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RECORDING MEDIA INCORPORATING EXPLOSIVE COMPOUNDS

BACKGROUND OF THE INVENTION

The present invention relates to the recording of
binary information on recording media. More particularly, the
invention relates to recording media containing energy

amplifying substamces.

In recent years, data storage systems have been
developed to store data pemanently on a recording material by a
beam of radiant energy. Recording with beams of high-intensity
light, such as with an intensity modulated laser beam, is
advantageous due to the small size of the spots which can be

created.

While laser recording equipment for data storage
systems has been developed to an advanced state, a precise and
convenient recording media has not previously been found.
Conventional photographic plates have been used but are
d isadva ntageous because they require special handling and must
be chemically processed before the data can be retrieved.

Some recording media, including those that contain
chemical dyes which change color in response to heat or light
and those that are thin films or tapes which are perforated by
pulses of intense laser light, do not require chemical
deve lopment. However, to record ‘bn such media it has been
necessary to use‘high-intensity lasers in order to generate
enough energy to make record.ing marks. The production of
high-intensity laser light is much more expensive than the
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production of lower intensity laser light. It is, therefore,
desirable to provide a recording medium which will record
information when subjected to comparatively low intensity laser

light.

BRIEF REFERENCE TO THE PRIOR ART

One approach ﬁc low intensity laser recording is
disclosed in U.S. Patént*No. 3,787,210, dated January 22, 1974,
of Roberts. This patent describesr a medium which employs a .
transparent substrate 'coatedr with heat-absorbing particles
dispersed in a self-oxidizing binder. Specifically, Roberts
refers to a recording film that comprises a substrate of an
organic material coated with a material having heat-absorbing
characteriétics, such as carbonr black part‘icles, dispersed in a
Self-oxidizing binder such as nitrocellulose. As laser light
strikes the medium, it is absorbed by the carbon black

particles, and heat builds up to the point where combustion of

the nitrocellulose is initiated. The combustion propels an area

of the coating away from the subétrai;e, leaving a clear spot
surrounded by a dark background. .

Because carbon black particles are used, the Roberts
"medium has a grain structure. This limits the resolution of the
- medium. Also, Roberts' use of a self-oxidizing binder further
limits resolution and presents other problems. Nitrocellulo'sg
is a poorly defined substance formed by treating cellulose with
mixtures of nitric and sulfuric acid. Widely different
nitrocellulose products are obtained by varying the source of
cellulose, strengths of écids, temperature, time of reaction,
and the acid cellulose ratio. Exact reproduction of a
particular nitrocellulose has proven to be difficult due to the
numerous variables in the reaction process. Thus, a medium of
the type described by Roberts would be diffiéult to manufacture
in commercial quantities due to uniformity and other quality
control problems. This is Lindesirabl.e as it is important that

o
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the media obtained from different batches possess a constant

sensitivity to laser light in order to ensure that the spots

generated are of uniform size and can be spaced closely to

achieve maximum data density.

Another approach to low intensity laser recording is
described in U.S. Application Serial No. 143,827, filed April
25, 1980, of Moore et al. and its foreign counterparts, such as
U.K. Patent No. 1,592,390. The described recording medium is a
polymer material containing particles of reactant substance. 1In
one example, reactant particles are made by combining a metal
reducing agent with an oxidizing agent such as barium chromate
to form a thermite type mixture. The reactant particles react
exothermally upon exposure to laser light of sufficient
intensity. This reaction chars the polymer material, thus
creating dark areas which can be read by an optical digital
scanner. Thus, in the recording method of Moore et al., a
polymer binder is charred. Also, the reactant particles’
utilized in Moore et al. will produce a graih structure similar

to that of the Roberts media, thus limiting resolution.

Rubner, U.S. Patent 4,287,294, discussed in context in

more detail below, describes a photographic medium in which

organic azides are used as photo-initiators.

de Bont et al., U.S. Patent 4,230,939, describes an

infomation-recording element having a dye-containing auxiliary
layer. It provides a transparent substrate, an auxiliary layer
provided on the substrate, and a laser-reflective information
record ing layer provided on the auxiliary layer. This auxiliary
layer or activating layer includes a laser light-absorbing dye.
In the process of using the elements of the de Bont et al.
patent, laser light is incident on and passes through the
transparent substrate, traverses and is partly absorbed by the
auxiliary layer, is then reflected against and partially

absorbed by the information recording layer, again traverses and
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is partly absorbed by the auxiliary layer and ultimately leaves
the element on the side of the substrate. The resultant '
temperature increases in the laser incident areas of the
auxiliary layer and ﬁhe information recordirig layer cause
melting and hole formation in the information record ing layer
and in the auwiliary layer. The auxiliary layer may also
include an endothermal material (i.e. a material capable of
conversion via exothemal decomposition into thermal energy and
preséure build-up) namely a p_olymeric endothermal material such
as nitrocellulose or nitroglyc’eri'ne-nitrocelluloser mixtures -
which are used as explosive ‘binders for the dye in the auxiliary
layer. Picrates, for example the picric acid salt of the dye
“used in the auxiliary layer, are also suggested. However, none

is specifically exemplified.

BRIEF SUMMARY OF THE INVENTION

It has now been discovered that these and other
problems of the prior art may be significantly reduced or even -
eliminated by providing a recording medium matrix with a
pho tosensitive materi al that includes a selected explosive
material anmd a cdmpatible, appropriately light absorptive dye.

The explosive material may be chosen from metal azide explosive

materials which exhlblt su:.tably rapid exothermic decompos:.tlon
at conditions achievable in localized areas under laser
radiation of a wavelergth and intensity commonly encountered in
optical recording equipment, to céusg ablation of the
photosensitive layer and hence leave optically detectable

indicia.

One particularly preferred example of explosive

- materials for usé in the present-.invention is transition metal
azides, especially those having exélosion temper:a,tﬁures above
about 100°C but below about 350°C, and which are capable of
releasing significant amounts of energy on explosive
decomposition. Thus the photosensitive material suitably

or
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includes a molecular dispersion of a metal azide. Such a matrix

proves to be a very precise recording medium. When a pulse of
moderate intensity light, e.g. laser light, strikes such a
medium, that wlume of the photosensitive material which is in
the path of the pulse absorbs the light energy and is heated.
This causes the molecules of the reactant substamce, i.e. metal
azide, in the heated volume predictably to react exothermally.
The additional heat energy and gases liberated during the

reaction are sufficient to create a void or hole in the

photosensitive material.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A particularly advantageous medium according to the
present invention includes a substrate material which is coated
with a photosensitive material, and a protective transparent
covering which overlies the photosensitive material. The
photosensitive material is a solid solution which includes a
metal azide compound, a dye, and a binder. When a beam of light
is directed at such a medium, Liéht energy is absorbed by the-
dye which in turn transfers thermal energy to the azide. The
azide explosively reacts liberating heat and nitrogen and
creates a wid or a hole in the photosensitive méterial. The
void has different optical characteristics than the surrounding
material which contains the dye and thus can be read by an

optical scanner.

.The photosensitive material of the invention does not
utilize "grains" but rather includes homogeneously dispersed
molecules of the metal azide and the absorbing dye. Because
there are no "grains", the medium has very high resolution.

Some patents describe photographic media which form an
image by the decomposition of organic azides. The images are
formed by mechanisms that do not utilize heat released during
decomposition. The organic azides are used as cross-linking
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agents, dye couplers, of initiators for polymerization. For
example, in U.S. Patent No. 4,287,294 of Ruk;ner, organic azides
are used as photo-initiators. The organic azide in the Rubner
patent absorbs the radiant energy and transfers this energy' to
an oiefinically unsaturated polymer which initiates further
poly,metization or cross-linking. This isrdistinct from the
present invention in which a void is created by heat .and gas
given off as a metal azide decomposes exothemmally. The
photosensitive material in the present invention is ablated, in
contrast with the char ring of the polymeric birmder which occurs
in the method of Moore et al. (U.K. Patent 1,592,390, op. cit.).

- One object of this invention is to provide a digital
recording medium which is able to utilize comparatively low

intensity laser light as a recording source.

Another object of the invention is to provide a digital
recording medium which, after being recorded upon, will provide

high resolution when read by érj optical scanner.

Another object of this invention is to provide a
digital recording medium which, after being recorded upon, will
provide a high signal to noise ratio when read bé an optical

read-out device.

These and other objects, advantages, and features of
this invention will be apparent from the following detailed
description. o

BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

FIG. 1 is a block diagram of an analog to digital
optical recording system capable of producing a pemanent record
on the 158109?5 ing medium of the present invention; amd

FIG.s 2 and 3 are side, cross section views of

record ing media according to the present invention.
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DETAILED DESCRIPTION

Referring to FIG. 1, a typical device is shown for
recording a binary data pattern by means of a radiant energy
sourc e, particularly a pulsed light source. The system includes
a recorder unit 10 having its input connected to an audio-visual
analog signal source 12, such as a microphone or television
camera. This analog input signal 23 is applied to the input of
an analog-to-digital signal converter 24 provided in the
recorder unit 10 and which produces a digitally encoded
electrical output signal 26. The output of the
analog-t o-digital signal converter 24 may be directly connected
to an electrical optical digital signal recorder 28 through an
amplifier 29 if it is desired to record the digital signal in
real time simultaneously as it is generated. However, it may be
desirable temporarily to store the digital signal 26 on the
magnetic tape or other memory device of a digital computer 30

and to record such signals later at a more convenient time.

The electrical to optical digital signal recorder 28
converts the digital electrical signal into a digital light
signal and records such light signal by scanning. a pulsed light
beam 40 of small spot size on a photosensitive recording medium
to produce a track of digitally encoded spots which can be less
than one micron in diameter. The spots are transparent in an
opaque background, thus providing the ones and zeros of a binary
code. The recording medium is supported, in a fashion which may
be conventional, for movement in a path' perpendicular to the
optical axis and is mechanically coupled to a recording medium
positioning mechanism 44 adapted for moving the medium to
produce the track of digitally encoded spots. The recording
medium positioning mechanism 44 may include a drive motor (not
shown) which is energized selectively in response to signals

transmitted by the optical digital signal recorder 28.
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The recording medium 42 of the present invention

includes a matrix interspersed with one or more explosives such
as metal azides which are stable when exposed to light of first
level of intensity, but which react exothermally when exposed to
light at a second, higher level of intensity.

In FIG. 2, such a recording medium is shown as an
actlve or recording layer 50 of pho tosensxtlve materx al, 7
nomally including a metal azide compound, a dye and a birder,
on a smooth surface of a substantlally tra nsparent substrate
54. As described below, the active layer 50 can be a composite -
of two or more layers with the metal azide anrd dye in separate
layers of the composite. A protective layer 56 may, optionall?,
be provided over the active layer 50 so that the protective
layer 56 and substrate 54 protect opposité sides of the active
layer from dust and other physical contaminants. Optionally, a
thin reflective coating could be included on a surface 58 of the
active layer 50 to reflect incident radiation 40a back into the
active layer. |

FIG. 3 shows a closely related embodiment for use with
a beam 40b of incident radiation directed toward an active layer
60 rather than a substrate layer 64. 1In this emk&ddiment, any
protective layer 66 would be substa ritially transparent. And, if
a reflective layer weres used, it would best be located between
the acti;ve layer 60 and the substrate 64.

In either embodiment, one or uiore subbing layers can be
provided between the substrate and the active layer or between
the protective layer and the active layér for the purposes
described below. Such subbing layers must be substantially
transparent if they are located in the path of the incident beam.
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PHOTOSENSITIVE MATERIAL

-

A recording medium accord ing to the present invention

prises a photosensitive material which includes an explosive
The metal azide reacts

com
material, part icularly a metal azide.
exothemally, when initiated, to amplify the energy of an

inc ident radiation beam. Specifically, at the location where

the beam strikes the photosensitive material, the exothermmal
reaction of the metal azide causes a heat build up and the

formation of a visible mark or spot in the medium. The

explosive material is preferably a primary explosive, i.e. one

which gives a high velocity of escaping gases on decomposition.

Transition metal azides especially cupric azide
constitute the most prefer red class of explosive compounds for

use in the present invention. Cupric, lead, and silver azides

are well suited since they react highly exothemally and yet can

easily be incorporated in a record ing medium.

The medium may be formed by depositing a layer
containing the metal azide on a substrate material. The metal

azide can be applied to the substrate in a binder of po lymeric

material such as gelatin, e.g. from a solution thereof followed

by spin drying. Alternatively, the metal azide may be applied

directly by vapor deposition.

A typical medium according to the invention will have
an active layer of photosensitive material that is 0.05-2.0,

preferably 0.05-0.15 microns thick.

A further group of metal azides of possible use in the
present inwvention, although not among the preferred explosive
materials for use herein, comprg.ses azides such as the azides of
lithium, calcium, barium, zinc, and cadmium, mercurous azide,
mercuric azide, trichlorotitanium azide and strontium, nickelous

and manganous azides. All of these have explosion t emperatures
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‘within the acceptable 100-350°C range. However, all of them
are shock sensitive, and need hamdling with extreme care, and
some of them pr:eseni: solubility problems, in that they are not

s:.qm.flcant ly soluble in common organlc solvents.

A further class of explosive materials suitable for use
in the present invention is diazonium salts having a suitable B
degree of stability at room temperatures, but having explosion
temperatures within the range 100-350°C. Specific examples of
suitable diazonium salts are be_nzene diazonium nitrate and -

benzene diazonium perchlorate.

In general, any explosive material having suitable
stability at room temperature, but having explosive
de_cb’mposition temperatures in the range 100-350°¢C is suitable

for use in the present invention.

A further class of explosives for use in the present
invention is constituted by picric acid and its salts and
picramic acid and its salts, whieh ha_ve explosive decomposition
temperatures in the range 100-350°C. These compounds are,
however, difficult and dangerous to hardle, par:ticulazly if kept
dry, so ﬁha,t; they present storage, compounding ar;d application
problems in practice, and on these éccounts are less preferred

in the present inwvention.

In general, to be suitable for use in the present
invention, an explosive material should be a primary explosive
as opposed to a secondary explosive, and should have an
explosion temperature in the approximate range 100°c-350° cC,
and preferably 150° C-250 C. It should have a reasonable
degree of solubility in at least one organic or inorganic
solvent, preferably an oxygenated organic solvent. It should be
capable of generating significant amounts of heat on
decromposit.:ion., In practice, the energy supplied by the incident
laser radiation on making the optical record should be at least
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doubled by the thermal decomposition or explosion of the

explosive material, and preferably is increased by at least 10
fold. It is further poreferred that the granularity of the
explosive material, and all other materials, in the
photosensitive layer should be small,'preferably less than 0.1
microns, to provide images of high optical resolution.

Advantageously, the photosensitive layer will also
include a dye to facilitate absorption of energy from the energy
source and conversion of the radiant energy into thermal
energy. The dye should be selected for its ability to absorb
radiant energy. In the case of a medium to be written by a
laser beam, the dye should be selected to absorb light at the
wave length of the irradiating light. The dye efficiently
absorbs the incident radiation of the laser, and converts the

radiant energy to thermal energy to trigger the decomposition of

the explosive material.

The recording-media, in accordance with the present
invention, can be used in conjunétion.with light radiation in-
the infrared, visible or ultraviolet regions, emanating from
suitable laser sources emitting in those regions.. It is only
necessary to choose a dye which has absorption cﬁaracteristics
matching those of the chosen laser radiation. Suitable such
dyes are known for use with laser radiation in the ultraviolet

(250-350 nm) range, the visible (350-750 nm range) and the
infrared (750-1150 nm) range.

A large number of dyes are suitable for use in
conjunction with the metal azide recording medium. Those dyes
which efficiently absorb the irradiating light and are soluble
in suitable solvents are ideal. It is preferable to choose an
explosive material, a bimder and a dye which are significantly
soluble in mutually compatible organic solvents. Then, the
bimder containing the explosive material can be deposited from
a solution in a first solvent. Subsequently, the dye can be
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applied from solution thereof in a second, mutually compatible,

but different solvent, so that it will diffuse into the.
explosive containing layer, but will not at the same time wash

away that layer.

Useful dyes will be readily determinable by tho se
skilled in the art, bearing in mind the wavelength of the
- selected laser for recording purposes. Identification of
available dyes by their chemical class and structure, along with
their radiation absorption characteristics, can be made from the

available scientific literature.

For use in sensitizing a medium to the 514 nm output of
an argon ion laser, the dyes erythrosin, erythrosin B, sudan
III, rhodamine 6G and rose bengal are examples of suitable

dyes.

For use in sensitizing a medium to the output of
common, low intensity, infrared laser radiation sources
(750-1100 nm) , usefui dyes for the present invention will be
found among the infrared dyes of the po;yméthine class and the

squarylium class.

Since the chemical structures are often compllcated,
the dyes are commonly known by trivial names. From the
guidelines and examples given herein, the available sciehtific
literature and skill in the art the operator should have no
dlfflculty in selecting and using suitable dyes for the prasent
invention in association with selected lasers and primary

explosive.

Of the polymethine dyes, dicarbocyanines ard
tricarbocyanines are particularly preférred.

The following are specific examples of suitable
infrared dyes for use in the present invention, in connection
with common low-intensity laser radiation sources (750-1100 am):
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IR 125, of foarmula

‘ CHy CH4y
O CH 4 ch=CH
N

{
(C H,_)u IS O3 Na

HDITC;

IR 140;

IR 132;

IR 144;

HITC (iodide or perchlorate);
DTTC;

Kodak dye 26;°

Squarylium dyes, for exémple:

=N\ o !
cH=( -k _\‘_Z
£Ru £ 8

(Gravensteijn et al., Proceedings of S.P.I.E. 1983, 420, 327)

The photosensitive material may be formed to include
the dye in at least two ways. The metal azide and dye can be
applied as separate, but adjacent layers or can be intimately

mixed in a single lavyer.
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In a two layver system, for example, one can first form

a layer consisting of a metal audn dispersed in a gelatin
binder. A dye can then be applied as a coating using a 2%
solution in methanol. For example, a solution of rose bergal
can be poured on a metal azide layer, which is then spun at 1900
RPM until dry. The resulting photosensitive material is a 7
homogeneous red layer with an absorption coefficient of about
1.5 at 514 nm.

IR 125 dye has been used to form plates sensitive at
830 nm. As with the red dyes above, for example the IR 125 dye
is made into a 2% solution in methanol ard coated on a metal
) azide/birder layer. The coated material is spun at 1900 RPM
until dry, and a clear green photosensitive material results.
Such material has a broad absorption 'band-cove:ing' the 750-850
nm region of the spectrum. Thus, such photosensitive material
can be used to manufacture media which are sensitive to the
output of semiconductor lasers operatmg in this wavelength

region.

Single layer photoéensitive matei:i als are desirable
because the metal azide and dye are ln intimate contact for
max:.mum heat transfer to the metal azide and also because the
material can be formed in a SLngle coatlng step. It can
sometimes be dlfflcult to malntam both an explosive metal azide
ard a dye in a solution or su spension suitable for foming a '
layer. This can, however, be accomplished by use of solutions
of metal azide ptecur,sors. Alternatively, a single layer can be
formed by vacuum deposition.

Thus, to form a photosensitive material with a dye and
an explosxve metal azide in intimate contact, in a single layer,
a dye can be applied in a solution which also contains a highly
soluble, but nonexplosive, inorganic azide compound acting as a
precm:éor for an explosive metal azide compound. Most suitable
would be an alkali azide, such as sodium azide, which can be
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maintained in solution with a dye and which.will react with an

appropriate metal compound to provide one of the explosive metal
azides mentioned above. For example, 2 grams of a dye and 2
grams of sodium azide can be dissolved in 100 ml of methanol.
Plates of a suitable substrate material are coated with an
appropriate metal salt in a gelatin bimder. Then, the plates
are immersed in the solution whereupon the sodium azide reacts
with the metal salt to form an explosive metal azide. The
plates are not washed with water but are just spun dry. The
result is a plate coated with a single layer that includes both

the explosive metal azide and the dye.

While the use of a dye is the most convenient way to
utilize laser radiant energy to initiate an exothermic reaction
in the metal azide, there are other possibilities. A medium
would operate without a dye if the incident radiant energy was
of a wavelength absorbed by the metal azide or by an adjacent

binder material or subbing layer.

Substrates

Virtually any nonporous material with a smooth surface
can be used as a subétrate to support the photosénsitive
material. Glass plates of 0.060", 0.090" and 0.250" thickness
have been used as have polymethylmethacrylate (PMMA), polyester,
polyacetate sheets and polycarbonate sheets or films.

Substantially transparent materials would be required
if it is desired to record by directing the incident beam

through the substrate, as in the embodiment of Fig. 2.

In the embodiment of Fig. 3, polished metal plates or
any reflective or clear plastic could be used as a substrate.
Glass or a polymeric material, such as those listed above, can
be plated with a material, such as gold or aluminum, to provide
a substrate with a reflective surface on which to adhere the

photosensitive layer.
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Subbing Layers

Although a metal azide layer can be formed directly on
any smooth surface,.in many instances it is advantageous to 7
provide a subblnq layer between the photosensitive layer and the
substrate. The subbing layer can improve the bonding of the
photosensitive layer to some substrates and may have one or more

additional uses.

It is difficult to form a smooth uniform layer of
photosensitive material on some polymer substrates. Apparent ly
the nature of the surface of soine plastics affects the way films
form. A subbing layer may serve to reduce the Surface' tension
of the solution, resulting in a thin homogeneous coating./ A
Subblng layer can also provide a smooth and receptive surface on
which to apply the photosensitive materl.al

Spacer or Insulating Layer

In order that the reflective layer (in Fig. 3) is
protected from themal damage, and that the heat loss from the
active layer is minimized, it is advantageous to insert a
_subblng layer which functlons as an Lnsulatlng layer, between
the reflective layer and the active layer, and, in some cases,
between the active layer and the protective layer. Typically,
this is a polymeric layer. Polymethy lmethacrylate and
polyc'-arbo.hate layers have been used sati sfactorily. Refractory
materials such as silicon dioxide amd zinc sulphlde have also
been used satisfactorily. ' '

Ant i-reflection Coating

It is also useful to provide a subbing layer on a
substrate that has a reflect:.ve surface, e.g., a metalized film
or plate. A subblng layer of the proper thlckness WLll serve to
maximize the reflection through a recorded spot on such a



WO 88/03666 PCT/US86/02404

17
substrate due to constriuctive interference of the incoming and

reflected beam, thus maximizing the signal to noise ratio (SNR)

of the medium.

Gelatin, PMMA, polycarbonate'and PVA are examples of
materials suitable for use a subbing layers. Layers of such
materials have been solvent coated from water solutions, a
toluene solution in the case of PMMA, or a toluene methylene
chloride solution in the case of polycarbonate. Any plastic or
refractory material may serve as a subbing layer if it has the

proper optical, thermal, and solvent characteristics.

Protective Layers

A cover layer can be provided over the recording layer
to protect the recording layer from scratches and to keep dust
from the focal plane. Successful cover layers have been made of
PMMA, PVA, polycarbonate, silicone rubber, and glass. The BMMA
was solvent cast from a toluene solution. The PVA was cast from
a water solution. The polycatbohate was solvent cast from a
toluene/methylene chloride solution. The silicone rubber (RTV)
was polymerized in place from a liquid monomer, and the glass
was adhered to the recording layer using an optical adhesive.
Cover layers of greater thickness (5/1000 - 47/1000 inch)
comprising extruded polycarbonate sheet, cast PMMA sheet and
glass have been laminated to the recording layer using optically

transparent UV-curable adhesives.

If the recording beam is directed toward the active
layer as shown in Fig. 3, the cover layer should be
substantially transparent to the incident radiant energy beam.
Recording with laser light has been performed through layers of
each of the above materials, To protect the cover layer from
scratching, an abrasion-resistant UV-curable coating 5-25

microns thick is used.
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gecording

To record data on tbé medium', a beam of high-intensity
radiant energy, such as laser light, is directed toward the
medium as shown in Fig. 2 or 3. Radiant energy is absorbed by
the photosensitive material, particularly any dye that is
present, until there is sufficient energy to activate thé

exothetmic decomposition of the metal azide.

Heat and gases released during the rdecomposition 7
reaction biow a hole ;in the photosensitive material, which can
later be read as part of a binary data pattem. When a dye is
present, the reaction leaves a light area on a dark field.

In tests of teoord ing media according to the preSent
~invention, it has been possible to produce spots as small as 0.6

microns in diameter.

The followlng examples descr:l.be several specific media

according to the present invention.
EXAMPLE 1

Cupric azide can be formed in bulk and then dissolved
in aqueous ammonia, mixed with a binder and solvent coated to
form a homogeneous active layer on a substrate. Cupric az_lde
and silver azide can be used in this way.

The oupric azide is formed stochiometrically by mixing
aqueous solutions of sodium azide a.r;d cupric sulfate. 3.2 grams
of cupric sulfate are dissolved in 50 ml water and added to a
solut:.on of 2.6 grams of sodium azide dlssolved in 50 ml water.
Upon addition, a reddish brown precipitate of cuprlc azide 1s
fomed. The mixture is stirred for five minutes and then
filtered. The cupric azide precipitate is then dissolved in 100
ml or less of aqueous ammonia. A film of the cupric azide is
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formed by mixing 2 ml of the above solution with 8 ml of a 2%

solution of a gelatin in water. Five drops of a surfactant,
such as Kodak's Photoflo, are added to this mixture. The
mixture is poured on a 4" x 5" glass plate and spun at 1900 RPM
until dry. A clear thin f£ilm of cuprfc azide in a gelatin

binder results. The film is approximately 0.25-0.5 microns

thick.

EXAMPLE 2

Cupric azide can also be made in situ by spin coating a
film of cupric sulfate in a bimder on a suitable substrate.
Four grams of cupric sulfate and 2 grams of gelatin are
dissolved in 100 ml of water. One drop of a surfactant, such as
Kodak's Photoflo, is added to this solution. This solution is
poured on a 4" x 5" glass plate and spun at 1000 RPM for five
minutes. The resulting plate is then immersed in a 2% methanol
solution of sodium azide for five minutes. The plate is removed
from the bath and washe€d with water and spun dry.

EXAMPLE 3

Lead azide is made in situ in a manner similar to that
of cupric azide. Pour grams of lead acetate and 2 grams of
gelatin are dissolved in 100 ml water. A drop of a surfactant,
such as Kodak's Photoflo, is added. The solution is coated on a
4" x 5" glass plate and spun for five minutes. The dry plate is
then immersed in a 2% solution of sodium azide in methanol for

five minutes. The plate is washed with water and spun dry.

EXAMPLE 4

Silver azide can also be made in situ. Four grams of
silver nitrate and 2 grams of gelatin are dissolved in 100 ml
water ard 1 drop of a suffactant, such as Kodak's Photoflo, is
added. This solution is poured on a 4" x 5" glass plate and
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spun at 1000 RPM for -five minutes. The plate is then immersed

in a 2% sodium azide in methanol solution for five minutes. The
plate is washed in water and spun dry. The silver azide is

formed as a homogeneous mixture in the gelatin birder.

EXMMPLE 5

The cupric azide formed in Example 1l can be coated on
other substrates, A PMMA or polycarbonate sheet 1 mm thick is
prepared for coating by washing with methamol while rotating- at
2300 RM. The material comprising the photosensitive layer is
made by mixing 8 mls of a 2% aqueous polyethylene glycol
solution with 2 ml of a 2% cupric azide solution in aqua
ammonia. This mixture is poured on the PMMA substrate and spun
at 1900 RPM for 10 minutes. After drying, the plate is coated
with a 2% solution of IR 125 dye in methanol and spun at 1900
RPM for 3 minutes. An insulati'ng subbing layer is then applied
by vacuum coating the plate with zinc sulphide until a zinc
sulphide layer 0.2 micron thick is created. A reflective layer
mayrthen:be provided by vacuum dépositing an aluminum layer
approximately 2,000 angstroms thick. A 0.5 micron thick ,
protective layer of zinc' su‘lphide is then deposited over the
aluminum. An irbideht laser beam records on this medium th rough
the PMMA or PC substrate layer. ' '

EXAMPLE 6

Single layer azide-dye combinations can be formed by a
slight modification of the procedures described in Examples 27, 3
and 4. The layer is formed by dissolving 2 grams of dye, such
as rose bengal, with 2 grams of sodium azide in 100 ml of
methanol. A plate coated with orie of the previously described
metal salt layers is then immérsed- in the methanol solution, and
then spuh dry.
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EXAMPLE 7

The active layer can be applied to a substrate by a
vacuum deposition technique employing resistance heating or
sputtering. These techniques eliminate the need to use a binder

material.

A 4" x 5" glass plate, one millimeter thick, is placed
in a vacuum chamber with two resistance heated boats. The first
boat contains cuprous chloride, the second contains pbtassium
azide. After the chamber is evacuated to 10_6 torr, current
to the first boat is adjusted to deposit a layer of cuprous
chloride 100 angstroms in thickness, at 20 angstroms per
second. Next, current is supplied to the second boat to deposit
100 amgstroms of the potassium azide, which reacts instantly to
form cuprous azide and potassium chloride on the substrate.
Current is then applied to the first boat and the procedure
repeated until three to five layers are deposited. The
resulting medium has an active layer 0.6 to 1.0 micron thick.

Dye and subbing layers are provided by solwvent
coating. One or more such layers can be solvent coated on the
substrate before wvacuum deposition. Or, such layérs can be
solvent coated over an azide layer previously formed by vacuum

deposition.

EXAMPLE 8

It is also possible to use vacuum deposition to form a
single active layer containing both a metal azide anmd a dye.

The procedure of Example 7 is repeated in a vacuum
chamber equipped for sputtering. In this case, three boats or
"targets" are provided. A dye, such as rose bengal, occupies

the third boat.
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To deposit the dye, a cathode is heated causing it to

emit electrons which are accelerated through argon gas, at a
negative b:essure, in the chamber. The dye target is negatively
biased to attract argon ions formed in the chamber. The ions
strike the dye with sufficient enetg?1to eject that substance
from the target and onto the substrate.

The cuprous chloride and potassium azide can be
deposited by resistance heating as described in Example 7 or by
sputtering, i.e., in the same manner that dye is deposited in
this example. The dye is preferably deposited at about the same
rate as the other substances, i.e., at about 20 angstroms per
second, so that equal amounts of the three substarnces are
déposited. The three substances are deposited in repeated,
‘alternating applications, until a single 0.6 to 1.0 micron layer
is formed. The resulting layer is a substantially uniform
dispersion'of cuprous azide, potassium chloride, and dye.

EXHKPLE_Q

Media can be formed by yet another vapour deposition

technique.

A thin metal film of lead, silver, or copper is
converted to metal azide. The film, of 0.5 micron thickness, is
exposed to hydrazoic acid vapour in a closed chamber for 8
hours. The'resulting film includes homogeneous metal azide. 1In
some instances, the film would then be coated with a suitable
dvy e, such as rose bengal or IR 125, as described in previous

examples.

i

EXAMPLE 10

Po lycarbonate of thickness 10/1000 inch is metallized
with 1000 Angstroms of aluminum or gold. A spacer layer of
thickness about 0.0L-0.05 microns is spin-coated onto the metal

-
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A binder layer 0.1-0.5 micron thick consisting of 8 ml

layer.
2% aqueous polyethylene glycol and 2 ml copper azide dissolved
in aqueous ammonia is spin-coated onto the spacer layer. The
ammonia evaporates during spin-coating, leaving a layer of
polyethylene glycol containing a dispersion of cupric azide. A
solution if IRL2S5, 2% in methanol, is spin-coated onto the
binder to give an absorbance of 1 to 2. U.V. curable adhesive
is spin-coated onto the dye layer, and then a transparent
substrate (PC) of thickness 10/1000 inch to 47/1L000 inch is

laminated umder préssure to the multilayer and U.V. cured.

The laminated material so prepared acted satisfactorily
as an optical recording medium, using incident low intensity

laser radiation from a semi-conductor laser diode.

We have shown and described the preferred embodiments
of our invention. It will be apparent to those skilled in the
art that changes may be made without departing from our
invention in its broader aspects. We, therefore, intend the
appended claims to cover all such changes and modifications as

follow in the .true spirit and scope of the invention.
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WE CLAIM:

1. A rocor:d ing -npdlum comprlsmg a gho tosensitive materl al

which contalns a metal azide.

2. : The recording medium of claim 1 wherein the
photosensitive material comprises an intimate mixture of
homogeneously dispersed metal azirder and dye molecules.

3. A recording medium comprising:

a substrate material; 7

a photosensitive material consisting essentially of an
energy absorptive dyé and a metal azide dispersed in an inert
binder; and

a transparent protective covering.

4, The recording medium of clairﬁ 3 in which the metal
azide is selected from the group consisting of cupric azide,
lead azide, and silver'azide and mixtures thereof.

5. The recording medium of claim 3 in which the energy
absorptive dye is selected from the group consisting of

ery thro s:.n, erythrosin B, rhodamme 6G, sudan 111, rose bengal,
IR 125 and mlxtures thereof.

6. The recording medium of claim 3 in which the binder is
formed from a 1.5-2.5% solution of gelatin in water.

7. The recording medium of claim 3 in which the substrate
material is selected from the group consisting of glass,
Vpolymethylmotha'crylate, polyestér, polyvinylacetate and

po lycarbonate, and any such materlals coated with a reflectlve

material.

8. The recording wedium of claim 3 in which a subblng
layer is provided between the photosensz.tlve material and
substrate.
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9. The recording medium of claim 8 in which the suboing
layer is selected from the group consisting of polyvinyl

alcohol, polymethylmethacrylate, gelatin and mixtures thereof.

10. The recording medium of claim 3 in which the

transparent covering is selected from the group consisting of
po lymethy lmethacrylate, polyvinyl alcohol, polycarbonate,

silicone rubber and glass.

11. A recording medium comprising:

a substrate material;
and a photosensitive material consisting essentially of

(1) an energy absorptive dye and

(2) an explosive material,
said explosive material having an appropriate explosive

decomposition temperature for use in optical recording medium
with low intensity laser incident energy, and being capable of

emitting significant quantities of energy upon explosive

decomposition.

12. The recording medium of claim 11 wherein said explosive

material is a primary explosive.

13. The recording medium of claim 12 wherein said explosive
material has an explosive decomposition temperature in the

approximate range lOOOC-350°C.

14. The recording medium of claim 12 wherein said explosive
material has an explosive decomposition temperature in the

approximate range 150%-250°C.

15. The recording medium of claim 14 wherein said explosive

material is a transition metal azide.
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16. The recording medium of claim 11 wherein the explosive

material is cupric azide, lead azide or silver azide.

17. The recording medium of claim 11 wherein said explosive
material is a metal azide selected from the group consisting of

lithium azide, calciun azide, zinc azide, cadmiun'azidp barium

azide, mercurous azide, mercuric azide, trlchlorotltanlum azide,
strontium azide, nickelous azide and manganous azide.

18. The recording medium of claim 11 wherein the explosive

material is a diazonium salt.

19. The recording medium of claim 18 wherein the explosive
material is benzene diazonium nitrate or benzene diazonium

perchlorate.

20. The recording medium of claim 1l wherein the explosive

material is dispersed in an inert birder.

2L. The recording medium of claim 11 wherein the energy
absorptive dye is an infrared absorblng dye of the polymethine

class or squaryllum class.

22. - The recording medium of claim 21 whereln the dye is a
dicarbocyanine or a trlcarbocyanlne

23. The reCordinq medium of claim 12 wherein the dye has an
infrared radiation absorption capacity in the range 750 nm -
1100 nm, to match the wavelength of semi-conductor diode laser

emission.

24, The recording medium of claim 1l wherein the energy
absorptive dye sensitizes the photosensitive material to the

output of an argon ion laser.
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25. The recording medium of claim 11 wherein the energy

absorptive dye sensitizes the photosensitive layer to
nltraviolet radiation in the wavelangth ranmge 250-350 nm.

26. The recording medium of claim 11 wherein the energy
absorptive dye sensitizes the photosensitive layer to visible
light radiation in the wavelength range 350-750 nm.

27. The recording medium of claim 24 wherein the dye is
selected from the group consisting of erythrosin, erythrosin-B,

sudan III, rhodamine 6G and rose bengal.

28. The recording medium of claim 11 further including a
subbing layer interposed between the substrate material and the
photosensitive material, said subbing layer consisting

essent ially of a heat insulating material, to reduce heat losses

from the photosensitive material and to protect the substrate

against thermal damage.

29. The method of recording'images on a recording medium -
which comprises contacting a beam of laser light with a medium
containing (a) a substrate material, and (b) on tpe substrate
material, a photosensitive material comprising an energy

' absorptive dye capable of at least partially absorbing the
incident laser light and a primary explosive material, said
primary explosive material having an explosion temperature in
the approximate range of 1000-350°C, and being capable of
emitting significant quantities of energy upon explosion,

the dye and the explosive material being present in
amounts sufficient that the beam causes the explosive material
to react exothermically at the location of contact, form a void
in the photosensitive material, thereby leaving a light area on
a dark field, which area can be read by an optical readout

device,
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30. The method of claim 29 in which the recording medium
comprises a transparent protectLve coverlng over the

photosensitive material.

31. The method of claim 29 in which the substrate material
is selected from the group of materials consisting of glass,

po lymethylmethacrylate, 'polyester, polyvinylacetate,

po lycarbonate, and any such materials plated with a reflective

material.

32. The method of claim 29 in which a subbing layer is
provided between the photosensitive material and substrate.

33. The method of claim 32 in which the subbing layer is
seleéted from the group consisting of polyvinyl alcohol,
polymethylmethacrylate, polycarbonate, 510 ZnS and gelatin
and mixtures thereof.

34. The method of ‘claim 32 wherein the subbing layer
constitutes a thermmally insulat-ihg, layer, to reduce heat losses
from the photosensitive material and to protect the substrate
against themal damage.

35, The method of claim 30 in which the transparent
covering is selected from the group consisting of
polymethylmethacrylate, polyvinyl alcohol, polycarbonate,
silicone rubber, and glass.

36. The methord of claim 29 wherein the primary explosive
material has an explosive-decomposition'temperature in the
approximate rarnge lSO-ZSOOC.

37.- The method of claim 36 wherein the explosive material
is a transitional metal azide.
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38. The method of claim 37 wherein the explosive material

Ls cupric azide, lead azide or silver azide.

39. The method of claim 29 wherein said explosive material
is a metal azide selected from the group consisting of lithium

azide, calcium azide, zinc azide, cadmium azide, barium azide,
mercurous azide, mercuric azide, trichlorotitanium azide,

stront iun azide, nickelous azide and manganous azide.

40. The method of claim 29 wherein the explosive matertal

is dispersed in an inert binder.

41. The method of claim 29 wherein the explosive material

is a diazonium salt.

42, The method of claim 41 wherein the explosive material

is benzene diazonium nitrate or benzene diazonium perchlorate.

43. The method of claim 29 wherein the energy absorptive

dye is an infrared absoArbing dy-e. of the polymethine class or the

squarylium class.

44, The method of claim 29 wherein the lasef light beam is
produced by a semi-comductor diode laser of wavelength in the
range 750 - 1100 nm, and the infrared dvye has appropri ate
absorption characteristics to match the laser wavelength.

45, ‘The method of claim 29 wherein the energy absorptive
dye is an ultraviolet absorbing dye capable of absorbing
radiation in the wavelength ranmge 250-350 nm.

46. The method of claim 29 wherein the energy absorptive
dye is a visible light absorbing dye capable of absorbing
radiation in the wavelength range 350-750 nm.

47. The method of forming a medium to record images which

comprises:



WO 88/036'66 PCT/US86/02404

: 30 : ,
pcovxdlng on a substrate material, a photosensitive

material which contains a metal azide.
48. - . The method of claim 47 comprising:
adhering a metal salt to a substrate; and

contacting the substrate with a solution of an azide
salt so that the azide in solution reacts with the metal salt to

leave metal azide on the substrate.

49, The method of claim 48 wherein the azide salt is an

alkali metal azide.

50. The method of claim 47 comprising alternately vecuum

depositing on the substrate:

‘a first substance selected from the group con513t1ng of
a lead halides, 511ver halides, cuprous halides, and mlxtures
thereof; and

a second substance selected from the group conSLStlng 7
of alkali metal azides and mixtures thereof.

51. ' The method of claim 50 comprLSLng providing a dye on
the substrate before the vacuum depositing.

52. The method of claxm 50 comprising providing a dye on
the vacuum deposited material.

53. ‘The method of claim 50 comprising vacuum deposxtlng a
dye to prov1de a homogeneous dlspet31on of dye in intimate
contact with the other vacuum deposited material.
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54. The method of forming a medium to record images which

comprises treating a thin metal film with hydrazoic acid vapour

to provide homogeneous tilm of metal azide.

55. The method of forming a medium to record image s, which

comprises:

providing on a substrate material, a photosensitive
material which contains an energy absorptive dye and a primary
explosive material which has an explosive decomposition
t emperature in the approximate ramge 100°-350°C and which is
capable of emitting significant quantities of energy upon

explosive decomposition.

56. The method of claim 55 wherein said explosive material
is a primary explosive having an explosive decomposition

temperature in the approximate range 150°c-250°C.

57. The method of‘claim 55 wherein said explosive material
is a metal azide selected from the group consisting of lithium

azide, calcium azide, zinc azide, cadmium azide, barium azide,

mercurous azide, mercuric azide, trichlorotitanium azide,

strontium azide, nickelous azide and manganous azide.

58. The method of claim 55 wherein the explosive material

is a diazonium salt.

59. .The method of claim 55 wherein the energy absorptive
dyve is an infrared absorbing dye of the polymethine class or the

saquarylium class.

60. The method of claim 55 wherein the dye has an infrared
radiation absorption capacity in the range 750 - 1100 nm, to
match the wavelength of semi-conductor diode laser emission.
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6L. The method of claim 55 wherein the enerqy'absqtp tive
dye is an ultraviolet absorbing dye capable of absorbing

radiation in the wavelength ramge 250-350 nm.

62. .~ The method of claim 55 wherein the energy absorptive
dye is a visible light absorbing dye capable of absorbing

radiation in the wavelength range 350-750 nom.

63. The method of claim 55 wherein said explosive material

is a transition metal azide..

64. The method of claim 63 wherein said explosive material

is cupric azide, lead azide or silver azide.
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AMENDED CLAIMS
[received by the International Bureau
on 7 March 1988 (07.03.88);
original claim 54 cancelled; claims 1 and 48 amended;claims 55-64
renumbered as 54-63 (4 pages)]
1. A recording medium comprising a photosensitive

material which comprises a metal azide and dye molecules.

2. The recording medium of claim 1 wherein the
photosensitive material comprises an intimate mixture of
homogeneously dispersed metal azide and dye molecules.

3. A recording medium comprising:
a substrate material;
a photosensitive material consisting essentially of

an energy absorptive dye and a metal azide dispersed in an

inert binder; and
a transparent protective covering.

4. The recording medium of claim 3 in which the metal
azide is selected from the group consisting of cupric azide,
lead azide, and silver azide and mixtures thereof. '

5. The recording medium of claim 3 in which the energy
absorptive dye is selected from the group consisting of
erythrosin, erythrosin B, rhodamine 6G, sudan 111, rose
bengal, IR 125 and mixtures thereof.

6. The recording medium of claim 3 in which the binder
is formed from a 1.5-2.5% solution of gelatin in water.

7. The recording medium of claim 3 in which the
substrate material is selected from the group consisting of
glass, polymethylmethacrylate, polyester, polyvinylacetate
and polycarbonate, and any such materials coated with a

reflective material.

8. The recording medium of claim 3 in which a subbing
layer is provided between the photosensitive material and

substrate.
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providing on a substrate material, a photosensitive

material which contains a metal azide.

48. A method of forming a medium to record images which
" comprises: , ,
~ adhering a metal salt to a substrate; and

contacting “the Substrate with a solution of an

azide salt so that the azide in solution reacts with the
metal salt to leave metal azide on the substrate.

49, The method of claim 48 wherein the azide salt is an

alkali metal azide.

50. The method of claim 47 comprising alternately
vacuum depositing on the substrate:

a  first substance sélected from the group
consisting of a lead halides, silver halides, cuprous

halides, and mixtures thereof; and

a second substance selected from the group

consisting of alkali metal azides and mixtures thereof.

51. The method of claim 50 comprising providing a dye
on the substrate before the vacuum depositing.

52. The method of claim 50 comprising providing a dye
on the vacuum deposited material. '

53. , The method of clainm 50 comprising vacuum depositing
a dye to provide a homogeneous dispersion of dye in intimate
contact with the other vacuum deposited material.

ok
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54. The method of forming a medium to record images,

which comprises:
providing on a substrate material, a photosensitive

material which contains an energy absorptive dye and a
primary explosive material which has an explosive
decomopsition temperéture in the approximate range 100-350
degrees C and which is capable of emitting significant

quantities of energy upon explosive decomposition.

55. The method of claim 54 wherein said explosive
material is a primary explosive having an explosive

decomposition temperature in the approximate range 150-250

degrees C.

56. The method of claim 54 wherein said explosive
material is a metal azide selected from the group consisting
of lithium azide, calcium azide, zinc azide, cadmium azide,
barium azide, mercurous azide, mercuric azide,
trichlorotitanium azide, strontium azide, nickelous azide and

manganous azide.

57. The method of claim 54 wherein the explosive

material is a diazonium salt.

58. The method of claim 54 wherein the energy
absorptive dye is an infrared absorbing dye of the

polymethine class or the squarylium class.

59. The method of claim 54 wherein the dye has an
infrared radiation absorption capacity in the range 750-1100
nm, to match the wavelength of semi-conductor dicde laser

emission.
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60. The method of claim 54 wherein the energy
absorptive dye 1is an ultraviolet absorbing dye capable of
absorbing radiation in the wavelength range 250-350 nm.

61. The method of claim 54 wherein the energy
absorptive dye is a visible light absorbing dye capable of

absorbing'radiatioh in the wavelength range 350-750 nm.

62. The methodrrof claim 54 wherein said explosive

material is a transition metal azide.

63. The method of claim 62 wherein said explosive

material is cupric azide, lead azide or silver azide.
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STATEMENT UNDER ARTICLE 19

Claim 1 has been amended to change "contains a
metal azide" to "comprises a metal azide and dye molecules".

Claim 48 has been amended to place it in
independent form by amending the preamble to read "A method
of forming a medium to record images which comprises".

Claim 54 has been deleted and the remaining claims
renumbered and their dependency amended.
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V. CERTIFICATION
Date of the Actual Completion of the International Search 3 Date of Malling of tEsBlnteigig,?l Search Report 2

18 DECEMBER 1986

Ay /
Internationai Searching Authority ¢ Signature m
ISa/US C . , JR.
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Ill. DOCUMENTS CONSIDERED TO BE REL_EVANT (CONT!NUED FROM THE SECOND SHEET)
Category'z Citation of Document, 16 with indication, where appropriate, of the relevant passages 17 ! Relevant to Claim No 18
Y iuUS,A, 4,069,487 (RASAT) 17 JANUARY 1978. See the 3,30,35
entire document. - '
X IJAPAN, B, 58-179693 (AKIYAMA), 20 OCTOBER 1983 See |11-14,18,19,20
¥ the entire document. : 23-25,29,31,
| 40-42,44,46,55
56,58,60,62
] : ; 1-64
Y iUS,A, 3,515,554 (ROBILLARD) 02 JUNE 1970. See the 1-64
entire document.
Y ?US,A, 4,508,811 (GRAVESTEIJN) 02 APRIL 1985. See the | 11,21,23,29,43
entire document. 44 ,55,58-64
Y Us,a, 4 547 444 (BEI.L) 15 OCTOBRER 1985 See the 11,21~23,29,43
entire document. 7 44 ,55,58-60
Y |US,A, 4,599,298 (FISCH) 08 JULY 1986. See the entire 47-53
document. ‘ '
Y |US,A, 4,455,364 (SASA) 19 JUNE 1986. See the entire | 47-53
document. ' . ' -
Y ius,A, 4,268,541 (IKEDA) 19 MAY 1981. See entire document. 47-53
Y |US,A, 3,811,884 (INOUE) 21 MAY 1974. See entire document. 47-53
A lus,a, 3,787,210 (ROBERTS) 22 JANUARY 1974. See entire |  1-64
document.
A [Us,a, 4,023,185 (BLOQM) 10 MAY 1983. See entire document. 1-64
A [ US,A, 4,404,656 (CORNET) 13 SEPTEMBER 1983. See entird 1-64
document. S ' '
Y N, Jof the Sociéty of Motion Pictures and Television 1-64
Engineers, Vol. 83, No. 7, issued JULY 1974. (BERG)
| High Resolution Graphics Using a HeCd lLaser to Write
{  on Kalvar Film, See pages 588-99.
Y ;N, Optlcal Engineering, Vol. 15 No. 2- issued MARCH/ 1-64
APRII, 1976, (BARTOLINI) Optlcal Recording Media,
see pages 99-108. 7 : o
Y N, The Journal of Photographic Soience,_Vol. 19, issued "1-64
1971, Passible Use of Certain Metallic Azides for
“the Developmnent of a Field Controlled Dry Photographic
Process, see pages 25-39.

Form PCT:ISA/210 (extra sheet) (October 1981)
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FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET

V.D OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE 10

This international search report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons:

1.{_—_] Claim numbers _.__...... , because they relate to subject matter 12 not required to be searched by this Authority, namely:

2.[:] Claim numbers._______, because they relate to parts of the international application that do not comply with the prescribed require-
ments to such an extent that no meaningful international sgarch can be carried out 13, specifically:

VI.@ OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 11

This International Searching Authority found multiple inventions In this international application as follows:

I - Recording Medium: Claims 1-28

II - Method of Recording with Laser: Claims 29-46

IIT - Method of making Recording Medium Utilizing Various Procedures:
Claims 47-64

1 @ As all required additional search fees were timely paid by the gppllcant, this international search report covers all searchable claims
of the international application. Telephone practice

2.[] As only some of the required additional search fees were timely paid by the applicant, this international search report covers only
those claims of the international application for which fees were paid, specifically claims:

S.D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted to
the invention first mentioned In the claims; it is covered by claim numbers:

4.D As all searchable claims could be searched without effort justifying an additional fee, the International Searching Authority did not
invite payment of any additional fee.

Remark on Protest ~
D The additional search fees were accompanied by applicant's protest.

[] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (supplemental sheet (2)) (October 1981)
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ATTACHMENT TO FORM PCT/ISA/210, PART VI. 1

TELEPHONE APPROVAL:

In a telephone conference on December 17, 1986 with the Examiner,
Mr. Douglas Price, attorney for applicants, agreed to pay for the other
two inventions described hereafter which were not searched in a national
application with some inventive entity, namely Groups I and ITI,wherein
the elected invention in the national application, 06/585,175, was Group
II. Accordingly, Mr. Price authorized the Cammissioner to charge Deposit
Account No. 06-1358, the required $280.00 for the additional inventions
searched. : ' ' '

Counsel advised that he has no right to protest for any group not -
paid for and that any protest must be filed no later than 15 days from -
the date of mailing of the search report (Form 210). ‘

REASONS FOR HOLDING LACK OF UNITY OF INVENTION:

I is classified 430/167 and can be used in a different method of use
than in IT to include use in making photoresist image or lithographic
printing plate not requiring use of laser as well as in a different method
of manufacture, than in IIT to include thermal transfer from a receptor
surface or liquid coating procedure of use without a substrate, i.e., one
integral layer. II is classified in 430/290 and IIT is classified in 430/168.

TIME LIMIT FOR FILING A PROTEST:

Applicant is hereby given 15 days from the mailing date of this Search
Report in which to file a protest of the holding of lack of unity of invention.
In accordance with PCT Rule 40.2 applicant may protest the holding of lack of
unity only with respect ‘to the group(s) paid for. '
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