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Fnvehtion relates to information recording media in the form of -
Light-readable discs, 5 and, nore particularly, to an inproved design for
such nedi a whi ch, anobng other benefits, will tolerate greate

manuf acturi ng process and permt the use of |ess expensive oggfzzsi EP
equi prent. Such |ight-readable information recording 10 nedia in the f

of discs are well known, as shown, for exanple, in Kramer U.S. 3pa6g030
5,068, 846. Commercial ly avail able audi o conpact discs ("CDs") and conpact

di sc -read-only nenories ("CD-ROW") are exanples of recording nmedia of this
general type. 15 Recent interest has al so been shown in using nedia of this
type for recording other kinds of information, such as novies or other
simlar real-tinme audio/visual programm ng. Storage of such |nfor
digital form 20 requires. enornous capacity. In additigop—te
data itself, the recording nmedi um nust al so provide f
synchronization and nodul ati on of the stored data.

IMPROVED LIGHT-READABLE RECORDING DISC

Background of the Invention

This invention relates to information
recording media in the form of light-readable discs,

5 and, more particularly, to an improved design for such
media which, among other benefits, will tolerate
greater error in the manufacturing process and permit
the use of less expensive optical reading equipment.

Such light-readable information recording
10 media in the form of discs are well known, as shown,
for example, in Kramer U.S. patent 5,068,846.
Commercially available audio compact discs
("CDs") and compact disc read-only memories ("CD-ROMs")
are examples of recording media of this general type.
15 Recent interest has also been shown in using media of
this type for recording other kinds of information,
such as movies or other similar real-time audio/visual
programming.
Storage of such information in digital form
20 requires enormous capacity. In addition to the storage
of data itself, the recording medium must also provide
for error correction, synchronization and modulation of
the stored data.:
For example, in general commercial use,
25 standard disc-shaped audio recording media are designed
to be approximately 120 millimeters in diameter. A
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For exanpl e, in general conmmercial use, 25 standard disc-shaped audio
Fecording nedia are designed to be approxinmately 120 mllineters in
di aneter. A -2- center hole approximately 15 mllinmeters in dianmeter is
provided to acconmodate the shaft of the player spindle around which the.
disc rotates. As a result, the area i medi ately adjacent the center hole
must be utilized 5 as a clanping area, and can hold no data. Space for data
is therefore limted. Because such a | arge2amount of data must be stored in
such a small area, the details of the optical storage structure nust be
extrenely small. This |leads 10 not qnly to exiremnely tight nuf act uting
Lol erances but STEEFT RRTS APREgIingtrly, Y B3I 1IN ers d CiRmeter 1s
cross-section, pievitiet -t amrbmioditte thendsha £t re crhé nul agpeir uspimdbener al
commer ci al use LR iRl dide Bdddtl e ad i Goeyrl! MnON Ay 15
transparent material nay be Use o formthe predom nant” portion of the
medi um -pol ycarboediataglistadjagent fhefgenher holkrigush be gstikizedi cal |y

5 as a clamping area, and can hold no data. Space for

data is therefore limited. | _

Because such a large amount of data must be
stored in such a small area, the details of the optical
storage structure must be extremely small. This leads

10 not only to extremely tight manufacturing tolerances
but also requires sensitive optical reading devices.

In cross-section, the disc-shaped, light-
readable recording medium in general commercial use is
approximately 1.2 millimeters thick. Although any

15 transparent material may be used to form the
predominant portion of the medium, polycarbonate
plastic with a refractive index of 1.55 is typically
used. Data are contained in a pit and land structure

impressed along the top surface of this transparent
20 material. This structure is covered by a very thin,h
adherent, metal reflective layer which is conductive in
- nature, typically aluminum, of approximately 70
' nanometers thickness. Atop this is placed a protective
layer of approximately 10 to 30 micrometers, typically
25 lacquer, which fills the pit indentations in the
reflective layer and provides a smooth, substantially
planar upper surface for the medium upon which
labelling or other information may be placed.
The optical structure of the medium is read-
30 by a laser beam which is configured below the medium,
in typical use operating at a wavelength of 780 _
nanometers in air and focussed at the reflective layer.
The laser beam passes through the bottom of the
transparent material and through the optical structure
35 of pits and lands (which is seen by the laser from



QSedL Data are contained in a pit'and‘Tand structure inpressed along the
top surface of this transparent 20 material. This structure is covered by a
very thin, adherent, netal reflective layer which is conductive in nature,
typically alum num of approximately 70 nanoneters thickness. Atop this is
pl aced a protective |ayer of approximately 10 to 30 microneters, typically
25 lacquer, which fills the pit indentations in the reflective |ayer and
provides a snooth, substantially planar upper surface for the nmedi um upon
which l'abelling or other information may be placed. The opt.ical structure
of the medium.is read- 30 by a |laser beam which is configured l}gl%%$e
medi um in typkelowiss epaeFiiasy oft bamps, anghdamdst) 788 Aokt 9% ai r
gnd fOCUfSSGg ato & Hee feFaldctd vier@iyer| e hrdugh tamtrasspardmtough t he _
ottom of the transparent t riaflt ndgtgegiou B:Iﬂtheo i.cal [ e 35 of
pits and | ands Mak¢ ]ié’,ggxé’l’%of ﬁg‘% an -%&lﬁ%lov?eaa;&%‘ eries of
bunps and | andgtruothires. reflected off the reflective layer, through the
transparents It is generally accepted that the means by
which the data are read (and, hence, the means by which
the difference between bumps and lands 'is seen by the
optical reader) is through utilization of destructive
interference caused by diffraction effects. This has.

10 1led to the standardization of pit depth/bump height
(depending upon the plane of reference) in commercial
light-readable information recording media at just less
than approximately one-quarter of the wavelength of the
laser light within the transparent material. Light

15 from a laser operating at 780 nanometers would have a
wavelength within the polycarbonate material of the
media (R.I. = 1.55) of approximately 503 nanometers.

For tracking reasons well known to those skilled in the
art, pit depth/bump height has been standardized at

20 Jjust less than a perfect one-quarter wavelength, or 126
nanometers. This is reflected in the recommendation of
Philips, the assignee of the Kramer patent, that the
compact disc pit depth/bump height be maintained at
approximately .12 microns.

25 The reasoning behind a standard of
approximately one-quarter wavelength is set forth in’

K. Pohlmann, The Compact Disc Handbook, 2d ed. (1992),
an accepted reference on CD design. At pages 55-56,
Prof. Pohlmann describes the generally accepted view of

30 the operation of the light-readable information
recording system in which the pit depth/bump height is.
preferably maintained near one-quarter of the
wavelength of the light:

"Light striking land thus travels at a distance

35 one-half the wavelength (one-guarter plus one-



material and out of the mediumto an optical reading structure. 5

It is generally accepted that the neans by which the data are read (and,
hence, the neans by which the difference between bunps and | ands is seen by
t he optical reader) is through utilization of destructive interference
caused by diffraction effects. This has 10 led to the standardi zati on of
pit depth/bunp hei ght (dependi ng upon the plane of reference) in conmerci al
| i ght-readabl e information recording nedi & at just |ess than approxi mately
one-quarter of the wavel ength of the laser light within the transparent
material. Light 15 froma |aser operating_at_ 780 nanqoneters woul d_have a

wavel ength within t RBaFEEFafHERREE Shapr 1dghs straking 2 PRUP. -Thifn) o
approxi mately 503 ngpedies’ o Fﬁaset aaeke&@nbeawnanuehhufnmeuer@me

skilled in the art p|t dep height has _been r d.at, 20 just
less than a perfect P5¥e§Ta ePgnﬁ%ﬁ %SPmlfgfigﬁ%%gters% |s |;
reflected in the rebnmgeaﬂdtmha phrBhrbfﬂepteﬂefapnlghsesurnnﬂa '
pat ent , tha}r, the coqpaal. .dlscrile! pﬁsgghﬁ%gargﬁbahea%e@weaw at

appr oxi mat e .12 microns reasoni ng behind a standard of
apprOX|nater one- q@ﬂﬁ&éroﬁaﬁbﬁehgﬁm te §G§tF§P$HVPAY interfere with

and cancel each other, forming a diffractive
pattern. 1In short, a bump disperses light,
reducing the intensity of the reflected light."
10 This reduced infensity stands in sharp contrast to the
reflection of virtually all of the light from the iand,
enabling the optical reader beneath the medium to
detect the point of changeover from bump to land.
Indeed, the greater the intensity difference, the
15 easier it becomes for the optical reader to detect the
changeover. Thus, Philips recommends a pit depth equal
to one-quarter wavelength to achieve maximum
diffraction efficiency. .
In light of this accepted view of the method
20 of operation of a Iight-feadable information recording
system, it stands to reason that a light-readable disc
utilizing a pit depth/bump height of one-half the
wavelength of the laser light being used would be
inoperable. Viewed again from the perspective of an
25 optical reader beneath the medium, light striking land
would travel one full wavelength (one-half plus one-
half) farther than light striking a bump. This would
place the part of the beam reflected from the bump and
the part reflected from the surrounding land in perfect
30 phase, yielding no destructive interference and,
consequently, no difference in light intensity. 1In
such event, an optical reader would be completely
unable to differentiate between bumps and lands and
thereby incapable of retrieving any data.



K. Pohl mann, The Conpact Di sc Handbook, 2d ed. (1992), an accepted
reference on CD design. At pages 55-56, Prof. Pohl mann describes the
general |y accepted view of 30 the operation of the |ight-readable

i nformati on recording systemin which the pit depth/bunp height is
preferably mai ntai ned near one-quarter of the wavelength of the light:
"Light striking land thus travels at a distance 35 one-hal f the
wavel ength (one-quarter plus one- 4- y®arter) further than |ight
striking a bunp. This creates a phase difference of one-half wavel ength

between.the part of the beamreflected fromthe _bunp and_th rt.reflected
from the surrounding 5 UnexPFEﬁﬁSiY.an4h8°BHE§§e3¥fF8Pg58§§b§%§%€?the t wo
fartg of tgefPeamwbﬁtdbﬁhnuvﬁéwelﬁtihasrbeen determidedatbelt ,edyh ot her,
ormng a diffractive patierpn..l r | gRef.se | s i ng
the intensity gfsﬂﬁglpgf%égtgatl?Sﬁ?B/LEBBTﬁPgBPgdggegaL%ngg???agﬁgggs I n
sharp cont r ast one-hha fr of| tbei wavelengthuaf| hel Lager; hdghtgFOurcem t he

| and, 5 an improved light-readable recording disc can be
achieved. Not only has such a disc been found to be
operable, but it has been determined that the intensity
difference between the bump and land areas detected by
an optical reader is actdélly greater than for the one-
10 quarter wavelength pit previously thought to be )
optimal. '

In view of the foregoing, it is an object of
this invention to provide a light-readable information
recording disc that is easier to read, which can

15 thereby reduce the cost and complication of optical
reading devices. '

It is another object of this invention to
provide an improved light-readable information
recording disc which, by virtue of the stronger signal

' 20 intensity difference that it generates, will provide
for greater tolerance in the manufacturing of such

discs.

Summary of the Invention

These and other objects of the invention are
25 accomplished in accordance with the principles of the
invention by providing light-readable information
recording media utilizing a pit/bump and land
structure, such as that generally shown in Kramer U.S:
patent 5,068,846, in which the pit depth/bump height is
30 controlled to approximate one-half the wavelength of
the light striking the surface of this structure.
It will be readily recognized that the exact
configuration of the disc-shaped recording media is not
limited to that disclosed in the Kramer reference. For



enabling the optical reader beneath the nediumto detect the point of
thangeover frombunp to land. Indeed, the greater the intensity difference,
the 15 easier it becones for the optical reader to detect the changeover.
Thus, Philips recommends a pit depth equal to one-quarter wavel ength to .
achieve maximumdi ffraction efficiency. In light of this accepted view of
the nmethod 20 of operation of a |ight-readable information recording
system it stands to reason that, a |ight=réeadable disc utilizing a pit
dept h/ bunp hei ght of one-half the wavel ength of the laser |ight being used

woul d be inoperable. Viewed again fromthe perspectiye of an 25 optical
reader beneat heXB@PAedi gnfiscgdn ¥hich; the 9REIGS IE‘FP&F & ful

vavel ength (onexdpalskdrkis theeailrgl Ehchathatr theadakieghl ighti Istrg kesban.
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destructive i nthef dmprovednpitc depthy/bumpy heighti pffethec Priesentght o
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i fferentiafe between bunps and 1 ands _and theréby incapabl é of _refrieving
any dat a. height would be controlled to approximate one-half the
wavelength of such laser light in air.
| Similarly, it is of no importance to the
invention whether pits or bumps are utilized along with
10 lands in the optical storage structure. The unexpected
and improved results are achieved by controlling the
depth or height, respectively, of such structures to
approximate one-half the wavelength of the light as it
strikes the surface of the optical storage structure.
15 Further features of the invention, its nature
and various advantages will be more apparent from the
accompanying drawings and the following detailed

description of the preferred embodiment.

Brief Description of the Drawings

20 FIG. 1 is a simplified view of a light-
readable information recording disc, providing an
amplified view of one path of optically recorded
information.

FIG. 2 is a cross-sectional view of this

25 light-readable information recording disc constructed
to embody the improvement of this invention, shown -
along the path of the recorded information.

Detailed Description of the Preferred Embodiment

FIG. 1 depicts a light-readable information
30 recording disc 1, as viewed from below. Illustrated is
a greatly magnified section of one path of optically
recorded information 2, in which land areas 3, 3' and
3'' and bumps 4 and 4' are depicted.



-5- Unexpectedly and conpletely contrary to the conventional view, it has
been deternined that, by designing the pit depth/bunp height to be

approxi mately one-half of the wavelength of the |laser |ight source, 5 an

i nproved |ight-readable recording disc can be achieved. Not only has such a
di sc been found to be operable, but it has been determ ned that the
intensity difference between the bunp and | and areas detected by an opti cal
reader is actually greater than for the ene--10 quarter wavel ength pit

previ ously thought to be optimal. In view of the foregoing, it is an object
of this invention to provide a light-readable information recording disc
‘that is-easier to read, W& c@rosidemn e Brosanaactinnabiiemplong

conpl i cati on Oftﬁwtﬂéﬁitﬂe@ﬂiﬂﬁiéj%&ﬁﬁsﬁéd dectainy oy spfimad1nf this
i nvention to provide an jnproved |ight-readabl e infqgrmation recording disc
whi ch, by virt{ JPGIEASth AFIQRRAILAY giral B TAMSRANAF YGRS N hat i ¢

generates, W | |prusuestalsly @olyeaiondts ofalittmugh tretermialsctuch ras of such
: 5 polymefhyl methacrylate and photo polymer have also
been used), forms the base of the disc 1, with a
substantially planar lower surface 6. The top surface
of the transparent material 5 is characterized by a
series of land areas 3, 3' and 3'', separated by bum?s

10 4 and 4', which, when viewed in cross-section, appear
to be pits in the top surface of the transparent
material 5. Adherent to the land areas 3, 3' and 3'!'
and the bumps 4 and 4' along the top surface of the
transparent material 5 is a thin layer of reflective

15 material 7. .Although more costly materials, such as
gold or silver, would yield a longer life with better
reflectivity, aluminum is typically used as the
reflective material 7. Atop this reflective material 7
is placed a protective layer 8, preferably lacquer,

20 which is provided unevenly so as to provide a
substantially planar top surface 9 of the light-
readable information recording disc 1. " Labelling or
other information may be placed upon this top surface
9.

25 Although the exact size and dimensions of the
light-readable information recording disc 1 are a
mattef of choice, the most common disc 1 in commercial
use today is typically 120 millimeters in diameter and
1.2 millimeters thick. The layer of reflective -

30 material 7 is preferably about 70 nanometers thick,
while the protective layer 8 ranges between 10 and 30
micrometers.

Each of these dimensions, however, is
independent of the height of bumps 4 and 4'. As is

35 further shown in FIG. 2, a light source 10 is provided



dISCS Sunmmary of the Invention These and ot her objects of the invention
dre 25 acconpl i shed in accordance with the principles of the |nvent|on by
providing light-readable information recording nedia
and | and structure, such as that generally shown in
5,068,846, in which the pit depth/bunp height is 30
approxi mate one-half the wavel ength of the Iight striking
this structure. It will be readily recogni8ed that the exact conflguratlon
of the disc-shaped recording nedia is not Iimted to that disclosed in the

Kraner reference. For -6- exanple,_ a disc in which the qgtlcal tructure
i s exposed to theneath %%@%?aﬁ%@}]a)éeﬁlqﬂ%tlg‘ﬁ? kERrEares f efi th
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| aser |ight in baser operating at a wavelength of 780 nanometers in
5 air. The type of light source 10 and its operating
wavelength are, however, matters of choice.

In accordance with the present invention, the
operating wavelength of the light source 10 determines
the height of bumps 4 and 4'. This height is’ '

10 controlled to approximate one-half the wavelength of
the light from light source 10 within the transparent
material 5. Since the refractive index of the

b3 SUEST Hagtmy
r olIRERACED

preferred polycarbonate is 1.55, the wavelength of
light from a light source 10 operating at a wavelength
15 of 780 nanometers in air would be approximately 503
nanometers within the transpareﬁt material. As a
result, the preferred height of bumps 4 and 4' is
approximately 252 nanometers. '
Efforts to make a light-réadable information
20 recording disc 1 in actordance with this invention have
yielded successful audio CDs, contrary to expectations.
Moreover, measurement of the light intensity
differences detected between lands and bumps has
yielded surprising and imﬁroved results. The
25 differences in light intensity between lands and bumps
for the shortest standardized bump length, referred to
in the art as "T3," in a disc of the present invention
were compared with those for a typical commercial audio
CD. Results were plotted on a Tektronix TDS 540 four-
30 channel digitizing oscilloscope. Utilizing an 780
nanometer laser directed into a polycarbonate disc
substrate, a T3 bump 259 nanometers in height yielded
an intensity difference of 1.064 mV. When a commercial
audio CD, also utilizing a polycarbonate substrate, was

35 tested under the same conditions, a T3 bump measured at
T
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Si mbarly, it is of no inportance to the invention whether pits or bunps
dre utilized along with 10 lands in the optical storage structure. The

unexpected and inproved results are achieved by contr gHF+g tné‘ﬁéﬁFﬁ=ﬁF
hei ght, respectively, of such structures to approxi mafleTIRESHREETIHASHBEEN

wavel ength of the light as it strikes the surface of {he opREREACERor age
structure. 15 Further features of the inventton, 1tsS nature and
various advantages wi ||l be nore apparent=f?omthe acconpanyi ng draw ngs and
the follow ng detail ed description of the preferred enbodi nent. Bri ef

Description of the Draw ngs 2 ' ified view of a

0 . LEIG .1 s, si npl

light- readabl d}hmaAnARetaTs éébrhﬁ%?é’*di@&l%"oxﬂ‘bﬁ{&% lified view of
one pa]'Eh ﬁf optdfﬁréﬁéﬁ&,c(aﬂqshjwf,(ylrmtﬁmn. FIG 2 is a cross-sectional
view of this 25 light-readabl e informati,on recordi | S dto
enbody t he i nprovenent o%_‘trfﬁ% ﬁl}ﬁléﬁqe@fe%ﬁ’&ﬁ’ aﬂfrc:%ghdét ﬁ&%ﬁ%ﬁjﬁﬁe
recor ded i nf or reighin-rdaaiabllee d ifrsomatyitaro regfondingPeystiens) suadrRBtRNt FI.G
1 depi.cts adi - egdabl e ] AR I GHtdiniEdld Sthen tse Vi ewed from
bel ow. 111 us% rg{ﬁeac# isgtﬂ%pgor%eﬁé}‘;r?;gm falled segﬁ on_of one path of optically

reflected light ‘is perfectly out of phase, it was

decided also to test a light-readable information

recording disc with a T3 bump height of approximately

three-quarters of the wavelength of light -- which

10 should also yield high destructive interference
resulting from the one and one-half extra wavelength
distance which light reflected from lands would have to

travel.

Once again, the differences in light
15 intensity between lands and T3 bumps were plotted on
the Tektronix TDS 540 four-channel digitizing
oscilloscope. Utilizing the same 780 nanometer laser
light source directed into a disc with a polycarbonate
substrate, a T3 bump 396 nanometers in height yielded
20 an intensity difference of .956 mV -- much closer to
the intensity difference seen in the commercial audio
CD than to that yielded by the disc of the present
invention.
Numeréﬁs efforts have been undertaken to
25 understand and/or explain the unexpected and improved
results obtained by controlling pit height to
approximately one-half the wavelength of light. None
have 'borne fruit.
Nonetheless, the improved results, as noted-
30 above, promise substantial savings in the design and
manufacture of less sensitive and less costly light-
reading systems, as well as in disc manufacturing.
Since a higher intensity signal difference is
generated, manufacturing tolerances can be relaxed
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recorded information 2, in which |land areas 3, 3' and 3'' and bunps 4 and
4' are depicted. -7- FIG 2. provides a cross-sectional view along the
length of this nagnified section of optically recorded information 2. A
transparent material 5, preferably polycarbonate (although materials such
as 5 polynethyl nethacrylate and photo pol yner have al so been used), forns
the base of the disc 1, with a substantially planar | ower surface 6. The
top surface of the transparent naterial 510s-—characterized by a series of

| and areas 3, 3'-and 3'', separated.by bunps 10 4 and 4', which, when

{r anspar ent | Mt ERATS SaqHidieing GReR e ArE b A Sl |\
bunps 4 and 4' off @utd he- NadinY aee Nifghdre yieldsamhtlowrerdosts. i s a
Such a5 gol d or si Lver  vEUMEIA &Sl WaBRetY Khet the Hindgd B 48 B,
al uni num i s tymnmdat |3l lsshradsivenof dleegriincintes iof thisyigyention, o
reflective gt eJx{dalttFat various modifications can be made by those
skilled in the art without departing from the scope and.
spirit of the invention. For example, structures can
be made utilizing pit depths controlled to
approximately one-half of the wavelength of the light.
10 rather than buﬁps 4 and 4' as specifically'described
above. Similarly, the wévelength of the light source
10 utilized is purely a matter of-choice, as is the
specific transparent material 5 to be used. Nor does
the light source 10 need to be directed through any
15 transparent material 5, since operation in air is
feasible with readily apparent modifications.



i s pl.aced a protective |ayer 8, prefefably | acquer, 20 which is provi ded
uUnevenly so_as to provide a substantially planar top surface 9 of the
l.i ght- readabl e i nf or mat i bn recordlng disc 1. Labelling or other

i nf ormat i on nﬁmﬁl‘m“ﬂﬁmw this top surface 9. 25 tfyough
t he exact si zi of the |ight-readable=F ' ecofdi ng
disc 1 are a nhtter “of ch0|ce the nost common di s\ L

O\ A —gse
today is typically 120 mllimeters in draddter and ‘—_2;ﬂ!gb?%§§ t hi ck.
The layer of reflective - 30 material 7 is preferad

about 70 nanoneters
thick, while the protective Iayer 8 ranges between 10 and 30 m croneters.
Each of t hese £ = -ndependent of the height of bunps 4

and 4'. As is 35 }urthér shomm |ﬁ 2, ht_ source 10 is ovi ded
-8- beneath the substant il |y &l &W@#i%ﬁ‘ @A FSGFRLNL adabl e

i nformation reetisd rpmpricihg lan g:@mruail dartee sticdlages esttrapshure he | i ght

source 10 is a1nclud1ng bumps and lands, in which the height of said
bumps is controlled to approximate one-half of the
wavelength of the light striking said optical storage
structure. .

2. A light-readable information recording
disc comprising an optical data storage structure
including pits and lands, in which the depth of said
pits is contrqlled to approximate one-half of the
wavelength of the light Striking said optical storage -
structure.

3. A light-readable information recording
disc comprising:

a transparent substrate having one
substantially planar surface and a second surface
opposite to said first surface, said second surface
formed as a data storage structure including bumps and
lands, in which the height of said bumps is controlled
to approximate one-half of the wavelength of the light
striking said optical storage structure; and

a light-reflecting coating on said
second surface for reflecting said light passed through
said transparent substrate, said coating conforming to
thé.ééntours of said second surface so that said light
is reflected back through the transparent substrate in
accordance with the information recorded by means of

said bumps and lands.

4, The light-readable information recording
disc defined in claim 3 wherein said transparent
substrate is selected from the group consisting of

This Sheet Has Been Repl
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Iaser operating at a wavel ength of 780 nanoneters in 5 air. The type of
Iight source 10 and its operating wavel ength are, however, matters of
choice. In accordance with the present invention, ﬂﬁE’BEEFETTﬂg—waveLength
of the light source 10 determines the height of bu hei ght
Is 10 controlled to approxi mate one-half the wavel‘ ﬂﬂgﬁ’ from
| i ght source 10 within the transparent nmaterial 5. Sﬂhcé the n
i ndex of the preferred polycarbonate is=11235~the mavelength of |ight from
a light source 10 operating at a wavel ength 15 of 780 nanoneters in air
woul d be approximately 503 nanoneters within the transparent material. As a
result, the praiahymethydl gethacnvlaie 4 bty Palymedh @ matel y 252
nanomet er s. Ef fg¥iviedrbhdiiite .2 | i ght-readable information 20 recording disc
1 in accordance wi'th this invention have yiel ded successful audi o CDs,
contrary to expectations. Mreover, neasurenent of the light intensity
di fferences detected betvgen h&ndimght4nsaﬂaﬁtzsAnﬁﬂnhatﬁnnrréqﬁrqﬁmmd

i mproved result 2‘%&2} nld'fé‘]; eI ze %4]_J§r}{ dME NS dnt el PReh ﬁlds and

bunmps for the s refertred to In the art as
"T3," in a di sccoﬁtltnga J;ﬂmﬂcinad/eﬁmnorthe group ConSlstlng of g°1d

511ver and alumlnum.

6. A light-readable information recording.
disc comprising:

a transparent substrate having one
substantially planar surface and a second surface
opposite to said first surface, said second surface
formed as a data storage structure including pits and
lands, in which the depth of said pits is controlled to.
approximate one-half of the wavelength of the light
striking said optical storage structure; and

a light-reflecting coating on said
second surface for reflecting said light passed through
said transparent substrate, said coating conforming to
the contours of said second surface so that said light
is reflected back through the transparent substrate in
accordance with the information recorded by means of '
said pits and lands.

7. The light-readable information recording
disc defined in claim 6 wherein said transparent
substrate is selected from the group consisting of
polymethyl methacrylate, photo polymer and -
polycarbonate.

8. The light-readable information recording
disc defined in claim 6 wherein said light-reflecting
coating is selected from the group consisting of gold,
silver and aluminum. '



ﬁere;conpared with those for a typical comrercial audio CD. Results were
plotted on a Tektronix TDS 540 four- 30 <channel digitizing oscilloscope.

Utilizing a 780 nanoneter |aser directed into a_pol ycarbonate disc
substrate, a T3 bunp 259 nanoneters in height yiéFHEaféﬁ“anensffy—;
difference of 1.064 V. Wen a comercial audio CD,]jHIN wninZi

pol ycar bonat e substrate, was 35 tested under the JM’H’W"MI“{!@ME T3 bunp -
nmeasur ed at -9- 114 nanoneters in hetgh? yiel ded an i ntensi fference
of only 952 V Since the accepted view of the operation of |ight-readable

I nformati on recordi ng systens suggests 5 that such operation should be
optim zed when the reflected light is perfectly out of phase, it was

decided also to test a |ight-peadghtereafiaplet iafornatidhngedordingth a T3
bunmp hei ght of ag roxinateLX three-quarters of the wavel ength of |ight --
which 10 shouPdSg SE™PreFdN i gh destructive interference resulting from
the one and one-hal f extra waaeteaptsparentasubswikate hayhingr eheected from

| ands woul d ha&ﬁb&%ahtially planar surface and a second surface
' opposite to said first surface, said second surface

formed as a data storage structure including bumps and

lands, in which the height of said bumps is controlled

to approximate one-half of the wavelength of the light

striking said optical storage structure; '
a first light-reflecting coating on said

second surface for reflecting said light passed through

said transparent substrate, said first coating

‘conforming to the contours of said second surface so
that said light'is reflected back through the
transparent substrate in accordance with the
information recorded by means of said bumps and lands:;
and

a second protective coating having one
surface conforming to the contours of said first light-
reflecting coating and a second surface opposite to '
said first surface being substantially planar.

10. The light-readable information recording
disc defined in claim 9 wherein said transparent
substrate is selected from the group consisting of
polymethyl methacrylate, photo polymer and
polycarbonate.

11. The light-readable information recording
disc defined in claim 9 wherein said first light-
reflecting coating is selected from the group
consisting of gold, silver and aluminum.



travet . Once agaLnL_Lﬂg‘gLLLfgﬁgigs inlight 15 intensity between |ands
and T3 bunps mere plotte ektroni x TDS 540 four-channel digitizing
osci | | oscope. ﬂ' 780 nanoneter. | aser |ight source directed
into a disc Wlt EME W substrate, a T3 bunp 396 nanorret ers in
hei ght yi el ded 20 @n 4 nteen differenge, pf . 956 : o the

intensity difference seen in the comercia audi o 0!THHBSHEBTHASBEEN€ ded
by the disc of the present invention. Nunerous effgfts hREPLAGED undelit aken

to 25 understand and/or;8xpl apRet DEgHELY¥E8GABTe AATETRACION FEOBLAY
obt ai ned by controllln% glt helght to appr oxj mat el one-h | f tg g@ engt h
of light. None #45€ fefipef, iniClaghcPn %E%lntﬁ%1 nPPEoRA PESHPESIVES

noted- 30 abovecapifg $8 Iabghenti al savings in the design and manufacture
of |l ess sensitive and | ess costly light- reading systens, as well as in

di sc manufacturing. Since a higher intensity signal difference is
gener at ed, manufact uri ngl8ol erAntightaneadabdé ainfiormation recording

disc comprising:

a trénsparent substrate having one
substantially planar surface and a second surface
opposite to said first surface, said second surface
formed as a data storage structure including pits and
lands, in which the depth of said pits is controlled to
approximate one~half of the wavelength of the light
striking said optical storage structure; and '

a first light-reflecting coating on said
second surface for reflecting said light passed through
said transparent substrate, said first coating
conforming to the contours of said second surface so
that said light is reflected back through the
transparent substrate in accordance with the

information recorded by means of said pits and lands.

14. The light-readable information recording
disc defined in claim 13 wherein said transparent
substrate is selected from the group consisting of
polymethyl methacrylate, photo polymer and
polycarbonate.

15. The light-readable information recording
disc defined in claim 13 wherein said first light- -
reflecting coating is selected from the group
cdnsisting of gold, silver and aluminum.

le6. The light-readable information recording
disc defined in claim 13 wherein said second protective
coating is lacquer. '

This Sheet Has Been R
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210-: without sacrificing quality in the output and reading of data --
Teading to higher yields and | ower costs. It wil the
foregoing is only illustrative of the principles of th|

that various nodifications can be nade by those SH m “ ‘MJ WlthOUt
departing fromthe scope and spirit of the i nvent

structures can be nmade utilizing pit depths controlled to apprOX|nater
one-hal f of the wavel ength of the |ight-1@5reather than bunps 4 and 4' as
specifically deScribed above. Sinilarly, the wavel ength of .the |ight source
10 utilized is purely a matter of choice, as is the specific transparent
material 5 to be used. Nor does the |ight source 10 need to be directed

through any 15 transparent, na@gﬁhghtaregagggepgg&@&thﬂdm,@é@dgajﬁgwlbIe
with readily app arent no |f|cat|ons The | nventj on ained Is: 1. An

information re FEPrdEingaad ﬂytghé?rr@éfl&& inghsurface formed as a

. data storage structure including bumps and lands, in
which the height of said bumps is controlled to
approximate one-half of the wavelength of the light
striking said light-reflecting surface.

18. The light-readable information recording
disc defined in claim 17 wherein said light-reflecting
surface is selected from the group consisting of gold,
silver and aluminum.

19. A light-readable information recording
disc comprising a light-reflecting surface formed as a
data storage structure including pits and lands, in
which the depth of said pits is controlled to
approximate one-half of the wavelength of the light
striking said light-reflecting surface.

20. The light-readable information recording
disc defined in claim 19 wherein said light-reflecting
surface is selected from the group consisting of'gold,
silver and aluminum.

21. A system for optically reading stored

information comprisiﬁg:

an information recording disc having one
substantially planar surface and a second surface -
formed as a data storage structure including bumps and
lands with a light-reflecting coating adherent to the
contours of said second surface, in which the height of
said bumps is controlled to approximate one-half of the
wavelength of the light striking said data storage
structure; '



conpr.ising an optical data storage structure including bunps and | ands, in
whi ch the height of said bunps is controlled to approxi mate one-hal f of t he
wavel ength of the light striking said optical storage structure—2:
information recording recording disc read by refle Si ng an
optical data storage structure including pits an Iwmull M!‘ he depth
of said pits is controlled to approxi nate one- ha f e h of the
light striking said optical storage structiére. 3. A_light-readabl e

i nformation recording di sc conptising: a transparent substrate having one

substantial ly planar surface and a second surface opposite to said first
surface, said second surface fordightasouramaf R @:inRd ure i ncl uding

bunps and | andsyaydl eyt ditedt@idit gaﬁﬂ&ﬂwr&w ec@ﬁm&ma,to

appr oxi mat e one- half t.he wavel en th of the |i |k| tical
storage struct jf¥eh aHEF% %‘{:}’rﬁ greéﬁ 3‘ fs%cé%%’% rface

for reflecting mthr@lteqtasged:datﬁmmtirsacﬂzdrmm sihestrate, said

coating confornj to.t.he conto t ald
light is refl ect qmrrefé’r#{%ie%[y i%ag’frsé’fﬁ) a e |n accor ance
with the inforrmatd on recorded by neans of said burrps and | ands. 4. The

| i ght -readabl e i nformation re“&ﬂ“ﬁﬂﬂical reading structure for

detection of said reflected light and reading of the
information recorded by means of said bumps and lands.

22. The system for optically reading stored
information defined in claim 21 wherein said light-
reflecting coating on the information recording disc is
selected from the group con51st1ng of gold, silver and
aluminum.

23. A system for optically reading stored
information comprising:

an information recording disc having one
substantially planar surface and a second surface
formed as a data storage structure including pits and
lands with a light-reflecting coating adherent to the
contours of said second surface, in which the height of
said pits is controlled to approximate one-half of the
wavelength of the light striking said data storage
structure;

a light source of predetermined
wavelength directed at said data storage structure,
such that light generated thereby is reflected by the-
light~reflecting coating in accordance with the
information recorded by means of said pits and lands;
and _

an optical reading structure for
detection of said reflected light and reading of the
information recorded by means of said pits and lands.



disdﬂdefined in claim3 wherein said transpa}ent substrate is selected from
the group consisting of - 12 - polynethyl nethacryl at-e, photo pol yner
and pol ycarbonate. 5. The |ight-readabl e information recording disc

defined in claim3 wherein said light-reflecting coating is selected from
t he group consisting of gold, silver and al um num 6. F‘g“‘rrgh%~ﬁeadangN

informati on recording. disc conprising: a transparent, havi ng one
substantially planar surface and a second ¥urface oppo lmm lmm

surface, said second surface forned as a data storage struc

pits and lands, in which the depth of said pits is controlled to
approxi mate one-half of the wavel ength of the light striking said optical

storage structure; and azhl ghtTﬁéféys‘téﬁgf@ﬁaépﬂﬂc@mfardaaﬁﬁgndtaﬁéaace
for reflecting said Ilg qgs; éhroqgf salg trgns arent ., auf ﬁ@te sai d
coat i ng conforn+ﬂ§°¥%ﬁ ion defined in c¢laim 23 wher O Cfai
reflecting coating on the information recording disc is
selected from the group consisting of gold, silver and

aluminum.

25. A system for optically reading stored

information comprising: '
an information recording disc having one

substantially planar surface’ and a second surface
formed as a data storage structure including bumps and
lands, with a first light-reflecting coating adherent
to the contours of said second surface and a second
protective coating having one surface conforming to the
contours of said first light-reflecting coating and a
second substantially planar surface opposite to said
first surface, in which the height of said bumps is
controlled to approximate one-half of the wavelength of
the light striking said data‘storage structure;

a light source of predetermined
wavelength directed at said data storage structure,
such that light generated thereby is reflected by the
first light-reflecting coating in accordance with the
information recorded by means of said bumps and lands;
and _

an optical reading structure for
deteéction of said reflected light and reading of the
information recorded by means of said bumps and lands.

26. The system for optically reading stored.
information defined in claim 25 wherein said first
light-reflecting coating on the information recording
disc is selected from the group consisting of gold,
silver and aluminum. '



the tontours of said second surface so that said light is reflected back
fhrough the transparent substrate in accordance with the information
rrecorded by neans of said pits and | ands. 7. The |i ght-readabl e

i nformation recording disc defined in claim®6 mhereln—sa+d—%panspa#eﬂ%~——
substrate is selected fromthe group consisting of pol Enethm nethacrmlate

photo polymer and pol ycarbonate. 8. The |ight-readabl I!llm IM}lMI U

recording disc defined in claim§6 whereinlaid |ight-r
sel ected fromthe group consisting of gold, silver and al um num .
A light-readable information recording disc conprising: a transparent
substrate having one substantially planar surface and a second surface

opposite to said first S:wfaceméasﬁwor& wﬁmiprmﬁﬁgasﬂafed

storage structuje_ including :yqps and |.angds, dn whi ch the, ight gf sai d

bunps i s cont r ot} tlon d in claim '25 wherein sai con
protective coating on the information recording disc is

lacquer.

28. A system for optically reading stored
information comprising:

an information recording disc having one
substantially planar surface and a second surface '
formed as a data storage structure including pits and
lands, with a first light-reflecting coating adherent
to the contours of said second surface and a second
protective coating having one surface conforming to the
contours of said first light-reflecting coating and a
second substantially planar surface opposite to said
first surface, in which the height of said pits is
controlled to approximate one~half of the wavelength of
the light striking said data storage structure:;

a light source of predetermined
wavelength directed at said data storage structure,
such that light generated thereby is reflected by'the
first light-reflecting.coating in accordance with the
information recorded by means of said pits and lands;
and ' .

an optical reading structure for
detection of said reflected light and reading of the
information recorded by means of said pits and lands.

29. The system for optically reading stored
information defined in claim 28 wherein said first
light-reflecting coating on the information recording
disc is selected from the group consisting of gold,

silver and aluminum.



_fo approxi mate one-half of the maveleﬁﬁth of the light striking said

optical

surface for

substrat e,

storage structure; a first light-reflecting coating on said second

refiecting said |light passed through said transparent

said first coating conformng to the contours of said second

surface so that said 1ight is reflected back through the transparent

substrate in accordance with the information recorded by neans of said
bunps and | ands;
conformng to the contours of said first light- reflecting coating and a

10.

wher.ein sai d t &

pol ynet hyl
I|ght-readablePFﬁFGFﬁéFPOﬁ°P§é69dPﬁgtHPs&nSB

first
gol d,

i ght -
silver

met ha

r el

and a

and a second protective zt9®ating having one surface

second surface opposite to said first surface belng substantially planar.
The |i ght - r eadabl 80i.nf ohet EystemcSpyi Agtdradl

Yefeadd non stioxied o

%Q?a%%%ns KRl hake ihs ciahﬁc bsdwiﬁae@uhh gagao %c@ms i sting of

ate, photq polynmer and ar bonat e.
BPRHE dopn FREETALSS AT 15sai o

ehr)g coating is selected fromthe group consisting of -
uri-num :

31. A system for optically reading stored

information comprising:

an information recording disc comprising

a light-reflecting surface formed as a data storage '
structure including bumps and lands, in which the
height of said bumps is controlled to approximate one-
half of the wavelength of the light striking said data
storage structure;

a light source of predetermined

wavelength directed at said data storage structure,
such that light generated thereby is reflected by the
light-reflecting surface in accordance with the
information recorded by means of said bumps and lands;

and

an optical reading structure for

detection of said reflected light and reading of the
‘information recorded by means of said bumps and lands.

32. The system for optically reading stored

information defined in claim 31 wherein said light-

reflecting surface on the information recording disc is

selected from the group consisting of gold, silver and

aluniinum.

33. A system for optically reading stored

information comprising:

an information recording disc comprising

a light-reflecting surface formed as a data storage

structure including pits and lands, in which the height

of said pits is controlled to approximate one-half of



-"14-: 12. The light-readable information recordingiglgg_ggLngd_Ln_glain19
Wher'ein said second protective coating is |acquer. : A | i ght-readabl e
i.nf ormati on recording disc conprising: a transparen “ﬂ“ﬂnrﬁ‘ g -one
substantially planar surface and a second surface g&“ nu“ i rst .
surface, said second surface fornmed as a data storage struttute I ncluding
pits and |l ands, in which the depth of said pits is'‘controlled to
approxi mat e one-half of the wavel ength of 20he | ight striking said optical

storage structure; and a first light-reflecting coating on said second

surface for reflecting said |ight passed through said ﬂiagﬁgarent
substrate, sai dhe avelsngHy b iihe hight SHRKING AL 3 FPERIDNd
surface so thatgtsaictdreght is reflected back through the transparent

and | ands. 14 The 11 gnt-rediatiER OITR iTh PR e, defined |n
cl ai m 13 wher eivawsl ehdttnntinasctdd at said data storage structure, . :
such that light generated thereby is reflected by the
light-reflecting surface in accordance with the
information recorded by means of said pits and lands;
and '
N an optical reading structure for _
detection of said reflected light and reading of the

information recorded by means of said pits and lands.

34. The system for optically reading stored
information defined in claim 33 wherein said light-
reflecting surface on the information recording disc is
selected from the group consisting of goid, silver and
aluninum.




substrate is selected fromthe group consisting of polynethyl nethacryl ate,
phot o pol yner and pol ycarbonate. 15. ‘The |ight-readabl e i nformation
recording disc defined in claim 13 wherein said first light- reflecting
coating is selected fromthe group consisting of gold, silver and al um num
16. The |ight-readable information recordigg di sc defined in claim13
wherein said second protective coating is |a d r. - 15 - 17. A

| i ght -readabl e information recording disc conprising a light-reflecting
surface formed as a data storage structure including bunmps and |ands, in
whi ch the height of said bunps is controlled to approxi mate one-half of the
wavel ength of the light striking said light-reflecting surface. 18. The

| i ght-readable information recordi ng~di sc definéckjn claim 17 wherein said
light-reflecting surface is selegted fromthe group™gonsisting of gold,
silver and al um num




f§ "Eslight-readable I nformati on recording disc conprising a
light-reflecting surface formed as a data storage structure including pits
and | ands, in which the depth of said pits is controlled to approximate °

one-hal f of the wavel engt h of the |IgEt striking sai

surface. 20.

I rEP Mrftl

The |ight-readabl e i tion recor

consi sting of gold, silver and al um num 21. A syst dm D& FEBt1PRAI

claim19 wherein said light-reflecting surface is s Iected fronlthelg

readi ng stored information conprising: an informati

nirecording dis

iin
oup

avi ng

one substantially planar surface and a second surfade - forned as a data

storage structure including bunps and | ands with a

ecting céating

adherent to the contours of said second surface, in which the hei ght
said bunps is controlled to approxi mate one-half of the wavel ength of t he
|l ight striking said data storage structure; a light source of

pr edet er m ned
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IMPROVED I.TGHT-READA CORDING DISC

Bac ound of the ventio

This invention relates to information
recording media in the form of light-readable discs,
and, more particularly, to an improved design for such
media which, among other benefits, will tolerate
greater error in the manufacturing process and permit
the use of less expensive optical reading equipment.

Such light-readable information recording
media in the form of discs are ﬁell known, as shown,
for example, in Kramer U.S. patent 5,068,846.

Commercially available audio compact discs
("CDs") and coypact disc read-only memories ("CD-ROMs")
are examples of recording media of this general type.
Recent interest has also been shown in using media of
this type for recording other kinds of information,
such as movies or other similar ‘real-time audio/Visual
programming. ' '

storage of such information in digital form
requlres enormous capacity. In- ‘addition to the storage
of data itself, the recording medium must also provide
for error correction, synchronization and modulation of
the stored data.-

For example, in general commercial use,
standard disc-shaped audio recording media are designed
to be approximately 120 millimeters in diameter. A

of .



ngeﬁéngth directed at said data storage structure, such that |ight
generated thereby is reflected by the light-reflecting coating in

accordance with the-LnLQLﬂﬂLLQD_L?EQrded by means w—amch | ands;
and an optical reading structure for detection of g%ﬁﬁgcgyﬁg@wéﬂ }fght and
readi ng of the m?‘w " ”muﬂﬂ d by neans of s&i ¢ bunps and [ ahds. 22.

m; ﬁtored i nformati pnf ded 51Fgg fgg7cl im 21

&,

The system for ap
wherein said Ilght- reflectlng coating on the infprphation recordijng disc is
selected fromthe group consisting of galad,- sil vef and al ummom—23. A
system for optically reading stored informati on chaprising: an infdrmation
recordi ng di sc having one substantially planar surface and a second surface
formed as a data storakg. st rthe L&mnmma@@dmmtmsrw@mmgf

i ght-reflect t rface,

[ ngv\,hl ch the %%%ﬁ%ﬂ%ﬁhﬁﬁh? sé)c%ﬁrﬁé?f] %%% %p‘?@(l tegﬁjé‘; aI f of

t he mavelemﬁqPQﬁ1Q9m9§|¥ﬁEQEﬁ¥1k|ng said data storage structure; a |ight
source of predeterm ned’ -

13. A light-readable information recording
disc comprising:

a trénsparent substrate having one
substantially planar surface and a second surface
opposite to said first surface, said second surface
formed as a data storage structure including pits and
lands, in which the depth of said pits is controlled to
approximate one-half of the wavelength of the llght
striking said optical storage structure; and

a first light-reflecting coating on said
second surface for reflecting said light passed through
said transparent substrate, said first coating
conforming to the contours of said second surface so
that said light is reflected back through the
transparent substrate in accordance with the
information recorded by means of said pits and lands.

14. The light-readable information recording
disc defined in claim 13 wherein said transparent
substrate is selected from the group consisting of
polymethyl methacrylate, photo polymer and
polycarbonate.

15. The light-readable information récording
disc defined in claim 13 wherein said first light-
reflecting coating is selected from the group
consisting of gold, silver and aluminum.

16. The light-readable information recording
disc defined in claim 13 whereln said second protective
coating is lacquer.



wavel ength directed at said data storage structure, such that |ight
generated thereby is reflected by the light-reflecting.coating in

accordance with the information r ecor ded by neans of REPLRQER&QHFS

and an optical reading structure for detection of saiq reH

readi ng of the information recorded by neans of said s and | ands.

24. The systemfor optically reading stored inform i n Q&HER®IN
23 wherein said light- reflecting coat+nglonr the info tion recordin
is selected fromthe group consisting of gold,
system for optically reading stored information conpr

WED (Y SrEIR RECoRpRe DIECS ace and' a second surface
3gE2g%+fﬁ1nrr—s%ructure—TTm#THhﬂuJ"bunps and l.ands, with a first

light-reflecting coating adherent to the contours of

recordi ng di
formed as a

and a second

10

sil ver and alum num 2

hnd
17

di S

iLnfor mat

bl
¥
5

strac e Disclo

An improved light-readable information
recording disc is provided in which the optical data
storage structure consists of either lands and pits or
lands and bumps, in which the depth of the pits or the
height of the bumps, respectively, is controlled to
approximate one-half of the wavelength of the light
striking the optical data storage structure.
Unexpected and surprising improvements over
conventional optical recording discs is achieved
through increased light intensity differences detected
at the changeover between pits/bumps and lands.

Fig 2
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proteict i v

ctiv@ coating having one surf 1 r‘nnfnrgglag‘!éi; the-contours—of—sai-d—
first, Light-reQERAR CREP@RT” Applisetiop Ng. tially planar surface
opposi i€ to salggflr(s%Hsur ace, in which the height of said bunps is

contrall ed to approxi nate one-hal fl of the wavel ength of the |ight striking
sai d (AOF THE ABSERAIOLTCture; a light source of predeterm ned wavel ength
dir i , i
i$ reflected by the first light-reflecting coating in accordance with the
i nformati on recorded by neans of said bunps and | ands; and an opti cal
readi ng structure for detection of said reflected Iight and readi ng of the
I nformati on recor AMPRQVEBAUGHT-REATIABIL GOBRDINGBISC6. The system f of
optically reading stored. information defined in claim25 wherein said
firstAh ifiplove® libBCiehddbl€ RFbrnilion Teédi8ing i Fefrbeided Bf Whibhnfe dpfical idata
sel eGgded § %oﬂéi%'s' I3 eftfiet! iﬁdls”&u‘P;)j@itsg&J HndsShdd’ Glmpd) Gn WHiH e Bepth of2 /-
The syg E)%gno e l?e?éﬂtc the/ bﬁrﬁﬁélr@&eéﬁ l}e & controlled to approximate one-half of the
wavelength of the light striking the optical data storage structure.
Unexpected and surprising improvements over conventional optical recording discs is
achieved through increased light intensity differences detected at the changeover between
pits/bumps and lands. .

Fig. 2 - ‘
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I nformation defined in claim25 wherein said second p¢ Lve coatlng on
the infarmation recording disc is |acquer. 28. A's TR ATEN ;
reading stored information conprising: an informatio . : elfgvi ng
one snbstantlally pl anar surface and a second surfacg
storagé structure including pits and lands, with a f{rgt EEQMRr}@jge t] ng
coating adherent to the contours of said second surf
protective coating having one surface conformng to
first light-reflecting coating and a secorrd8sabst antT surfdce
opposite to said first surface, in which the height of sald pits is

SRR A L IR L SR S
directed at saidldgha-rbadageesﬁnmormaeloaurbcbbaingigmscgmmerahed_thereby
i or mat | on rovoPd0arBy FeRRSTEiad, hEe EPEaghathe yidng E8LRRE T b ! e
readlng struct ur daser dperatiog et gaWdVﬁéEhgthedflVgﬁtnangmeG&uSngnof t he
5 air. The type of light source 10 and its operating
wavelength are, however, matters of choice.

In accordance with the present invention, the
operating wavelength of the light source 10 determines
the height of bumps 4 and 4'. This height is’

10 controlled to approximate one-half the wavelength of

' the light from light source 10 within the transparent
material 5. Since the refractive index of the
preferred polycarbonate is 1.55, the wavelength of
lith from a light source 10 operating at a wavelength

15 of 780 nanometers in air would be approximately 503
nanometers within the transparent material. As a
result, the preferred height of bumps 4 and 4' is
approximately é52 nanometers.

Efforts to make a light-readable information

20 recording disc 1 in accordance with this invention have
yielded successful audic CDs, contrary to expectations.
Moreover, measurement of the light intensity
differences detected between lands and bumps has
yielded surprising and improved results. The

25 differences in light intensity between lands and bumps
for the shortest standardized bump length, referred to
in the art as "T3," in a disc of the present invention
were compared with those for a typical commercial audio
CD. Results were plotted on a Tektronix TDS 540 four-

30 channel digitizing oscilloscope. Utilizing a: 780
nanometer laser directed into a polycarbonate disc
substrate, a T3 bump 259 nanometers in height yielded
an intensity difference of 1.064 _V. When a commercial
audio CD, also utilizing a polycarbonate substrate, was

35 tested under the same conditions, a T3 bump measured at




I nformati on recorded by neans of said pits and |ands. 29. The system for

optically reading stored information defined in clai
| ight-ref|ecting coating on the information recordi

first

d from

the group consisting of gold, silver and al um num h¢
systenffor optically reading stored information defi 25 MAR 19!988 wherein

sai d second protective coating on the information regofding disc is

| acquer. 31. A system for optically reading stored]iAfornmation

conprising: an information recording disc domprisingiLa Light-reflectidg
surface fornmed as a data storage structure including bunps and |ands, in

whi ch the height _.of said bunps.,is cqontrolled tq appr.oxi mat.e one- half of

the wavel engt h df-4t RBNPRERLTS; AnkhRIIRY ¥igddedsasy 4G8e0S T ure: a |ight
source of predegdrferedceavE engiy/hodprécted at said data storage structure,

Since the accepted view of the operation of
light-readable information recording systems suggests
§ that such operation sh3juld be optimized when the
reflected light is perfectly out of phase, it was
' decided also to test a light-readable information
recording disc with a T3 bump height of approximately
three-quarters of the wavelength of light =-- which
10 should also yield high destructive interference
resultlng from the one and one-half extra wavelength

distance which light reflected from lands would have to

travel.
Once again, the differences in light
15 intensity between lands and T3 bumps were plotted on
the Tektronix TDS 540 four-channel digitizing
oscilloscope. Utilizing the same 780 nanometer laser

light source directed into a disc with a polycarbonate

substrate, a T3 bump 396 nanometers in height yielded
20 an intensity difference of .956 _V —-- much closer to
the intensity difference seen in the commercial audio
CD than to that yielded by the disc of the present
inventien. _
Numerous efforts have been undertaken to
25 understand and/or explain the unexpected and improved
results obtained by controlling pit height to

approximately one-half the wavelength of light. None

have 'borne fruit.
Nonetheless, the improved results, as noted-
30 above, promise substantial savings in the design and
manufacture of less sensitive and less costly light-
reading systems, as well as in disc manufacturing.
Since a higher intensity signal difference is
generated, manufacturing tolerances can be relaxed



such that |ight generated t her eby |s reflected by the Ilght-reflectlng

surface in accor
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and | ands; and an reading structure for dete
li ght and reading ﬂ]u Jmﬂ n recorded by nmeahs[of said bunpg gnd

| ands+ 32. The sy Iy_r gading stored

nf eflirned in
claim31l wherein said Ilght- reflectlng surface on the %Wm‘fl Beg
recording disc is selected fromthe group consi sting| ot—getra—sttver %nd

al um num 33.The ALgvéention ot LiMeL sy reading storeg infornmation

conprising: an information recording disc conprising rTght-reflecting

surface forned as a datfl st NP Bfochd tHcgadi?%Idi@ Eéqud ﬂ@&gdlh
rolle apprm‘t*tafgevre—-

whi ch the height of said pits I's con
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.in which the height of said bumps is controlled to approximate one-half
of the wavelength of the light striking said optical storage structure.

2. An information recording recording dis¢ read by reflected
_ligtic_comprising an optical data storage structure including pits and lands,
in which the depth of said pits is controlled to approximate one-half of the
wavelength of the light striking said optical storage structure.

3. A light-readable information recording
‘disc comprising:

a transparent substrate having one
substantially planar surface and a second surface
opposite to said first surface, said second surface
formed a2s. a data storage structure“including bumps and
lands, in which the height of said bumps is controlled
to approximate one-half of the wavelength of the light
striking said optical storage structure; and

a light-reflecting coating on said
second: surface for reflecting said light passed through
saiq transparent substrate, said coating conforming to
the contours of said second surface so that said light
is reflected back through the transparent substrate in
accordance with the Lnformatlon recorded by means of -
said bumps and lands.

4. The light-readable information recording
. disc defined in claim 3 wherein said transparent
substrate is selected from the group consisting of



_a lilght source of predeternined mavelength dlrected at said data storage
structure, such that |ight generated thereby is reflected by the
light-reflecting surface in accordance with the information recorded by
means of said pits and |l ands; and an optical reading structure for
detection of said reflected Ilght and reading of the information recorded
by nmeans of said pits and | ands. 34. The system for optically reading
stored information defined in claim33 wh&ketn said light- reflecting
surface on the infornation recording disc is selected from-the group

consi sting of .gold, silver and al um num
AS B
. REPLACE EEN /
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Abstract of the Disclosure

An improved light-readable information
recording disc is provided in which the optical data
storage structure consiéts of either lands and pits or

5. lands and bumps, in which the depth of the pits or the
height of thé bumps, respectively, is controlled to
approximate one-half of the wavelength of the light
striking the optical data storage structure.
Unexpected and surprising improvements over

10 conventional optical recording discs is achieved
through increased light intensity differences detected
at the changeover between pits/bumps and lands.
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