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OPTICALLY READABLE THIN FILM DIGITAL DATA
STORAGE MEDIUM AND PLAYBACK ADAPTOR

Technical Field

This invention relates to optically readable
digital data storage media, and more particularly, to
optically readable thin film digital data storage media.
adapted to be compatible with CD audio and CD ROM

playing equipment.

Background Art

Compact discs or CD’'s have the capability of
storing approximately 600 megabytes of digitized audio
signals (CD audio) or digital data in a computexr
readable format (CD ROM).

Conventional CD discs are fabricated as standaxd-

size rigid plastic discs by means of a mold-based

H

eplication system using injection molding techniques.

Such CD manufacturing technigues have the capability of

roducing CD discs at the rate of only approximately

g
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wenty units per minute per mold. 2As a result of this

H

elatively slow production rate, the cost of producing
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CD's is relatively high. The essentially all-plastic
composition of CD’'s regquires the consumption of a
relatively significant amount of plastic during the

manuiac LTan' process.

source of coherent light such as a laserx
rigid plastic positicned between each dat
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millimeter optical path length to refract and focus the
coherent light beam onto a selected data track.

The relatively high cost of the €D plastic content
and the slow injection molding production techniques
involved in mass producing CD‘s has maintained the cost

of this digital data storage medium relatively high.

Disclosure of the Invention

It is a primary object of the present invention to
provide a thin film digital data storage medium which
can be duplicated at high speed by specialized
microembossing techniques involving the use of a master
embossing drum including a series of laterally spaced
apart microembossing shims or masters permitting the
simultaneous reproduction of multiple copies of & single
microembossed master onto a web of low cost thin film

material.

Another object of the present invention is to
provide a thin f£ilm digital data storage medium which
utilizes a thin film datz carrier in combination with a
reusable adaptor which temporarily receives and supports
the data carrier from below and which simultaneously
interfaces the data carrier with both the optical and

physical geometry of a conventional CD player.

Still another object of the present invention is
to provide a thin film digital data storage medium which
can be mass-produced at a production rate in excess of

thirty times the production rate of conventional CD's.

Still another cbject oi the present invention is
in

to provide a th £ilm digital data stor
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can either be permanently or temporarily laminated to a

caxd to facilitate storage and handling.
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Briefly stated, and in accord with one embodiment
of the invention, a thin film digital data storage

- medium is provided for a CD player having a centrally

located spindle for supporting and rotating a CD having
planar upper and lower surfaces. The thin film digital
data storage medium includes a series of embedded data
tracks each including encoded digital data. The data
readout system of the CD player includes a source of
coherent light positioned below the CD for generating a
light beam to sequentially illuminate each data track to
produce-a reflected light beam modulated by the encoded
digital data to be intercepted and converted to a
corresponding electrical signal by an optical readout

device.

The thin film digital data storage medium includes
a thin film data carrier including a first layer, a
second layer and a microembossed data surface. The
first layer is formed from a plastic material having a
defined thickness and first and second opposing
surfaces. The second layer is formed from a second
optically transparent plastic material having a first
index of refraction and first and second opposing
surfaces defining a first thickness for providing a
secondary refraction zone. The first surface of the

second layer is positioned adjacent to and is joined to

- the second surface of the first layer to define an

interface zone located in proximity to those joined
surfaces. The microembossed data surface is formed
within the interface zone and includes physically
displaced surface elements with an elevation varying
relative to the undisplaced surface elements to encode
digital data. The adaptor also includes a secondarxry
refraction zone formed fxom a second optically
transparent material having a second index of refraction
and first and second parallel opposing surfaces defining
& second thickness. The secondary refraction zone

includes an area related to the area of the
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micrqembossed data surface and a location underlying the
microembossed data. surface. Sequential transmission of
the light beam through the primary refraction zone of

the adaptor and through the secondary refraction zone of"

the thin film data carrier focusses the light beam onto
the microembossed data surface to produce a reflected
light beam modulated by the digital data encoded within
the microembossed data surface for interception and
conversion into a corresponding electrical signal by the

CD player optical readout device.

Brief Description of the Drawings

The invention is pointed out with particularity in
the appended claims. However, other objects and
advantages together with the operation of the invention
may be better understood by reference to the following
detailed description taken in connection with the

following illustrations, wherein:

FIG. 1 represents an elevational view of a trading
card version of the thin film data carrier of the

present invention.

FIG. 2 illustrates a peel and play embodiment of
the thin film data carrier of the present invention
temporarily secured to a semi-rigid paper or plastic
backing.

IG. 32 illustrates a laminated embodiment of the

[¥%]

)11

thin film data carrier of the present invention with the

microembossed data surface exposed.

IG. 3B illustrates & laminated version of the
lm data carrier of the present invention with the
microembossed data surface located in an interface zone

within the laminated structure.
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FIG. 3C illustrdtes a single layer embodiment of
the thin film data carrier with the microembossed data

surface exposed.

FIG. 3D illustrates a single layer embodiment

of

the thin film data carrier of the present invention with

the microembossed data surface reversed relative to its

position as illustrated in

FIG. 3E illustrates
thin film data carrier of

supported by an adaptor.

FIG. 3F illustrates
thin film data carrier of
supported by an adaptor.

FiIG. 3G illustrates
thin film data carrier of
supported by an adaptor.

FIG. 3C.

FIG. 3H illustrates the FIG. 3D embodiment

thin film data carrier supported by an adaptor.

FIG. 4 illustrates one embodiment of an

FIG. 5 illustrates a

the thin film data carrier
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FIG. 7 illustrates t

the FIG. 3A embodiment of the
the present invention
the FIG. 3B embodiment of the
the present invention
the FIG. 3C embodiment of the
the present invention

of the

adaptor

for the thin film data carrier of the present

trading card embodiment of

supported by the adaptor

second embodiment of

for receiving the

he FIG. 6 adaptor receiving a
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FIG. 8 illustrates the opposite side of the

embodiment of the invention illustrated in FIG. 1.

FIG. 9 represents a sectional view of the trading

card embodiment of the thin film data carrier

illustrated in FIG. 8.
FIG. 10 illustrates another embodiment of the

trading card embodiment of the thin film data carrier
having a perforated, removable aperture.
FIG. 11 represents an elevational view of the

embodiment of the invention illustrated in FIG. 10

FIG. 12 illustrates another embodiment of the thin

15
film data carrier of the present invention.

illustrates a view from below of the
12.

rIG. 13

embodiment of the invention illustrated in FIG.

L
FIG. 14 represents an elevational view showing the

20
FIG. 12 embodiment of the invention supported by an

adaptor.
FIG. 15 illustrates the FIG. 2 peel and play
the thin film data carrier of the present

25
embodiment of
invention showing its relationship to an adaptor.

FIG. 16 illustrates a sectional view of the
30 embodiment of the invention illustrated in FIG. 15
installed on an adaptor.
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installed on an adaptor.

FIGS. 19-22 represent a series of drawings

iliustrating a rotational locking device forming a part

of the adaptor of the present invention.

FIG. 23 illustrates a peel and play embodiment of

the thin film data carrier of the present invention

including a locking tab compatible with the locking

device of the adaptor embodiment illustrated in FIGS.

19-22.

FIG. 24 illustrates a trading card embodiment of

the thin film data carrier of the present invention

having a locking tab compatible with the rotational

locking device illustrated in the adaptor depicted in

FIGS. 19-22.

FIGS. 25A, 25B and 25C illustrate three additional

embodiments of the thin film data carrier.

FIG. 26 illustrates a flow chart outlining the

steps necessary to duplicate conventional CD’s using

injection molding technigues.

FIG. 27 represents a flow chart outlining the

sequential series of steps which may be utilized to

replicate different embodiments of the thin f£ilm digital

data storage medium of the present invention.

FIG. 28 illustrztes

plastic web being

a
microembossed with three laterally displaced data sets.

storage medium having

replicate the head o
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FIG. 30 illustrates a specific procedure for
manufacturing the thin film digital data storage medium
of the present invention and affixing the completed

product to a magazine page.
FIGS. 31A, 31B and 31C illustrate procedures for

laminating and de-laminating a thin film digital data

storage medium to a sheet of paper or magazine page.

Best Mode of Carryina Out The Invention

In order to better illustrate the advantages of
the invention and its contributions to the art, various
preferred physical embodiments of the invention will now
be described in detail.

As illustrated in FIGS. 1 and 2, the thin film
digital data storage medium 10 may either be configured
as an essentially self-supporting card 12 or may be
configured either as a non-rigid or semi-rigid element

10 removably secured to a semi-rigid support sheet 14.

th

FIG. 3A illustrates a first embodiment of a thin
film data storage medium of the present invention in
which a data carrier 16 includes a first layer 18

laminated or otherwise joined to a second layer 20.

- First layer 18 includes a first surface 22 and a planar,

spaced apart second suxrface 24. Second layer 20
includes a first surface 26 and a planar, spaced avart
second surface 28. First layer 18 may be fabricated
from a 2-7 mil thick, semi-rigid plastic material such
as polyester or synthetic paper. Second layer 20 msy be
fabricated from a 2-7 mil layer cf optically transparent
embossable plastic material having a first index of
refraction. 1In the FIG. 3A embodiment, second surface
formed as a microembossed data surface. Second

8 1is
ayer 20 may be manufactured from a rolycarbonate
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plastic or comparable low bi-refringence embossable
material having similar optical clarity and light
focussing characteristics.

FIG. 3B illustrates a second embodiment of a two-
layer thin film digital data storage medium where data
carrier 16 includes a second layer 20 fabricated from a
2-7 mil or thicker layer of embossable plastic material
such as a polycarbonate having a first surface 26 formed
as a microembossed data surface and an opposing second
surface 28. In the FIG. 3B alternatiQe embodiment, the
relative position of the microembossed data surface has
been reversed relative to the orientation illustrated in
FIG. 3A.

FIG. 3C illustrates a third alternative embodiment
of the invention where data carrier 16 is fabricated
with second layer 20 without first layer 18. 1In the
FIG. 3C embodiment of the invention, second surface 28
is formed as the microembossed data surface. To provide
a reasonable degree of rigidity, the FIG. 3C single
layer data carrxier 16 may be fabricated from a semi-
rigid plastic material such as a polycarbonate having a

thickness on the order of about 11 mils.

FIG. 3D 1illustrates a fourth embodiment of the
invention which is formed as a single layer data carrier
16. In the FIG. 3D embodiment, first surface 26

includes the microembossed data surface.

Any of the FIG. 3 embodiments of the invention
will work acceptably, but additional protection for the
microembossed data surface is provided by the FiG. 3B

embodiment. A thin hard coat may be applied as a
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fIG. 3 to enhance the scratch resistant character of the
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The preferred technique for microembossing digital
data into the appropriate surface is disclosed in U.S.
Patent No. 4,836,874 (Foster) which is hereby
incorporated by reference. Spectratek of Los Angeles,
California implements appropriate microembossing

procedures for commercial customers.

A wide variety of data categories in various data
formats may be embossed into and stored on the thin film
digital data storage medium of the present invention by
utilizing the techﬁiques disclosed in the ‘874 patent.
For sports trading card applications of the type
illustrated in FIG. 1, digital data consisting of visual
information including photographs or video, textual
information including player biographical information,
statistics, historical information, other data as well
as music can be stored and recalled at will. Since the
data storage format differs from CD audio data as
opposed to CD ROM data, the thin film digital data
storage medium of the present invention may be formatted
in either of these formats or in any other currently

available or subsequently developed data storage format.

Because it is a primary object of the present
invention to provide a thin film digital data storage
medium which can be rendered compatible with existing CD
audio or CD ROM playing equipment, an adaptor 30 of the
type illustrated in FIGS. 4 and 5 represents a necessary
second element of the invention. As shown in FIG. 5, a
source of coherent light typically taking the form of a
laser 32 generates a coherent light beam 34 which must
be sharply focussed on a specific data track intended to
be rszad ocut by the CD hardware. When the selected data
track i1s properly illuminated by the focussed coherent
light beam 34, that beam produces a reflected light beam
modulated by the encoded digital data which is directed
to and intercepted by a conventional optical readout

n

device (not shown) to conver:t the reflected light beam
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modulated by the ‘ericoded digital data into a
corresponding electrical signal which is then decoded

‘and read by a microprocessor-based decoding system.

With prior art CD hardware, a lens positiocned in the
optical path of laser 32 partially converges the laser
output beam while the remaining optical converging
function is performed by the rigid optically
transparent, refractive plastic layer of the CD which
encapsulates the CD data tracks. That relatively thick
plastic layer used with conventional CD products
provides the necessary structural rigidity and maintains
the requisite planar relationship between the upper and
lower surfaces of the CD disc itself. '

Because the thin film digital data storage medium
of the present invention lacks complete structural
rigidity and at best can be described as a semi-rigid
medium, adaptor 30 is supplied as a second element of
the system to perform the essential functions of 1)
assisting in focussing the incoming laser beam, 2)
assisting in focussing the outgoing laser data readout
beam, 3) forming an essentially rigid, planar reference

surface to wmaintain the laser beam focussed on the

j& R
o

embossed thin film data tracks 4) aligning the
storage medium relative to the adaptor, and 5)
providing the structure necessary to align the adaptor
relative to the CD player. If the adaptor is not
configured to perform all five functions, a conventional
CD player will not be able to read out the data encoded

in the thin £ilm digital data storage medium.

As illustrated in FIGS. 6 and 7, the upper suriface

[l

of adaptor 30 may include a rectangular recess havi ng a
depth configured to receive the composite thickness of a
thin film data card in the form of a plastic or thick
paper trading card 12 together with first and second
plastic layers which serve as data st 1

o
such that the upper surface of card 12 does not extend
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above the upper surface 36 of adaptor 30.

As illustrated in FIG. 1, thin film digital data
storage medium 10 may be formed as a trading card 12.
The central area of data carrier 16 includes a circular
aperture 40 dimensioned to accommodate a CD drive
spindle 42 as illustrated in FIGS. 5 and 7. The outer
limit of data carrier 16 is defined by circular
perimeter 44. The microembossed data surface is
confined to the limits of data carrier 16 lying between
aperture 40 and perimeter 44. For a standard 2-1/2" x
3-1/2" sports trading card, the maximum data storage
capacity of the resulting data surface approximates 64

megabytes using current data formats.

As illustrated in FIG. 5, the overall thickness of
adaptor 30 may be configured to approximate the overall
thickness of the refracting element of a conventional
CD. FIGS. 3E - 3H illustrate how the wvarious
embodiments of data carrier 16 shown in FIGS. 3A - 3D
may be coupled to an adaptor to sharply focus coherent
light beam 34 from laser 32 at the precise elevation

where the data tracks are located.

FIG. 3E illustrates the FIG. 32 embodiment of the
invention positioned on the upper surface of adaptor 30
with the microembossed data surface adjacent to the
upper suriace of adaptor 30. For any one of the four
FIG. 3E - 34 embodiments of the invention, a semi-rigid
peel and play backing 14 may be either temporarily or
permanently bonded to the upper, exposed surface of data

carrier 16.

ot
o
o

FIG. 3F 1illustrates the FIG. 3B embodiment of
invention placed on the upper surface of adaptor 30.
FIGS. 3G and 3H illustrate respectively the FIG. 3C and

3D embodiments of the invention supported by adaptor 30.
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Because of the different relative elevation of the
microembossed data surface in each of the different
embodiments of thé invention illustrated in FIGS. 3E -
3H, the relative thickness and index of refraction of
the transparent plastic material used to fabricate
adaptor 30 may be adjusted as necessary to properly
focus coherent light beam 34 onto the data tracks of the
microembossed data surface by providing a total optical
path length egquivalent to the 47 mm optical path length
of a conventional CD. A greater degree of convergence
or refraction must be achieved by the refraction zone of
adaptor 30 in the FIG. 3E and 3G embodiments since the
microembossed data surface directly contacts the upper
surface of adaptor 30. In the FIG. 3F and 3H
embodiments, second layef 20 partially refracts light
beam 34 and helps focus it on the.data tracks. In those
embodiments, the thickness of adaptor 30 will be

reduced.

As illustrated in FIG. 6, the upper surface of
adaptor 30 may include a recess compatible with the
geometry of the member to be inserted within that
recess. For the trading card embodiment of the
invention 1llustrated in FIG. 1 having a 2-1/2" x 3-1/2¢
exterior dimension, recess 50 will have corresponding
dimensions and an appropriate depth. In addition, to
remain compatible with conventional CD playback
haraware, adaptor 30 must include a centrally located
aperture 52 geometrically compatible with CD plaver
spindle 42. Additional coupling between adaptor 30 and
the relevant CD hardware may be provided in such
hardware by a contact mechanism 54, typically spring-
biased, as illustrated in FIGS. 6 and 7 which provides

1 contact between spincdle 42 znd the
abutting suriace of carrier 30 as well as between the

exposed surface oi trading card 12 and the abutting
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In the trading card embodiment of -the thin film
digital data storage medium illustrated in FIGS. 1, 5, 8
and 9, aperture 40 extends entirely through thin film
data carrier 16. FIGS. 10 and 11 illustrate a second
embodiment of the invention having a perforated or
partially die cut circular central section 56 designed
to be readily removed prior to installation of trading
card 12 on adaptor 30. The provision of perforated or
partially die cut section 56 or an equivalent removable
central section having either a reduced thickness or a
reduced strength perimeter or being formed from a
reduced strength material allows for the uninterrupted
display of pictorial or text information on the upper
surface of trading card 12 as illustrated in FIG. 10 as
long as the card remains in its original condition prior
to the removal of section 56. The diameter of section
56 is adjusted to accommodate spindle 42 of the CD
player. '

In the second alterative embodiment of the trading
card version of the invention illustrated in FIGS. 12,
13 and 14, data carrier 16 is supported by the upper
suriace of adaptor 30. Spindle 42 fits within the
centrally located aperture of adaptor 30, but does not
extend through either card 12 or data carrier 16. This
particular embodiment of the invention requires a non-
standard spindle coniiguration and may not be compatible

with existing CD player hardware.

FIGS. 2 and 15-18 illustrate the peel and play
version of the thin film data storage medium which is
not necessarily self-supporting as was the case with the
previously described trading card embodiment of the
invention. As illustrated in FIG. 2, thin film digital
data storage medium 10 is temporarily coupled to support
sheet 14 by a specific form of adhesive well known to
those skilled in the relevant art which allows thin film

element 10 to be temporarily attached to semi-rigigd
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support member 14 such as a plastic or paper-postcard-
type insert in a magazine. Immediately prior to use,
thin film 10 is peeled away and removed from sheet 14
and, as illustrated in FIGS. 15 and 16, is placed on the

upper surface a specially configured adaptor 30.

FIGS. 16, 17 and 18 illustrate that, as was the
case with the system illustrated in FIGS. 3C and 3D,
second layer 18 may be positioned either with the
microembossed data surface down as illustrated in FIG.
17 or up as illustrated in FIG. 18. In each case,
either the index'of'refraction of adaptor refraction
zone 48 oxr the thickness of adaptdr 30 must be adjusted
to precisely converge light beam 34 onto the data tracks

of data surface 26.

In the preferred embodiment of the invention, an
adaptor to data carrier rotational coupling structure of
the type illustrated in FIGS. 19-24 should be provided
to prevent or minimize relative rotation between adaptor
30 and thin film 10. FIGS. 19-22 illustrate that
adaptor 30 may be modified to include a rotational
locking device 58 which is coupled to and extends above
the adaptor upper surface 60 and at least partially
surrounds aperture 52. Locking device 58 includes a
slot 60 having an opening 62 and a closed end section 64
for receiving a rotational locking element such as a tab
66 which protrudes in an inward direction from aperture
40 of the two different thin film embodiments
illustrated in FIGS. 23 and 24.

When thin film 10 is loaded into adaptor 30, tab

y al ith opening 62 so that an
initial relative rotation as may occur during startup oif
b

etween thin film 10 and adaptor 30 in the
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As illustrated in FIGS. 19 and 20, rotational
locking device 58 may be injection molded separately
from adaptor 30 and snapped into adaptor 30 which will
typically be die cut in the desired shape from a
rectangular plastic sheet. BAn abrasion resistant hard
coat may be added to either or both surfaces of the
plastic sheet prior to die cutting.

Referring now to FIGS. 25A-C, three additional
embodiments of the invention will now be described in
detail. FIG. 25A illustrates an embodiment of a thin
film data carrier which includes first layer 18
fabricated from 1 mil embossed polyester vacuum
deposited film. Second layer 20 is fabricated from 10
mil transparent polycarbonate which provides a secondary
refraction zone between first and second surfaces 22 and
24 as indicated by the arrow designated by reference
numbexr 92. Reference number 96 illustrates the
interface zone located in proximity to the junction
between the adjacent, joined surfaces of first layer 18
and second layer 20 in which microembossed data surface

90 is formed. 2s illustrated in FIG. 252, data surface

th

90 is formed in the lower, vacuum metalized surface o
first layer 18.

Adaptor 30 is formed from acrylic plastic having a
defined thickness which as illustrated by the arrow
designated by reference number 94 forms a primary

refraction zone.

Secause conventional CD's provide an optical pat}
length of 47 millimetexs, the optical path length
provided by the combined effect of the primary and
secondary reifractive zones of the present invention must

be substantially equal to that ¢7 millimeter path length

« =

C

t

standard to allow the system of the present invention to

be used with conventional CD pla ayers.



10

15

20

[
n

17

In the FIG. 25B embodiment of the invention,
microembossed data surface 90 is formed on the lower or
second surface of first layer 18 within the interface
zone 96 which coupies first layer 18 with second layer
20. 1In this embodiment of the invention, first layer 18
is formed from a flexible 8 to 12 mil plastic film
fabricated from polyester, polyvinyl chloride,
polycarbonate or an equivalent material. In this
embodiment of the invention, the digital data is
embossed directly into the second surface of first layer
18 which may be subsequently vacuum deposited with a
reflective metal such as aluminum. Second layer 20 is
provided by forming a thin coating of a low bi-
refringence thermoset plastic over microembossed data

surface 90.

Referring now to FIG. 25C, microembossed data
surface 90 is formed in the upper or first surface of
second layer 20 which may be fabricated from a
relatively thin plastic f£ilm such as a film having a
thickness of from about 8 mils to about 12 mils.
Following the embossing operztion, microembossed data
surface %0 is covered with a thin protective coating of
thermoset plastic. No special thickness, optical
characteristic or other property is required for
protective coating layer 18 because it serves neither as
the primary or secondary refraction zone. Second layer
20, however, does perform a refracting function and
requires a material having a low bi-refringence

characteristic.

For most applications, microembossed data surface
e formed as a part of a vacuum deposited layer

b
of reflective metal such as aluminum either prior to or
n

o t
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e embossing coperation. Such vacuum

deposition procedures are well known to those of

0

rdinary skill in the art.
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FIG. 26 outlines the sequence of steps generally
required to fabricate prior art single piece CD’s which,
using current technology, typically result in a
production rate limited to approximately twenty CD units
per injection molding cavity per minute. FIG. 27
summarizes production techniques which may be utilized
in producing thin film digital data storage media
accorxrding to the present invention. The FIG. 26 and 27
steps of laser mastering and electro-forming are well
known to those of ordinary skill in the relevant art.
Preparation of an appropriate form of embossing shim for
microembossing digital data into the thin film of the
present invention represents technology commercially
available from Spectratek of Los Angeles, California.
The FIG. 27 metalizing step vacuum deposits a thin layer
of aluminum onto the microembossed data surface to
enhance the reflectivity of that surface. The optional
FIG. 27 lamination step is implemented only when the two
layer embodiment of the invention illustrated in FIGS 3A
and 3B is used. The full upper surface area of the thin
film digital data storage medium may be printed using
conventional web printing technigques to display either
images, text or both. The lower surface outéide data

zone 46 may zlso be printed.

FIG. 28 illustrates that an appropriate form of
embossing shim 70 may be wrapped around and coupled to a
cylindrical embossing roller 72 which, using the unigue
technigques disclosed in the ‘874 patent as commercially
practiced by Spectratek of Los, Angeles, California,

vields a highly faithful reproduction of the relevant

material 74. The width of web 74 may readily be varied
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a full size CD to a width of at least forty inches to
S 1

in FIG. 28.
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Using the techniques disclosed-in-.the ‘874 patent-
in combination with the multiple width data embossing
techniques illustrated in FIG. 28, replication of the
thin film digital data storage medium. can be readily be
accomplished at pfoduction rates of at least 720 units
per minute, a rate substantially exceeding the twenty
unit per minute production rate limit of conventional
injection molded CD's. It is anticipated that this thin

film production rate can be significantly enhanced.

To use the thin film digital data storage medium
of the present invention, a customer typically purchases
a single adaptor 30 which can be reused numerous times
to read out the data stored on any one of a variety of
compatible thin film products. Enhanced, potentially
higher cost versions of adaptor 30 may include a hard
coating 78 on either or both the upper and lower
surfaces of the adaptor as illustrated in FIG. 22 to
resist scratching which over a period of time might
ultimately degrade the accuracy of the digital data

readout.

As a result of the requirement to purchase only =z
single adaptor for use with a nearly unlimited number of
thin film data storage media, the plastic content of the
thin film product has been dramatically reduced and the
manufacturing cost of such thin £ilm prodﬁcts has been
decreased to a level significantly below the cost of

producing conventional CD’s.

product in the format of a 2-1/2" x 3-1/2" trading card
may be limited to only 64 megabytes, the substantially
larger peel and play version of the thin film product is
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Because adaptor 30 also serves the function of
centering the thin film system relative to CD playback
hardware and provides an area having a planar surface
for receiving and maintaining the thin film system in a
flat configuration aligned with the relevant CD player
geometry, the actual perimeter configuration of the thin
film system or its "shape" is relatively unimportant.
For example, as illustrated in FIG. 29, the perimeter of
a thin film product 10 may be configured as a circle, a
square, a rectangle, a triangle, a star, an animal head
or in any of a virtually limitless variety of different
geometric shapes. For advertising and promotional
applications, such shape flexibility represents a
significant benefit. '

Referring now to FIGS. 30 and 31A, a die cutting
process utilizing close tolerance male and female
tooling sequentially die-cuts previously embossed thin
film digital data storage media 10 into the desired end
product shape. Reference number 80 designates the male
die. The female die is not shown. Rotary die cutting
of the digital data storage media 10 may represent an
alternative process. Carrier sheet 82 temporarily
retains support carrier 86 and media 10 while the
remainder of web 74 generally referred to as the
"ladder" is wound onto take-up roll 84. Carrier 86
includes an upper surface attached to the lower surface
of digital data storage medium 10 with a first form of
adhesive which temporarily bonds medium 10 to support
carrier 86. The opposite surface of support carrier 86

includes a more permanent form of adhesive.

As illustrated in FIGS. 30 and 31B, the use of a
conventional air label application system pneumatically
s digiteal data storage medium 10 and support
carrier 86 from carrier sheet 82 and directs data

stor
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10 and support carrier 86 through the, air

and onto the exposed upper surface of a receiving sheet
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such as magazine page 88. ‘FIG. 31B illustrates data
storage medium 10 and support carrier 86 attached to

magazine page 88.

As illustrated in FIG. 31C, the reieasable
adhesive applied to the upper surface of support carrier
86 allows a consumer to readily peel back and remove the

-embossed digital data storage medium 10 from magazine

page 88. Numerous other methods of distributing and
using the digital data storage medium of the present
invention would be readily apparent to those skilled in

the relevant art in view of the present disclosure.

It will be épparent to those skilled in the arxt
that the disclosed thin film digital data storage medium
may be modified in numerous ways and may assume many
embodiments other than the preferred forms specifically
set out and described above. For example, the thin film
digital data storage medium and adaptor system may also
be used for video disc applications as well as CD’s.
Accordingly, it is intended by the appended claims to
cover a2ll such modifications of the invention which fall

within the true spirit and scope of the invention.
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What Is Claimed Is:

1. A thin film digital data storage medium for

use with a CD player having a centrally located spindle

5 for éupporting and rotating a CD having planar upper and

lower surfaces and including a series of embedded data

tracks each including encoded digital data and a data

readout system including a source of coherent light

positioned below the CD for generating a light beam to

10 sequentially illuminate each data track to produce a

reflected light beam modulated by the encoded digital

data to be intercepted and converted to a corresponding

electrical signal by an optical readout device, the thin

film digital data storage medium comprising:

20

30

[5%)
93]

a. a thin film data carrier including a data
layer having a defined thickness, a substantially
planar data surface and a substantially planar
opposing surface, the data surface including a
microembossed data zone having physically
displaced surface elements with an elevation
varying relative to undisplaced surface elements

to encode digital data; and

b. an adaptor for temporarily receiving and
supporting the thin film data carrier from below,
for aligning the data carrier relative to the
adaptor and having a centrally located aperture
geometrically compatible with the CD player
spindle for aligning the adaptor relative to the
CD player and for enabling the adaptor to be
supported and rotated by the spindle, the adapter
further including a refraction zone having an area
related to the areaz of the data zone and a

location underlying the data zone for enabling the
iight beam from the light source to be focussed
onto the data surface to produce a reflected light

beam modulated by digital data encoded within the
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data zone to be intercepted and converted by the

23

CD player optical readout device.

2. The thin film digital data storage medium of
Claim 1 wherein the refraction zone of the adaptor is
fabricated from an optically transparent material having
a defined thickness with first and second substantially

planar opposing surfaces.

3. The thin film digital data storage medium of
Claim 2 wherein the opposing surface of the data layer

is imprinted with viewable information.

4. The thin film digital data storage medium of
Claim 3 wherein the viewable information includes text

and image information.

5. The thin film digitzl data storage medium of
Claim 4 wherein the data surface lying outside the data

zone is imprinted with viewable information.

. The thin film digital data storage medium of

_
o]
Claim 3 wherein the data c ier includes an aperxture

[41]
"
N

alignable with the aperture in the adapter and

geometrically compatible with the CD player spindle.

7. The thin film digital data storage medium of
Clzim 6 wherein the data carrier includes a defined
shape and wherein the adaptor includes a recess in the
first surface compatible with the data caxrier shape for

receiving and retaining the data carrier.

8 The thin film digital data storage medium of
Claim 7 wherein the data carrier is fabricated with a
rectangular shape and wherein the recess in the adaptor
is fabricated with a rectangular shape dimensioned to
retain the rectangular data carrier.
I —

R )
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9. The thin film digital data storage medium of

Claim 8 wherein the

recess in-the adaptor includes a

depth, the data carrier includes a height and wherein
the depth of the recess in the adaptor is compatible
with the height of the data carrier such that the data

carrier does not extend above the first surface of the

adaptor.
10. The thin

Claim 3 wherein the

perimeter.

11. The thin

film digital data storage medium of
adaptor includes a circular

film digital data storage medium of

Claim 10 wherein the CD includes a diameter and wherein

the adaptor includes a diameter approximating the

diameter of the CD.

12. The thin

Claim 3 wherein the

includes a constant

elements are formed

14. The thin

film digital data storage medium of
optically transparent material

index of refraction.
film digital data storage medium of
physically displaced surface

as circular data tracks.

£ilm digital data storage medium of

Claim 13 wherein the data carrier includes a circular

perimeter.

15. The thin
Claim 1 wherein the

wherein the adaptor

film digital data storage medium of
spindle includes a first diameter,

aperture includes a second diameter,

wherein the data carrier includes an aperture having a

-

third diameter, and
substantizlly egual

diametex.

wherein the third diameter is

to or greater than the second

A 1
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16. The thin film digital data storage medium of
Claim 15 wherein the adaptor includes first and second

substantially;plénar opposing surfaces with a rotational

~locking device extending above the first surface of the

adaptor and at least partially around the adaptor
aperture for engaging a rotational locking element
forming a part of the data carrier to prevent relative
rotation between the adaptor and the data carrier.

17. The thin film digital data storage medium of
Claim 16 wherein the third diameter of the data carrier
aperture exceeds the second diameter of the adaptor
aperture and wherein the rotational locking device
includes a slot positioned above the first surface of
the adaptor for receiving and engaging a tab extending

inward from the data carrier aperture.

18. The thin film digital data storage medium of
Claim 17 wherein the rotational locking device is formed
as a cylindrical section having an interior diameter
approximately equal to the first diameter of the spindle
and an exterior diameter approximately equal to the
third diameter of the data carrier and wherein the slot

a
is formed in a cylindrical section.

13. The thin film digital data storage medium of
Claims 1 or 2 wherein. the data carrier includes a non-

circular perimeter.

20. The thin film digital data storage medium of
9 wherein the data zone includes a circular

perimeter.
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22. The thin film digital data storage medium of -
Claim 2 wherein the opposing surface of the data layer
is placed adjacent to the adaptor and the data surface
is spaced apart from the adaptor and wherein the data
layexr is fabricated from an optically transpafent,

refractive material.

23. The thin film digital data storage medium of
Claim 22 wherein the light beam from the light source is
partially focussed by refraction within the adaptor and
is partially focussed by refraction within the data
layer to fully focus the light beam onto the data zone.

24. The thin film digital data storage medium of
Claim 23 wherein the opposing surface of the data layer

is imprinted with viewable information.

25. The thin film digital data storage medium of
Claim 24 wherein the data surface lying outside the data

zone is imprinted with viewable information.

¢ 26. The thin £ilm digital data storage medium of
Claim 25 wherein the data carrier includes a non-

circular perimeter..

27. The thin £ilm digital data storage medium of
Clzim 26 wherein the data zone includes a circular
perimeter and wherein the perimeter of the data carrier

remains outside the perimeter of the data zone.

wherein the spindle includes a first diameter,
wherein the adaptor aperture inclﬁdes a2 second diametier,
rriexr includes a removable central

er and a reduced sirencth
the third diameter is

r greater than the second
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29. The thin film digital data storage medium of
Claim 28 wherein the reduced strength perimeter of the
removable central section is provided by a series of

perforations along the perimeter.

30. The thin film digital data storage medium of
Claim 28 wherein the perimeter of the removable central
section includes a thickness and wherein the reduced
strength perimeter is formed by decreasing the thickness

along the perimeter of the central section.

31. The thin film digital data storage medium of
Claim 28 wherein the removable central section is formed
from a materi;i.having a reduced strength in comparison
to the strength of the remainder of the data layer lying

outside the central section perimeter.

32. A thin film digital data storage medium for
use with a CD player having a centrally located spindle
for supporting and rotating a CD having planar upper and
lower surfaces and including a series of embedded data
tracks each including encoded digital data and a data
readout system including a source of coherent light
positioned below the CD for generating a light beam to
seguentially illuminate each data track to produce =z
reflected light beam modulated by the encoded digital
data to be intercepted and converted to a corresponding
electrical signal by an optical readout device, the thin

film digital data storage medium comprising:

a. a composite thin film data carrier

including
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plastic material and having a defined

thickness and first and second opposing

) B

surfaces,
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‘ii. a second layer formed from a
second optically transparent plastic material
having a first index of refraction and first
and second opposing surfaces defining a first
thickness for providing a secondary refraction
zone, the first surface of the second layer
positioned adjacent to and joined to the
second surface of the first layexr to define an
interface zone in proximity to those joined

surfaces,

iii. a microembossed data surface
formed within the interface zone having '
physically displaced surface elements with an
elevation varying relative to the undisplaced
surface elements to encode digital data;

b. an adaptor for temporarily receiving and
supporting the second surface of the second layer
from below, for aligning the data carrier relative
to the adaptor and having a centrally located
aperture geometrically compatible with the CD
player spindle for aligning the adaptor relative
to the CD player and for enabling the adaptor to
be supported and rotated by the spindle, the
adapter further including a primary refraction
zone formed from a second optically transparent
material having a second index of refraction and

rst and second substantially parallel opposing
surfaces defining a second thickness, the
secondary reiraction zone having an area related
to the area of the microembgssed data surface and

location underlying the microembossed dat

o))

surface, whereby sequential transmission of the

th

light beam through the primary refraction zone o

the adaptor and through the secondary refraction

zone of the thin film data carrier focusses the

light beam onto the microembossed data suriace to

AN T
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produce - a reflected light beam modulated by the
digital data encoded within the microembossed data
surface for interception and conversion into a
corresponding electrical signal by the CD player
optical readout device.

33. The thin film digital data stofage medium of
Claim 32 wherein the first thickness of the secondary
refractive zone is less than the second thickness of the

primary refraction zone.

34. The thin film digital data storage medium of
Claim 33 wherein a conventional CD includes an optical
path length egual to 47 millimeters and wherein the
first thickness of the second layer and the second
thickness of the adaptor define an optical path length
substantially equivalent to the 47 millimeter optical

path length of a conventional CD.

35. The thin film digital data storage medium of
Claim 32 wherein the first and second layers of the thin

film data carrier zre permanently bonded together.

36. The thin film digital data storage medium of
Claim 32 wherein the first layer is fabricated from
polyester with the second suriace including a vacuum
deposited metallic film and wherein the second layer is

formed from a polycarbonate.

37. The thin film digitzl data storage medium of
Claim 36 wherein the polyester first layer includes a

thickness of about 1 mil and wherein the polycarbonate

second layer includes a thickness of about 10 mils.
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39. The thin film digital data storage medium of
Claim 35 wherein the microembossed data layer is
protected from abrasion by being encapsulated between

the first and second layers.

40. The thin film digital data storage medium of
Claim 32 wherein the thin film data carrier is flexible

and wherein the adaptor is substantially rigid.

41. The thin film digital data storage medium of
Claim 33 wherein the spindle includes a first diameter,
wherein the adaptor aperture includes a second diameter,
wherein the data carrier includes an aperture having a
third diameter, and wherein the third diameter is
substantially equal to or greater than the second

diameter.

42. The thin film digital data storage medium of
Claim 41 wherein the adaptor includes a rotational
locking device extending above the first surface of the
adaptor and at least partially around the adaptor
aperture for engaging the cdata carrier to prevent
relative rotation between the adaptor and the data

carrier.

43. The thin £ilm digital data storage medium of
Claim 42 wherein the third diameter of the data carrier
aperture exceeds the second diameter of the adaptor
aperture and wherein the rotational locking device
includes a slot positioned above the first surface of
the adaptor, wherein the rotational locking element
includes a tab extending radially inward from the data

-

carrier aperture and wherein the adaptor slot engages

44. The thin film digital data storage medium of
1

locking device is formed

FLUEL




10

15

20

25

30

W
wn

31

approximately equal to the first diameter of the spindle
and an exterior diameter approximately equal to the
third diameter of the data carrier and wherein the slot

is formed in a cylindrical section.

45. The thin film digital data storage medium of
Claims 32 or 42 wherein the data carrier includes a non-

circular perimeter.

46. The thin film digital data storage medium of
Claim 45 wherein the microembossed data surface includes
a circular perimeter and wherein the perimeter of the
data carrier remains outside the perimeter of the data

surface.

47. The thin film digital data storage medium of
Claim 33 wherein the data carrier includes an aperture
alignable with the aperture in the adapter and
geometrically compatible with the CD playver spindle.

48. The thin film digital data storage medium of
Claim 33 wherein the data carrier further includes a
substantially rigid substrate having a defined shape and

ral

first and second substantially parallel opposing

surfaces, and wherein the second surface of the
substrate is joined to the first surface of the

layer.

49. The thin £ilm digital data storage medium of
Claim 48 wherein the substrate includes a rectangular
shape and whexein the first surface of the substrate is

imprinted with an image or text.

W
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-51. The thin film digital data storage medium of
Claim 50 wherein the first and second areas are
subétantially equal and wherein the third area is

greater than the first and second areas.

52. The thin film digital data storage medium of
Claim 51 wherein Ehe adaptor includes a recess having a
shape and a depth configured to retain the data carrier,
the first layer, second layer and substrate each include
a height and wherein the depth of the recess in the
adaptor is compatible with the combined height of the
first layer, second layer and substrate such that the
first surface of the substrate does not extend above the

first surface of the adaptor.

53. The thin film digital data storage medium of
Claim 35 wherein the physically displaced surface
elements of the microembossed data surface are formed as
circular data tracks and wherein the data carrier
includes a circular perimeter.

54. The thin f£ilm digital data storage medium of

h
o

Claim 23 wherein the first index of refraction is

substantially egual to the second index of refraction.

£5. The thin £ilm digital data storage medium oi
im 33 wherein the spindle includes a first diameter,
wherein the adaptor aperture includes a second diameter,
wherein the data carrier includes a removable central
section having & third diameter and a reduced strength
perimeter, and wherein the third diameter is

substantially equal to or greater than the second

56. The thin film digital data
Claim 55 wherein the reduced
s

removable central secrion i
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57. The thin film digital data storage medium of
Claim 55 wherein the perimeter of the removable central
section includes a thickness and wherein the reduced
strength perimeter is formed by decfeésing the thickness
of the perimeter of the central section.

58. The thin film digital data storage medium of
Claim 55 wherein the removable central section is formed
from a material having a reduced strength in comparison
to the remainder of the data layer lying outside the

central section perimeter.

59. The thin film digital data storage medium of

Claim 55 wherein the first surface of the first layer of
the data carrier is imprinted with viewable information.

60. A method for adapting a thin f£ilm digital
data storage medium having a non-circular perimeter to
be played by a standard CD player having a centrally
located spindle for supporting and rotating a CD having
planaxr upper and lowexr suriaces and including a series
of embedded data tracks each including encoded cdigital

data and a data readout system including a source of

jJ]

coherent licht positioned below the CD for generating
light beam to sequentially illuminate each data track to
produce a reflected light beam modulated by the encoded
digital data to be intercepted and converted to a
corresponding electrical signal by an optical readout

device, comprising the steps of:

distance frxrom z central 1 i

microembossed data surface positioned

symmetrically about the central location and
a

having circular data tracks within

Hiy

and formed Zxrom physically displaced suriace

(T
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elements with an elevation varying relative to
undisplaced surface elements to encode digital
data, the data carrier including an aperture
geometrically compatible with the CD player
spindle and centered relative to the circular data

tracks of the microembossed data surface;

b. providing an adaptor having a circular
perimeter and a centrally located aperture
geometrically compatible with the CD player
spindle for aligning the adaptor relative to the

'CD player and for enabling the adaptor to be

supported and rotated by the éﬁindle, the adapter
further including a refraction zone formed from an
optically transparent material having a defined-
index of refraction and first and second
substantially opposing surfaces defining a
thickness, the refraction zone having an area
related to the area of the microembossed data

suriace;

c. coupling the adaptor to the CD player
spindle by aligning the adaptor aperture with the

CD playver spindle;

d. positioning the data carrier with the
microembossed data surface oriented to receive the
light beam while laterazlly z2ligning the data

carrier aperture with the adaptor aperture;

nting relative rotation between the

[tY

o]
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m

carxriex to be rotated at the same rate as the CD
1

a
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urface while transmitting the
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light beam through the adaptor refraction zone to
enable the light beam to be focussed onto the
circular data tracks and to produce a reflected
light beam modulated by the digital data encoded
within the microembossed data surface for
interception and conversion into a corresponding
electrical signal by the CD player optical readout

device.

61. The method of Claim 60 wherein the spindle
includes a first diameter, wherein the adaptor aperture
includes a second diameter, wherein the data carrier
includes a removable central section having a third
diameter and a reduced strength perimeter, and wherein
the third diameter is substantially equal to or greater

than the second diameter.

62. The method of Claim 61 wherein the reduced
strength perimeter of the removable central section is
formed by creating & series of perforations along the

perimeter.

63. The method of Claim 61 wherein the perimeter
of the removable central section includes a thickness
and wherein the reduced strength perimeter is formed by
decreasing the thickness of the perimeter along the

central section.

64. The method of Clzim 61 wherein the removable
central section is formed by selecting a material having
a reduced strength in comparison to the strength of the

4

remainder of the data layer lying outside the central

section perimeter.

U B
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with an elevation varying relative to undisplaced -

surface elements to encode digital data, a centrally

located aperture, an optically transparent plastic

material having a first thickness and a first index of

refraction for providing a secondary refraction zone,

said adaptor comprising:

rotaticnal

a. a primary refraction zone formed from a
second optically transparent material having a
second index of refraction and first and second
substantially parallel opposing surfaces defining
a second thickness, a centrally located aperture
geometrically compatible with a CD player spindle
and with the data carrier aperture for aligning
the adaptor relative to the CD player, for
aligning the microembossed data surface relative
to the adaptor, and for enabling the adaptor to be
supported and rotated by the spindle, the primary
refraction zone having a circular area related to
the area of the microembossed data surface,
whereby sequential transmission of the light beam
through the primary refraction zone of the adaptor
and through the secondary refraction zone of the
thin f£ilm data carrier focusses the light beam
onto the microembossed data surface to produce a
reflected light beam modulated by the digital data
encoded within the microembossed data surface fox
interception and conversion into a corresponding
electrical signal by the CD player optical readout

device; and

s
surface of the adaptor and at least partially around the

N
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adaptor aperture for engaging the data carrier.

67. The adaptor of Claim 66 wherein the data
carriexr further includes a xrotational locking element
extending at least partially around the aperture in the
data carrier for engaging the adaptor rotational locking
device to prevent relative rotation between the adaptor

and the data carrier.

68. The adaptor of Claim 67 wherein the CD player
spindle includes a first diameter, wherein the adaptor
aperture includes a second diameter, wherein the data
carrier aperture includes a third diameter and wherein
the third diameter is substantially equal to or greater

than the second diameter.

69. The adaptor of Claim 68 wherein the third
diameter of the data carrier aperture exceeds the second
diameter of the adaptor aperture and wherein the
rotational locking device includes a slot positioned

above the first surface of the adaptor.

70. The adaptor of Claim €9 wherein the
rotational locking element includes a tab extending
inward from the data carrier aperture and wherxein the
adaptor slot receives and engages the tab in the data

carrier.

71. The adaptor of Claim 70 wherein the
rotational locking device is formed as a cylindrical
section having an interior diameter approximately equal
to the first diameter of the spindle and an exterior
diameter approximately equal to the third diameter of

the data carrier and wherein the slot is formed in the

72. The adaptor of Claim 65 wherein the adaptor

includes a circular perimeter and wherein the data

O R
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carrier includes - a shape having a.non-circular perimeter

lying inside the adaptor circular periméter.

73. The adaptor of Claim 72 wherein the
rotational locking device includes a recess in the first
surface of the adaptor having a shape compatible with
the shape of the data carrier for receiving and
retaining the data carrier in the adaptor.

74. The adaptor of Claim 65 wherein the spindle
includes a first diameter, wherein the adaptor aperture
includes a second diameter, wherein the data carrier
includes a removable central section positioned within
the centrally located aperture and having a third
diameter and a reduced strength perimeter, and wherein
the third diameter is substantially equal to or greater

than the second diameter.

75. The adaptor of Claim 74 wherein the reduced
strength perimeter of the removable central section is
provided by a series of perforations along the

perimeter.

76. The adaptor of Claim 74 wherein the perimeter
of the removable central section includes & thickness
and wherein the reduced strength perimeter is formed by
decreasing the thickness a2long the perimeter of the

central section.

77. The adaptor of Claim 74 wherein the remcvable
central section is formed from a wmaterial having a
reduced strength in comparison to the strength of the
remainder of the data layer lying'outside the central

section perimeter.
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78. A thin filin digital data storage medium substantially as
herein described with reference to and as shown in the accompanying

drawings.

79. A method for adapting a thin film digital data storage
medium having a non-circular perimeter to be played by a standard CD
player having a centrally located spindle substantially as herein described

with reference to the accompanying drawings.

80. An adapter for temporarily receiving and supporting a thin
film data carrier from below substantially as herein described with

reference to and as shown in the accompanying drawings.
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