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(54) HOLOGRAPHIC ARTICLE AND PROCESS FOR MAKING SAME

(71)  We, MINNESOTA MINING AND
MANUFACTURING COMPANY, a corporation
organised and existing under the laws of the
State of Delaware, United States of

5 America, of 3M Center, Saint Paul, Min-
nesota 55101, United States of America, do
hereby declare the invention for which we
pray that a patent may be granted to us and
the method by which it is to be performed, to

10 be particularly described in and by the fol-
lowing statement:—

This invention relates to optical systems
utilizing optical articles including focused
image holograms for the storage of informa-

15 tion, decorative applications and the like.

The advent of holography, i.e., the techni-
que of recording onto a photosensitive
medium an interference pattern formed by a
reference light beam and a second light beam

20 coherent with the first beam and modulated
by an object, has brought about a veritable
revolution in optical processing. While a var-
iety of different optical configurations are
known for producing holograms, each having

25 differing advantages and drawbacks, most
prior art holographic methods suffer a com-
mon limitation of being extremely sensitive
to vibration of the respective optical ele-
ments and of limited optical quality due to

30 dust particles and the like. While techniques
such as spatial filtering may minimize some
of these limitations, in certain systems, such
as those utilized in forming focused image
holograms, such limitations are not so readily

35 eliminated.

Nonetheless, focused image holograms are
recognized as being a preferred form of inter-
ferometric recording. In U.S. Patent No.
3,834,786 (Carlsen), a technique is disclosed

40 for forming focused image holograms which
utilizes a telecentric relay lens system in

- which information from an optical transpa-
rency is spatially modulated onto an object
beam, passed in and out the lens system as

45 parallel)rays, thereby changing the magnifi-

cation of the spatially modulated beam and
thereafter co-impinged onto a photosensitive
medium together with a reference beam to
form the focused image hologram. In U.S.
Patent No. 3,917,378 (Gale), focused image 50
holograms comprising superimposed parallel
diffraction gratings, each modulated by a dif-
ferent color component, are provided as
embossed patterns on a plastic medium. All
such techniques suffer the same limitation in 55
that lenses used to focus the modulated
object beam onto the photosensitive medium
may ultimately limit the resolution and/or
spatial size of the hologram.

In an alternative technique for forming 60
focused image holograms depicted in U.S.
Patent No. 3,820,869 (Bolusset et al), some
of the disadvantages of the systems discussed
above are eliminated. In the system depicted
in Figure 4 of that patent, a transparent 65
graphic information carrying object is placed
in substantial contact with a light sensitive
plate and two beams of mutually coherent
radiation are caused to pass through the
transparent object to provide on the light 70
sensitive plate an interference pattern which
is modified by the graphic information. In
that system, one of the mutually coherent
beams is required to be directed normal to
the plane of the light sensitive plate. The 75
presence of optical elements such as a por-
tion of a lens system 25 and a beam-splitting
prism assembly between a spatial filter sug-
gested to be present at a focal point of the
lens system 25 and the transparency may 80
introduce artifacts such as those produced by
lens aberrations and dust. Furthermore, such

.a configuration limits the obtainable resolu-

tion due to shadowing effects present in a
practical system in which a photographic 85
me((iiium having even a nominal thickness is
used.

The holograms of the present invention
are provided by a novel method in which the
limitations imposed by the lens or other opti- 90
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cal elements of prior art methods are

avoided. In the present invention, a holog-

ram including at least one linear grating hav-

ing a preselected spatial frequency is formed
5 in the following steps: .

a) providing a transparency containing
an optically discernable pattern,

b) positioning a photosensitive medium
in substantial contact with the transparency,

10 c¢) directing a first beam of coherent
radiation having a predetermined
wa(\i/elength to impinge on said transparency,
an

d) simultaneously with step c), directing

15 a second beam of radiation having the same
predetermined wavelength and coherent to
the first beam to impinge onto said transpa-
rency to form an interference fringe field in
the region of intersection, and to thereby

20 form in the photosensitive medium the grat-
ing containing a holographic image of the
pattern in the transparency,

wherein the first and second beams are
spatially filtered and directed along non-

25 colinear paths directly onto the transparency
at equal angles of incidence with respect to
the plane of the transparency at the point of
incidence, such that the formed grating is
free of artifacts such as are produced by lens

30 aberrations or dust.

Spatial filtering of the beams is preferably
effected separately but in some embodi-
ments, a single beam may be passed through
a spatial filter and then split, for example by a

35 diffraction grating located adjacent the
transparency, to form the two beams.

A hologram according to the present
invention comprises a sheet material having
a permanent, optically detectable pattern

40 which includes at least one linear grating,
which grating has a preselected spatial fre-
?uency and results from the interference
ringe field produced bg/ two intersectin
coherent light beams of a predetermine

45 wavelength passing through an optical trans-
parency in substantial contact with a photo-
sensitive medium to impart a holographic
image of said transparency in said medium,
which medium is then further processed to

50 provide said sheet material with said perma-
nent pattern containing said holographic
image, the grating having been formed by
two intersecting coherent light beams which
are spatially filtered and directed along non-

35 colinear paths to impinge onto said optical
transparency at equal angles of incidence
with respect to the plane of the transparency
at the point of incidence.

In a preferred embodiment, a hologram of

60 the present invention comprises a substan-
tially homogeneous sheet material having
formed on a surface thereof an optically
detectable pattern which includes a plurality
of superimposed linear gratings. In this

65 embodiment, each of the gratings has a pre-

selected spatial frequency different from that

of the other gratings. In various related
embodiments, the plurality of superimposed
gratings are disposed with respect to each -
other at a variety of angular positions and 70
differing spatial frequency relationships.

The present invention may be utilized to
form a master hologram in which colour
information is encoded in spatial frequency
form by providing a colour transparency as 75
the optically discernable pattern and utilizing
three sets of beams of coherent radiation,
each providing a different primary colour
component. The master hologram is further
processed to yield a relief image suitable for 80
embossing low cost replica holograms which
may then be advantageously used in micro-
publishing applications wherein the colour
information may be read using an off-axis
white light illumination and proper imaging 85
of the diffracted light such as is disclosed in
U.S. Patent No: 3,834,786 (Carlsen).

In another embodiment, the holograms of
the present invention are formed in a decora-
tive article comprising a substantially 90
homogeneous sheet material. The sheet
material has on one surface thereof an opti-
cally detectable pattern which includes a
linear optical interference grating modulated
by an array of optical patterns. Typical such 95
patterns may include art work corresponding
to regular geometric patterns such as simu-
lated machine turnings, graphic information
superimposed onto geometric arrays, etc.

Embodiments of the invention will now be 100
described by way of example and with refer-
ence to the accompanying drawings wherein:

Figure 1 is a simplified schematic view of a
hologram recording apparatus according to
one embodiment of the present invention;

Figure 2 is a more detailed schematic view
of a hologram recording aF aratus according
to another embodiment o t%e present inven-
tion; :

Figure 3 is a simplified schematic of a 110
hologram recording apparatus according to
another embodiment of the present inven-
tion in which a grating is provided in the
assembly to split a single incident beam into
interferring zero order and first order dif- 115
fracted beams;

Figures 4A to 4C are schematic views of a
hologram recording apparatus according to
the present invention for use with separation
color transparencies;

Figure 5 is a schematic view of a preferred
process for reproducing the holograms of the
present invention;

Figure 6 is a schematic view of a projection
apparatus for displaying a reconstruction of a 125
hologram of the present invention;

Figure 7 is a simple example of one embod-
iment of a hologram of the present invention;

Figure 8 is a cross sectional view of a sec-
tion of a typical hologram such as that shown 130

105

120
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in Figure 7;

Figure 9 is an alternative example of
another hologram of the present invention;
and

5 Figure 10is an expanded view of a decora-
tive article according to one embodiment of
the present invention.

In a preferred embodiment shown in Fig-
ure 1, the holograms of the present invention

10 are formed in a lensless process wherein two
coherent beams of radiation impinge upon
an original two-dimensional image such as a
color master transparency 12 held in contact
with a photosensitive medium 14. The

15 photosensitive medium is selected to be sen-
sitive to the radiation to be used and to such
color information as may be present in the
transparency 12. Conventional plan sensit-
ized photographic emulsions may thus be

20 used. If desired, an additional layer 16 of an
index matching material such as xylene may
be placed between the transparency and
photosensitive medium to achieve intimate
optical contact and to prevent back reflec-

25 tions.

Two beams of mutually coherent radiation
18 and 20 are directed onto the contacted
assembly. The two beams are conveniently
obtained from a single laser source which is

30 split into two beams by a conventional beam
splitting apparatus (not shown). Each beam
is subsequently expanded through a spatial
filter to have a spherical wave front. The
beams are then directed onto the transpa-

35 rency 12 from different directions, intersect-
ing in the vicinity of the transparency to
establish a substantially linear standing wave
interference fringe field which is modulated
by the information in the transparency. Each

40 of the beams 18 and 20 impinge onto the
transparency 12 at an angle (%) with respect
to a line extending normal from the plane of
the transparency. The angle (O) is the same
for both beams. As is well known, the spatial

45 frequency of the resultant standing wave
fringe field is a function of the wavelength of
the interfering beams and of the angle there-
between. The photosensitive medium 14 is
thus exposed by the modulated interference

50 fringe field to form a substantially linear grat-
ing in the medium which is a holographic
replica of that portion of the transparency
selectively transmitting the beams 18 and 20.

As described in more detail hereinafter, in

55 a preferred embodiment, color information
is recorded onto the photosensitive medium
14 via multiple exposures wherein, in the
embodiment shown in Figure 1, the beams
18 and 20 are altered to provide a different

60 wavelength for each exposure. Preferably,
three exposures may be employed, each with
light corresponding to a different primary
color. In this embodiment, the angle of the
beams with respect to the surface of the

65 medium 14 is maintained constant. Three

superimposed gratings are thus formed, each
having a different spatial frequency. In one
embodiment, the assembly of the transpa-
rency 12 and medium 14 may be fixed with
respect to the incident beams 18 and 20 such 70
that all of the gratings resulting from the
three exposures are parallel. Alternatively,
the assembly may be rotated about the axis
22 between each exposure such that the grat-
ings are non-parallel to each other, or the 75
three sets of beams may be incident simul-
taneously, each set being directed along a
different axis. The spatial frequency of
intermodulation frequencies resulting from
interference between the fundamental grat- 80
ings is thereby increased such that they fall
outside the imaging aperture of a reconstruc-
tion device such as that shown in Figure 6.
The imaged photosensitive medium 14
may thereafter be developed by appropriate 85
techniques according to conventional photo-
graphic processing. Preferably, such media
may be used to form a master hologram
which is replicated in a thermoplastic type
medium. .90
In the more detailed schematic of Figure 2,
a preferred apparatus for forming a holog-
ram according to the present invention
includes a laser 24 as the source of coherent
radiation, such as at a wavelength of 6328 A. 95
This light is reflected from mirror 26 and
thence through a beam splitter 28 formed of
a half-silvered mirror to form two mutually
coherent beams 29 and 30. The two beams -
29 and 30 are reflected from mirrors 31 and 100
32 and pass through beam expanding spatial
filters 34 and 36 such as a conventional lens
pinhole spatial filter. The filters 34 and 36
ensure that effects of dust particles and other
defects and impurities in the optical system 105
are eliminated. Each beam passing through
the respective filters 34 and 36 comprises a
diverging beam of radiation having a spheri-
cal wave front. The beams 29 and 30 are
impinged upon the assembly 38 which com- 110
prises a plate holder containing the transpa-
rency 40, an index matching liquid 41, and
the photosensitive medium 42. As discussed
in conjunction with Figure 1, the substan-
tially linear interference fringe field resulting 115
upon the intersection of the two beams is
modulated by the information in the transpa-
rency 40. This modulated interference fringe
field exposes the photosensitive recording
medium 42 which may be developed to form 120

-a diffraction grating containing the mod-

ulated information.

In a preferred embodiment, wherein a
plurality of superimposed linear gratings is
desired, the laser 24 is adjusted to provide 125
radiation of different wavelengths such that
separate sequential exposures with each of
the wavelengths may be made. Accordingly,
the laser 24 may be selected to be a tunable
laser or may be a system including three laser 130
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sources and appropriate shutter and mirror
arrangements. Such configurations are well
known to those skilled in the art and need no
further discussion.

5 Inanother embodiment shown in Figure 3,
the need for two separate beams such as that
grovided in the embodiments depicted in

igures 1 and 2 is eliminated by the use of a
diffraction grating 45 placed in contact with

10 the transparency 40. In such an embodiment,
the grating 45, preferably a thick volume
hologram grating, causes a single incident
spatially filtered beam 46 to be split into zero
and first order beams 47 and 48 respectively

15 which are mutually coherent and which inter-
fere to provide a substantially linear standing
wave interference fringe field in a manner

- similar to that discussed hereinabove. Such
an embodiment eliminates the need for vib-

20 ration isolation and enables low cost holog-
rams to be readily produced in inexpensive
apparatus.

In Figure 1, the beams of coherent radia-
tionincident on the assembly are shown to be

25 nondiverging, i.e., substantially parallel,
while the beams in Figure 2 are shown
diverging. The gratings of the present inven-
tion are presumed to be substantially linear,
hence it is assumed that the sources of radia-

30 tion are sufficiently remote from the assem-
bly of the transparency and the photosensi-
tive material or are suitably processed such
that substantially linear gratings are realized.
Under such conditions, both beams exhibit

35 spherical wave fronts of large radius which
interfere on a planar surface and result in an
interference pattern which consists of a series
of straight line fringes oriented perpendicu-
lar to the plane of the drawing and having a

40 substantially constant spatial frequency
across the surface. As used herein, the term
“linear grating” is intended to include such
gratings as are strictly linear at the center and
only quasi-linear toward the edges, the

45 extent of such nonlinearity depending upon
the remoteness of the incident radiation.

Figures 4A to 4C show an alternative
embodiment for providing a plurality of
superimposed linear gratings wherein each

50 of the gratings has a preselected spatial fre-
quency different from that of the other grat-
ings. In this embodiment, a color transpa-
rency, such as the transparency 12 of Figure
1 and 40 of Figures 2 and 3, is replaced with a

55 set of black and white color separation trans-
parencies. As shown in Figure 4A, a black
and white color separation providing infor-
mation corresponding to red information is
provided in the transparency 49. The trans-

. 60 parency 49 is assembled together with an
index matching liquid 50 and an orthoc-
hromic recording medium on a suitable subs-
trate 51. This assembly is illuminated by two
beams of laser light having a predetermined

65 wavelength A impinging onto the assembly at

a preselected angle 52 Ogp which is thereaf-
ter associated with the red information. A
first linear diffraction grating is produced in
the recording medium 51 which is modulated

by the red information from the transparency 70
49. A second exposure is then provided as
shown in Figure 4B. In this figure, the black
and white separation transparency 54 is
selected to provide green information. The
transparency 54 is assembled in register with 75
the same orthochromic recording medium 51
used in Figure 4A. Desirably, an index
matching liquid 50 will similarly be provided.
This assembly is illuminated by laser light of
the same wavelength utilized in Figure 4A. 80
Unlike that of Figure 4A however, the angle

56 at which the beams impinge upon the
assembly is now modified to a new pre-
selected angle Oy which is thereafter associ-
ated with the green information. Figure 4C 85
shows a third exposure in which the black
and white separation 58 is now selected to
contain blue information. This separation is
assembled with an index matching liquid 50
and the same orthochromic recording 90
medium 51 as that used in Figures 4A and
4B. Two beams of laser radiation having the
same wavelength A as that provided in Fig-
ures 4A and 4B are impinged upon the
assembly at another preselected angle 62 95
(OsL), which angle is thereafter associated
with the blue information. In a preferred
embodiment, the angle Oy is greater than
that of Ogy which in turn is greater than that

of Opp. If the smallest angle (Ogp) is judici- 100
ously selected such that during reconstruc-
tion the first order diffraction beam is inten-
sified and higher order beams are suppres-
sed, then under certain conditions, i.e.,
proper selection of groove depth and index 105
of refraction, the first order efficiency may be
controlled to be greater than the theoretical
maximum efficiency of a thin-phase grating.

As discussed hereinabove, the spatial fre-
quency of the resulting linear gratings is a 110
function both of the wavelength of the inci-
dent radiation and of the angle of that radia-
tion with respect to the assembled transpa-
rency and photosensitive material. Since, in
Fiﬁures 4A, 4B and 4C, the angle of the 115
radiation with respect to the assembly is var-
ied in each exposure, the spatial frequency of
the resulting gratings will similarly be mod-
ified.

While any variety of photosensitive 120
medium may be used in the present inven-
tion, it is particularly preferred to use a
photosensitive material which may be made
to undergo a change in the optical thickness
that is directly related to the intensity of the 125
light in the stationary interference pattern
during exposure. Accordingly, a high resolu-
tion photoresist material such as Type 1350J,
manufactured by Shipley Co., Newton, Mas-
sachusetts, may be desirably employed. Such 130
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a material may then be developed to form a
surface relief pattern corresponding to the
areas of varying intensity of the exposure.
For example, the material may be processed

5 to form holograms similar to the phase relief
holograms disclosed in U.S. Patent No.
3,703,407 (Hannan et al).

Figure 5 shows a method whereby such a

surface relief hologram has been metallized

10 to form a master hologram 64. According to
conventional thermoplastic recording tech-
niques, such a master material may be repli-
cated into a conventional thermoplastic copy
material 66 by pressing it against the master

15 64 under suitable heat and pressure condi-
tions.

Figure 6 represents a preferred embodi-
ment for reconstructing the holograms of the
present invention, i.e., those produced upon

20 direct exposure of the two coincident beams
of coherent radiation as well as those repro-
duced via replication techniques, such as that
disclosed in U.S. Patent No. 3,834,786
(Carlsen). In such an embodiment, a thus

25 prepared hologram 70 is placed in an optical
system such that white light passing along an
axis 72 through a condensing lens 74
impinges onto the hologram 70 at a pre-
selected angle. As is well known in holog-

30 raphic techniques, a diffraction pattern will
thereupon be generated along a second opti-
cal axis 76 perpendicular to the hologram 70.
The diffracted image is focused through a
second condensing lens 78, through an aper-

35 ture plate 80 and onto a viewing screen 82
such that a reconstruction of the original
image on the transparency may be observed.
Alternative reconstruction techniques simi-
larly suitable for use with the holograms of

40 the present invention are well known to
those skilled in the art.

A cross sectional perspective view of a typ-
ical hologram of the present invention is
shown in Figure 7. In this figures, the holog-

45 ramis shown to comprise a substrate 84 and a
layer of a photoresist 86. The layer 86 is
developed as described hereinabove to have
on the surface thereof a plurality of linear
diffraction gratings 88 and 90 respectively,

50 which gratings are superimposed and have
different spatial frequencies. Further,
superimposed on the gratings are graphic
information such as the letters “A”, “B”,
and “C”, 92, 94 and 96 respectively, such as

55 may be provided in the transparency shown
in Figures 1 to 4.

Figure 8 shows a typical cross sectional

“view of developed photoresist hologram
shown in Figure 7 taken along the line 8-8.

60 In an alternative embodiment, shown in
Figure 9, the holograms may comprise a sub-
strate 96 and a layer of photoresist 98
wherein the regions encompassed by the
alpha-numeric characters contain the diffrac-

65 tion patterns. In such an embodiment, for

example, one portion of the graphicinforma-
tion on the original transparency such as the
letter “A” would correspond to a first color,
while a second portion of the transparency
such as the letter “B” would be present in a 70
different color. Upon imaging with two coh-
erent beams of a first wavelength, as set forth
in the discussion in conjunction with Figures
1 and 2, which wavelength corresponds to
the color of the letter ““A”, a first linear dif- 75
fraction grating 100 corresponding to the let-
ter “A” would be formed in the photosensi-
tive medium. A second exposure with two
additional beams of a different wavelength
which is selectively absorbed by the color of 80
the letter ¢‘B” would cause the formation of a
second diffraction grating 102 in which the
spatial frequency is different than that
formed by the grating associated with the
letter “A”. 85

The above described holograms have been
found to have a variety of applications. In
one such application, the hologram is desir-
ably used in micropublishing applications
wherein color microfiche such as may consist 90
of a large number of frames (Ex. 98 frames)
may be exposed and copied by the simple
three exposure method of the present inven-
tion, thereby forming a master hologram.
Such master holograms may subsequently be 95
mass replicated according to conventional
techniques. The resultant holographic color
microfiche is useful in a reading device of the
type described in U.S. Patent No. 3,834,786
(Carlsen). In forming such a color holog- 100
raphic microfiche, each of the multiple
exposures is made with a different
wavelength radiation. The color transpa-
rency and the photosensitive medium remain
fixed in constant registration throughout the 105
exposures. Accordingly, the sets of gratings
corresponding to the basic additive color
information are automatically put into
registration. The final result is a multi-frame
color holographic microfiche matrix wherein 110
the reconstructed color spectrum of each
frame is spatially invarient with respect to the
optical axis of that frame when viewed in a
reading device of the above describedin U.S.
Patent No. 3,834,786.

In another embodiment, the holograms of
the present invention provide desirable
decorative articles. In such articles,-as shown
in Figure 10, the decorative article 106 may
comprise an embossed plastic sheet 108 hav- 120

115

- ing on a surface thereof a regular geometric

pattern 110 such as a simulated machine
turning, which is repeated across the surface
of the sheet 108. A typical such pattern may
comprise a simulated spiral-shaped groove. 125
Superimposed on such a pattern is at least
one linear grating 112 and/or 114. For pur-
poses of clarity, the line spacing of the grat-
ings 112 and 114 are shown much wider with
respect to the spiral spacing than would nor- 130
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mally be provided. When such a sheet is vie-
wed with ordinary white light, the resulting
articles reveal the pattern of the simulated
machine turning modified by light interfer-
5 ence patterns due to the diffraction gratings,
causing the article to exhibit a high estheti-
cally pleasing opalescent appearance.
In providing such articles, an original of a
regular geometric pattern such as a simulated

10 machine turning may be graphically pre-
pared. The original may then be photo-
graphically reduced and repeated via con-
ventional step and repeat camera processes,
and used to form a transparency which is

15 then processed in the same manner as discus-
sed in conjunction with Figures 1 to 4, to

rovide the embossed decorative articles.
HAT WE CLAIM IS:
1. A hologram comprising a sheet mater-

20 ial having a permanent, optically detectable
pattern which includes at least one linear
grating, which grating has a preselected spa-
tial frequency and resuits from the interfer-
ence fringe field produced by two intersect-

25 ing coherent light beams of a predetermined
wavelength passing through an optical trans-
parency in substantial contact with a photo-
sensitive medium to impart a holographic
image of said transparency in said medium,

30 which medium is then further processed to
provide said sheet material with said perma-
nent pattern containing said holographic
image, the grating having been formed by
two intersecting coherent light beams which

35 are spatially filtered and directed along non-
colinear paths to impinge onto said optical
transparency at equal angles of incidence
with respect to the plane of the transparency
at the point of incidence.

40 2. Ahologram according to Claim 1 hav-
ing a plurality of superimposed linear grat-
ings, each of which has a preselected spatial
frequency different from that of the other
gratings, all of the gratings being similarly

45 formed by two intersecting coherent light
beams impinging onto the transparency at
equal angles of incidence.

3. A hologram according to Claim 2
wherein the gratings are parallel to each

50 other.

4. A hologram according to Claim 2
wherein the gratings are non-parallel.

5. A hologram according to any of
Claims 2-4 having three sets of substantially

55 linear gratings, each set being selected to
have a spatial frequency representative of a
different portion of the visible spectrum.

6. A hologram according to any of
Claims 1-5, wherein the sheet material con-

60 tains surface modulations corresponding to
said at least one grating.

7. Ahologram according to any of claims
1-6, wherein the sheet material is the photo-
sensitive medium originally exposed to the

65 intersecting coherent light beams and further

processed to render permanent the resultant
holographic image.

8. A hologram according to any of claims
1-6, wherein the sheet material has embos-
sed thereon a replica of the holographic 70
image formed in the photosensitive medium.

9. A method of forming a hologram
including at least one linear grating having a
preselected spatial frequency comprising the
steps of 75

a) providing a transparency containing
an optically discernable pattern,

b) positioning a photosensitive medium
in substantial contact with the transparency,

c) directing a first beam of coherent 80
radiation having a predetermined
wavelength to impinge on said transparency,
and

d) simultaneously with step c), directing
a second beam of radiation having the same 85
predetermined wavelength and coherent to
the first beam to impinge onto said transpa-
rency to form an interference fringe field in
the region of intersection, and to thereby
form in the photosensitive medium the grat- 90
ing containing a holographic image of the
pattern in the transparency,

wherein the first and second beams are
spatially filtered and directed along non-
colinear paths directly onto the transparency 95
at equal angles of incidence with respect to
the plane of the transparency at the point of
incidence, such that the formed grating is
free of artifacts such as are produced by lens
aberrations or dust. _

10. A method according to Claim 9
wherein the first and second beams are spa-
tially filtered by being directed through sepa-
rate spatial filters and thence onto the trans-
parency.

11. A method according to Claim 9 or
Claim 10 including the step of providing a
black and white image as the optically dis-
cernable pattern on the transparency.

12. A method according to Claim 9 or 110
Claim 10 including the step of providing a
succession of black and white images, each of
which corresponds to a given colour compo-
nent of a multi-colour image, each of said
images being positioned in register with a 115
preceding image and impinged upon with
beams of coherent radiation of the same
wavelength and at different angles.

13. A method according to claim 9 or
claim 10 including the step of directing addi- 120
tional pairs of spatially filtered radiation
beams coherent with each other and having
the same wavelength as the first and second
beams along preselected non-colinear paths
onto the transparency at equal angles of inci-
dence, which preselected paths and associ-
ated angles of incidence are different for
each pair of beams such that coherent beams
of a given wavelength intersect each other to
form additional interference fringe fields in 130

100

105
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the region of intersection and thereby form
in the photosensitive medium a hologram
comprising an image of all the interference
fringe patterns superimposed on each other,

5 and amplitude modulated by the pattern of

the transparency, said patterns constituting a
plurality of superimposed %ratings, each of
which has a different spatial frequency from
that of the other gratings. .

- 10 14. A method according to claim 9 or
claim 10 including the step of directing addi-
tional pairs of mutually coherent spatially
filtered beams of radiation having pre-
selected wavelengths different from the

15 wavelength of the first and second beams,
which wavelengths are within the spectral
sensitivity of the photosensitive layer, along
non-colinear paths directly onto the transpa-
rency at equal angles of incidence with

20 respect to the plane of the transparency at
the point of incidence such that coherent
beams of a given wavelength intersect each
other to form additional interference fringe
fields in the region of intersection,

25 whereby a hologram comprising an image
of all of the interference fringe patterns
superimposed on each other and amplitude
modulated by the optically discernable pat-
tern is formed, said patterns constituting a

30 plurality of linear gratings, each of which has
a preselected spatial frequency different
from that of the other gratings.

15. A method according to claim 14 of
forming a hologram including a plurality of

35 linear gratings, each of which has a spatial
frequency different from that of the other
gratings, and including the additional steps of

providing a said transparency containing a
multi-colored optically discernable pattern,

40 providing a panchromatic photosensitive
layer positioned in substantial contact with
the transparency,

directing two mutually coherent spatially
filtered beams of radiation of a first pre-

45 determined wavelength along non-colinear
paths directly onto said transparency such
that each beam of said first predetermined
wavelength impinges on said transparency at
equal angles of incidence with respect to a

50 line extending normal to the plane of the
transparency at the point of impingement to
form aninterference fringe field in the region
of intersection to form on said photosensitive
layer an image of the interference fringe field

55 amplitude modulated by those portions of
the optically discernable pattern correspond-
ing to one color in the multi-colored optical
pattern,

directing two mutually coherent spatially

60 filtered beams of radiation of a second pre-
determined wavelength along non-colinear
paths directly onto said transparency such

that each beam of said second predetermined
wavelength impinges onto said transparency
at equal angles of incidence to form on said 65
photosensitive layer an image of the interfer-
ence fringe field associated with the intersec-
tion of the beams of the second predeter-
mined wavelength amplitude modulated by
those portions of the optically discernable 70
pattern corresponding to a second color in
the multi-colored optical pattern, and
directing two mutually coherent spatially
filtered beams of radiation of a third pre-
determined wavelength along non-colinear 75
paths directly onto said transparency such
that each beam of said third predetermined
wavelength impinges onto said transparency
at equal angles of incidence to form on said
photosensitive layer an image of the interfer- 80
ence fringe field associated with the intersec-
tion of the beams of the third predetermined
wavelength amplitude modulated by thos
portions of the optically discernable pattern
corresponding to a third color in the mul- 85
ticolored optical pattern.

16. A method according to claim 15
wherein all of the beams of coherent radia-
tion are directed along paths to impinge onto _
said transparency at the same angle, which 90
paths lie in the same plane.

17. A method according to claim 15
including the step of rotating the contacted
transparency and photosensitive layer with
respect to the incident beams to form said 95
image of the fringe field associated with the
beams of the second predetermined
wavelength at an orientation different from
that formed by the interference fringe field
associated with the beams of the first pre- 100
determined wavelength, and

further rotating the contacted transpa-
rency and photosensitive layer with respect
to the incident beams to form said image of
the fringe field associated with the beams of 105
the third predetermined wavelength at a
third orientation different from that formed
by the interference fringe fields associated
with the beams of the first and second pre-
determined wavelengths. 110

18. Methods of forming holograms sub-
stantially as described herein with reference
to and as illustrated by the accompanying
drawings.

19. Holograms made by a method 115
according to any of Claims 9 to 18.
~20. Holograms substantially as
described herein with reference to and as
illustrated by the accompanying drawings.

For the Applicants,
LLOYD WISE, TREGEAR & CO.,
Norman House,

105-109 Strand,

London, WC2R 0OAE.

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1980. Published at the
Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.
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