulator drive signal which forms surface
discontinuities having a varying duty cycle along said track of
surface discontinuities, said wave shape modifying means
comprising:

a ramp voltage generator which applies a ramped voltage
input to said wave shaping circuit for continuously altering said
duty cycle between predetermined positions along said track of

surface discontinuities; and
N —
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servo | oop, essentially causing the pulse Iength to ge

| aser power will increase to n&hgsmﬁuﬁ@Bmm sell enfjt L %F r
t her eby produci ng constant asy /27879 :

PCT/ US96/ 02931 -21- The constant due to the high speed pulse

wi dth servo | B@P6BEMri si ng duty Ie servo , wave shapi ng PETAISHN298 1,
optical nodulator 11, and the read head (not shown) providing directly read
information fromthe 5 disc to servo 6. Thug,_the high speed pulse width
servo continues to do the sanme thing that |? al ways has done, prior to

i npl ementi ng thepRhfigeFor MREHiRNG trat m%sim dcﬁéﬁa@éégmsfrxnafwaﬁls&

But, the | aser _power |ch has een hold ul se ngt h const an

ng th I's
in accor dan®®F °eMntﬁ ®§ nv ??& rnlﬁﬁﬁﬂ y Rt bEPﬁﬁaﬁ%Id
constant, i disponhenuﬁtéespﬂnpsndann uponrEheepﬁbses&zpésacqmmhspohdﬂggh&o|n

order to pres8ie/SnaividRAii Ysu é“ﬁf&bdﬂ@iﬁuﬁ%&ggd i .e., changing the

depth of the pits as a unctlon radi us wi thout changing the asymretry 15
or virtually any of the other signals retrieved froman optical disc, is
uni quel y possi bl 21vi t Th@RAyhamice wavefornhishapingl npicmcuitt las ¢héimetet twd

cannot be Peian™i®,USiEkl P 'ed £ e2eSordBN Chodful” 26 A fisc! " Cakf s a t Ne
predetermined positions correlate with corresponding
predetermined radii of the disc.

12. The dynamic waveform shaping circuit as claimed in
Claim 11, wherein:

said surface discontinuities are pits formed in said surface
of said medium; and

said wave shape modifying means produces a ramp voltage
which continuously shortens the duty cycle of said pits along
said track.

13. The dynamic waveform shaping circuit as claimed in
Claim 10, comprising a light power regulator for varying the
intensity of light produced by said writing light beam source,
and wherein:

said duty cycle servo is coupled to said light power
regulator for altering the intensity of light from said source
in a manner to vary the duty cycle along said track of surface
discontinuities oppositely from the variance of the duty cycle
caused by said wave shape modifying means, thereby forming a
closed loop servo function which allows the variation of duty
cycle caused by said wave shape modifying means to be offset by
the variation of duty cycle caused by altering the intensity of
the write beam. '

14. The dynamic waveform shaping circuit as claimed in
Claim 12, comprising a light power regulator for'varying the
intensity of light produced by said writing light beam source,
and wherein:

said duty cycle servo is coupled to said light power

reqgulator for altering the intensity of light from said source
e
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af or edescri bed nethod works with the type of optlcal
technique with which the pre@s h Hhs@mmlbae ad T g ;
medi um used with the inventi o I I the way ——‘ ng
| ayer. On the contrary, the d ts foll ows the peak | aser power.
25 Iwoaszmeond primary 0 j ect | ve o the invention, PoCEmsSE02eF gur es
3 and 4, the nodul ation drive signal is dynamcally altered on the basis of
the length of EFM i nput pul ses used to form correspondi ng surface
~discontinuities on the disc. Basicall y,'??ﬁ's [ s acconplished in a dual 30

functi on g QUehnGgIPED wg%a?w'a&ycg;négndi a3 0ald Baga-pULaC

shapi ng processor g cal
modul at or dégepnt ippities pRest o &hecmaﬂr ance oths guﬂesym%e
di scrim nahﬁéeé4b§e@‘a€i8 twhefre NgHEP dEFﬁ&da g Giledns)e €erely 3forming aad 5T-

o T LR 108 SRR Ao GALER Lo i, LIS 1, e
t he EFM sfyele ¢aused Iy Haid wave: shapet pedifying means Sorbe sﬁfset

avai-l abl etha varybtPéh 208 duty cycle caused b altering the intensity of
PCT/ US96/ 931 ééz t he channel sel ect or pul se shapi ng processor 32

before th p?? Btarts bei ng formed The pul se shapi ng

15. The dynamic waveform shaping circuit as claimed in
Claim 11, wherein said ramp voltage generator generates a stepped
ramp for effecting incremental changes to the duty cycle servo
along said track.

16. A dynamic optical modulator driver circuit for use in
an optical recording apparatus which includes a writing light
beam source and an optical modulator for modulating the intenéity
of the writing beam of light above and below a threshold level
of a relatively moving recording medium surface in response to

- a modulator drive signal for recording information on a surface
of the medium, the light beam being capable of forming a track
of surface discontinuities in the relatively moving recording
medium surface when the writing beam is above the threshold and
incapable of forming said track of surface discontinuities in the
relatively moving recording medium surface when the writing beam
is below the threshold, said recording medium responding to said
light beam, when said writing beam is above the threshold, to
produce surface discontinuities of variable dimension in a
direction perpendicular to the recording medium surface in
correlation with the intensity of the writing beam, said optical
modulator driver circuit comprising:

a wave shaping circuit, coupled to said modulator, for
receiving a series of pulses of substantially rectangular
waveform, provided as said modulator drive signal to modulate the
writing beam, and produce a series of drive pulses coupled to
said optical modulator:

pulse modifying means, coupled to said wave shaping circuit,
altering said series of drive pulses to produce a modulator drive
signal which forms surface discontinuities having a varying

; GEeom = =

T



processor 32 consists of three i denti cal proce55|ng

Each channel 16, 18, 20 genemﬁswmsseen

pit, 4T pit, and 5T-11T plts ﬁ?ateswa

front and back edge del ays, a back

ti me const antWO96/F8¥t i onal o s > 87 represenmmly to

performthese waveform al terat I ons, and vm th know edge of precisely
what part of the nodul ator drive S|gnal on #Sne 10 is to be adjusted by
reference to the waveformin Figure 5 a person of ordinary skill in the

art will hayenoRsfbs (i d 8Yrkor 565 YPerpthalba1aE 85 U reboraPRg Qi ;

el ectronic copponents to performthe desired 15 functi ons. O course,
separate ciPB%it stages are not necessary, and good design with efficient
| ayout can m ni na autyo gyclenservopiaupled to Saidevawve|shapiagptiteuit sthr i ng

and of fset Sgiht& g,ﬁg@g fd é&iﬁ

The di scri mﬁnatorﬁ‘ﬁ?l% 2?:88%{ ree dbP gecyﬁ.@oi‘@%gd;eéﬁgé il%pifziiles
pul se sensof1l9ng a9k del ay circuit 50. The 3T and 4T pul se sensors
41 and 47 use one- shots to qualify the signal. The default signal |s

qualified as seng} ”9 'fh byﬁ‘émiﬂéﬁ&éﬁ”ﬂ@ﬁéﬁt&ﬁri&? gfx“énfﬂ ?}é

needed to account ul'se t nomn
bef-or ehand. th‘élﬁﬁel%hdﬂﬁrﬁil‘bcks 59, 69, 79 provi de for di fferent del ays,
set by front andsdidlkwttingQight bean/Boabbe /Ps #KhsHy ;aRHAS2,

respectively on é@fdf rdy;\%m‘;i@d gﬁﬁkcal modulator driver circuit further
comprises a laser power regulator for regulating the peak power
of the laser in accordance with an input signal; :
whereby information contained in said signal to said laser
power regulator is recorded on said medium as variable dimensions
of said surface discontinuities in a direction perpendicular to
the recording medium surface.

18. The dynamic optical modulator driver circuit as claimed
in Claim 17, wherein:

said surface discontinuities are pits; and

said information contained in said input signal to said
laser power regulator is recorded on said medium as wvariable
depth pits.

19. Aan optical modulator driver circuit for use in an
optical recording apparatus which creates surface discontinuities
along a track in a recording surface of a recordable medium, said
circuit comprising:

means for receiving a series of pulses having varying widths
correlated to a first information signal, and coupling said
series of pulses to an optical modulator for creating said
surface discontinuities having lengths along the track correlated
with the pulse width of pulses in the series of pulses; and

means for modifying the pulse train coupled to said optical
modulator in correlation with a second information signal in a
manner to vary the dimension of said surface discontinuities in
a direction perpendicular to the recording surface of the
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edges to rmdlfythelaser ontlrre byaf| : T

30.

the three edge shapers 59, 69Mis as dby7_u1e |TH&$&@%‘E% EERL ol
signal on line 55 fromthe puI i m nat or ThBEPL ing

bl ocks 61-67, 71-77, and 81- 87 desi red waverorm t hrough 't hree
mdependenthmmbs for 3T, 4T, and 5T-11T pul ses respect ipCINGS96/62931
different type of pits can be forrred using a different waveform suitable

for recording optimzation. Each channel has its own offset WO 96/ 27879
PCT/ US96/ 02931 - 23- adj ust nment 73, 7383 to set the signal top |level,

T W REPTHOOR I i T
const ant z;tquigt 9nt whereis ssid eert:‘@ce @mnmminsmreoMntomedhe
the back ey ‘-‘“°f"“‘ft‘“?’?€§?t’f75’%‘E"“‘“&éﬁehﬁ“%ﬁ?‘ ind |10 spcona of
conbi nes M&%ﬂaﬁg"flr %ﬂ%} Jf?}rxéeé: ?ﬁgﬁ’ ﬁ%eﬁ% f% vafgg.ngo and

drives thalepthsunlovgxtbebtrads. |nportantly, the i nvent i on may enpl oy both
pit ‘conpensation functions, i.e., the radius dependent function and the EFM
pul se width function. That is, in addition to
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having the ability to nake the pits eepeﬁEPamcm)func ion of 15 radi us by

making the pulses shorter and record-mg—them hi-gher laser power — as

described earlier herein, the invention nay ‘sinul t aneousl y enploy an

equal i zati on nethod that allows the changing of the depth of individual
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which, in turn, can be nmade deeper or “shallower than the 5T through 11T
pits. Mor eo w@'—f—dﬂ 2= 1y and appropriate, other individual pit
lengths, e. g ploutieiEl I% ZAKdugh 11T can be 25  cust oni zed
as to depth. b GV e ferred mastering system descri bed
herein, only M o) | constrjucted channels (16, 18, 20) of pit
depth al teratjdA—e bne chgnel each ‘Iche 3T, 4T, and 5T-11T
pits. Sho | Lh Figu 3 is chann 30 representing
addi tional ché r%@lhﬁ . pllise width d| scrimnator 14 is used to
pbl se [ l?hf he EFM i nput pul se train. If

determnethe 0 :
5"3‘1‘ pul'se—l"t' 'rs-sho

t he -pul se channel 16 separajely fromthe
ot her det PAAVE SupP t he pul se | ndi vi dual |'y
for .the di ‘ I'sin addlftu%( {fo Erlbed
ranpi ng functi whi c ald'l@d,lueT regaf d] ess as a
function of radirus. | t is§1 tmiirEt--gga=— Of | t
]
N e e L |
oo ] » LASE ODT?CPL
¢ S8 RELOLNTOR movuLvoR
) 13
DUTY cyuE -
SERVD 2

\\\\\t\\::\\:\‘
\\\

\\

NN
NN
\\\ \\\\\\“\

Sheet Has Been R

Tl



WD, 96/ 27879 a PCT/ US96/ 02931 - 24-

I nvention to if needed to tailorthe 3T thLﬂugh_llT pul.ses_independent|y
That is, by pulse duration, the invention decides how nuch to alter the

| engt h of each pul se individuaIJy. One skilled in the art can easily 5
extrapol at e WO9&#B® ence to Figure 3 hepg o inplenent the neerieshsnds:
channels. Individual pit depths are altered and controlled by pul se shaping

processor 32, i.e., by electronic processing channels 16, 18, 20 which,
after recognition of the pulse 10 | ength, 3T - 11T, shortens or | engthens
the pul se and, selectively, configures them g t h an opti num wavef orm
The duty cycle servo. 6 sinultaneously adj ~-¢gpeak power through

| aser power regulator 8 For exanple, when Se is detected by
di scrimnator {14, the appropriate 15 ele
may shorten of | engfhen the pulse in w dt tand 1 kcrease or decrease,
respectively, |l aser| peak power form-nesgiurati §h of the pulse. Using the
exanpl e of the |ast} paragraph, iL bortant} to note that, if all that is
needed is to fmke 3[T 20 pits sha , only} the | a®r power regulator 8
i s needed to feduceythe | aser_powe he daration of the pulse used to.
formthe pit.{Howevr, if {that wer P dul d upset tfie asymmetry

whi ch, as di sgussed abo%ﬁ I s esse to=be kgpt in proper registration.
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25 I's overcone by making the 3T pulse shorter at the same tine the | aser
péwer is increased during the pulse _ar visa-versa. —The processing——
channel 16 thus adjusts both the anplitude, duration, and wave shape of al
of the 3T pulses differently fromall the 4T pul ses (|n processi ng channel
30 18) dWOwW23M|y fromall the 5Tgylg ough 11T pul ses (iRFYV¥H60203] ng
channel 20). The discrimnator 14 predeterm nes how | ong the i ncom ng EFM
pul se is, then selects which channel is to process that pulse (3T, 4T, or
5T- 11T channel). Each 35 channel has adjustnment potentioneters for
setting the desired anplitude, duration, and wave shape of the energing
pul se to be summed with the other processed pulses in summing circuit 24,
and sent over line 26 to the optical WO 96/ 27879

PCT/ US96/ 02931 ]-2-5—rmdul-a-t-9-r—-11— — -Opti-anat Iy~ +Hhe- pr eeessed—peH se put  of
sunmming circuit; 24 may be segr rther wave shaping circuit 31 phich
perforns the fuhctlons descrli ;451connect|onFﬁA h Figure 1. p

As conpare Fh° { or art schenes dBse to causg the
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shorter 3T pulses nore than the |onger 11T ones, due to the 10 greater
percentage of pulse tine the |leading edge caontributesfor the shorter
pulses, this is solely an anplitude adjusting process. The present
invention differs in that it sets wite output pulse width to the optical
nodul at or Jgggedgcti on of wite | npét 4Dul se width of the RCI/USISORIE| gnal .
The manner of conbining the two proc !%es of conpensating for pit depth
variation as a function of radius and conpensating for pit depth variation
as a function of incomng pulse | ength, involves setting the 20

i ndi vi dual pul se wave shape conpensator 14, 16, 18, 20, 22 first at the

i nner radius of the master disc. Then, as radius increases, the radius
dependent pul se alteration function is enabled. It should be noted that the
radi us dependent conpensation can be enabled fromthe beginning of 25 the
track on the disc to the end, or can be enabled at a prescribed radius.
Also, the conpensation can be continuous or can change increnentally at
a prescribed radius. Mor eover, each pul se wave shape conpensati on
circuit channel 16, 18, 20, 22 has the ability of not only 30 adjusting
for outgoing pulse width but also of nodifying the |leading and trailing
edges of the pul se passing through the particular channel. O course, this
conpl ex schene of adjusting the wite pulses in so nmany ways i s possible
only on DRAW nmachi nes where instant results can be verified and 35

paranmeters set for each processing channel. For exanple,
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produced by such ja pprotess 1S pe féct or is preconpensated for nol di ng.

In all cases, thelin ty| bd used only with a DRAW mast eri ng nachi ne
using a recording ned uqa&b recor ded wSlbsfriure shee?S 22 JahliaReNB9g
depths or bunps htls.  Previo ; ' 5

embodi nent of- t he HQG}@@%WF@re y a channel |nforrrat|on, referred to
herein and in Fi gkres—ft—anmd—3"as an auxiliary G 38, . can be recorded as

variations in the depth of pits or height of 30 bunps omhik Bkt 1S B RRHIRed

medi um sur f ace. For the ranp and pit-type functions descri
supra, no external [’;LIJXJ LiaryJaoput? JSJQQU ed Howeverrerr’H!l mlﬂl ﬂ
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have to be preset rather than having a servo loop perform
the function to make the master perfect.

All aspects of the invention relate to looking at the
data stream input to the mastering machine, and using the

playback information of the disc to make the data ‘stream .

have the characten\ft should for best playback of replicas,
whether a master disc produced by such a process is perfect
or is precompensated for molding. = In all cases, the
invention can be used only with a DRAW mastering machine
using a recording media that can be recorded with pits of
different depths or bumps of different heights.

Previously described was an embodiment of the

invention, whereby a channel of information, referred to.

herein and in Figures 1 and-%?as an auxiliary input 38, can
be recorded as variations in the“depth of pits or height of
bumps on the recordable medium surface. For the ramp and
pit-type functions described in detail supra, no external
"auxiliary input" is required. However, in the embodiments
where an additional channel of recorded information is
desired, an auxiliary input 38 may be coupled as input to
either the wave shaping circuit 31 or the laser power
regulator 8, or both, for making the ﬁecessary pulse
modifications to create variable pit depth (or bump
height). If inputted to the wave shaping circuit 31, the



4. “Acircuit as clainmed in Caim2 or aim3, wherein said recording
mediumis a disc, and said sel ective positions correlate wth correspondi ng
selective radii of the disc. 5. - Acircuit as clained in:Caim4,

wherein: said surface discontinuities are pwﬁmw
sai'd "di sc; and said wave shape nodi fyi rng28eans produces a ranp voltage
whi.ch .sel eat i vehydyabingr watdternd shypirgy cirait ofbr siaé dn wiptical abating apparats vkAIchG.

A circuit b8 s RhhirMoAlN $BURE A AortihG! brldiBh BnNa SBksbaVRR SNDbAGA

ci-rcui-t conprirses a power_ regulator for var e intensit
writing be&?ﬁm'%"‘\ﬁﬂ‘&i"eﬁﬂ'd §itCYRRTing yRgags %98??'?‘% ac%ﬁlséeﬁ‘a{? '?3‘? Zat?)&ﬁer
regul at or figénsiy bethe ngjitibd)Bednn trem Shitl\soate aadve and belo@$ thréblisgidrieivel obamegording t o

vary thie dylg o Cddy %leﬁrﬂgbde?%% JCk: Almipdd 86l REORLRYI 58 RRRS e y -

from.the variance cycl e caused by sal é{;e modi \éln{(‘g
means, t heregsyding mediv when SR uritingoberasth isyabava e Male TiFRsERId A7 IR el
variation Qrﬁcadulily of JerinthgCa sartde liscartinaltyvia said shaal evham thief wiiting beemris below e
of fset by t %‘BAIO%’I %lmegpmg%%Lgrgmp%ﬂpgs‘ﬁ%used by altering the intensity

of the wite d in any preced cl aim
wherei n sai d wa® &2y apRPing Brqi RGrAEUAS 2Rulsad iyt agrzac' apH &y Py "P'agéa'f*aﬁ%e 8.
A circuit afigralgergoin® Caim1l, wherein said wave shape nodifying nmeans

conprises means fo%(y dégcon%r{’é( %L%(pl@c’ fLd { IJ]gla\t)J@raa%h?és&r%alo{oq%fe?ﬁ}e? mgtwtalnmg a

i ndi vi dual surf ace ack

di scont i nuiRreeesiberbBiEn G °fLPb'6ﬁ°etdr'ﬁ§°’pﬂﬁ‘P%'és tlgpesaitickednidondi ng to sai d
i ndi vi dual sur f aGee dhagORiodinging hRans, Loupled Ao GhkiCave stapinh adingait] fon sélkbaively 8,

wherein sai Glteﬁmﬁﬂxt eS#eQ&aJr s%ﬂ)ryg@% s8ndtd L{i& %Lidrbggﬁn%'g}#nasrurf?ég &?comuﬁ';&i@ of

nT durati on ng_an 1 nteger of
var y, ng val t@gymg a selectwely varying duty cycle along said track of surface discontinuities.

2. A circuit as clalmed in C|a|m 1, wherein said wave shape modifying means comprises a
ramp voltage generator which applies a ramped voltage input to said wave shaping circuit for
altering said duty cycle between selective positions along said track of surface discontinuities.

3. A circuit according to Claim 2, wherein said wave shape modifying means comprises
means for altering the physical character of lndtwdual surface discontinuities along said track of
surface discontinuities dependent upon the pulse types correspondlng to said mdN\dual surface:

dlscontmuutles .

4. A circuit as claimed in Claim 2 or Claim 3, wherein said'recording medium is a disc, and
said selective positions correlate with corresponding selective radii of the disc. . SN

5. ‘A cnrcunt s claimed in Claim 4, whergin:

sald surface discontinuities are pits formed in said surface of said disc; and

said wave shape modifying means producas a ramp voltage which selectively alters the
duty cycle of said pits along said track.

8. A circuit as claimed in any preceding claim, whergin said wave shaping circuit comprises
a power regulator for varying the intensity of said writing beam, and wherein:

sait_i duty cycle servo is coupled to said power regulator for altering the intensity of said -
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0. ** A circuit as ctaimed in Claim9, wherein said pulse widths range from -
3T through I'IT, T being a fixed period of tinme-defined in the rules for the
EFM code standard in the recording - -and reproduct I on of i nfor rrat i on di'scs
commonly known as conpact discs, and said gbuls e shee s

for selectively detecting and aIterr ng- @89 y 3T puI se w dt hs; means for

sel ectively detecting and altering only 4T pul se wi dths, and nmeans “f or

sel ect i viékymdeBaTaINeg taYRTY Kot Ry FigleAIanasFid tFack @f Kurface dRGptiouifieqipapositely A
circuit gentiai vREnddloClhai dunl cychedsed bg 3kl wavecsiapapeodifpidg meang tmsams "

t |
Oper at o5 mukF RR1SE14c8 AnMhbs A SHs A0 of BF ekt PBiy
si gnal t ovaveshane mﬁd‘@mgr@%%ﬁ‘é el Pe gieet Ry |veﬁar°n\ﬂirthea@lrtvbﬁv~=!ﬁ caysgioysiifering

di sconti I}Héﬁqtéﬁglty &ZhewntébﬁtrhCUI t as clainmed in daim1l, whereéin; sai d
surface discontinuities are pits; and information- represent ed by said

Gopt he -7 By Sk Uiled f s PAALARS MndAh o BE SR b Foiany

~dept hs. alned I n Im1 al m

said Wi tan%éaﬁ@Bﬁ&taQ%@q aser. 14. Acircuit as clained in any of
Claim 11- 13, wherein said recording nediumis a disc, and further

conpri si ng radi arcytosicdiding to €aimt i, whersiraswsd pravy Sithpegnedifying means gompiisgswave
- shape Modi Ll ok} S L EIWS@:EI' fErsler P PokBRLANHAALAY Sl Ml liong

position of sard res sal I'SC ald wave sha
nodi f.yi ngsae&Ask ebéwaacprfgsqonﬂry&'eeFaeméeﬂwppﬁ tae jpyisp ﬁ’ﬁﬂ?ﬁ PR8N 7 ég‘f’al

posi:ti on eiiacdlisoffaderfistantinlflies. A circuit as clainmed in any of dains 1- 3,
wherein said pul sed input signal to said wave shaping circuit conprises a

_ .f Ir St ~dat'g strgaican@sacisReens Sainas Sih&aIM $d Ghptt isignBidchfiHEes a series of

rectangular puise widths of nT duration, T being is a fi xed period of time, and n being an integer .
of varying value.

10. A circuit as claimed in Claim 9, wherein said pulse widths range from 3T through IIT, T
3 - being a fixed period of time defined in the rules for the EFM code standard in the recording and
- reproduction of information discs commonly known as compact discs, and said altering means
- includes; .. o
means for selectively detecting and altering only 3T pulse widths;
means for selectively detecting and altering only 4T pulse widths; and
means for selectively detecting and altering all 5T through 11T eulse widths,

11.. A circuit as claimed in Claim 1, wherein said wave shape modifying means operates in
response to a modification input signal, said wave shape modifying means causing information

represented by §afd modification input signal to result in corresponding dimensional variation of
said surface discontinuities.

12. A circuit as claimed in Claim 11, wherein; -
said surface discontinuities are pits; and

- information represented by said madification input signal is recorded on said medium as
variable pit depths.
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§érébtiVely recérding said first data stream and said second data stream as
correspondi ngly varying di mensions of said surface discontinuities in a

A cerU|f
26

direction perpendi cul ar to said recording nedlun1surface 16
as clained in Claim15, wherein said recordSubstitute sheet - BRt

sel ective -positions correlate with corrependi ng selectlve rad|| of the
.disc. 17. 13. A @idircuit 35 ciamed @i Glaieh 1itrer Claigt #2. Meqrin Gihivifingeeamiferwer if 43731 -
surface di scontinuities are pits formed as a track of pits on said
recor di ng 1aur f acdreait ad fsimee G0nglioNQlaire ti-u B) wreeneln sai cecseingrTaediian i adiseeam

causes. al tésrh?etr' é%u,p%ne' rLd.Qewstﬁan Qﬁ{éﬁ{oﬁ’at ﬁgaxseg.raoleab V& V‘pﬁtotos aa«ei waé. Ssﬁ«aﬁiﬂt a
strean1 1

Frrcurt as clalne

oper at i on ‘E?d'@&F"EF NE9es SRIGIETAYAIf JeigsRRianeseys ?d@bﬁ??tWI%Ea'd “Y”%P%QS?‘“ it
part, by sasgkcs@omitidiskasaid swaresinape medifying means operating in accordance with said input

. from said radial positicn detection means.

15. A circuit as claimed in any of Claims 1- 3, wherain said pulsad input signal to said wave
shaping circuit comprises a first data stream and a second data siream, said writing beam
sé!ectively racording said first data straam and said sacond data siream as correspendingly

varying dimansicns of said surface discontinuities in a direction perpendicular to said recording
medium suriace.

16. A circuit as claimed in Claim 15, wherein said recording medium is a disc, and said

. selective positions corrafate with correspanding selective radii of the disc.
CT. A circuit as claimed in Claim 15 or Claim 18, wherzin said surface discontinuities are pits
- formed as a track of pits on said recording surface of the recording medium, and said second

data stream causes alteration of pit depths generataed responsively to said first data stream.

18. A circuit as claimed in Claim 15 or Claim 16, whersin .the operation of said wave shape

modifying means is controlled, at least in part, by said second data straam.
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