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REQUI RENENTS FOR HOLOGRAPHIC PHOTOGRAPHIC NATERIALS

T. S. Barbanel®', B. I. Krupitskiy

Holographic levices are finding increasing use in 1ifferent
fields of technology. However, despite a large number of studies, the
probles of optimal preparation of holograms has not been resolved.
Optimization of the hologram preparation process is broken down into
tvo probless: a) synthesizing the optimal photographic material, b) '
selecting the optimal recording regime for the hologram in which its

parameters vill have the best values on the existing photographic

material.

It should be mentioned that strict forsmulation of the
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synthesizing problem is an extremely complex mathematical problen.
Thus, in the present article this problem is analyzed only
qualitatively. Nevertheless, the qualitative ideas presented herablay
be useful in solving the synthesizing problems. Moreover, in the
present stage, wvhile there is still no strict solution to this
probles, these ideas may also be useful in obtaining photomaterial
material. In the present article the following hologras parameters
vill be considered: a) diffraction effectiveness, b) interference in
reduced field, c) nonlinear distortion, d) contrast in reduced image.
Let us write the main relationships for the processes of recording

and reducing hologranss.

We will assume that the referenced and subiject waves in the

photographing plane can be represented in the form of:

(a) Eyy = A(s; y)e™=",
(b) B =A™ %,

(&)

Then, exposures during preparation of the hologram are expressed

by the relationship:

2) ll(::u)-ll.[t+—z-‘-%“-:ﬂ-e~v(=;v)+ﬂ:-f.!)-]o

vhere ¢(23 ¥) = ¢(x3 ¥) - ‘%.(%3 )3 By - exposure created when the
reforonce wave alose acts oa the photocarrier.
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The amplitude transmission of the prepared holograa can be

represented in the fora of

(3) ru;y;-r[u(:;m-r{m[a+‘ f:","’ +“:‘”)w0(z;n]}.

vhere function / is determined by the type of the characteristic
curve of the photocarrier. Expression T(d) is called th= optical

transmission function (OTP) of the photocarrier.

In reducing the prepared hologram illumination is achieved by
the subject or reference beam - (1a) and (1b), respectively. In the
first case the subject wave is reduced (holography, interferometry),

in the second ~ the reference wvave (optical filtration)=.

[POOTNOTE: It should be mentioned that in optical filtration the
amplitude of the reduced field is proportional to AZ(x: y). END
POOTNOTE )

In reality, since the function of asplitude transaissioa T (H)

can be expanded in the Pourier series with respect to amgle y:
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" T(s:y) = Cotz: ) +2 Y €. (2 p)eonnp(z:0),

vhere

C.lz;y)= -:;ff{ II.[l + A'(:;,') + 24'5‘2'. y) eou']} cos n$ d¢,

L)

then we get:

(Sa)
Eviccr ap == Cdse™ 4+ AL %" + AL Texm-2ml L

Eovicron =C,A,(2; y)l'“: "4+ AC e+ ...
(Sb)

Comparison of (5) and (1) shows that only the second components are

useful:

Eous up = AOCl(‘; ')em': "

Eaul on = AQ"; ’)cl‘:; ’)e"

Pros relationship (Sa) and (Sb) it is apparent that the
parameters of the reduced image cam be characterized with any degree
of accuracy by a set of coefficieats C., which depend on the form of
the OTF of the photocarrier (functioas P), asplitude distribution of

the subject beam with respect to coordinates, relationship betwveen

the amplitudes of the subject and reference beass.
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Now let us see vhat the OTF of the photocarrier must be in order

to create a hologram with optimal parameters.

Diffraction Effectiveness

Diffraction effectiveness & is determined by the expression:

T
P’
vhere » the 1light flux which corresponds to the first diffraction
ord the 1light flux incident on the hologras.

Prom relationships (Sa) and (5b) it follows that O, is
proportional to C2;, and thus diffraction effectiveness grows as
coefficient C, increases. Consequently, wve can assume that the best

OTF has a rectilinear shape (see the figure).

If the range of exposure change lies vithin the limits of the

linear portion of the characteristic (regime without cut-off), then

G/ =025 and ' =625%.




DOC = 0459 6

Greater diffraction effectiveness can be achieved if we use one-

and twvo-sided (see figure) cut-off. Here we get, respectively:
C”"=03,C"" =031; £ = 9%, " = 9.65%.

With a tvo-sided cut-off we get the so called binary hologram. In
vorking with the linear characteristic and when all of its linear
portion is used, the slope of the OTP tovard axis H does not affect

the diffraction effectiveness value.

It should also be mentioned that the linear portion of the T (H)
characteristics determines the dynamic range of change in the
amplitudes of the reduced field. If we are to be able to use the
advantages of the cut-off regime then the OTP must have an AB segment
of sufficient length (see the figure). However, in registering with a
cut-off, in view of the nonlinearity of the registering process,
nonlinear distortion develops. (Its magnitude depends on the

coefficient of expansion (4) - C,: Cj3, etc.).

Intottorougo In Reduced Pields

Interference in the reduced image is the result of three

factors: granularity of the layer, scattering within the layer, and

uneven thickness of the carrier ("phase interference®). The effect of

@B oA

BRI A
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granularity on image quality can be determined by the Goodman formula

(1)

_EAS(L—CUCJ.

Lge

) I

)

vhere /. is noise intensity at distance z from the hologram: \ -
vavelength of illumination source; I, - illumination intensity; 4 -

sean area of emulsion grain; S - area of hologram.

Then the "signal/noise™ ratio with only the granularity
considered in the case wvhere a hologram of a quasi-point object is
reduced, is expressed by the formula:

c;
(8) ﬂ“m.

In order to insure the maximum "signal/noise"™ ratio determined
by (8) it is also desirable to have an OTP of linear shape, since in
this case coefficient C;, vhich determines the useful signal,
increases considerably in comparison to the case of the nonlinear
OTP, while C4(1 - C4), vhich determines interference, remains
virtuvally unchanged. The maximum "signal/noise™ ratio is achieved in

this case by using the cut-off regime.

To reduce "phase interference® during the preparation of

,4“ & i 852
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photocarriers designed for the production of holograms special
measures must be taken to assure stability in the thickness of the
carrier. We know that according to this criterion photoplates
produced on glass of high optical properties have the best
indicators. Although the phase interference of the holograms can be
reduced by using immersion during reduction, this method is quite

inconvenient in practice.

Nonlinear Distortion

Nonlinear distortion can be broken dowvn into twvo components: a)
distortion of amplitude distribution in diffracted beam of first
order (subject wave); b) superimposition on useful image of
diffracted beams of higher orders. In the hologram reduction process
cases are possible where only the first coasponent or vhere both

components are present. |

Minimum amplitude distortion is achieved in two cases: a) in
preparing holograms with a diffuser, ir wvhich case amplitude A of the
subject bean is independent of the space coordinate and distortion
does not develop; b) in using the OTP of linear shape, where
nonlinear distortionm is absemt if registering is done in the regime

vithout cut-off, since €C.=0 for n = 2, 3, 4...
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If the cut-off regime is used, vhich leads to a significant
increase in diffraction effectiveness, nonlinear distortion grows
sharply. This cannot be tolerated vhen precise reduction of the field
is required. However, for holograms with diffusion this regime is
very advantageous, since it results in increased diffraction

effectiveness without amplitude distortion.

To minimize amplitude distortion a photocarrier mast be prepared
vhich has a OTF with a linear section of maxisus length to assure
linear registration of field amplitude which vary wvwithin a broad

range.

In preparina holograms with a diffuser it is more convenient to
use a photocarrier with the OTP shown in the figqure, since this
assures a cut-off regise and maximum diffraction effectiveness with

no amplitude distortion.

The second component of linear distortion - superimposition of
higher diffraction orders - leads to a redistribtution in field
asplitudes in the first diffracted beam. The analytical expression

for field aaplitudes of higher orders is provided by coefficients
C.(n 3 2).
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In using the linear characteristic and vorking within the limits

of the limear portioa, nonlinear distortion is absent (since in this

case C.m0 for n > 2.

Contrast of Reduced Image

High contrast is isportant in recording weak signals, where the
amplitude of the subject beam is lov. In this case the optimal
photocarrier is one with maximal OTP transconductance in the small
exposure range. If simsultaneously ve limit the distortion level of
the reduced image, then the photocarrier must hLhave a OTPF of linear
shape in the range of small exposures. The form of the OTP in the

large exposure range for the given case is not important.

3Jensitivity of Photographic Material

Sensitivity is a characteristic of the photographic material
itself, not of the hologram. High sensitivity is particularly

important in the case of a veak signal. A resume of recosmendations

of selecting the form of the OTPF of the photocarrier as a function of




NE—

RN AR N T

poc = 0459 "

hologram requirements is presented in the table.

Conclusions

Hologram parameters, optimized by selection of the OTF of the
photocarrier, are contradictory. As a rule it is not possible on one
photocarrier to achieve the optimnum of all hologram parameters.
Therefore we recommend three main types of OTF: 1) OTP with high
transconductance in the range of small exposures- for the case of a
veak signal; 2) piece-wise linear OTP - to achieve maximum
diffraction effectiveness; 3) OTF vith an extended linear portion -

to assure a large dynamic range.

Consequently, the linear OTP is optimal for many hologras
parameters, although the length and slope of the linear portion are

changed in keeping with the specific individual problem encountered

in registering holograss.

Specifically, in registering several holograas on a single
photocarrier it is also convenient to have a photocarrier with a OTP

vhich has a maxisal linear section along the H-axis, since this will

assure optisal registration of the field vith respect to many

paraneters vith a broad range of change in aaplitudes.
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Table. Conditions for obtaining best basic parameters for thin-layer

aspli tude holograss.

Key: (1) Wo. in order, (2) Parameter, (3) Requirements for
characteristics of photographic material and registering regimes, (4)
OTP, (5) characteristic curve, (6) registering regime, (7) other
requirements, (8) Notes, (9) Diffraction effectiveness, (10) With
tvo-sided cut-off, (11) Naximal effectiveness - 100/0 (without
cut-off - 6.250/0), (12) "Signal/noise™ ratio, (13) The same, (14)
Binimal dimension and scatter. Constancy of optical thickness of
photographic material, (15) In selecting OTP only interference
resulting from emulsion grains is considered, (16) Nonlinear
distortion: a) amplitude distortion in first order, (17) Without
cut-off, (18) In holography wvith diffusion and preparation of phase
holograms there are no objects, (19) b) level of higher orders, (20)
The same, (21) Sensitivity, (22) On initial linear portion T(H), (23)
Isportant for weak signals, (28) Contrast of reduced image, (24a) The
same, (25) HMinimal grain dimension and diffusion, (26) 1. Isportant
for veak signal. 2. Longest frequency-contrast characteristic is
important, (27) Resolution of three-dimensional frequency, (28) The
sase, (29) The longest frequency-contrast characteristic is

important.
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