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We, RCA CORPORATION, a corporation organized under the laws of the State of
Delaware, United States of America, of 30 Rockefeller Plaza, City and State
of New. York, 10020,United States of America, do hereby declare the
invention, for. which we pray that a patent may be granted to us, and the
method by which it is 5      to be performed, to be particulay described in
and by the following statement:-     5 The present invention relates to an
information record, and methods for use in formation of such an information
record. In the prior art, optical recording methods have been proposed in
which light from  a laser is focused upon the surface of a recording medium
with sufficient 10      intensity to cause ablation of surface material. By
suitably controlling the intensity    of  10 the focused light in
accordance with information to be recorded while relative motion is
established between the recording medium and the focused light spot, an
informa- tion representative pattern of pits may be formed in the surface
of the recording 15          In   application of such an ablation process,
for example, to the high-density  15 recording of video information at
"real-time" recording rates, the achievement of an adequate recording
sensitivity requires efficient coupling of energy from the recording light
beam into the material to be ablated. In accordance with the principles of
the present invention, such efficiency of energy coupling may be en d by co
20      of the recording medium in the form of a substrate havingasurface
which is highly   20 reflective (at least at the frequency of the light
forming the recording beam),with a layer of material highly absorptive at
the recording beam light frequency, overlying the reflective surface. With
both incident light and reflected light (reflected from the substrate
surface) passing through the absorptive layer, the ability     rapidly
elevate 25      the temperature of the absorptive layer material to that
required for ablation to take    .25 place is enhanced. Pursuant to a
further aspect of the present invention, the efficiency of energy coupling
into the absorptive layer may. be firther enhanced by choosing a thickness
for the absorptive layer which establishes an anti-reflection condition for
the free 30      surface of the coating of the substrate at the reording
beam light frequec    ith  30 energy loss via reflection minimized due to
the anti-reflection condition establishment, and with energy loss via
transmission into the substrate minimized by the reflective surface
presence, a highly efficient heating of the absorptive layer to an ablation
temperature is realizable. 35          In accordance with an illustrative
embodiment of the present invention, a surface  35 of a glass substrate of
disc form is processed so as to form a polished flat surface, which is then
coated with a thin layer of metal (e g., aluminum) to establish a highly
reflective surface for the substrate. This reflective surface is then
coated with a layer of material (e.g., an organic dye, such as fluorcein)
which is highly absorptive at the 40      light frequency of a'
monochromatic light source available for recoing use (e.g., an  40. argon
laser, providing an output at a Wavelength of 4579 angstrom its).e tick-
ness of  the dye layer is chosen to establish an anti-reflection cdon for
thefree surface of the absorptive coating of the substrate at the recording
wavelength 



The coated disc structure, formed in the above-described manner,
constitutes a 45     record blank which may be utilized in conjunction with
a suitably controlled light   45 beam source of the appropriate frequency
to efficiently effect coupling of. energy from the light beam into the
absorptive layer. In an illustrative recording system described further
hereinafter, a record blank    of the above described disc form is subject
to rotation at a constant rotational speed while a beam of light from a
light source (e.g , a laser,providing light at a frequency at which the
anti-reflection condition is obtained) is focused on the coated surface of
the disc.The intensity of the light beammis controlled in accordance with
carrier waves to be recorded . Illustratively, the control is effected in
accordance with carrier waves modulated in frequency by
picture-representative video signals,with the  beam intensity varying as
result between a high level SUFFICIent to effect ablation, of the
absorbtive material and a low level insufficient to effect such
ablation,the frequency of the level alternations varying as the video
signal amplitude changes. An information track comprising a succession of
spaced pits is formed in the coated surface of the disc , the pits
appearing in those surface regions exposed to the
2 high level beam,due to vaporization of the absorbtive layer material in
response to the high level beam exposure. Variations in the length and
separation of the pits are representativeof the record information track
may be formed by providing relative motion in radial direction and at a
constant rate during the recording between the recording beam and the
rotatingdisc.Alternatively,in the absence of such relative motion during
the recording,a circular information track may be formed;appropriate for
"slide" recording purposes. The result of the above-described recording
process is the formation of an information record of a form which
facilities recovery of the recorded information by optical playback
processes.The information track of such an information record comprises (1)
undisturded surface regions that exhibit very low reflectance at an
appropriate light frequency(due to the anti-reflection thickness choice
described pre- viously),alternating with (2) pit regions,formed by the
ablation process,that exhibit appreciably higher reflectance at the same
light frequency(due to complete, or at least partial,removal of the
absorbtive layer covering of the reflectivesurface of the sub-
strate,ensuring departure from the anti-reflection condition.)A high ratio
between the reflectance of the pit regions and the reflectance of the
intervening (undisturded surface) regions is readily provided. In the play
back operations,a light beam is focused upon the information track of a
rotating information record of the above-described type.The play back beam
has a constant intensity at level insufficient to effect ablation of the
disc coatings, and is of a frequency substantially corresponding to that at
which the undisturded surface regions high level beam,due to vaporzation of
the absorbtive layer material in response to    3
:1,560,245                                           3 absorptive (at least
over the aforementioned given portion. of the light spectrum).
Illustratively, the absorptive layer 15 is formed of an organic dye, such
as fluorescein, for example, deposited on the reflecting layer 13 by an
evaporation process. An advantage of the use, i the illustrated
construction of the ding medium, 5       of an absorptive layer overlying a
reflective surface will be recognized by consideration  5 of the effect
achieved when a light beam L. (of a frequency in the aforementioned given
portion of the spectrum) is directed along an axis (x) normal to the
surface 



"s", and focused at or near the surface of the absorptive layer 15. Most of
that portion of the incident light which reaches the interior boundary of
the absorptive layer 15 10      is not "lose' through transmission into the
substrate 11, as would occur in the absence  10 Of the reflecting layer 15,
but rather is reflected back into the absorptive layer 15. The consequence
is exposure of the absorptive layer 13 to both incident and reflected light
Where it is desired to effect surface ablation in response to recording
light exposure, this avoidance of transmission losses into the interior of
the recording medium increases 1 5     the coupling of energy from the
recording light beam into the surface material, enhanc-  15 ing recording
sensitivity. While a similar avoidance of transmission losses into the
interior of the recording medium would be achieved by forming the surface
layer of a reflecting material (not covered by an absorptive layer), the
transmission loss avoidance would be offset by high reflection losses. 20
For optimum  eflficiency of coupling of energy from the recording light
beam L     20 into the absorptive layer 15, reflection losses are reduced
to a low level by choosing the thickness ([err]) of the absorptive layer.
15, with relation to the thickness ([err] of the reflecting layer 13 and
the optical constants of the elements of the system 15-13-11, to establish
a soalled anti-reflection condition for the system at the free surface of
25      absorptive coating 15 at the recording beam frequency.The
achievement of an anti-       25 reflection effect by use of thin films of
appropriate thicknesses and optical properties is well-known, per se, and
applications of the effect with films of transmissive materials are
widespread in optical equipment. Formulae which may be used in arriving at
parameter combinations for the absorptive media (15, 13) of the Figure 1
stem that 30      result in the desired anti-reflection condition are
presented herein subsequently, in        30 connection with a discussion of
Figure When the intensity of the focused light beam L is of sufficient
magnitude material of the absorptive layer 15 is elevated to an ablation
temperature, and vaporization of the material occurs, forming a pit in the
surface of the record blank 10. With suitable 35   modulation of the
intensity of the beam L in accordance  with -a recording signal as     35
successive regions -of the record blank 10 pass through the beam path, an
information track may be formed comprising spaced pits in regions of the
absorptive  layer Subject to the high intensity beam exposure, separated by
undisturbed regions of the absorp- tive layer (that were not subject to
such high intensity beam exposure). 40           Figure 2 illustrates a
portion of an information record formed. when the record   40 blank 10 of
Figure 1 is subjected to such controlled beam exposure. As shown in
cross-section in Figure 2, the information track comprises a succession of
spaced pits [err] separated by regins ([err]) in which the surface of the
absorp- tive layer 15 is undisturbed For illustrative purposes, die depth
of each pit is shown 45 as being equal to  the thicess of  e absorpive
layer 15, whereby the        layer       45 13 is wholly uncovered in the
pit regions. As will be discussed subsequently, while such a depth of
ablation may desirably resuk in maximization of the readout contrast ratio,
it is not essential for good playback results. Thus, in an acceptable
alternaive to the illustrated form   of information record,a residual
portion of the absorptive material (with a thickness ,of  course less than
[err]) may overlie the reflecting layer            50 13 in the pit
bottoms. Figure 3 illustrates combined recording/playback apparatus. For an
initial eplana- tion of operation of the illustrated apparatus in the
recording mode, it should be assumed that the disc 10', supported on a
turntable 20 which is subject to rotation 55      at a constant rotational
rate (e.g., 1800rpm) by the turntable rotational drive mech-  55 anism. 21,
is a record blank of the form shown in Figure 1. The monochromatic light
output of. a laser 31 (illustratively, of an argon type providing an-
output wavelength of 4579 angstrom units) is passed via a polarizer 32 and
an intensity modulator .33 to a polarized beam splitter. The poarizer 32
effects 60      a polarization of the laser output in a direction that
permits passage of the intensity  60 



modulated light through the beam splitter 35. The intensity modulator 33 is
driven by a modulator driver 55, responsive to a carrier wave source in the
form of a frequency modulated oscillator 53. The frequency of the carrier
wave output of oscillator 53 is subject to variation in accordance with the
amplitude of a modulating 65     signal provided
light                 65    he oto 33                   . is sied b high
and low levels in consonance With the modulated-carrier waes. A lens 37
forms te light ased. by em splitter 35 into abeamwich passes through a
quarer-wave pate    to a mirror 41.1which. reflects the beam onto the 5
entrance apertu  of a lens 43. The lens 43 focuses the .light beam reflectd
by milor  5 41 on the absorptve s f larer (15) of the disc 10'. An absove
layer region in the path of the focused light b:am when dt  ligt beam
inteinsitylevel is high suffers ablation, while. an absorptive aWyer region
in the path of the focused light beam when the light beam idensitylwv
low..rMSudirbed. he result is formation of an -0   information trak of te
ger1 type shown in Figure 2. Wen the frequ   of te        10 carrier :waves
controlling-th~e; flt~efty moduilator 33,is high, .the.sacn between
successive pits i. n the infomation track is 8hort (see erg,: spacing
betwee pitS pi and p,2); when, the carrier wane fra piency.is low, the pfit
saigis long (see, e.g., spacing pits p, and p . -- 15      -. A lenls
transliopaldrivl mechanism 61 provides a constant  eradial motion     15 of
an assemibly 40 .(inc~orporat'i ig -lens:43 and mirror 41), when a spirta
track formation - isdeseor a stepped radiairotdonwhesiris
deifedtorfmaaorma, series thereof. When tthe light f       of the rec     g
beam    ided by laser,31 fals in :20     thle given: Spl  po~rtion fs r
,which the. discis Jaye 13 .is highly refliective and for  20 whic^,h..the
di~sc's ityer15 is ighiy,6ib aind at or     t ,wh~ich'the system 15-13,-.'1
ehits the anti-reflection efecZ a high recording senisitivity is obtainedr
.  .       .        ...            . . For an explanation of: ops :tio of
the apparau. s  of Figure 3 in a playck mode, 25      it may be assumed
that- the o g.:disc 10 is   a recordd fasshown                 25 .info on
reco  constructi in'of:Piguire2. Indhe playback mode,.vaiation.,of the
'innity of Ate lase.r ott    -   timid by a suitab'le disabling of the moan
control system 51-53-55.      ode    operan of thtrans       ae.    h-
anis'm 61 is chosen to be al propriate for scanning of the form-of
information track 30     -desired to be played bacL T e constantintensiy o
the laser output is set at a play-  30 beck level sdely below the
kvelcausing ablation ofthe material 'of t bove ae  15. The leser beasn    w
the.previously described path (via dements 32, 33,. :'35j,37, 39, .41) to
lens 43 wi ich focusesbthe beam on the desired  :ina    trc of '' disc.
10'.' Light aeflected fron, the information tra  is  ned via elements 43,
41, 539 and 37 to the beam spli  35. As the returned light has made two
passes through  35 .. the qarwave plate 39, it* polarization has been
altered to a direction which results in reflecion of  pthe rtelight bye
splitter 35.to a photoect    . The intesity f ight  ing upon the , re
71 alernas between a minimum leveland amaximlevel asthe sucessive regions
(, Ui pa, , etc) of       . *40     the information track pass through the
path thethe focused beam. Te mini        40 iit  level for lightr
the phdetector 71 is obed wh  aundisturbed ..region (u, :'etc.) of the,
rptive .layer 15 is i :the focused beamjpatlh, hile the u  itesity levf
light re                     det r 71 is obtained when a pit (1, p  etc.)
"is in the   beam path. 45           The output of ,t         r 71 c ris
a.waves wi thzero                     45 recurrig :at frequeniesa : in
cnsonance with the pit-edge spacig. variations 



pasingthriugh the f     beam path The phottor output is appled to a band-
=s filte 73' whic        ly passer signa cpentsfalling wtin the deviation
range employed fory        53 and appropriate sidbs thereof. The ouput of
50          dpm filter 73 is apli  via a limitier75 (removi  osamplitud
modulation      50 of tie frequency   dula   carriertwaves)to the
iputofanFMd          tor 77, which recovers the    ld videosgnal
information.. .Whren thelighat freqii cy of, the playback beam proideby
laer 31 fals. in the giv~n spectrum potihon for  which the discks layer 15
is highy a ve and:,hr 55       which the discsayr 13.i highly r ,and at or
cto  the frequency ,atwhich        55 the undisturbed rgions oi thfe s
1513-1, exhibits the a effect .a highreadout contrast ra io s realized,
perinit&ng the vide:osignal reoveywith an ex in s         Dtoe r
Illustatively, with use of a deviton' re 7-10 Mz, color :teleision SiE
lials of an NTfSC- format hav~e been recov~ered- with a video ..60
signal-to-noise ratio of:'5i'db (peak-to-peak ideoto tins  o)for 'a;video
,60 badwidth of 5 MHz. ' The refectance of    s Y   ftwo absorbing layers,
such 'as  i system  af. Figure 1 (inoporating a dye layer on top -ofa met
layeron -a glss substrnate), ' .can.be calculated using f umtilaez weil
known in the theory of thin-fi ics.he. 65       r         of such a systim
is given by the square of the modulus of the amplitude  65    5
1,560,245                                    5 reflection coefficient of
the system  The amplitude reflection coefficient of such a system is given
by the following expression: [err] where ri, [err], [err] are the Fresnel
reflection coefficients at the air to dye, dye to metaL 5        and metal
to substrate interfaces respectively, and are complex numbers, and where  5
The Fresnel reflection coefficients are given in terms of the complex
indices of refraction, as follows: 10       where [err] are the complex
indices of refraction respectively of the media:         10 air, dye,
metal, and glass substrate. The complex index of refraction is a complex
number, [err], which incorporates the real part [err]and the imaginary part
k and characterizes the intrinsic optical properties of a medium. For
non-absorbing media the imaginary part of the index is zero. 15
The quantities [err] and [err] are given by
15 [err] where [err] and [err] are the thicknesses of the dye and metal
layers respectively and A is the wavelength of the light in air. Note that
[err] and [err] are complex quantities because 20       of the dependence
on the complex indices.                                        20 The
reflectance of the system of Figure 1 can thus be readily evaluated with a
computer as a function of the film thicknesses and optical constants. One
such calcula- tion for fluorescein on aluminum on glass is plotted in Fig.
4. In this case the assumed parameters were: aluminum thickness= 100 A;
wavelength of light=4579A; index 25       of dye=(1.842-i.362); and index
of aluminum=(.47-i4.84).                          25 The graph of Figure 4
shows that the minimum reflectance for the illustrative system parameter
choices for the system of Figure 1 occurs at a dye layer thickness of
approximately 500 angstrom units. Thus, when this thickness value is
associated with the illustrative system parameter choices, the record blank
of Figure 1 (and the 30       non-depressed regions of the information
record of Fig. 2) exhibits an anti-reflection  30 condition for the argon
laser output. While the principles of the present invention have been
demonstrated with particular regard to the illustrative structures of
Figures 1 and 2, it will be recognized that various departures from such
illustrative structures may be undertaken in practice 



35       of the invention. For example, the substrate itself may be formed
of material having  35 high reflectivity, eliminating the need for
employing a separate reflecting layer in form- ing a reflective surface
underlying the absorptive layer. For another example, since wideband
reflection is not required of the reflecting layer, the metal coating may
be supplanted by a multilayer (or even a single layer) dielectric
reflector. It should also 40       be appreciated that other forms of
optical recording (such as pulsed holographic    40 recording) may use the
advantageous record blank structure described herein WHAT WE CLAIM IS:- 1.
A record blank for use with a recording light source providing light of a
given frequency, said record blank comprising a layer of material
exhibiting high reflectivity    1,560,245 reflection coefficient of the
system. The amplitude reflection coefficient of such a system is given by
the following expression: [err] where [err] are the Fresnel reflection
coefficies at the air to dye, dye to metal, 5        and    l to substrate
interfaces respectively, and are complex numbers, and where  5 The Fresnel
reflection coefficients are  ven in  of the complex inices of refraction,
as follows: [err] 10       where [err] are the complex indices of
refraction respectively of the media:       10 air, dye, metal, and glass
substrate. The complex index of refracton is a complex number, [err], which
incorporates the real part [err]and the imaginary part [err]and
characterizes the intinsic optical properties of a medium  For
non-absorbing media the imagin   part of the index is zero.
15 15            The quantities [err] and [err] are given by 2[err] where
[err] and [err] are the thicknesses of the dye and metal layers
respectively and A is the wavelength of the light in air. Note that
[err]and [err] are complex quantities because 20       of the dependence on
the complex indices.                                          20 The
reflectance of the system of Figure 1 can thus be readily evaluated with a
ccamputer as a function of the film thicknesses and optical constants. One
such calcula- tion for fluorescein on aluminum on glass is plotted in Fig.
4. In this case the assumed parameters were: aluminum thickness=100 A;
wavelength of light=4579A; index 25       of dy=(1.842-i362); and index of
aluminum=(.47-M4.84).                             25 The graph of Figure 4
shows that the minimum reflectance for the illustrative system parameter
choices for the system of Figure 1 occurs at a dye layer thickness of
approximately 500 angstrom units. Thus, when this thickness value is
associated with the illustrative system parameter choices, the record blank
of Figure 1 (and the 30       non-depressed regions of the information
record of Fig. 2) exhibits an anti-reflection  30 condition for the argon
laser output. While the principles of the present invention have been
demonstrated with particular regard to the illustrative structures of
Figures 1 and 2, it will be recognized that various departures from such
illustrative structures may be undertaken in practice 35       of the
invention. For example, the substrate itself may be formed of material
having  35 high reflectivity, eliminating the need for employing a separate
reflecting layer in form- ing a reflective surface underlying the
absorptive layer. For another example, since ideband reflection is not
required of the reflecting layer, the metal coating may be supplanted by a
multilayer (or even a single layer) dielectric refletor. It should also 40
be appreciated that other forms of optical recording (such as pulsed h
i       40 recording) may use the advantageous record blank structure
described herein WHAT WE CLAIM IS:- 



1. A record blank for use with a recording light source providing light of
a given frequency, said record blank comprising a layer of material
exhibiting high reflectivity    1,560,2,45 at least at said given
frequency, and a coating of material exhibiting high   absorptivity at
said given frequency, said coating overlyingsaid layer and having a fromthi
value substantia y equal to a thickness 'at which reflectivity from thefree
surface of said coating increases if its thickness i. made slightly greater
or slightly smaller. 5           2. A record blank according to Claim 1,
including a substrate having a surface   5 comprising said high
reflectivity layer and with said coating of light absorptive material
overlying said light reflecting surface of said'substrate. 3. A  record
blank according to  claim  1, comprising a substrate, said high
reflectivity material layer overlying a surface of said substrate. 10    .
4. A record blank in accordance with Claim  3, wherein said substrate is in
the.    10 forn of a disc, and wherein said light reflecting surface is
formed by a metal coating on a mAjor surface of said disc. 5. A record
blank in accordance with Claim 4, wherein said disc is formed of glass. 6 A
record blank in accordance with any preceding daim, wherein said light 15
absorptive material comprises an organic dye. 7A record blak in accordance
with any preceding  claim,    , wherein said high reflectivity layer
comprises aluminium. 8. A record blank in accordance with      6 or 7 when
appended to claim 6, wherein said organic ye comprises fluorescein. 20
9. An information record forned from a blank in accordance with any
preceding  20 claim,'for use in playback apparatus employing a playback
beam of light of a given frequency said absorptive coating comprising an
information track formed therein; said information track having a
succession of spaced pits, with variations in the 25     ''         cing
beween successive pit edges- representative of recorded information;  25 -
herein the thickness of said absorptive coating in those regions of the
coating occupied by said pits being less than the thickness required to
establish an anti- reflection condition at he free surface of said
absorptive coating for those 30              coating regions no occupied
by.said pits.                                 30 10. A record blank, or a
record, or meds for their formation substantially as hereinbefore described
with reference to any Figure of the accompanying drawings JQHN A. DOUGLAS,
Chartered Patent Agent, 50 cuzon Street London, W1Y 8eU. Agent for the
Applicant Printed for Her Majesty's Stationery Office, by the Courier
Press. Leamington Spa 1980 Published by The Patent Office, 25 Southampton
Buildings. London, WC2A IAY, from -' which copies may be obtained..    


