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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The aim of this part of ISO 17901 is to specify the terms related to holograms and basic measurement
methods to characterize them.

A hologram is an optical device utilizing interference and diffraction phenomena and is characterized
differently from optical devices based on reflection, refraction, and scattering. By exploiting the
characteristics of holograms, they have been successfully applied in numerous applications such as
displays, metrology, and anti-counterfeit security.

i"'. nded marke 1 Nolograpny r oener <J0 need to oree on D erly nd de nitionSfOI‘

holpgrams and measurement methods and this part of ISO 17901 aims to satisfy that need.

© ISO 2015 - All rights reserved v
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Optics and photonics — Holography —

Part 1:
Methods of measuring diffraction efficiency and associated
optical characteristics of holograms

1
Thi

Scope

5 part of ISO 17901 specifies the terms related to optical characteristics of holegrams,

to measure their diffraction efficiency, and the angular and wavelength sélectivity me

met
asi
diffi
are

2

Thd
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refq

ISO
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For

3.1
hol
inte
whi

Not
recq

3.2
obj
obj

hods. These measurement methods are applicable to any type of hologram if the holog
mple diffraction pattern, which means the reconstructed wave can be clearly separated
racted and non-diffracted waves. In other words, holograms that yield.complex diffracti
excluded. There are no restrictions on the materials used to formthe holograms.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

15902, Optics and photonics — Diffractive opties — Vocabulary

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 15902 and the follo

pgram
rference pattern formed-between the wave emitted from the object and its coherent refer
ch is recorded in the'recording material

e 1 to entry: The-holograms also include those formed through embossed copying of surface re

rding the periodic structure spatially by etching or engraving.

bct wave
bctbeam

way

he method
asurement
ram yields
from other
n patterns

nt and are

spensable for its application. For dated references; only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

[77)

ving apply.

ence wave,

ief or those

re-€mitted from an object and entering the recording material in the course of recording th

e hologram

3.3

reference wave
reference beam
wave entering the recording material while forming a certain angle with the object wave in the course
of recording the hologram

3.4

illuminating wave
illuminating beam
wave allowed to enter the hologram when reconstructing the image from the hologram

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=8b4cf2bbcd4a3a8e6b0d3f20cfd67dc2

ISO 17901-1:2015(E)

3.5

reconstructed wave
reconstructed beam
wave diffracted by the hologram

Note 1 to entry: Generally, this term indicates either the +first-order diffracted wave or -first-order diffracted
wave but can indicate second or higher order diffracted waves.

3.6

specular wave
perfectly reflected light waves, to be distinguished from diffuse reflection

3.7

transmissjion hologram
hologram ysing transmission reconstructed waves

Note 1 to entry: A hologram recording the interference pattern between objects and reference, waves from
Fthe recording material is a transmission hologram.

same side o

3.8
reflection

hologram ysing reflection reconstructed waves

Note 1 to enf

hologram

ry: Areflectionhologramrecording the interference pattern between an object wave and the refer

the

nce

wave from the mutually opposite sides of the recording material is generally*d volume reflection hologram aind is

also called 4
the wave re

3.9
phase hol
hologram

3.10
amplitude

hologram having a spatially-periodic amplitude modulation structure

3.11
volume ha
hologram ¢

Note 1 to e
layer is suff
are conside

3.12
plane holg
hologram ¢

Flected from the relief surface is a surface relief reflectiofchologram.

"ed to be volume holograms.

Lippmann or Lippmann Denisyuk hologram. Of the surfaceelief hologram (3.13), the hologram y|

gram
aving a spatially-periodic phase modulatioistructure

hologram

logram
ausing Bragg diffraction

try: A hologram having a sinusoidal refractive-index distribution is one whose hologram recor
ciently thicker thamthe interval of interference fringes. Holograms characterized by a Q-value Q

gram
ausing Raman-Nath diffraction

King

ling
> 1

the

Note 1toen

rxr Thig fwno thn]nn‘ram istheonewhaose ]'\n]nn'r'dm rnrnvﬂ1nnfh|rl{nacc 1S chFwﬂanflxr smallorthay
J

interval of 1nterference fringes. Holograms characterized by a Q-value Q < 1 are considered to be plane holograms.

3.13

surface relief hologram
hologram recording the interference pattern as relief structure in the surface of the hologram
recording material

3.14
Q-value

in the periodic structure based on the sinusoidal refractive-index distribution, the value of Q defines the
thickness of the diffraction grating and is determined by the following formula:

2nAT

Q=

nd?

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=8b4cf2bbcd4a3a8e6b0d3f20cfd67dc2

1ISO 17901-1:2015(E)

where

T isthe thickness of hologram (pm);
A is the wavelength in air (um);
d istheinterval of interference fringe (Lm);

n is the mean refractive-index of hologram

Note 1 to entry: This value is used to classify the hologram into the volume hologram and the plain hologram.

Notf that this valueis applicable only to the cyclic structure based on the sinusoidal refractive-index distribution.

3.1

diffraction efficiency

<of
illu

Not

3.1¢6

ang
<of
of t

3.1]
way
<of
illu
wav

4

n

5

Thd
zer

the hologram> ratio of the radiant flux of the reconstructed wave relative to,the radiant
minating wave

e 1 to entry: The diffraction efficiency of holograms is generally expressed as apercentage (%).

D
ular selectivity

he illuminating wave if the hologram is reproduced while ysing a monochromatic illumin|

y

elength selectivity
the hologram> dependence of the radiant flux of-the reconstructed wave on the wavele

e constant

Symbols and abbreviated terms

Diffraction efficiency (%)

Principles

diffraction efficieney.is determined by measuring the radiant flux of the reconstructed ¥

flux of the

the hologram> dependence of the radiant flux of the reconstructed wave on the angle df incidence

ating wave

hgth of the

minating wave if the hologram is reproduced while keeping the angle of incidence of iljuminating

vave or the

p-order diffracted wave while the illuminating wave enters the hologram. The absolute

iciency, which is'the ratio of the radiant flux of reconstructed wave relative to that of the il

e, is the basSis-of the measurement. The relative diffraction efficiency, which is the
ant flux_ ef the reconstructed wave relative to that of the sum of the radiant fluxes of all

eff1c1ency asa functlon of the wavelength

6

6.1

Measurement methods

General

diffraction
uminating
atio of the
diffraction

This part of ISO 17901 covers the measurement of the diffraction efficiency as well as the angle
selectivity and wavelength selectivity as described below. Since for multiple purposes there is more
than one definition of diffraction efficiency, its measurement shall be made according to the method

app

ropriate to the purpose.
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When the hologram to be measured is formed through the two-flux interference of reference waves,
they are assumed to be plane waves. If the reference waves are not plane waves, the method can be
applied by using either the absolute diffraction efficiency or relative diffraction efficiency. If this applies,
the fact shall be cited clearly in the report.

This part of ISO 17901 is applicable to holograms formed by the method other than two-flux interference
of laser beams, such as the embossed hologram formed by transferring and reproducing the interference
pattern, the hologram formed by the electron beam lithography system, and all other etching or

engraving methods. If any alternative method is used, that fact shall be cited clearly in the report.

6.2 Defipitionofthe-coordinatesystem

The axis off coordinates and the angle of waves are defined as follows.

a) Therefording material (or hologram) plane shall be the xy-plane while the axis verticalto the pl
shall b the z-axis.

b) For the¢ z-axis, the advance direction of the object or reconstructed wave shall.be positive.

c) Asshown in Figure 1, the angle of incidence 6 [degree (°) or rad] is formed’/between the z-axi
the pogitive direction and the extension of the incident wave. The paositive 6-symbol indicat
countqgr-clockwise direction.

-z =z
\\ 0
1 2 \\(/‘ (+)
_1L| ~ l—\vl'l ~
-X ;k\_l +X -X T +X
\
<\ 7 1
(+)0
+Z +Z
a) Wave advancing in the +z direction b) Wave advancing in the -z direction

Key

1 incidenlt light wave

2 recordihg material or hologram

Figure 1 |— How to establish the coordinate system and wave angle in measurement of optic
characteristics of holograms

6.3 Holggram measurement environment

ane

S in
bS a

al

Measurement of the diffraction efficiency shall be made inside a dark room at room temperature and in
atmosphere with stable relative humidity (or under conditions designed to prevent entry of stray light
into the detector).

© ISO 2015 - All rights rese

rved


https://standardsiso.com/api/?name=8b4cf2bbcd4a3a8e6b0d3f20cfd67dc2

1ISO 17901-1:2015(E)

6.4 Measurement device and measures

The measurement shall use the following equipment and measures, as required, according to the
measurement method.

a) Lightsource

The light source for laser should ensure high temporal stability of the output (for example, +5 % or
less in output fluctuation over 30 min). The white-light illuminating source, if used, should provide
a continuous spectrum over the measuring wavelength range concerned.

b) riviirToT

The surface accuracy of mirrors should be sufficiently high (for example, better than [[/10 of the
appropriate wavelength).

c) |Holder

The holder should be able to move within a movable range equivalent ‘approximately|[to the test
piece size while holding the hologram.

d) |Detector

The detector should have sufficient dynamic range and résponse relative to the intepsity to be
measured and should have been calibrated.

e) |Monochromator

The monochromator should have a spectral resehition of 1 nm or less within the wavelength range
to be measured.

f) |Integrating sphere

Spherical optical component with.the”inner wall covered by a light diffusing materfial of high
reflectance which can collect beands’and homogenize them through spatial integration.

NOTE A typical coating material used for integrating spheres is barium sulfate.
6.5 Diffraction efficiency'measurement method

6.5{]1 General

In the strict sense‘of the word, diffraction efficiency is the absolute diffraction efficiency a§ measured
according to theimethod described in 6.5.2.

However, the absolute diffraction efficiency might not be appropriate to represent the charadteristics of
cerfaintecording materials that cause loss of light due to the hologram’s reflection, scattering, #bsorption,
and| dentraction properties. In such a case, it is recommended to apply the method described |n 6.5.3.

Inthe case of volume holograms with expansion or contraction in the recording material, measurement of
the diffraction efficiency might result in the lower R-value because of failure to meet the Bragg condition
when the angle of incident [degree (°) or rad] or the wavelength of the illuminating wave is equal to that
of the reference wave. In such an event, the transmission hologram requires adjustment of the angle of
incidence of the illuminating wave, as required, for measurement of the diffraction efficiency. For the
volume reflection hologram, either the spectral diffraction efficiency by transmittance measurement
as described in 6.5.4 or the spectral diffraction efficiency by reflectance measurement as described in
6.5.5 can be used.

Generally, these four types of diffraction efficiency have different values for the same hologram so that
the diffraction efficiency shall be used separately by identifying which measurement method has been
applied to the efficiency concerned.

© IS0 2015 - All rights reserved 5


https://standardsiso.com/api/?name=8b4cf2bbcd4a3a8e6b0d3f20cfd67dc2

ISO 1790

1-1:2015(E)

Oblique incidence of the illuminating or reconstructed wave to the detector might result in failure
of correct measurement of the radiant flux because of reflection on the detector surface. In the case
of measurement radiant flux, the detector should be set in such a manner that the illuminating or
reconstructed wave can enter in the approximate vertical direction.

6.5.2 Absolute diffraction efficiency measurement method

The absolute diffraction efficiency (1) is defined as the ratio (%) of the radiant flux of the reconstructed
wave (L1) relative to that of the illuminating wave (Lo).

The measurement method includes the f'n]lnwing prm‘pdnrp'

a) As shgwn in Figure 2, the illuminating wave from the light source is entered into the holog

held b

by the illuminating wave becomes equal to or smaller than the hologram area. To. adjust
illuminated area, an aperture may be inserted into the optical path of illuminating-wave to rest
the illyminated area, if necessary.

NOTE
optical

been provided, it is possible to evaluate the diffraction efficiency distribution within the hologram plan|
moving the hologram up/down and left/right.

b) The radiant flux of the illuminating wave is measured using the'calibrated detector A. The rad
flux off the reconstructed wave is measured using the calibrated detector B in the state wit}
the hologram as shown in Figure 2. These measurements.are used to determine the diffrac

efficie

NOTE

the wayes to be measured enter the detector.

Lo is the radiant flux of the illuminating wave (mW);

L1 is the radiant flux of the-reconstructed wave (mW).

y the test piece holder. Adjustment shall be made so that the hologram’s illuminated 4

It is generally recommended to use, as the illuminating wave, one of two radiant fluxes in
system to record the hologram. The light source commonly used is a laser. When an aperture

icy from Formula (1):

For measurement of the radiant flux with the detector, due care is to be taken to ensure that 3

100

fam
rea
the
rict

the
has
e by

ant
out
fion

11 of

@)
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Key]

BwWw N R

Figy

6.5

a) Transmission hologram b) Reflection holognam
aperture 5 illuminating wave when the hologram haslbeen removed
mirror 6 reconstructed wave
illuminating wave 7 detector B
hologram placed on a holder 8 detector A

ire 2 — Example of diffraction efficiency measurement method using a recording optical system

3 Relative diffraction efficiency measurementmethod

Therelative diffraction efficiency () is the diffraction efficiency that takes into account the Joss of light
cauped by the material characteristics and is defined as the ratio (%) of the radiant flux of recpnstructed
waye (L1) relative to the sum of radiant fluxes-of the diffracted waves of all orders (Laj)).

Thg measurement method includes the following procedure.

a) |The optical system shown in Figure 2 shall be used similarly to the case as described in .5.2 a).

b) |Lay is determined by calculating the sum of measurements of the radiant fluxes of the recpnstructed
wave and those of diffracted waves of all orders using the calibrated detector B. By djividing the
radiant flux of reconstructed wave (L1) by the value thus obtained, the relative diffraction efficiency
is determined fropr Fermula (2):

NOTE ForgneaSurement of the radiant flux with the detector, due care is to be taken to ensufe that all of
the waves todbe-measured enter the detector.
L
all

whére

Lan is the sum of radiant fluxes of diffracted wave of all orders (mW);
L1 isthe radiant flux of the reconstructed wave (mW).
c) Ifitis difficult to measure the radiant flux of the diffracted wave of all the orders, the following

alternative method may be employed. Namely, the measurement shall be made using the radiant
flux of the transmitted wave (for transmission holograms) or using the radiant flux of the specular
wave (for reflection surface relief hologram). In both cases, the measurement shall be made for the
portion where hologram recording has not been made. The measured value shall be treated as L.

In this case, the fact that the alternative method has been used shall be clearly cited.

© ISO 2015 - All rights reserved
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6.5.4 Spectral diffraction efficiency by transmittance measurement for volume holograms

The spectral diffraction efficiency by transmittance is defined as a ratio of the decrement (%) of the
transmitted zero-order wave due to the recording material transmittance properties, relative to the
transmittance (%) of the recording material assumed when the hologram has not been recorded and
while taking the decrement of the transmitted zero-order wave as the diffracted wave.

The measurement method includes the following procedure.

a) Attach the volume hologram to the optical system containing a monochromator.

NOTE ram.
The ogtical layout plan for measurement of the reflection hologram is as shown in Figure 3,b])|The
monochromator is placed at position A or B in the layout plan.

b) The bdam from the light source is transformed into parallel beams by means of a collimating lens,
and these parallel beams are allowed to enter the hologram as illuminating waves;

NOTE Generally, the light source to be used is the white-light illuminating source.

c¢) The mg¢asurement wavelength is sequentially changed and the intensity oftransmitted wave at gach
wavelgngth is measured with the detector which results in the distribution of spectral diffraction
efficiency by transmittance as shown in Figure 4.

d) The value for “Ty” and “Tp” is read from the graph of the_spectral diffraction sensitivity, as
represented in Figure 4, and the spectral diffraction efficiency by transmittance (%) is determined
from FHormula (3):

NOTE The volume reflection hologram is highly selective in terms of the wavelength. The speqtral
diffraction efficiency by transmittance that can determing the diffraction efficiency from this measurerment
has be¢n determined by taking into account reflectionrand absorption of the hologram and will have the
value close to the relative diffraction efficiency.

T |-T
77=(—ar,—b)><100 (3)
a

where

Ty is the transmittance (%) of tecording material at the wavelength where the transmittance
shpwn in Figure 4 becomes minimum, which is assumed when the hologram has not been
regorded;

Tp 1is the transmittance (%) of the hologram at the wavelength where the transmittance becorpes

mjinimum.
I g
A 1 A 3 A 1 3
72 ’ vy
a) For volume transmission hologram b) For volume reflection hologram
Key
1 incident wave (illuminating wave) 3  transmitted wave
2 diffracted wave (reconstructed wave) 4  detector

Figure 3 — Diffraction efficiency measurement method using a monochromator

8 © IS0 2015 - All rights reserved
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100 -

S
o~
;T:
5
<1
0 ' -~
X
Key
X wavelength (um)
Y transmittance (%)
Taq transmittance (%) of recording material at the wavelength whére the transmittance becomes minimum,
which is assumed when the hologram has not been recordegd
Tp transmittance (%) of the hologram at the wavelength where the transmittance becomes minimyim
c full width at half maximum
Figure 4 — Distribution of the spectral diffraction efficiency by transmittance of zero-order

6.5

transmitted wave

5 Spectral diffraction efficiency by reflectance measurement for volume holograms

The spectral diffraction efficiency by reflectance is defined as the difference between thel maximum
vallie (%) of spectral reflectance* of the incident light and the reflectance (%) of recordinjg material

assyimed when the hologram‘has not been recorded.

The spectral diffraction efficiency by reflectance measurement method is applicable only to fhe volume

reflection hologram,and’includes the following procedure.

a)

b)

d)

As shown imFigure 5, the volume reflection hologram is attached to the measurement system in
which the'monochromator is combined with the integrating sphere.

Thebéam dispersed by the monochromatoris transformed into parallel beams by means ofafollimating
lens and these parallel beams are allowed to enter the reflection hologram as illuminating pvaves.

Themmeasurement wavetengtirof tie tHurmimating wave s sequentiatty ciranged amd the Intensity of
the reflected wave at each wavelength is detected with the integrating sphere, which results in the
distribution of spectral diffraction efficiency by reflectance as shown in Figure 6.

NOTE Generally, the light source to be used is the white-light illuminating source.

The values for “R;” and “Rp,” are read from the graph of the distribution of spectral diffraction
efficiency by reflectance, as represented in Figure 6 and the spectral diffraction efficiency by
reflectance (%) is determined from Formula (4):

NOTE The volume reflection hologram is highly selective in terms of wavelength, so that the diffraction
efficiency can be determined from this measurement. The value of reflectance at 100 % is to be calibrated
using a standard white board. The diffraction efficiency of Formula (4) will have the value close to the
absolute diffraction efficiency.

© IS0 2015 - All rights reserved 9


https://standardsiso.com/api/?name=8b4cf2bbcd4a3a8e6b0d3f20cfd67dc2

ISO 17901-1:2015(E)

n=R,—-R,

where

Key
1
2
3

10

(4)

R, isthe reflectance (%) of recording material at the wavelength where the reflectance becomes
minimum, which is assumed when the hologram has not been recorded (see Figure 6);

Rp is the reflectance (%) of hologram at the wavelength where the reflectance becomes the maxi-

mum (see Figure 6).

2 3
—1 >
L 5 6
monochromator 4 detector
incidenft wave (illuminating wave) 5 integrating'sphere
diffracted wave (reconstructed wave) 6

Figurd 5 — Spectral diffraction efficiency by reflectance measurement method using the
monochromator and integrating sphere

volume’reflection hologram

© ISO 2015 - All rights reserved
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100 -

(R»-R.) 12
o

Rb

wavelength (um)
reflectance (%)

reflectance (%) of recording material at the wavelength wheretlie reflectance becomes minim
assumed when the hologram has not been recorded

reflectance (%) of hologram at the wavelength where thereflectance becomes the maximum
full width at half maximum

Figure 6 — Distribution of spectral diffraction efficiency by reflectance

Angular selectivity measurement method
angular selectivity measurement,of holograms includes the following procedure.

By establishing the wavelength of illuminating wave adequately and while changing t
angle [degree (°) or rad] relative to the hologram at a small angular step (for example, T
step), the diffraction effi¢iency is measured according to the either 6.5.2 or 6.5.3.

The diffraction effiCiency values relative to the illuminating wave incident angle [degree
are plotted to.draw a graph and the incident angle at which the diffraction efficiency b
maximum and\the full width at half maximum (angular space of two incident angles af
diffractionvefficiency becomes 1/2 of the maximum value) are read from this graph.

E This graph enables evaluation of the angular selectivity. The hologram’s angular selectivit)
vidth (wide or narrow) of the incident angle range of illuminating wave to reproduce the image b

im, which is

he incident
/180 (rad)

(®) or rad]
bcomes the
which the

y represents
[y hologram.

bri-the angle range for image reproduction is relatively narrow, the “angular selectivity” is said

o be “high”.

Wh

6.7

n this angle range 1s relatively wide, the angular selectivity 1S sald to be Iow.

Wavelength selectivity measurement method

The hologram’s wavelength selectivity measurement method includes the following procedure.

a)

b)

The incident angle of the illuminating wave is determined for the sake of convenience. Either

the distribution of the spectral transmittance of Figure 4 is obtained according to 6.5.4 or the
distribution of spectral reflectance of Figure 6 is obtained according to 6.5.5. Alternatively, the graph

representing the dependence of diffraction ratio on the wavelength may be plotted by
the diffraction efficiency for multiple wavelengths according to 6.5.2 or 6.5.3.

measuring

From the graph representing the dependence of the diffraction ratio on the wavelength, the
wavelength at which the diffraction efficiency becomes the maximum and the half-value width are
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