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[57] ABSTRACT 

A hologram comprises an interference pattern com 
posed of a mutual diffusion portion of a photoconduc 
tor and a metal formed at an exposed portion of a 
photosensitive member, the photosensitive member 
containing two constituting elements, that is, a photo 
sensitive receptor containing a photoconductor and a 
photosensitive intensi?er capable of diffusing into the 
photoconductor when irradiated and at least one of 
the constituting elements being in a layer form, and 
the combination of the constituting elements being se 
lected from the group consisting of (i) each of the two 
constituting elements being in a form of layer, (ii) one 
constituting element being in a form of layer and the 
other constituting element being dispersed in said 
layer, and (iii) one constituting element being in a 
form of layer and the other constituting element being 
contacted with the surface of said layer. 

17 Claims, 33 Drawing Figures 
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APPLICATION OF A NOVEL PHOTOSENSITIVE 
MEMBER TO HOLOGRAM 

BACKGROUND OF THE INVENTION 
l. Field of the Invention - 

This invention relates to a hologram and more partic 
ularly, to an application of a novel photosensitive mem 
ber to hologram. 

2. Description of the Prior Art 
A recording member for recording interference 

fringe, that is, hologram is expected to be widely used 
in information treatment and further in optical mea 
surement and image indication. 
Various photosensitive materials have been re 

searched and studied, but only one practical photosen 
sitive material is a dry plate of high resolving power' 
using a silver salt emulsion. Another photosensitive ma 
terial is a photoresist, but this is poor in resolving 
power. sensitivity and diffraction efficiency and there 
fore, is hardly used in practice unless an appropriate 
application is not found. 

Further photosensitive material are dichromate gela 
tine and thermoplastics, but are inferior to a silver salt 
emulsion and a photoresist. 

Further conventional materials such as a dielectric 
having light damage effect, a ferromagnetic material 
capable of recording Curie point and an anodized sili 
con, are not practically used at the present time. 
The dry plate of silver salt emulsion having high re 

‘ solving power, only one practical photosensitive mem 
ber for hologram, is further subjected to a bleaching 
treatment after development and ?xation and may be 
used as a phase hologram. Hologram may be generally 
classi?ed into a phase type and an amplitude type. The 
phase hologram records a pattern information as a dif 
ference of optical path length so that the hologram ap 
pears as a uniform transparent matter by naked eyes 
while the amplitude hologram records a pattern infor 
mation as a difference of optical density. It is theoreti 
cally con?rmed that diffraction ef?ciency of amplitude 
hologram is maximum, 7.2 percent. On the contrary, 
diffraction ef?ciency ofthe phase hologram can be the 
oretically 1%0‘70. Therefore, a practically usable holo 
gram is only the phase type. When a silver salt emulsion 
is used for producing a phase hologram, a bleaching 
treatment is necessary after developing and ?xing treat 
ments, but this bleaching treatment is very compli 
cated. 
The bleaching treatment step is a delicate step and is 

closely related with the developing and ?xing steps. 
When the bleaching treatment is mechanized and is 
conducted automatically, the ?nishing is largely ?uctu 
ated and there occurs irregular bleaching. 
Developing, ?xing and bleaching steps are wet steps 

and the operation is not easy. In addition, shrinkage of 
the emulsion layer is disadvantageously caused. 
The shrinkage of emulsion layer results in distortion 

of a hologram pattern and thereby the recorded infor 
mation is lost. Even ifthe shrinkage is uniform, it is un 
desirable for a certain purpose and therefore, use of sil 
ver salt treated with bleaching is limited to a great ex 
tent. Examples of the undesirable uses are optical mea 
surement and color hologram. In optical. measurement 
the accuracy is lowered and in color hologram there ' 
causes a problem of color shift. 
Other disadvantages are: 
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“Lathe mechanical strength of an emulsion layer is not 
sufficient and the durability is not satisfactory when 
contact with othermatter is necessary; ii) duplicating 
many holograms is not easy; iii) an emulsion layer is so 
thick as thicker than 5 microns and so voluminous that 
a package of high density is not obtained; iv) a process 
for producing the photosensitive member is compli 
cated and expensive; v) sensitivity, diffraction eff - 
ciency and resolving power are not sufficient; vi) the 
bleaching treatment is effected by changing the devel 
oped silver to silver iodide, but the silver iodide is not 
a stable compound and there easily causes aging, par 
ticularly, photolysis; and vii) the emulsion layer is not 
always uniform and noise is formed due to fog by devel 
opment and S/N ratio is not suf?ciently high and not 
suitablefor optical measurement of high accuracy. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided 
a hologram which comprises an interference pattern 
composed of a mutual di?usion portion of a photocon 
ductor and a metal formed at an exposed portion of a 
photosensitive member, the photosensitive member 
containing two constituting elements, that is, a photo 
sensitive receptor containing a photoconductor and a 
photosensitive intensi?er capable of diffusing into the 
photoconductor when irradiated and at least one of the 
constituting elements being in a layer form, and the 
combination of the constituting elements being se 
lected from the group consisting of (i) each of the two 
constituting elements being in a form of layer, (ii) one 
constituting element being in a form of layer and the 
other constituting element being dispersed in said 
layer, and (iii) one constituting element being in a form 
of layer and the other constituting element being con 
tacted with the surface of said layer. 
An object of the present invention is to provide a ho~ 

logram free from disadvantages of prior art. 
Another object of the present invention is to provide 

holograms of various types. 
A further object of the present invention is to provide 

a hologram capable of forming many reproduced holo 
grams by using a formed hologram as an original. 

BRIEF DESCRIPTION OF THE DRAWING I 

FIG. 1' — FIG. 6 show photosensitive members used 
for producing hologram according to the present inven 
tron; 
FIG. 7 shows diagrammatically an optical system for 

forming hologram; . 
FIG. 8 shows an embodiment of photosensitive mem 

ber of the present invention; 
FIG. 9 shows a pattern exposure step for forming an 

interference pattern; ' 

FIG. 10 — FIG. 13 shows relief interferogram; 
FIG. 14 shows a pattern exposure step for forming an 

interference pattern; . 

FIG. 15 - FIG. 19 show relief interferograms; 
FIG. 20 is apattem exposure step for forming an in 

terference pattern; . 

FIG. 21 shows a relief pattern; 
FIG. 22 shows a pattern exposure step for forming an 

interference pattern; 
FIG. 23 and FIG. 24 show relief interferograms; 
FIG. 25 shows a pattern exposure step for forming an 

interference pattern; 
FIG. 26 shows a relief interferogram; 
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FIG. 27 is a graph showing a relation between iodine 
content and shift of absorption end; 
FIG. 28 shows a diagrammatically enlarged cross sec 

tion of a reproduced member having a relief pattern; 
FIG. 29 diagrammatically show an optical system for 

regenerating an image information by using a repro 
duced hologram; 

FlG. 30 shows a relation of irradiation time, transmis 
sion factor and wavelength; 
HG. 31 shows an optical system for conducting a real 

time holography; 
HG. 32 is a photograph showing an interference pat 

tern; and 
FIG. 33 shows an optical system for forming a Fou 

rier transformation hologram. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT ' 

in this invention there may be used a photosensitive 
member comprising a photosensitive receptor com 
posed of or containing a photoconductor, and a photo 
sensitive intensi?er capable of causing a mutual diffu 
sion with the photoconductor by an actinic radiation 
and thereby forming a difference of optical density, re 
fractive index or reflection rate or combination thereof 
between the mutual diffusion portion and the non 
mutual diffusion portion, and the photosensitive recep 
tor contacting the photosensitive intensi?er. The pho 
tosensitive member is irradiated with a coherent actinic 
radiation bearing an image information to form an in 
terference pattern corresponding to the image informa 
tion. Thie interference pattern is formed by the differ 
ence ofoptical density. refractive index, reflection rate 
or combination thereof between the exposed portion 
and the unexposed portion. Thus, a hologram is pro 
duced. 

Application of an actinic radiation to the photosensi 
tive receptor results in a mutual diffusion (or mutual 
reaction) between the photosensitive receptor and the 
photosensitive intensi?er, The photosensitive intensi 
fier is combined with the photosensitive receptor to 
sensitize the photosensitive member in various man 
ners. The photosensitive intensi?er is uni?ed with the 
photosensitive receptor to receive a part of actinic radi 
ation energy and directly take part in the fundamental 
process caused by the exposure. The nutual diffusion 
portion of the photosensitive member formed by ac 
tinic radiation different from the photosensitive recep 
tor and the photosensitive intensi?er with respect to 
physical and chemical properties. The mutual diffusion 
portion serves to form interference patterns of holo 
gram. The difference of optical density, refractive 
index and reflection rate between the mutual diffusion 
portion and the original photosensitive material can be 
directly utilized as hologram. As stated below, when a 
relief interfe rogram is produced, it can be used as a ho 
logram regardless the difference of physical properties. 

The photosensitive receptor is composed of, or con 
tains a photoconductor. Representative photoconduc 
tors are chalcogen glass, organic glass or organic crys_ 
tal having photoconductivity and the glass transition 
temperature is not higher than about 400°C. Metal 
compound crystals having no glass transition tempera 
ture such as Pblz may be used in the present invention‘ 
as far as there is a material capable of mutual diffusion 
with the metal compound crystal. Chalcogen glass is an 
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amorphous material containing atleast one of elements 
of sulfur group (S, Se, Te) as a main component. Rep 
resentative chalcogen glass used in this invention are: 
a simple substance glass such as glass like Se or S; bi 
nary chalcogen glasses such as As-S system, As-Te sys 
tem, As-Se system, S-Si system, Se-S system, Se-Te sys 
tem, Sb-Se system, Sb-Te system, Bi-Se system, Bi-S 
system, Ge-S system, Bi-Te system and the like; ternary 
chalcogen glasses such as As-S-Te system, As-Se-Te 
system, Sb-As-S system, As-S-Se system, As-S-Ge sys 
tem, S-Se-Ge system, As-Se-Ge system and the like; 
quaternary chalcogen glasses such as As-S-Se-Te sys 
tem, As-S-Se-Ge system and the like. 
Furthermore, other representative chalcogen glasses 

are a mixture of the above mentioned chalcogen glass 
systems, and a chalcogen glass to which there is added 
one or more of halogen, thalium (Tl), copper, silver, 
cadmium, lead, alkali metal such as Na, K and the like, 
alkaline earth metal such as Ca, Sr and the like, ele 
ments of Nb group of the Periodic Table such as Si, Ge 
and the like, lanthanum rare earth elements such as Eu, 
Sm and the like, actinide rare earth elements such as U 
and the like. The glass like material is a material having 
glass transition temperature and includes a glass like 
material containing a crystellite material. 
As organic materials having photoelectroconduc~ 

tivity, there may be mentioned vinyl carbazole, poly-9 
vinyl carbazole, halogenated poly-l-vinyl carbazole, 
amino polyphenyl, N ,N ,N ‘,N ’-tetrabenzyl-p 
phenylenediamine, 4-4'-bis-dimethyl 
aminobenzophenone, diphenylmethane dye leuco base, 
triphenylmethane dye leuco base, polyvinyl anthra 
thene, poly-2-vinyl dibenzo-thiophene and the like. 
Photoconductive organic materials are usually used to 
gether with sensitizers. As sensitizer, there may be 
mentioned dye sensitizers and electron attractive com 
pounds. 
Examples of dye sensitizer are as follows: 
i. dicarbazylmethane or tricarbazylmethane having 
the formula ~ 

1‘ ‘ I 

R‘ 1 Rs X"_ 
17/ \N/ 
R) 1113 

where R, is aryl such as phenyl, halogen-substituted 
phenyl, nitrophenyl, dialkylaminophenyl, alkoxyphe~ 
nyl, carbazole residue, substituted carbazole residue 
and the like; R2 and R3 are, similar or dissimilar, hydro_ 
gen and/or C1-C6 alkyl; R, and R5 are, similar or dissim 
ilar, hydrogen, CFC, alkyl, CFC, alkoxy, halo, nitro, 
and/or dialkylamino; and X- is anion. 

ii. cyanine dye having the formula 

CH; CH1 CH1 CH; 

\C/ \C/ 
/ 

X we 
Iii it 

i 

B 
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where X is one nitro group or 1-2 halogens; R is alkyl 
of not higher than C”; A is ——(CH=CH),.~CH= where 
n is an integer of 0-2, 

11-0 
where R’ is a lower alkyl of C1-C4; and B is anion. 

iii. dialkylaminostyryl dye of the formula 

or -CH=CH— in which R6 is hydrogen or lower alkyl 
and R7 is hydrogen or lower alkyl; B and C are, similar 
or dissimilar, methine, substituted methine and nitro— 
gen, when it is carbon, hydrogen or an alkyl is attached 
to the B and C in the formula; R, and R2 are, similar or 
dissimilar, hydrogen, halogen such as Cl, Br and I, N02, 
COO?6 where R6 is loweralkyl, and R, and R2, taken 
together, may form a six membered ring, but when both 
B and C are carbon, there are excluded R1=RFH and 
a six membered ring formed by RI and R2; R3 is alkyl 
of not higher than C12; R4 and R5 are, similar or dissimi 
lar, lower alkyl of not higher than C,; X is anion and n 
is an integer of 1 or 2. 

iv. Brilliant Blue, Victoria Blue B, Methyl Violet, 
Crystal Violet, Rhodamine B, Rhodamine Extra 
and the like. 

As electron attractive compounds, there may be 
mentioned 2,4,7-trinitro?uorenone, 2,4,5,7-tetranitro 
?uorenone, 2-chloroanthraquinone, halides such as tet 
rabromomethane, chlorotribromomethane, iodoform, 
hexabromoethane and the like. 
As crystalline material having no glass transition tem 

perature, there may be mentioned oxides, halides, sul 
tides, selenides, arsenides, tellurides and intermetallic 
compounds of Cu, Zn, Cd, Hg, Ga, In, Tl, Pb, Sn, Sb 
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6 
and Bi. Examples of such m'a'teria’r are'Cul, Phla, PbCl2, 
CdClz, CuCl. Sblg, PbS, CdS, ZnS, PbSe, CdTe. GaAs, 
lnAs, ZnO, and lnSb. 
The photosensitive intensi?er is a material capable of 

mutually reacting with and diffusing into a photosensi 
tive receptor. 

Representative photosensitive intensi?ers are a me 
tallic solid material, a compound capable of forming a 
metallic material upon decomposition, liquid material 
or ?nely divided material dispersed in a liquid, and gas 
eous material. Examples of the metallic material are 
metals such as Ag, Zn, Cd, Mn, Ga, Ni, Cr, Cu, In, Bi, 
Sn and TI, alloys containing the above mentioned metal 
or metals, and various materials capable of forming the 
metal or metal ion upon decomposition. Furthermore, 
there may be mentioned semiconductors of Si or Ge, 
intermetallic compound such as Ga-As and In-Sb, halo 
gen element, halogen ion, semi-metal of Group V of 
Periodic Table such as As, Sb and the like, and chalco 
gen elements such as S, Se and Te. 

Particularly effective photosensitive intensi?ers are 
Ag, Cu or an alloy containing at least one of them. As 
an alloy, an alloy of low melting point is preferable. 
There may be mentioned, for example, 
Ag—Bi (Bi not less than 80%) 
Ag—Cd (Cd not less than 95%) 
Ag—Ga (Ga not less than 55%) 
Ag—Hg (I-Ig 90-95%) 
Ag—ln (In not less than 70%) 
Ag—Li (Li not less than 9%) 
Ag—Pb (Pb not less than 93%) 
Ag—Te (Te 62-86%) 
Ag—Tl (Tl not less than 92%) 
Cu-Ga (Ga not less than 87%) 
Cu—Hg (Hg not less than 95%) 
Cu-In (In not less than 95%) 
Cu-Sn (Sn not less than 93%) 

and ' 

Cu-—Te (Te 78-86%). 
A representative embodiment of the photosensitive 

member according to the present invention has two 
constituting elements which are in a form of layer and 
are laminated each other. This embodiment is shown in 
FIG. 1 and FIG. 2. FIG. 1 shows a photosensitive mem 
ber composed of a support 2, a photosensitive receptor 
layer 1 overlying the support 2 and a photosensitive in 
tensi?er layer 3 overlying the photosensitive receptor 
layer 1. FIG. 2 shows a photosensitive member com 
posed of a support 2, a photosensitive intensi?er layer 
3 overlying support 2 and a photosensitive receptor 
layer 3 overlying the photosensitive intensi?er 3. An 
other embodiment of the photosensitive member has 
one constituting element in a form of layer and the 
other constituting element is dispersed in the layer of 
the former constituting element. This embodiment is 
shown in FIG. 3 and FIG. 4. FIG. 3 shows a photosensi' 
tive member composed of support 2 and a layer of pho 
tosensitive receptor 1 overlying support 2, and in the 
layer of photosensitive receptor 1 are dispersed parti 
cles 3 of a photosensitive intensi?er. FIG. 4 shows a 
photosensitive member being composed of support 2 
and a layer of photosensitive intensi?er 3 overlying 
support 2. In the layer of photosensitive intensi?er 3 
there are dispersed particles of photosensitive receptor 
1. A further embodiment of a photosensitive member 
has one constituting element in a form of layer and the 
other constituting element which is contacted with the 
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surface of the former constituting element when or im 
mediately after subjected to pattern exposure for pro 
ducing an interference pattern. This embodiment is 
shown in FIG. 5 and FIG. 6. FIG. 5 shows a photosensi 
tive member composed of support 2 and a layer of pho 
tosensitive receptor 1, wherein, though photosensitive 
intensi?er is not shown, a photosensitive intensi?er is 
contacted with the layer 1 in a form of gas, liquid or a 
thin layer when or immediately after subjected to pat 
tern exposure for producing an interference pattern. 
FIG. 6 shows a photosensitive member composed of 
support 2 and a layer of photosensitive intensi?er 3, 
wherein, though a photosensitive receptor is not 
shown, the photosensitive receptor is contacted with 
the layer 3 in a form of gas, liquid and a thin layer when 
or immediately after subjected to pattern exposure for 
producing an interference pattern. In reference to pho 
tosensitive members as shown in FIG. l-FIG. 6, thick 
ness of each layer of a photosensitive receptor and a 
photosensitive intensi?er usually ranges from 1 mm to 
ID mit, preferably, from 30 it to 10 mpt, but the thick 
ness may be thicker than said range. And further, in 
reference to photosensitive members as show in FIG. 1 
- FIG. 6, photosensitive members with no support may 
be used for producing an interference pattern. In this 
embodiment, the thickness of layer of a photosensitive 
receptor or photosensitive intensi?er is usually not less 
than 10 it which gives self-supporting strength to the 
layer. Particularly, in the photosensitive members as 
shown in FIG. 1 and FIG. 2, the thickness ofa layer of 
photosensitive receptor preferably ranges from 3 0° to 
30 my. and that of photosensitive intensi?er preferably 
ranges from 0.2 )IL to l0 mu from viewpoint of resolving 
power. A support used in this invention may be glass, 
ceramics, cyrstal, metal, semiconductor, resin, organic 
film, paper, cloths and composite materials. Each layer 
of a photosensitive receptor and photosensitive intensi 
?er may be produced by conventional art such as vapor 
depositing under vacuum, sputtering, melt coating and 
the like, and, in case that the layer is thick, it may be 
also produced by cutting off, polishing and the like. A 
layer of photosensitive receptor containing dispersed 
particles of a photosensitive intensi?er as shown in 
FIG. 3 may be produced by such a method that a pho 
tosensitive receptor containing particles of a photosen 
sitive intensi?er is melted to form a layer on the sup 
port and that a thin ?lm or particles ofa photosensitive 
receptor is applied to particles placed uniformly on the 
support followed by heating to melt the photosensitive 
receptor. 

In the layer of a photosensitive receptor containing 
dispersed particles of a photosensitive intensi?er, the 
photosensitive intensi?er may be usually contained in 
a ratio from 0.01 to 5 parts by weight per I00 parts by 
weight of‘the photosensitive receptor. 
A layer of a photosensitive intensi?er containing par 

ticles of a photosensitive receptor as shown in FIG. 4 
may be produced by such method that a photosensitive 
intensi?er containing particles ofa photosensitive recp 
tor is melted on the support to form a layer‘ and that a 
thin film or particles of a photosensitive intensi?er is 
applied to particles of photosensitive receptor placed 
uniformly‘on the support followed by heating to melt 
the photosensitive intensifier. In the layer of photosen 
sitive intensi?er containing particles of a photosensitive 
receptor, the photosensitive intensi?er is preferably 
present in a ratio of l — 10 parts by weight based on 100 
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8 
parts by weight of the photosensitive receptor. It is pre 
ferred to use a metal of low melting point as a photo 
sensitive intensi?er for producing the layer containing 
the particles of a photosensitive receptors. The follow 
ing table gives representative metals having low melting 
point. 

Table 

mp. 
Alloy Composition (% by weight) (°C) 

Bi(44.7)Pb(22.6)Sn(8.3)Cd(5.3)ln(l9.l) 46.7 
'Bi(35.6)Pb(49.l)Hg(l5.3) I06 
Bi(50.0)Pb(26.7)Sn(l3.3)Cd(l0.0) 70 
In (40) Ga (60) 60 
Bi (48.0) Pb (28.5) Sn (l4.5) Sb (9.0) 227 
Bi (56.0) Sn (40.0) Zn (4.0) I80 
Bi(53.59)Pb(42.4l)Sb(4.0) I58 
Sn (73.5) Cd (24.5) Zn (20) I63 
Sn (7L0) Zn (9.0) I99 
Sn (98.0) Mn (2.0) 200 
Sn (96.5) Ag (3.5) ZZI 
Pb (87.5) Sb (12.5) 247 

l Pb (82.5) Cd (17.5 248 
Ag(20)Bi (80) 390 
Ag (5) Cd (95) 400 
Ag(37)Ga(63) 375 
Ag(5)Hg(95) 380 
Ag (30) In (70) 400 
Ag(9l)Li(9) 400 
Ag(7)Pb(93) 400 
Ag (29.4) Te (70.6) 351 
Ag(l.5)Te(98.5) 291 
Cu(l3)Ga (87) 400 
Cu(2)Hg(98) 200 
Cu(5)ln(95) 400 
Cu(7)Sn(93) 400 
Cu(l6)Te(84) 340 
Ge(5)Sn(95) 400 
Mg (2.2) Pb (978) 258 
Mg(2)Sn(98) 200 
Ni(l)Sn(99) 400 

Particles of a photosensitive receptor and a photosensi 
tive intensi?er may be produced by methods such as 
atomization of melted material, crushing by means of 
a vibrating mill, balling mill, mortar and the like, and 
chemical precipitation. Referring to the photosensitive 
member as shown in FIG. 5, the liquid photosensitive 
intensi?er may be applied in a state of melted form 
under heating. In this case, it is preferred to use metal 
alloy having low melting point as described in the 
aforesaid table, and the gaseous photosensitive intensi 
?er may be applied to the photosensitive receptor layer 
by vapor depositing under vacuum simultaneously with 
pattern exposure. 

Referring to the photosensitive member as shown in 
FIG. 6, the liquid and gaseous photosensitive receptor 
may be applied in a similar manner to that of the liquid 
and gaseous photosensitive intensi?er described above 
in FIG. 5. 
The photosensitive members shown in FIG. 1 -FIG. 

6 are typical embodiments of photosensitive member 
used for producing an interference patter. According 
to the present invention, photosensitive members other 
than these of FIG. I — FIG. 6 may be used in the present 
invention. For example, they are a photosensitive mem 
ber composed of a layer of phtosensitive receptor, a 
layer of photosensitive intensi?er and a layer of phto 
sensitive receptor, which is formed by overlaying a 
layer of photosensitive receptor on the layer of photo 
sensitive intensi?er 3 shown in FIG. 1, and a photosen 
sitive member composed of photosensitive receptor 
layer-photosensitive intensi?er layer-photosensitive re 
ceptor layer-photosensitive intensi?er layer produced 
by providing further a photosensitive receptor and a 



‘ 3,825,317 
9 

photosensitive intensi?er on the photosensitive intensi~ 
?er layer 3 of FIG. I. Further, these may be used a pho 
tosensitive member composed of photosensitive inten 
si?er layer~photosensitive receptor layer 
photosensitive intensifier layer as produced by laminat 
ing a photosensitive intensi?er layer on the photosensi 
tive receptor layer l in FIG. 2 and a photosensitive 
member composed of photosensitive intensi?er layer 
photosensitive receptor layer-photosensitive intensi?er 
layer-photosensitive receptor as produced by laminat 
ing a phtosensitive intensi?er layer and then a photo 
sensitive receptor layer on the photosensitive receptor 
layer 1 in FIG. 2. 

In general, the photosensitive members as shown in 
FIG. 1 and FIG. 2 may be used by further overlaying 
alternately a photosensitive receptor and a photosensi 
tive intensi?er though a treatment step in the formation 
of relief interferogram for such photosensitive member 
is complicated. . 

in FIG. 3, a photosensitive receptor layer and/or a 
photosensitive intensi?er may be provided on the pho~ 
tosensitive receptor layer 1 containing dispersed parti 
cles of the photosensitive intensi?er 3 or between the 
photosensitive receptor layer 1 and the support 2. 

In FIG. 4, in a way similar to FIG. 3 above, there may 
be provider a photosensitive receptor layer and/or a 
photosensitive intensi?er layer on the photosensitive 
intensi?er layer 1 or between the photosensitive inten 
si?er layer I and the support 2. 
As mentioned above, according to the present inven 

tion there may be used a photosensitive members of 
FIG. 1 - FIG. 6 having additionally one or more consti 
tuting elements. From commercial point of view, a sim 
ple structure of photosensitive member is generally 
preferred. 
Representative methods of producing holograms ac 

cording to the present invention are as shown below. 
Referring to FIG. 7, the optical system for forming 

hologram includes a laser 5, an inverted telescope 6 for 
enlarging the laser flux, a beam splitter 7, an informa 
tion source 8 to be recorded, a photosensitive member 
9, a reference beam 10 and a light from body 11. The 
interference fringe of the reference beam 10 and the 
light from body 11 is recorded as hologram. Regenera 
tion is conducted by intercepting the light 11 and illu 
minating only the reference beam 10 to regenerate the 
wave front of light 11. 
The present invention can be, in principle, effected 

by an exposing treatment only, but a further effective 
hologram may be obtained by carrying out an addi 
tional treatment since application of hologram is prac 
tical and wide. 
Hologram may be produced by applying a coherent 

actinic radiation having an image information to a pho 
tosensitive member to form on the photosensitive 
member an interference pattern corresponding to the 
image information produced by a difference of optical 
density, refractive index, re?ection rate, or combina 
tion thereof caused by mutual diffusion phenomena, 
and then chemically or mechanically removing the re 
maining photosensitive receptor or photosensitive in 
tensi?er or both of them not taking part in the mutual 
diffusion. A relief interferogram may be produced by 
forming an interference pattern on a photosensitive 
member, and mechanically and chemically removing 
selectively a photosensitive receptor or intensi?er at an 
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exposed or unexposed pori?onfor both of them to form 
a relief interferogram as hologram. 

Further, the relief interferogram thus obtained may 
be used as an original hologram and a transferring ma 
terial be closely contacted with the original pattern to 
reproduce the hologram. 
The relief pattern may be produced by removing 

partly in the direction of thickness of the constituting 
element layer as well as removing wholly. 
The interference patterns is usually formed in the 

photosensitive receptor, and the mutual diffusion phe 
nomemon, a photosensitive response of photosensitive 
member, starts at the interface between the photosensi 
tive receptor and the photosensitive intensi?er, and 
then the diffusion occurs both in the photosensitive re 
ceptor and the photosensitive intensi?er depending 
upon the intensity of actinic radiation and the diffusion 
portion is formed in both of them. The interference 
pattern is thus formed in both of them, and the interfer 
ence pattern formed in the photosensitive intensi?er 
may be used as hologram. in this case, it is necessary 
that the photosensitive intensi?er is a solid layer and 
highly transparent. In addition, it is necessary to select 
and use a member of high mechanical strength. 
The interference pattern formed on a photosensitive 

intensi?er may be changed to a relief pattern by remov 
ing the exposed portion or unexposed portion. Tech 
niques and apparatuses used for recording a hologram 
on a photosensitive receptor may be applied to record 
ing a hologram on a photosensitive intensi?er. 
Production of hologram by using photosensitive 

members in FIG. 1 — FIG. 6 is explained below. 
FIG. 8 - FIG. 13 shows a process for producing a ho 

logram by using an apparatus in FIG. 7, but the infor 
mation source 8 in FIG. 7 is replaced by an original pat 
tern P in FIG. 9 having a light portion B and a dark por 
tion A. FIG. 8 shows a starting member. FIG. 9 shows 
a state in which the member is exposed to a hologram 
pattern, anda mutual diffusion between the photosen 
sitive intensi?er and the photosensitive receptor at the 
exposed portion and the photosensitive intensi?er dif 
fuses to form a mutual diffusion portion 12. In FIG. It), 
the unexposed photosensitive intensi?er is removed 
from the member. in FIG. 11, the photosensitive recep 
tor at the unexposed portion is removed. In FIG. 12, a 
surface of the support exposed by completely removing 
the constituting elements at the unexposed portion is 
subjected to an etching treatment. In FIG. 13, the mu 
tual diffusion portion 12 in FIG. 12 is removed. Fur 
ther, when the photosensitive intensi?er is thick or the 
amount of actinic radiation is little as compared with 
thickness of the photosensitive intensi?er, the mutual 
diffusion portion is not formed over the whole length 
of the photosensitive receptor layer and the photosensi 
tive intensi?er layer in the vertical direction, but there 
remains a photosensitive intensi?er not participating in 
the formation of the mutual diffusion at a portion near 
the surface of the exposed portion. In this case, the 
photosensitive intensi?er remaining at the exposed por 
tion is removed when the photosensitive intensi?er at 
the unexposed portion is removed for obtaining the 
state as shown in FIG. It). Removing the remaining of 
photosensitive intensi?er is actually effected simulta 
neously with removing of the photosensitive intensi?er 
at the unexposed portion. 
The patterns shown in FIG. 9 — FIG. 13 form interfer 

ence patterns and can be used as holograms. When the 
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pattern shown in FIG. 9 is used as hologram. there is 
used a photosensitive member having a thin and sub 
stantially transparent photosensitive intensi?er layer 
and having a low sensitivity, and a strong hologram pat 
tern exposure is applied to the photosensitive member 
to form an interference pattern, and a weak light is 
used for regeneration. 
The patterns shown in FIG. 10 — FIG. 13 give a holo 

gram having a larger phase contrast and give a ?xed ho 
lograni. 
The pattern in FIG. 10 is formed usually by treating 

the photosensitive member with an acid solution. A 
metal photosensitive intensi?er can be dissolved and 
removed by an acid. An amphoterie metal such as zinc 
can be removed by an alkali. On the contrary, the mu 
tual diffusion portion is not dissolved by a usual acid 
treatment. The pattern in FIG. 11 may be formed by 
removing the photosensitive receptor in FIG. 10 with 
the agent capable of dissolving the photosensitive re 
ceptor. When the photosensitive receptor is a chalco 
gen glass, an alkali solution is usually used for dis 
solving and removing. When the photosensitive recep 
tor is an organic photoconductor, an organic solvent is 
usually employed for dissolving and removing. Further 
when the photosensitive receptor is a photoconductor 
of metal compound, an acid solution is used for dis 
solving and removing. 
A mutual diffusion portion is not dissolved in a usual 

acid, alkali or organic solvent. The pattern in FIG. 12 
is formed by treating the member in FIG. 11 with an 
agent capable of dissolving the support. For example, 
when the support is a metal, an acid or alkali is used 
and when the support is a glass, hydrogen fluoride is 
used. and further when the support is resin, an organic 
solvent is used. 
The pattern in FIG. 11) - FIG. 13 correspond to a pos 

itive pattern with respect to the original pattern by re 
moving the unexposed portion in FIG. 9. On the con 
trary, it is also possible to form a negative pattern by 
removing the mutual diffusion portion taking advan 
tage of the poor mechanical strength ofthe mutual dif 
fusion portion. The negative pattern is such a pattern 
that the photosensitive receptor 1 and the photosensi 
tive intensi?er 3 are exchange each other in FIG. 14 — 
FIG. 18. The removing of the mutual diffusion portion 
for the purpose of forming such negative pattern is ef 
fected by placing the member as shown in FIG. 9 in 
water or an organic solvent such as alcohols, toluene 
and the like and applying a mechanical vibration to the 
solvent or the member, or by adhering an adhesive tape 
to the whole surface of the member and then peeling 

. the tape to remove the mutual diffusion portion. 
The method of producing the negative pattern by 

peeling off the mutual diffusion portion is conducted by 
using a. mechanical means and therefore, the resolving 
power of the resulting negative pattern is lower than 
the positive pattern as shown in FIG. 10 — FIG. 13. 

FIG.‘ Id - FIG. 18 show a process for producing holo 
gram by using the photosensitive member of FIG. 2. A 
photosensitive intensi?er layer is provided on a support 
and then a photosensitive receptor layer is provided on 
the photosensitive intensifier layer to form the photo 
sensitive member. The mechanical strength of the mu 
tual diffusion portion formed in such a photosensitive 
member is lower then that of the mutual diffusion por 
tion in FIG. It) and FIG. 8, and particularly, the adhe 
sion strength with the support is remarkably low. Tak 
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ing advantage of the above fact, the mutual diffusion 
portion formed in FIG. 14 may be removed by the same 
removing procedure of mutual diffusion portion as in 
FIG. 9. Particularly, the removing of the mutual diffu 
sion portion formed in FIG. 14 may be effected with a 
diluted alkali solution or acid solution. In this case, the 
diluted alkali or acid penetrate the interface between 
the mutual diffusion portion and the photosensitive re~ 
ceptor, the photosensitive intensi?er and the support, 
and thereby the mutual diffusion portion is cut off from 
the photosensitive member. When the photosensitive 
receptor is a chalcogen glass, a diluted alkali not only 
removes the mutual diffusion portion, but also dissolve 
the photosensitive receptor. However, the removing of 
the mutual diffusion portion proceeds faster than that 
of the photosensitive receptor. In this way, the pattern 
as shown in FIG. 15 is formed. Further, when the pho 
tosensitive receptor layer is too thick as compared with 
the amount of radiation in FIG. 14, all of the photosen 
sitive receptor and the photosensitive intensi?er do not 
always form a mutual diffusion portion, but a part of 
photosensitive receptor and photosensitive intensi?er 
remains without forming mutual diffusion portion. In 
this case, the mutual diffusion portion, is removed after 
removing the photosensitive receptor remaining at the 
exposed portion. For example, it may be removed si 
multaneously with removing the mutual diffusion por 
tion with a diluted alkali solution. The pattern in FIG. 
15 may be converted to other pattern. In FIG. 16 the 
photosensitive receptor is removed and the member in , 
FIG. 17 is formed by etching the exposed support in 
FIG. 15. In FIG. 18, the exposed support surface of the 
member in FIG. 16 is etched. The member in FIG. 19 
is formed by removing a photosensitive intensi?er 3 in 
FIG. 18. 
Removing of photosensitive receptor, removing of 

photosensitive intensi?er and etching of support are ef~ 
fected by the such methods as used in formation of 
FIG. 10 ~ FIG. 13. Each of FIG. 14 — FIG. 19 may be 
used as hologram. FIG. 16, FIG. 18 and FIG. 19 may 
be used as a ?xed hologram. The patterns shown in 
FIG. 15 and FIG. 17 may be used as hologram by apply 
ing a blanket irradiation to convert the projected por 
tion of the pattern to mutual diffusion portion. 
FIG. 20 and FIG. 21 show a pattern forming process 

using a photosensitive member shown in FIG. 3. The 
pattern in FIG. 21 is formed by removing the unex 
posed portion of the member in FIG. 19. Removing of 
the unexposed portion is conducted by using an agent 
capable of dissolving the photosensitive receptor. In 
this case, the photosensitive intensi?er 3 dispersed 
therein is also simultaneously removed. Removing of 
the photosensitive receptor 1 may be carried out by the 
same method as used in the formation of pattern in 
FIG. II. The pattern in FIG. 21 may be converted to 
patterns as shown in FIG. 12 and FIG. 13. The patterns 
in FIG. 20 and FIG. 21 may be used as hologram. The 
pattern in FIG. 21 gives a ?xed hologram. 
The formation of hologram by using the photosensi 

tive member in FIG. ‘I may be conducted in a way simi 
lar to that in FIG. 20 and FIG. 21. Since the mutual dif 
fusion portion formed in the photosensitive member 
shown in FIG. 4 is particularly poor in point of mechan 
ical strength, the mutual diffusion portion may be re 
moved by a method as used for the formation of pattern 
in FIG. 15 to produce a positive pattern as shown in 
FIG. 6 with respect to the original pattern. 
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The pattern formed by using a photosensitive mem 
her in FIG. 4 may correspond to that of FIG. 20, FIG. 
21 and FIG. 16 and each may be used as hologram. 
When the support of these patterns are etched as 
shown in FIG. I2, FIG. 13, FIG. 18 and FIG. 19, they 
may give hologram of other pattern. 
FIG. 22 ~FIG. 24 show a representative process for 

forming a pattern using a photosensitive member in 
FIG. 5. In FIG. 22, a gaseous photosensitive intensi?er 
3 is contacted with the surface of the photosensitive re 
ceptor I ofthe photosensitive member in FIG. 5 and an 
actinic radiation is applied through an original pattern 
to the photosensitive member to form a mutual diffu 
sion portion caused by diffusion of the photosensitive 
intensi?er into the photosensitive receptor at the ex 
posed portion and form a photosensitive intensi?er 
layer 3 at the unexposed portion since the photosensi 
tive intensi?er does not diffuse, but deposits. The pat 
tern thus formed gives a ?xed pattern by removing the 
photosensitive intensi?er layer 3 at the unexposed por 
tion (FIG. 23). By subsequently removing the photo 
sensitive receptor. there is formed a pattern in FIG. 24. 
Removing of the photosensitive receptor and the pho 
tosensitive intensi?er may be effected by the same 
method as that used in the pattern formation process in 
FIG. 10 and FIG. II. The patterns in FIG. 22 — FIG. 24 
may be used as hologram. The members in FIG. 23 and 
FIG. 24 maybe utilized as ?xed holograms. The pattern 
in FIG. 24 may be converted to the pattern as shown 
in FIG. 12 and FIG. 13. The pattern in FIG. 22 may be 
converted to a series of pattern as shown in FIG. 16, 
FIG. 18 and FIG. 19 byapplying a method for forming 
the pattern in FIG. 15 and removing the mutual diffu 
sion portion to form positive patterns. 

FIG. 25 and FIG. 26 show a representative process 
for forming a pattern using a photosensitive member in 
FIG. 6. In FIG. 25, a gaseous photosensitive receptor 
1 is contacted with a photosensitive intensi?er layer 3 
of the photosensitive member in FIG. 6 and a pattern 
actinic radiation is applied thereto to form a mutual dif 
fusion portion by diffusing the photosensitive receptor 
into the photosensitive intensi?er at the exposed por 
tion and form a photosensitive receptor layer 1 at the 
unexposed portion by depositing of the gaseous photo 
sensitive receptor. The mutual diffusion portion thus 
formed has poor mechanical strength, and a pattern 
shown in FIG. 26 is obtained by applying the same pat 
tern forming method as used in formation of FIG. 15. 
The patterns in FIG. 25 and FIG. 26 are used as holo 
gram. The pattern in FIG. 26 may be converted to a 
pattern where a projected portion of the pattern is 
changed to a mutual diffusion portion, and the resulting 
pattern may be used as hologram. The pattern in FIG. 
26 may be converted to patterns as shown in FIG. I6, 
FIG. 18 and FIG. 19. In FIG. 9, FIG. 14, FIG. 22 and 
FIG. 25, the pattern exposure may be effected from the 
support side if desired. In the foregoing, the formation 
of hologram is explained, but the above formation 
methods are a part of many possible methods and the 
present invention is not limited by them. 
As acid or alkali solution for forming patterns in the 

present invention, there may be used usual acid and al 
kali. Representative examples are acids such as hydro 
chloric acid, nitric acid, sulfuric acid, hydro?uoric 
acid, and the like, chromic 
(KlCrgO?e H2504), ammonium nitrate, ammonium 
persulfate, ferric chloride, ferric nitrate, red prus~ 

acid mixture‘ 
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siatepotassium bromide mixture? Representative alkalis 
are aqueous or alcoholic hydroxides of sodium, potas 
sium, calcium and “barium, aqueous ammonia and the 
like. ' 
The formed pattern may be further treated if desired. 

For example, when the support is electroconductive 
and the photosensitive intensi?er is metal, the member 
may be plated to convert the member to a plating pat 
tern and produce a relief plating layer on the support. 
The formation of such plating layer is based on a phe 
nomenon that the metal diffuses into the chalcogen 
glass to form a diffusion portion of a resistance as low 
as about 10“ ohm.cm. and the plating is selectively-con 
ducted on the diffusion portion while the high resis 
tance layer at the unexposed portion is gradually dis 
solved in the plating liquid and lost. 
With respect to a ?xing treatment, when in the pat 

tern as formed in FIG. 9 and FIG. 22 the photosensitive 
intensi?er is a metal such as silver and copper or an 
alloy such as alloy of copper and silver, this metal or 
alloy is changed to the iodide or bromide to form a 
transparent and in active one. An example of the chem 
ical reaction is as follows: 

2Ag +I2 —> 2Agl 

When the photosensitive intensi?er is a metal layer, 
the metal layer may be removed by amalgamation with - 
mercury. When the photosensitive receptor is a chalco 
gen glass and the chalcogen glass contains halogen, 
there is obtained a pattern in which the change of light 
transmission at the exposed portion is substantially neg 
ligible small, and such a pattern is particularly prefera 
ble as phase hologram. In other words, the pattern at 
the mutual diffusion portion is observed as a pattern of 
transmission factor. A portion where a photosensitive 
intensi?er is diffuse into a chalcogen glass by a radia 
tion energy has a decreased transmission factor. Mea 
surement of the spectral transmission factor shows that 
the absorption end when the photosensitive intensi?er 
is diffused shifts to a long wavelength side. Such pattern 
is formed by change of optical density or decrease or 
increase of re?ection light due to difference of absorp 
tion. The information is recorded by so-called forma 
tion of visible image. Thus, when this is used as holo 
gram, it is an amplitude hologram and not desirable. 
On the contrary, it has now been formed that when 

a halogen is preliminarily added to a chalcogen glass, 
the absorption end is not shifted even if a photosensi 
tive intensi?er is diffused by actinic radiation and 
therefore, the transmission factor is not substantially 
changed. but the refractive index is changed and 
thereby, a phase hologram is obtained. It is considrered 
that a substantial bleaching is effected by the reaction 
of metal and the halogen. In addition, when a halogen 
is added, the sensitivity of photosensitive member is ad 
vantageously increased. ' 

As the halogen, there may be preferably used iodine 
and bromine. but chlorine and fluorine also can be 

used. In the following, the present invention is ex 
plained referring to iodine as an example. 
The amount ofiodine to be added is restricted mainly 

by experience. In other words, when the amount of io 
dine is extremely large, the melting point or glass tran 
sition point is markedly lowered and thereby there dis 
advantageously occurs softening or crystallization at 
room temperature, or the mechanical strength is low 
ered. The maximum amount of iodine depends upon 



'5, I 3,825,317 
15 

the composition of the chalcogen glass. It is desirable 
to limit the iodine amount to such a valve that the glass 
trasition temperature is higher than 50 deg. C. The con 
tent of iodine corresponding to the above limitation is 
less than 80 percent by weight, preferably less than 60 
percent. When the amount of iodine is less than 0.01 
percent. the shift at the absorption end becomes large 
and this not desirable Particularly preferable amount 

- of iodine is higher than 0.1 percent. When iodine is 
added to A5253. a representative chalcogen glass, 
which contains about one atom of Ag per 1,000 atoms 
constituting the chalcogen glass. the relation of the ab 
sorption end shift (AA) and the iodine content is shown 
in FIG. 27 and a table below. Content of iodine shown 
in the following table and in this speci?cation is repre 
sented by the following percentage. 

Weight of added iodine 
x 100 (‘76) 

Total weight of chalcogen glass 
containing the added iodine 

Table 

Content of iodine AA imp.) 

(l 30 
3.5 20 

l6.3 l3 
25.0 6 
52.0 0 

As is clear from FIG. 27 where the values in the 
above table are plotted, addition of only a small 
amount of iodine causes a large change of A)\. 

In the foregoing, there is described that addition of 
halogen to chalcogen glass is very effective. This desir 
able effect by halogen is also recognized the photosen 
sitive member as shown in FIG. I — FIG. 6. 

FIG. 23 shows a member 14 having a relief pattern 
reproduced from relief patterns as shown in FIG. 6 - 
FIG. 26. 
FIG. 29 shows an optical system for regenerating an 

image information from the reproduced hologram as 
shown in FIG. 28. A light flux emitted from laser 5 is 
enlarged by an inverted telescope 6 and illuminates a 
member having a reproduced relief pattern 14 as a ref 
erence beam. A primary diffraction light 15‘, i.e., a light 
having a regenerated wave front, shows good diffrac 
tion efficiency since the member I4 is are excellent 
phase hologram. Recording and regenerating of holo 
gram may be simultaneously conducted. In other 
words, it is possible that a light to which a photosensi 

- tive member is sensitive, i.e. a coherent light having a 
wavelength corresponding to spectral sensitivity range 
of the photosensitive member, is projected to record 
hologram‘simultaneously with regenerating hologram 
by using a light of a wavelength outside of the spectral 
sensitivity range as reference beam. In this case, the co 
herent light is preferably argon light (4,880 A) and the 
reference beam is preferably lie-Ne light (6,328 A). 

Further, a hologram having a relief interferogram has 
an effect to make a phase contrast into a non-linear 
Contrast with respect to the radiation intensity, and 
higher order diffraction light can be regenerated in 
high efficiency. Furthermore, upon regeneration, the 
distance substantially corresponding to interference 
fringe distance in a regenerated interference pattern 
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can be reduced to a grea't‘exteht to enable a highly ac 
curate measurement. 

Accordingly, as a further embodiment of forming a 
hologram according to the present invention, it is very 
effective to use a hologram having an interference pat 
tern formed by using various photosensitive plate as an 
original pattern and projecting the original pattern to 
a photosensitive plate used in this invention to repro 
duce the interference pattern. In this case, the original 
pattern is already an interference pattern as hologram 
and therefore, it is not necessary that the irradiation 
light for the original pattern is a coherent light, but a 
visible light and an ultraviolet light may be satisfacto 
rily used. The original pattern may be naturally a pat 
tern formed at the exposed portion as shown in FIG. 1 
- FIG. 6. It is particularly effective in case that an inter 
ference pattern formed on a silver salt photographic 
dry plate is used as an original pattern to form a repro 
duction of interference pattern on a photosensitive 
member used in this invention. 
For example, in FIG. 9, FIG. 14, FIG. 20, FIG. 22 and 

FIG. 25, when the original pattern P is an interference 
pattern of hologram formed on a silver salt photo 
graphic dry plate (light and shade interference pattern 
before bleaching treatment), the original interference 
pattern is reproduced on the photosensitive member by 
pattern exposure with an ordinary light. The repro 
duced pattern may be changed to various relief pattern 
as explained in FIG. 9 — FIG. 26. 
As described above, it is very advantageous to repro 

duce on a photosensitive member an already formed 
interference pattern usable as hologram since i) the 
pattern thus reproduced has a phase amplifying effect, 
ii) the pattern thus reproduced has a physical strength 
higher than and a durability better than the bleaching 
pattern of silver salt, iii) a relief pattern can be repro 
duced by press-transferring an original relief pattern to 
a resin ?lm, iv) a light and shade interference pattern 
formed on a highly sensitive silver salt photographic 
dry plate can be reproduced on a photosensitive mem 
ber suitable for hologram without bleaching. 
By using a photosensitive member having a wide dy~ 

namic range with respect to spectral photosensitive 
characteristic, there may be recorded and regenerated 
a Fourier transformation hologram and thereby, high 
density hologram can be recorded and regenerated. 

In summary, the advantages of the present invention 
are as shown below. 
The sensitivity of the photosensitive member may be 

enhanced, if desired, and there can be obtained a sensi 
tivity as high as or higher than that of a silver salt dry 
plate of high resolving power, and therefore, the expo 
sure time may be shortended and an adverse effect or 
vibration can be avoided. This fact enables to use a 
practical hologram production apparatus without em 
ploying a large bed of the upparatus for avoiding vibra 
tion. . 

Further, the treating time until development is so 
short that the regeneration of real time holography is 
possible. This point is particularly important in case of 
using holography for precise measurement. Heretofore, 
the time from production of hologram to regeneration 
takes at least about one hour including developing, fix 
ing, washing with water, bleaching, washing with water, 
and further a particular room for the treatment is nec 
essary. In the present invention, the development is ef 
fected only by light projection and thereby the real 
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time holography is possible. The treatments such as fix 
ing and etching necessitates only several tens seconds 
at most and the diffraction efficiency is enhanced by' 
the fixed state or etching and the non-linear photosen 
sitivc characteristics are emphasized to enable substan 
tially a real time regeneration. These treatments are so 
simple that any particular room is not necessary. The 
whole process can be made into a precision measure 
ment apparatus. 

In addition, there is no shrinkage of photosensitive 
layer of the photosensitive member and therefore, pre 
cise optical measurement of color holography and pre 
cise regeneration of fine images can be effected. 
Furthermore, it is possible to directly transfer the re 

lief pattern produced by etching on the hologram mem 
ber of the present invention onto plastics and thereby 
may reproduced holograms can be produced efficiently 
and at low cost. Therefore. the present invention capa 
ble ofdirectly forming a reproduced master is far better 
than prior art reproduction, for example, which com 
prises forming hologram on a silver salt dry plate, print 
ing the hologram on a photoresist, replacing by a relief 
pattern of photoresist and then reinforcing the surface 
of the resist material with a metal film to form a repro 
duced master. 

In addition, since the photosensitive member accord 
ing to the present invention has a wide dynamic range, 
that is, a range in which the reciprocity law is applica 
ble, it is suitable for producing a hologram of light from 
a body having high contrast and further suitable for 
Fourier transformation hologram capble of concentrat 
ing a light from body to a small area, and therefore, it 
is possible to record at high density and the hologram 
of the present invention is effectively used for informa 
tion treatment as a high density ?xing memory element. 

The following examples are given for illustrating the 
present invention, but by no means for restricting the 
present invention. 

EXAMPLE 1 

A layer of chalcogen glass of A5253: I containing 25 
percent of iodine was coated by (vapor-depositing) in 
thickness of about 500 millimicrons on a white glass 
plate ( 1 mm. thick) and then Ag was coated by vapor 
depositing in thickness of 30 millimicrons on the above 
layer of the chalcogen glass. The members thus ob 
tained was illuminated strongly from the Ag layer side 
by a super high pressure mercury lamp of 250 W. set 
at 25 cm. from the said member. When all surfaces of 
the member were illuminated, a mutual action oc 
curred between the chalcogen glass and AG and the Ag 
layer diffused into the chalcogen glass and the metallic 
color disappeared. A percent transmission of the mem 
‘oer increased as the illumination time increased, and it 

spectrally shown in FIG. 30. In FIG. 30, the spectral 
transmittance at each stage of illumination time is 
shown, in which it is clear that the layer of Ag nearly 
completely disappeared by illumination for 30 min. and 
the spectral transmittance at the above case is almost 
consistent with the spectral transmittance Re in the 
case that .Ag is not diffused. Even if the illumination 
time is short, ifthe layer of Ag is removed, the spectral 
transmittance is almost consistent with that in the case 
that Ag is not diffused. 
When the member is used for a phase hologram, the 

metal layer remaining on the surface should be re 
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moved. Removing the metal layer on the surface is nec 
essary to prevent gradual exposure of a highly sensitive 
photosensitive material under natural light. 
An oxidation bath, particularly acid or oxidation 

bath, is suitable for removing a metal layer. The repre 
sentative examples are a mixture of sulfuric acid and 
chromic acid, mitric acid, ammonium nitrate solution, 
ferric nitrate, ammonium persulfate and the like. 

EXAMPLE 2 

A layer of chalcogen glass of As2Se5TeL5 : I contain 
ing 20 percent of iodine was coated by ?ash evapora 
tion in thickness of about 300 millimicrons on a glass 
plate, and furthermore the semitransparent layer of Ag 
was formed in thickness of 50 millimicrons over the 
above layer. A fourier transformation hologram was 
made by illuminating the above member set at the focal 
surface of a lens having 100 mm. of focal length by an 
argon ion laser of 150 mW. In the above case, the illu 
minated area of the surface of the member was about 
1 cm2 and exposure was completed by exposing for 
about 1/10 second. Thereafter, the remaining Ag layer 
was removed and a hologram was regenerated, and it 
was found that the image could be regenerated at a 
high diffraction effeciency of about 40 percent. 

EXAMPLE 3 

A melted body of chalcogen glass composed of AszSa 
and Br containing 30 weight percent of Br was obtained 
by adding AsBra and S to As2S3 and melting in an atmo 
sphere of argon at 550°C, 1 atomospheric pressure for 
3 hours. The melted body was coated on a base plate 
in thickness of about 5 microns by a spinner. Tempera 
ture of the melted body was about 100°C when coated, 
but the melted body was sufficiently ?uid. The plate 
thus coated became a photosensitive member by cool 
ing rapidly an thereafter by vapor-depositing a thin film 
of Cu on the chalcogen glass layer. This member gave 
a good result as a photosensitive member for a phase 
hologram as well as in Examples 1 and 2. 

EXAMPLE 4 
As4Se3Te, was vapor-deposited on a highly flat glass 

plate in the thickness of about 0.5 microns and silver 
layer of about 20 millimicrons thick was formed 
thereon. The resulting member was used for, conduct~ 
ing a real time holography as shown in FIG. 31, and the 
state and amount ofa small deformation on a body 16 
caused by an external force 17 was directly deter 
mined. The interference pattern is shown in FIG. 32. 
The optical system in FIG. 31 comprises argon laser 

5 (wavelength 4880A, output power 500 mW), shutter 
18, beam expander 6, plane reflection mirror 19, sur 
face to be measured 20, beam splitter 7, the above 
mentioned photosensitive member 9, He — Ne laser 21 
(wavelength 6328A), primary diffraction light 22, cam 
era for photographing an interference pattern 24, inter 
ference filters 23, 23’ (for 6328A), primary diffraction 
light 22’, mask 30, and photoelectron multiplier 33. 
The photoelectron multiplier 33 is used for measuring 
the intensity of diffraction light to indicate the regener 
ation efficiency and the shutter 18 closes'when the re 
generation efficiency is maximum. Therefore, laser 21 
serves as a monitor for giving an optimum exposure. 
When the exposure before the deformation of body 
surface 20 became almost sufficient, an external force 
17 is applied to deform the surface 20. At this time a 
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light from laser 5 was weakened and a light of laser 21 
was cut to observe an interference pattern showing the 
deformation. The pattern thus observed is the interfer 
ence pattern in FIG. 32. 
The above-mentioned hologram member was soaked 

in a l percent aqueous solution of Fe (N093 for 5 sec 
onds to completely remove the silver layer and ?x. 
Then, in place of He -— Ne laser, there was used argon 
laser and an efficient and light regeneration could be 
effected for a long time. Further, this member was 
etched with a 0.5 N aqueous solution of NaOH to form 
a relief pattern in a non-linear relation with a hologram 
pattern light intensity. The etching in this case corre 
sponds to a non-linear development. 
The relief phase hologram thus obtained shows a dif 

fraction light of high order, and when a phase ampli 
tude method utilizing interference between diffraction 
waves of high order was carried out, there was easily 
obtained an interference pattern corresponding to that 
having an interference fringe distance of A/lO (wave 
length of light >< 1/10), and a deformation correspond 
ing to M100 was easily measured. When a silver salt 
emulsion is used, there is usually a shrinkage of the 
emulsion layer of about 2 microns and therefore the 
limit of the phase amplitude method has been consid 
ered to be within A/lOO. However. according to the 
present invention, a minor change such as from )t/lOO 
to M1000, or a change smaller than such values may be 
measured. 

EXAMPLE 5 
H6. 33 shows an optical system for producing a Fou 

rier transformation hologram. The optical system com 
prises argon laser 5. beam splitter 7, reflection mirror 
19, objective lens of microscope 25, pin hole 26, colli 
mator lens 27. transparent positive microfilm 28, ?led 
lens 29, mask 30, photosensitive member according to 
the present invention 31 and a ?ne adjusting device 32. 
Forcal length of lens is designated as forj’. An image 
contained in a transparent positive microfilm corre 
sponds to an image in one page of magazine. When a 
Fourier transformation holography was effected with 
respect to such a transparent image, the diffraction 
light is weak and a light directly incident upon the pho 
tosensitive member is very strong and therefore, it is 
difficult to form a hologram unless the dynamic range 
of the photosensitive member is sufficiently wide, and 
it is not usable in case of silver salt emulsion, but ac 
cording to the present invention, hologram can be pro~ 
duced in such case and high density information re 
cording can be made. 
The photosensitive member used in this Example was 

composed of a flat glass plate, an AS8S31Te3 layer of 
about one micron thick and a copper layer of about 40 
millimicrons in thickness and the ?xation was effected 
by soaking in a 2 percent aqueous solution of ammo 
nium persulfate for 10 seconds. to form hologram. 

EXAMPLE 6 

On a triacetate film there was coated a layer of 
As2Se7TcGe0__, by vapor-depositing and a thin silver 
layer was formed thereon by silver mirror reaction. The 
resulting ?lm member was subjected to exposure, ?xa 
tion, and etching in a way similar to Example 4 to form’ 
a hologram of relief pattern, and then a thermoplastic 
film (for example, polystyrene and vinyl polymer soft 
ened at 100° - l50°C) was pressed to the relief pattern 
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bypassing between heat rollers to transfer the relief 
pattern to a thermoplastics. The resulting reproduction 

generating the image with 
good result. 

EXAMPLE 7 

The procedure in Example 6 was repeated except 
that a copper foil was adhered to a polyester film in 
place of triacetate film and a low melting chalcogen 
glass of As2Se5Te|_5 containing 20 percent by weight of 
iodine was melt-coated on the copper foil. After expo 
sure, a chalcogen glass layer was removed from the 
copper foil to produce a relief pattern corresponding to 
the exposure pattern on the copper foil. 
The-resulting relief pattern was transferred to a trans 

parent ?lmto reproduce the hologram in a way similar 
to Example 6; 

EXAMPLE 8 

As a chalcogen glass layer and a metal layer, there 
were used As2Se5Ge, and an alloy of Cu39_9Ag8O_,, re 
spectively. 
The resulting member was exposed to a hologram 

pattern while the member was heated by an infrared 
lamp from the side. When the member was heated to 
about 80°C, the necessary exposure energy decreases 
to about one tenth, that is, from about 10“ erg/cm2 to 
l07 erg/cmz. This member was of low sensitivity, but, 
the mechanical strength was very strong. 

EXAMPLE 9 
A thin layer of poly-9-vinylcarbazole of several mi 

crons in thickness on a glass plate. This layer was sensi 
tized with a carbazolylme'thane dye so that the layer 
was sensitive to a visible light. An extremely thin silver 
layer of about 10 millimicrons in thickness was coated 
on the poly-9-vinylcarbazole layer. , 
After a pattern exposure was applied to this member, 

a development was conducted using the silver layer as 
nucleus by a physical development and the silver layer 
was sufficiently strengthened and then the exposed por 
tion was etched with benzen to form a relief pattern. 
The silver layer was removed to ‘produce a good phase 
hologram. 

EXAMPLE 10 

A layer of Pblg was formed by vapor-depositing on a 
glass plate and then a layer of alloy consisting of Af( 30) 
and ln(70) was formed on the coated plate (the num 
bers being in parentheses show each weight percent). 
By using the member, a hologram having a high resolv 
ing power was prepared and a good holography was re 
generated. » 

EXAMPLE 1 l 

A member prepared by forming a layer of chalcogen 
glass consisting of As2Te3Sl on a glass plate and further 
more forming a layers of Ag on the chalcogen layer was 
exposed to an energy of 10 erg/cm2 . The member 
could be exposed at an exposure time of about l/lOO 
second by argon laser, so that a good hologram was ob 
tained even if a shock absorbing bed was not used. 

EXAMPLE 12 

A block AgSSTeM layer containing dispersed Ag was 
cut by a wire cutter, ground to thickness of about 100 
millimicrons, and etched slightly with a weak alkaline 
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solution. Furthermore, the member was exposed to a 
light of 4880A and thereafter was regenerated by a ‘ 
light of 6328A. The angle between a light from body 
and reference beam at exposure was ?xed at 30° (cor 
respond to about I000 lines/mm of carrier fringe fre 
quency) and hologram exposure were held 20 times by 
inclining the member by 3° twenty times, and each ex 
posed pattern was clearly separated at the time of re 
generation. 
Therefore, the photosensitive member of the present 

invention can he used for three dimensional exposure 
recording and has very large capacity of recording in 
formation so that the photomemory of large capacity 
can be realized. 

EXAMPLE 13 

A layer of A5253 was coated by vacuum evaporation 
coating in thickness of 200 millimicrons on a glass plate 
(The degree of vacuum was 5 X 10‘6 Torr. and the tem 
perature ofthe glass plate was l50°C), and then Ag was 
applied to the layer of AS253 by vacuum evaporation 
coating in thickness of about 20 millimicrons to pro 
duce a photosensitive member. After hologram expo 
sure by a usual way, the remaining metals were re 
moved by a chromic acid mixture (H2304 + K2Cr2O7) 
and the layer of AszS3 at an unexposed portion was re 
moved by an alcoholic solution of 0.5 N sodium hy~ 

' droxide. The hologram pattern was formed at the ex 
posed portion of the glass plate. After the pattern was 
converted to a strong acid resist layer, the glass plate 
was etched with hydro?uoric acid and the resist layer 
against strong acids was removed by dipping in a chro 
mic acid mixture for a long time and a relieved glass 
plate was obtained. This relieved glass plate was an al 
most complete phase hologram and showed a diffrac 
tion efficiency as high as about 30 percent. The holo 
gram is mechanically strong, durable and chemical re 
sistant. 

EXAMPLE l4 

A dry plate of high resolving power produced by a sil 
ver salt emulsion 649F(supplied by KODAK) was ex 
posed to a hologram pattern according to a conven 
tional method and developed to form an amplitude ho 
logram. The resulting hologram was closely contacted 
with a photosensitive member composed of a glass 
plate, a chalcogen layer of As_-,[,Se,,-,Ge|.,S,5 of 300 milli 
microns thick, and a silver layer of 20 millimicrons 
thick, and exposed to a light of a xenon lamp to print 
a hologram pattern. 
The exposure amounts ranged from about 105 lux. 

sec, to if)“ lux. sec. and almost similar results were ob 
tained. There occurred no irregularity as fomed in case 
of phase hologram by bleaching of silver salt emulsion, 
butthere was obtained a stable and highly reproducible 
result. 
The member printed as mentioned above was soaked 

in an aqueous solution of ferric chloride to remove the 
silver layer. The resulting hologram had a higher sur 
face strength and durability than a hologram of silver 
salt emulsion. Further, the above mentioned member 
was etched with a 0.3N alcoholic solution of NaOH to 
remove the unexposed portion and produce a relief 
pattern. this relief pattern was used as a master holo 
gram and heated to about 100°C and then a warm poly 
styrene ?lm was pressed thereonto by a roller to trans 
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fer the relief pattern to the polystyrene ?lm. Thus, 
many reproduced holograms were produced. 
We claim: 
l. A hologram’preparcd by irradiating an interfer 

ence pattern on a photosensitive member having a pho 
tosensitive layer, a laminate ofa photoconductive layer 
and a metal layer, the photoconductive layer being 
mainly composed of at least a photoconductive mate 
rial selected from the group ofchalcogen glass ofglassy 
material containing a sulfur family element (S, Se, Te), 
organic photoconductive materials, metal halides, 
metal sul?des, metal selenide, metal telluride, and 
metal oxide and the metal layer being mainly composed 
of metal which diffuses into the photoconductive layer 
when exposed to light radiation and by causing the dif 
fusion of metal in the photoconductive layer at the ex 
posed portion of the photosensitive member. 

2. A hologram according to claim 1 in which the irra 
diation of an interference pattern is carried out by ex 
posure to an original pattern having an interference 
pattern capable of being used as a hologram. 

3. A hologram according to claim 1 in which the 
chalcogen glass contains halogen. 

4. A hologram prepared by irradiating an interfer 
ence pattern containing recorded information on a 
photosensitive member having, as a photosensitive 
layer, a laminate of a photoconductive layer and a 
metal layer, the photoconductive layer being mainly 
composed of at least a photoconductive material se 
lected from the group of chalcogen glass of glass mate 
rial containing a sulfur family element (S, Se, Te), or 
ganic photoconductive materials, metal halides, metal 
sul?des, metal selenide, metal telluride, and metal 
oxide and the metal layer being mainly composed of 
metal which diffuses into the photoconductive layer 
when exposed to light radiation and by causing the dif 
fusion of metalin the photoconductive layer at the ex 
posed portion of the photosensitive member and there 
after by removing at least one of the metal layer and the 
photoconductive layer which do not contribute to the 
formation of the diffused portion to form a relief. 

5. A hologram prepared by irradiating an interfer 
ence pattern containing recorded information on a 
photosensitive member having, as a photosensitive 

layer, a laminate of a photoconductive layer and a 
metal layer, the photoconductive layer being mainly 
composed of at least a photoconductive material se 
lected from the group of chalcogen glass of glassy ma 
terial containing a sulfur family element (S, Se, Te), or 
ganic photoconductive materials, metal halides, metal 
sul?des, metal selenide, metal telluride, and metal 
oxide and the metal layer being mainly composed of 
metal which diffuses into the photoconductive layer 
when exposed to light radiation and by causing the dif 
fusion of metal in the photoconductive layer at the ex 
posed portion of the photosensitive member and there 
after by removing the mutual diffusion portion thus 
prepared to ‘form a relief. 

6. A hologram according to claim 5 in which after re 
moving the mutual diffusion portion, the metal at the 
unexposed portion is diffused in the photoconductive 
layer by exposing the whole surface to light irradiation. 

7. A hologram according to claim 5 in ‘which the 
metal layer is removed by dissolving after removing the 
mutual diffusion portion. 

t 
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8. A hologram according to claim 5 in which the pho 

toconductive layer at the unexposed portion is re 
moved by dissolving after removing the mutual diffu 
sion portion. ' 

9. A hologram prepared by transferring the original 
relief of the hologram in claims 5 to a transfer member 
by pressstransferring. 

10. A hologram prepared by transferring the original 
reliefof the hologram in claim 8 to a transferring mem 
ber by press~transferring. 

11. A hologram prepared by irradiating an interfer 
ence pattern containing recorded information on a 
photosensitive member having, as a photosensitive 
layer, a laminate of a photoconductive layer and a 
metal layer, the photoconductive layer being mainly 
composed of at least a photoconductive material se 
lected from the group of chalcogen glass of glassy ma 
terial containing a sulfur family element (S, Se, Te), or 
ganic photoconductive materials, metal halides, metal 
sulfides, metal selenide, metal telluride, and metal 
oxide and the metal layer being mainly composed of 
metal which diffuses into the photoconductive layer 
when exposed to light radiation and by causing diffu 
sion of metal in the photoconductive layer at the ex 
posed portion of the photosensitive member and there 
after by removing the photosensitive layer at the unex 
posed portion and further etching the unexposed por 
tion of the base supporting the photosensitive layer to 
form a relief. 

12. A hologram according to claim 11 in which the 
mutual diffusion portion-is removed after etching the 
surface of the base at the unexposed portion. 

13. A hologram according to claim 11 in which a re 
liefofthe hologram in claim 11 is transferred to a trans 

3,825,317 

20 

25 

30 

35 

40 

50 

55 

60 

65 

ferring member by press-transferring. 
l4. Ahologram according to claim 12 in which a re 

lief of the hologram in claim 12 is transferred toqa trans 
ferring member by press-transferring. 

15. A hologram prepared by irradiating an interfer 
ence pattern containing recorded information on a 
photosensitive member having, as a photosensitive 
layer, a laminate of a photoconductive layer and a 
metal layer, the photoconductive layer being mainly 
composed of at least a photoconductive material se 
lected from the group of chalcogen glass of glassy ma 
terial containing a sulfur family element (S, Se, Te), or 
ganic photoconductive materials, metal halides, metal 
sul?des, metal selenide, metal telluride, and metal 
oxide ‘and the metal layer being mainly composed of 
metal which diffuses into the photoconductive layer 
when exposed to light radiation and by causing the dif 
fusion of metal in the photoconductive layer at the ex 
posed portion of the photosensitive member and there 
after by peeling off the exposed portion to expose the 
surface of the base supporting the photo-sensitive layer 
and by etching the exposed portion to form a relief and, 
if desired, by removing at least one of the metal layer 
and the photosensitive layer at the unexposed portion 
by dissolving. 

16. A hologram according to claim 15 in which the 
formed relief of the hologram is transferred to a trans 
ferring member by press-transferring. ’ 

17. A hologram according to claim 15 in which the 
metal at the unexposed portion is diffused in the photo 
conductive layer by exposing the whole surface thereof 
to light irradiation after peeling off the exposed por 
tron. 

* * * * * 
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