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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.
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Introduction

The term diffractive optical element is used for those optical elements which convert an input wavefront
to a predetermined output wavefront (or wavefronts) in free space by means of the phenomenon of
diffraction. There has been a rapid increase in the use of diffractive optical elements, especially in the
field of optical data storage, and they are essential components in optical and electro-optical systems.
They are used in a wide variety of applications.
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Optics and photonics — Diffractive optics — Vocabulary

1 Scope

This document defines the basic terms for diffractive optical elements for free space propagation. The
purpose of this document is to provide an agreed-upon common terminology that reduces ambiguity
and misunderstanding and thereby aid in the development of the field of diffractive optics.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions

For the purposes of this document, the following terms and definitiotis apply.
ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:
— ISO Online browsing platform: available at http://www.iso.or

— IEC Electropedia: available at http://www.electropedia.org/

3.1 | Diffractive optics technologies

3.1.1
diffrjactive optics
optidal technology based on the phenomenon of the diffraction of optical radiation

3.1.2
binafry optics
diffractive optics technology-whose optical components have a quantized surface structur¢ in height

Note |l to entry: The word binary originally means a two-step structure in cross section, howevdr, a staircase
strucfture in cross sections usually referred to as binary as well, regardless of the number of the steps. This
incorfect wording qriginates from the fact that these structures are fabricated using a mask lithography
techrjique.

Note 2 to entry: See 3.3.2.8 and 3.3.2.9.

3.1.3
hologtaphic optics
diffractive optics technology that uses holograms as optical elements for transiorming an incident
wavefront into a specific wavefront or wavefronts

3.2 Diffractive optical elements and their types

3.21

diffractive optical element

DOE

optical element for which the phenomenon of the diffraction of optical radiation is the operating
principle, usually characterized in terms of its periodic spatial structure

3.2.2
amplitude diffractive optical element
optical element which utilizes the diffraction created by its periodic spatial amplitude modulation

© IS0 2019 - All rights reserved 1
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phase diffractive optical element
optical element which utilizes the diffraction created by its periodic spatial phase modulation

3.2.4

transmission diffractive optical element
diffractive optical element that operates with transmitted optical radiation

3.2.5

reflection diffractive optical element
diffractive optical element that operates with reflected optical radiation

3.2.6
active diffr
diffractive d

3.2.7
holographi
HOE
diffractive @

3.2.8

computer-g
computer-g¢
diffractive d

Note 1 to en
method or by
and is often 1

3.2.9

active optical element
ptical element whose diffraction characteristics can be dynamically changed

C optical element

ptical element fabricated with an interferometric method

enerated diffractive optical element
bnerated hologram (CGH)
ptical element which is computer-designed and fabricated under computer control

[ry: A computer-generated diffractive optical elementZis generally fabricated using a mechj
r lithography, using optical radiation waves (including laser beams), electron beams or ion b
eferred to as a “computer-generated hologram (CGH)”".

binary optical element

BOE
phase-diffrd

Note 1 to ent

3.3 Strud

ctive optical element having a binary-level or quantized multi-level surface-relief stru

y: See Note 1 to entry in 3.1.2,

ture of diffractive optical elements

3.3.1 Genleral structure

3.3.1.1
substrate f¢
basic body d

Note 1 to enf

br diffractive optical elements
f the diffractive optical element

ry: It may support the element's periodic structure on its surface, or it may contain that pe

nical
bams,

rture

iodic

structure wi

hin‘itself

3.3.1.2
grating

periodic spatial structure for optical use

3.3.2 Phase structure

3.3.2.1

phase profile
phase distribution of a diffractive optical element, which is added to incident optical radiation

© ISO 2019 - All rights reserved
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3.3.2.2
surface relief diffractive optical element
optical element whose diffractive property is created by a periodic relief pattern deposited on or

corr

ugated in the substrate

3.3.2.3

Q-factor

Q-value

for a periodic structure with a sinusoidal refractive-index profile, this is given by

Note
only

3.3.2.4
thin|diffractive optical element
diffractive optical element which produces Raman-Nath diffraction

Note|l to entry: For a diffractive optical element with a sinusoidal refractive index profile, it is ¢

by @

3.3.2.5

thic

diffractive optical element which produces Bragg diffractien

Note|l to entry: For a diffractive optical element with axsinusoidal refractive index profile, it is g

by Q@

3.3.2.6

volume phase diffractive optical element
diffractive optical element whose diffraction is created by a three-dimensional periodjic refractive
index distribution within the substrate

thick

3.3.3.7
phage step
stair|step

step

3.3.2.8
binapy phase structure
disciete phase structure that may have either simple binary or quantized phase steps

Note [l to entry: See Notes to entry to 3.1.2 and 3.3.2.9.

3.3.2.9

mul

_2mAT

A
naVA

1 to entry: The value is used to categorize gratings as either thick or thin. It should be npfed th4
or sinusoidal refractive index profile.

< 1.

k diffractive optical element

>> 1.,

in binary phase structure

idavoel nhaco ctrnunectnrao

T vorprastcosaractuarc

binary phase structure that has more than two phase levels in one period

titis defined

haracterized

haracterized

Note 1 to entry: Multi-level phase structure includes binary phase structure in its definition, however, each term
is sometimes used as a synonym of the other.

Note 2 to entry: See Note 1 to entry to 3.1.2.

3.3.2.10

blazed diffractive optical element
surface relief diffractive optical element able to concentrate the diffracted optical radiation energy in a
specified diffraction order or orders using a prismatic structure in one period

© IS0 2019 - All rights reserved
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3.3.2.11

deep grating

surface relief grating whose phase depth is nearly equal to or greater than the incident wavelength

3.3.2.12

multi-diffraction-order structure
diffractive optical element containing parts that generate different orders of diffraction

Note 1 to entry: When parts form concentric zones, this structure is often referred to either as a harmonic
Fresnel structure or a super zone structure.

3.3.3 Perjoditstructure

3.3.3.1
period
A

shortest length of the repetition in the spatial periodic structure of diffractive optical-element

Note 1 to entfy: For the surface relief grating, period A is shown in Figure 1.

Key

A grating geriod

K K-vector

3.3.3.2
local period
A(X)

—

A K—

-

Figure 1 — Schematicrepresentation of a surface relief grating

local value df period A(x), defined in terms of a function of the position vector x on the diffractive sufface

3.3.3.3

spatial frequency

\%

number of nllodulations per unit of length (i.e. proportional to the reciprocal of the period)

3.3.3.4

local spatial frequency

v(x)

reciprocal of the local period: v(x) = 1/A(x)

Note 1 to entry: Using the units in Table 1, a factor of 103 needs to be taken into account due to the units used,
with the local period A(x) expressed in um and the local spatial frequency v(x) expressed in mm™1.

© ISO 2019 - All rights reserved
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3.3.3.5
subwavelength structure
periodic structure whose period is smaller than A/n, where n is the refractive index of the structure

Note 1 to entry: Depending on the incident angle, a subwavelength structure may not generate any diffracted
optical radiation except for zero-order optical radiation. In this case the element is not a diffractive optical
element. It is sometimes referred to as zero-order grating, anti-reflection structured surface or SWS.

3.3.3.6
chirped structure
periodic structure whose period varies gradually

Note|l to entry: A grating having a gradually varying period is referred to as chirped grating.

3.3.3.7
K-vertor
grating vector
K
vector, whose absolute value is 2nv and whose direction is parallel to the direction of p¢riodicity of
a grgting

Note [l to entry: The K-vector is also referred to as grating vector. For the surface relief grating, the K-vector is
shown in Figure 1.

3.3.3.8
amplitude of refractive index modulation
An when the index distribution of the diffractive surface is defined as

n(x)=n,, +Ancos(K-x)

3.3.39
zong plate
diffractive optical element that functionS§.as a lens and is composed of concentric zones

3.3.3.10

Frespel zone plate
diffractive optical element made up of concentric zones that are alternately opaque-trapsparent, in
which the radius of each zone-is proportional to the square root of that zone's number, with|the number
one being assigned to the'eentermost zone, and the number of each succeeding zone increaging by one

Note [l to entry: Thereare two types of these plates: those whose odd-numbered zones are transpargnt and those
whose odd-numbere@dZones are opaque. The former type Fresnel zone plate is shown in Figure 2.

Figure 2 — Schematic representation of a Fresnel zone plate

3.3.3.11

phase Fresnel zone plate

Wood zone plate

diffractive optical element made up of concentric zones similar to a Fresnel zone plate, but where the
zones, rather than alternating between opaque / transparent, alternate in terms of their effect on the
phase of incident optical radiation:

© IS0 2019 - All rights reserved 5


https://standardsiso.com/api/?name=cbefbb73dfc525c04aea6bea67a73230

ISO 15902

:2019(E)

zero radians / m radians / zero radians / etc.

or

m radians / zero radians / m radians / etc.

Note 1 to entry: Figure 3 shows the cross-section of phase Fresnel zone plate.

3.3.3.12

interferom
diffractive g
pattern forn

3.3.4 Des

3.3.4.1

grating equ
equation in
diffraction

Note 1 to ent

3.34.2
phase func
function ths

|IIIlllfLﬂJ'I_I'I_I'I_I'LI_LI'I_I'LI'LI'IﬂﬂﬂlIIII|

Figure 3 — Schematic cross section of a phase Fresnel zone plate

ptric zone plate
ptical element whose fabrication is based on the recording of the concentriccircular f
ned by two interfering beams

ign of diffractive optical elements

ation

rder m

'y: See 3.4.2.1 and 3.4.2.2.

fion
t expresses, in terms of location on a diffractive surface, the degree of phase shift cr¢

when a ray passes through a given surface location;‘usually defined for the diffraction order m =1

Note 1 to e
K(x)=-Vo¢

3.3.4.3

htry: Phase function ¢(x) is generally given as “scalar potential” of K-vector K(x) such

(x).

optical path difference function

function th{
optical path
diffraction (

Note 1 to ent

3.3.4.4

it expresses, in terms,of location on a diffractive surface, the degree of added effe
length created when-a ray passes through a given surface location, usually defined fo
rderm=1

Fy: The phase‘function multiplied by A/2m is the optical path difference function.

complex t

function thpt-'expresses, in terms of location on a diffractive surface, the complex ampl
transmittance=af a diffractive nph'r‘:ﬂ element

ringe

which any change in the wave number is expressed by the grating K-vector and the

bated

that

ctive
r the

tude

l}nsmission function

3.4 Properties of diffractive optical elements

3.4.1 Gen

3.4.1.1
diffraction

eral properties

angle

angle between the normal to a diffractive optical element and the direction of any resulting diffracted
optical radiation beam

Note 1 to entry: Also misused as the angle between the direction of an incident optical radiation beam to a
diffractive optical element and the direction of any resulting diffracted optical radiation beam.
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3.4.1.2
diffraction order
integer m on the right-hand side of the grating equation

Note 1 to entry: See 3.4.2.1 or 3.4.2.2.

3.4.1.3

diffraction efficiency

ratio of usable energy relative to total incident energy for individual diffraction orders of a diffractive
optical element

3.4. Classification of diffraction

3.4.21
Bragg diffraction
diffraction that occurs in thick gratings

Note|l to entry: The condition under which Bragg diffraction occurs, the Bragg cdndition, may be|expressed in
terms$ of its grating equation, as:

l'z - k1 =+mK

i.e. ZnavAsin OB =+mAi

n
wherp k, =| 2n—=% N,
2, 1

Note 2 to entry: See Figure 4.

Nay

Lo

Figure 4 — Schematic drawing illustrating Bragg diffraction

3.4.2.2
Raman-Nath diffraction
diffraction that occurs in thin gratings

Note 1 to entry: The condition under which Raman-Nath diffraction occurs may be expressed in terms of its
grating equation, as (k,xN)—(k; xN)=xmKxN

i.e. (n,N,xN)—(n N, xN)=+mAK /(2n)xN
n,

where k, =(2n—’ )N.
2, 1

See Figure 5.

When k;, N and K are on the common plane, then the grating equation becomes:

© IS0 2019 - All rights reserved 7
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A(n2 sin@, —n, sin6; )=mA

These equations are often referred to as “ray-tracing equations for diffractive optical elements”. When K = 0 or
1/A = 0, these equations become “Snell’s law” equations.

incident
diffracte
refractivi
refractivi

3.4.2.3
scalar diffr
diffraction
equation in

34.24

vector diffy
rigorous ele
numerically]

3.4.3 Dis

n

4
kl 7
Z
Tm
Z kZ
g
Y \
N
ny

wave vector

l wave vector

e index of the space of incident radiation

b index of the space of diffracted radiation

Figure 5 — Schematic representation of Raman-Nath diffraction

action theory
theory used to predict the approximate diffraction efficiency based on the Helm
which the period.is uch greater than the wavelength of the incident optical radiation

action theory
ctromagnetic theory used to predict diffraction efficiency by solving Maxwell's equa
for periodic structure

holtz

kions

3.4.3.1
dispersion
variation in

3.4.3.2

persion prnpprfipc

of diffractive optical elements
diffraction angle due to variations in wavelength

effective Abbe number of diffractive optical elements
ratio of original wavelength to the change in wavelength in air, defined as V¢ =l/(ﬂ1 -4 ) where

(4 =% ) is

the change in applicable wavelengths.

Note 1 to entry: Effective Abbe number of diffractive optical element at the d-line is defined by the following

equation:
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iff,d = d/(A’F A ) =-3,453

alue of Vy;¢ 4 is @ minus-value constant.

On the other hand, Effective Abbe number of diffractive optical element at the e-line is defined by the following
equation:

Va

iff =2, /(A=A )=-3,333

The value of Vg is @a minus-value constant.

3.4.3.3

effeq
ratio|

—

3.4.3

tive partial dispersion of diffractive optical elements
of two wavelength differences defined as

)diff:(zi‘ﬂz)/(%"h)

4

standard partial dispersion of diffractive optical elements

effec

)

3.4.4
3.4.4

tive partial dispersion of diffractive optical elements relative to F\and C lines, defined

diff g F =<;{’g — g )/(ﬂp —-Ac) =0,2956

Polarization

a

TE-polarization

pola

Note

ization of an incident wave, whose electric field vector is perpendicular to the K-vecto

1 to entry: See Figure 6.

Figure 6 — TE-polarization

AS:

3.4.4.2
TM-polarization
polarization of an incident wave, whose magnetic field vector is perpendicular to the K-vector

Note

© ISO

1 to entry: See Figure 7.

2019 - All rights reserved


https://standardsiso.com/api/?name=cbefbb73dfc525c04aea6bea67a73230

ISO 15902:2019(E)

Figure 7 — TM-polarization

3.4.4.3
p-polarization
polarization of the incident wave, whose electric field vector is parallel to the plane including both the
K-vector and the incident wave vector

Note 1 to entfy: See Figure 8.

E

N
"‘)k
H

\T L\

Figure 8 <'p-polarization

3.4.4.4
s-polarizatjon
polarization of the incident wave, Wwhose electric field vector is perpendicular to the plane including
both the K-viector and the incident wave vector

Note 1 to ent}y: See Figure 9.

k A

pa ] e P20

H

Figure 9 — s-polarization

3.5 Applications

3.5.1
diffractive lens
optical element to converge or diverge a bundle of rays from an object by utilizing the diffraction effect

10 © IS0 2019 - All rights reserved
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3.5.2

diffr

active power

power that, for a rotationally symmetric surface containing a quadratic phase function, is given by

AN,
Ddiff=(m;}1£é[¢(h)/h2]

where

m is an integer;

q

3.5.3
total
sum

1

3.54
mult
diffr

3.5.5
refr:
lens
has K

o

N

=
=

q

(1) 1sthe phase function of the diffractive surtace
optical power
pf the refractive power and the diffractive power of the surface, i.e.,

Dot = Drer + Daigr

ifocal lens
hctive lens for which rays of different diffraction orders merge in different foci

ictive diffractive hybrid lens
made by combining a refractive lens and a diffractive lens, or one in which a diffracti
een produced on the surface of a conventional refractive lens

bymbols and abbreviated terms

b 1 lists symbols and units that are defined in detail in Clause 3.

Table 1 — Symbols and units of measurements

e structure

Symbol Term Unit
D optical power m-1
D gige diffractive pewer of the diffractive surface m1
Dot refractive power of the original refractive surface m1
Dot total‘eptical power of the surface m1
E electric field vector Vm!
h height from the optical axis mm
H magnetic field vector Am-1
K wave umber vector of incident =1 ordiffractedtr=—2)Tay mm-1
K K-vector mm-~1
K(x) K-vector defined as the function of the position vector x on the diffractive surface mm-~1
tm diffraction order 1
ng, average refractive index of the grating 1
n; refractive index of incident (i = 1) or exit (i = 2) space 1
n(x) refractive index of the grating, defined in terms of a function of the position vector x on 1
the diffractive surface
An amplitude of refractive index modulation 1
N unit normal vector of the diffractive surface 1
N; unit vector along incident (i = 1) or diffracted (i = 2) ray
© IS0 2019 - All rights reserved 11
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