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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

A diffractive surface contains diffractive structures (see Annex A), which are very small structures on
or in the surface which use the wave properties of the light and work with diffraction and interference.
The diffractive optical function is realized by relief structures on or in the surface or by variations of
the index of refraction in the coating material. Diffractive surfaces may be also situated inside of optical
assemblies.

Due to the large variety of diffractive optical elements for many purposes, this document is divided
in several sub clauses Common diffractive properties and specifications will be descrihed in the
beginning of this document. Specific properties and specifications of several basic types abe[described
in the Annex to this document.

The three most applied types of diffractive structures are linear diffractive structures, foncentric
cirpular structures and more complex computer generated diffractive structures,

© IS0 2023 - All rights reserved v
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INTERNATIONAL STANDARD ISO 10110-16:2023(E)

Optics and photonics — Preparation of drawings for
optical elements and systems —

Part 16:
Diffractive surfaces

1 | Scope

Thjs document provides general methods of describing surfaces adding a diffractive.optical fiinction on
optical surfaces, such as planes, spheres, aspheres or general optical surfaces;inthe ISO 10110 series,
whHich standardizes drawing indications for optical elements and systems. The.subject of this|document
is fhe presentation, description and dimensioning of diffractive surfaces intechnical drawings.

Thjs document does notapply to diffractive surfaces with random surfaeetexture, for exampleftochastic
antireflective structures. Also not addressed by this document are all types of 3-dimensionally extended
diffractive structures: Bragg gratings, volume holograms (HOE) and acousto-optic modulatofs.

Thjs document does not address the methods to test and qualify the specifications.

Thjs document does not address tools and methods for¢manufacturing diffractive surfaces.

2 | Normative references

The following documents are referred to in-the text in such a way that some or all of thdir content
comstitutes requirements of this document. For dated references, only the edition cited applies. For
unflated references, the latest edition ofithe referenced document (including any amendmentf) applies.

ISQ 10110-1, Optics and photonics —-Preparation of drawings for optical elements and systemy — Part 1:
Genmeral

ISQ) 10110-5, Optics and photonics — Preparation of drawings for optical elements and systems — Part 5:
Sutface form tolerances

ISO 10110-14, Opties-anid photonics — Preparation of drawings for optical elements and systefns — Part
14| Wavefront deforimnation tolerance

[SQ) 15902, Optics and photonics — Diffractive optics — Vocabulary

3 | Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 15902 and the following apply.

IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— |EC Electropedia: available at https://www.electropedia.org/

©1S0 2023 - All rights reserved 1
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31

diffractive structure

structure on or in the optical surface which uses the wave properties of light and works with diffraction
and interference

Note 1 to entry: This document does not include random surface textures or coatings which may also have a
diffractive optical function.

3.2
diffractive surface
surface of an optical element, which contains diffractive structures (3.1)

3.3
diffractivle region
single cloded diffractive structured part of a diffractive surface (3.2)

34
diffractivle test region
used partof a diffractive region (3.3), where the desired specifications are valid

3.5
base surface
finished syirface of the substrate before realizing diffractive structures (31)

Note 1 to eptry: The base surface is an intermediate surface state in the‘téehnological sequence, which may jnot
exist in sorhe manufacturing processes.

3.6
face view
view perpendicular to the diffractive surface

3.7
diffractign grating
regular pgriodic diffractive structure, which iss\unambiguously mathematically describable

3.8
linear grating
diffraction grating (3.7) with translation invariant profile in one dimension (which consists of parallel
straight equal lines or grooves)

3.9
circular grating
diffraction grating (3.7),with rotationally invariant profile (which consists of concentric circular lines
or grooves)

3.10
computer-generated hologram
CGH
diffractive optical element which 15 computer designed and fabricated under computer control

Note 1 to entry: Only 2-dimensional CGHs are addressed by this document.

Note 2 to entry: Since CGH is a definition of a surface structure through a production technology, the resulting
diffractive structure can be a linear or circular grating. However, it can also be used to fabricate more complex
structures. In most cases when referring to a CGH, more complex diffractive structures are meant.

[SOURCE: ISO 15902:2019, 3.2.8]

3.11
transmission grating
diffraction grating (3.7), where incident light and diffracted light are situated on different sides

2 © IS0 2023 - All rights reserved
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3.12
reflection grating
diffraction grating (3.7), where incident light and diffracted light are situated on the same side

3.13

amplitude grating

diffraction grating (3.7), which consists of lines of non-transparent material on or in the surface, which
form periodic light gaps

3.14
phase grating
diffraction grating (3.7), which works with periodic different retardation of the lightwaves

Note 1 to entry: Phase gratings are subclassified into surface relief gratings and index gratings)

diffraction grating (3.7), which consists of periodic groves in the surface (periodically| changing

diffraction grating (3.7), which consists of a thin smooth coating on the surface with p¢riodically

difffractive optical element
DQE

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

Note 1 to entry: All DOEs containing 2-dimensional diffractive structures are addressed by this docugnent.
Note 2 to entry: DOE is the generic term farall optical elements described by this document.
[SOURCE: I1SO 15902:2019, 3.2.1]

3.18

reference axis
thgoretical axis of the(base surface (3.5), given by the optical designer which does not depend on
syinmetries of the bas¢surface (3.5) and which usually represents the centre of the optical path for the
mdin function

4

Note 1 to entrysJn the case of a rotationally invariant base surface the reference axis is the optical ax

3.19

loqal reférence axis
thgofetical axis of the diffractive structure, given by the optical designer which does not flepend on
symmetries of the diffractive structure

Note 1 to entry: The intersection point of the local reference axis with the base surface is the origin of the
coordinate system of the diffractive structure.

3.20
global coordinate system
coordinate system of the part

Note 1 to entry: Often, the coordinate system of the part is also the coordinate system of the base surface.
Note 2 to entry: The global coordinate system notation is described in ISO 10110. It may be preferred to define

the global coordinate system origin to be the coordinate system origin of the base surface; e.g. the point of
intersection of the reference axis and the base surface.

©1S0 2023 - All rights reserved 3


https://standardsiso.com/api/?name=7114c14a104414b4fede22edb739e10c

ISO 1011

3.21

0-16:2023(E)

local coordinate system
coordinate system of the diffractive surface (3.2)

Note 1 to entry: The origin of the local coordinate system is the intersection point of the local reference axis with

the base su

rface, where the diffractive structure is located.

4 Coordinate systems
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ctive structure is referenced with the coordinate systems used in the process chain,
centring tolerances according to ISO 10110-6. A diffractive structure can have.2 essen
e systems as shown in Figure 1:

cal coordinate system with the origin of the mathematical description 0f the diffract
ure;

obal coordinate system of the optical component (e.g. the optical axis))

ons shall be available for the clear orientation of the local coordjnate system of the diffract
nccording to its position and orientation relative to the globakcoordinate system. A diffract]

e position of the origin of the diffractive structure with respect to the origin of the b
third lateral coordinate is not necessary, because diffractive structures are always loca
urface of the base surface. If the diffractive structure is rotationally variant, the azimut

direction. This angle, if necessary, is the third.degree of freedom.

marks in the form of crosses, circles, ordines and combinations of the specified structu
e specified in this way.

inate system of the opticaksturface consists of three axes (X, Y, Z) orthogonal to each ot
s the right hand rule (right-handed system). The local coordinate origin of the diffract]
shall be referenced with respect to the global coordinate system of the diffractive p:
roordinate system of the diffractive structure has its origin onto the base surface. The lg
b system has threeaxes (X', Y’, Z') and follows also the right hand rule.

ion of the localZ’ coordinate is parallel to the normal of the local base surface at [X, Y]. 1
rection indieates the local reference axis of the diffractive structure, Y' and X' lie within
plane of.the local base surface at X, Y. Figure 1 shows the coordinate system of the b
d thelocal coordinate system of the diffractive structure.
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lobal reference axis and local reference(@xis are not identical then a coordinate transforn
1l be indicated on the drawing or as\a-supplement to the optical drawing. This transform
ludes a sketch of the optical partwhere the local reference axis and the global referenc
seen (see Figure 2). Second a calculation table shall be given, which describes the trans

en. The purpose of these tables is to confirm the correct calculation of the coordinate trans
b tables shall state cleafly to which surface and to which reference axis the table is referr
face types are defined in Clause 3. Examples of such a table can be seen from Table 2 {

:2023(E)

o position
with Z, the

Figure 1 — Coordinate system of the base surface and the local origin of the diffractive

ation rule
ation rule
e axis can
formation

uence mathematically (see_Table 1). And third, one or more tables with explicit data poinlts shall be

formation.
ng to. The
o Table 4.

If pecessary it is allewed to define multiple reference axes and multiple local reference axes. For all

def
of 1
ind

NO

ined axes a coerdinate transformation shall be given to indicate the correct positions. If
he coordinate transformation from one axis to the next axis is important, the correct ord
icated eitheron the drawing or in the tables.

TE A'similar type of table is known as “sagitta table” in the optical community and also us

stardards for example ISO 10110-12 on “aspherical surfaces” and ISO 10110-19 on “general surfaces”.

the order
br shall be

bd in other
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a Local 1

eference axis.

b Referehce axis.

Figure 7

arrow markers

— Coordinate systems as 2 dimensional image with right handed coordinate system

Table 1 — Example for a coordinate transformation table

Transformation sequence

1 |Trapslation
2 |Rotation around Z
3 |Rotation around Y

4 |Rotation around X

Coordinate transformation

Translation Rotation around
mm degrees (°)
X Y 7 X Y Z

Referencelaxis to local reference axis #1

Referencelaxis to local reference axis #2

Reference

axis to local reference axis #...

Table 2 — Table for X’ coordinate

reference

foordinaté system)

X’ coordinate of the base surface with respect to local reference coordinate system #1 [mm] (parameters fr¢m

Yl X

-20 -10 0

10

20

© IS0 2023 - All rights reserved
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Table 3 — Table for Y’ coordinate

Y’ coordinate of the base surface with respect to local reference coordinate system #1 [mm]. (parameters
from reference coordinate system)

Y X- -20 -10 0 10 20

Table 4 — Table for Z’ coordinate

Z’ roordinate of the base surface with respect to local reference coordinate systemy#1 [mm]. (paranjeters
frqm reference coordinate system)

Y X- -20 -10 0 10 20

4.3 Sign convention

%2}

As|described in later clauses of thistdocument, the various diffractive structures are splecified by
mdthematical equations. To achieveClear surface specifications, the following sign conventigns for the
comstants, vectors, and coefficients shall be used.

Th sagitta of a point on the diffractive surface is positive if it lies in the positive Z directiof from the
XY|plane and negative if it lies in the negative Z direction from the XY plane.

5 | Drawing specifications

5.1 General

Di ractlve structures do not have 1nfluence on shape and size. They mean a modlflcatlon of properties

( a i g ] ptructures
shall be 1nd1cated with a symbol in accordance w1th Table 5. The combination of the symbols from
Table 5 at the same surface is allowed and often necessary.

It is mandatory to present each diffractive optical element in face view on the diffractive surface and at
least in one side view.

In addition, the drawing should contain a table defining the surface shape at reference points of the
diffractive surface. If the base surface, which carries the diffractive structure, is not planar or spherical,
then also a sagitta table of this base surface shall be given on the drawing. When a sagitta table is given
on the drawing, it shall have an unique title to identify the mathematical formula from where the table

©1S0 2023 - All rights reserved 7
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entries are calculated and shall be clearly referenced to the coordinate system used (X, Y, Z) and/or (X',
Y', Z"). (see Table 1 to Table 4)

NOTE 1

NOTE 2

Recommended reference points are discontinuities, inflection point, fiducials or datum-points. For
example the zone positions.

The diffractive surface form is a combination of the base surface and the diffractive structure.
Therefore, the sagitta table of the base surface is only for comparison of mathematical descriptions. The same
applies for sagitta tables of the pure diffractive structure.

A note shall be added to the drawing indicating the selected form of mathematical description or a

and other

surface. A
be given. |
by varioug

5.2 Symbols and abbreviations

5.3 Mai

If diffract
the specif]
located oy
are two e
Diffractiv

no data file for exchanging data between CAD and other systems, the mathematical

shall be specified on the drawing. If there is a data file for exchanging data bgtween C
systems, it shall be specified on the 2D drawing of the individual part near the-diffract]
h unambiguous file name (e.g. date stamp, version number) including data fil€ extension s}
An example of the representation is shown in B.3. Diffractive surfaces can be manufactu
tools and technologies, however these are not subject of this document,

Table 5 — Symbols for marking of diffractive structures on drawings

Symbol Meaning

@ Diffractive structure

LG Linear grating

CG Concentric cir¢ular grating
CGH Computerigenerated hologram
TG Transmission grating

RG Reflection grating

AG Amplitude grating

SG Surface relief grating

IG Index grating

'king and hatchipg

ve structures are-specified in the table field, this symbol shall be located at the beginning
jcation. When-diffractive structures are specified in the drawing field, this symbol shall
tside the-element and tangent to the diffractively structured surface (see Figure 3). Th
kceptions\from this rule, where the symbol shall be placed inside at the diffractive surfg

e A).

AD
ive
all
red

F of
be
bre
ce:

b struictures with lacquer layer outside and diffractive structures inside of an optical assemply

(see Figur
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Figure 4 — Marking of a diffractive surface in sectional view with symbols inside an
element

the face view each diffractive region has to be hatched. Linear diffraction gratings shall I
h a linear hatch.drawn parallel to the real lines or grooves of the diffractive structur
tings shall bedisplayed as a concentric circular hatch, if possible. Otherwise it shall be
a cross hatch.-If there is more than one diffractive region, each region can be marke
ntification \mMumber beginning from 1, then behind a separation blank the next symbol n

e Figure.5).

ptical coating is necessary to achieve AG or IG, the symbol for optical coating shall not be

Bu

symbols

a) Diffractive surface is under a lacquer layer b) Diffractive structure is at the hypdtenuse of

cube

optical

e hatched
b, Circular
displayed
d with an
hay follow

indicated.

[ in/case of AR coating or reflection coating for TG and RG, the symbol for optical coatin

indicated.
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Figugre 5 — Hatching, numbering and classification of several diffractive structures on
drawings

5.4 Tesfregions

A diffractive test region is the applicable part of a diffractive region, wheére the desired specificatipns
have to b¢ valid. The optical surface containing diffractive structure$ may be subdivided in sevdral
zones: Within the whole optical surface of the substrate smaller testwregions may be defined. Withir a
test region smaller coating regions can be located. Within a coating region smaller coating test regipns
may be dgfined. Within a coating test region smaller diffractive regions can be located. And withip a
diffractiv¢ region smaller diffractive test regions may be défined. Therefore, it may be necessary| to
create several drawings. For example:

— adrayving of the substrate with test regions and:théir specifications;
— acoatfing drawing with coated regions, coatingtest regions and their specifications;
— adifffactive drawing with diffractive régions, diffractive test regions and their specifications.

Each diffrictive region has to be hatched in the face view (for example see Figure 5) and may be verifjed
by measufements. Test regions inside the diffractive regions shall not be hatched differently for better
clarity (s€e Figure 6). The diameferof a circular diffractive region is called diffractive diameter gnd
may be inglicated in drawings as\Jy.

The diamgter of the effective‘aperture is called effective diameter and may be indicated in drawingg as
.. 1f no further test regions are specified, then &, shall be the diameter of the diffractive test region.

(see ISO 19110-1:2019;5.6)

10 © IS0 2023 - All rights reserved
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Figure 6 — Indication of the diffractive region and corresponding diffractive test

The coordinate origin of the diffractive structure shall be indicated on the drawing. If the ¢
origin of the diffractive structure is not the origin of the base su¥rface, then a calculation ru
given on the drawing to enable an unambiguous transition frofm one coordinate system intd
(see Table 1).

The component references shall be marked and dimensionied to the coordinate system of the

dr

5.6 Specification of the substrates

5.6.1 Specification of surface form tolerances

Surface form tolerances shall be specified in accordance with ISO 10110-5 (code number 3/).

awing to illustrate these factors. The part shall be marked accordingly. The quence of the
in the table on the drawing determines the technological sequence of the surface modification

egion

oordinate
le shall be
the other

Hiffractive

formula of
B.2. In this
ation onto

e drawing

tip radius
dent from

echnology
substrate-

symbols
steps.

It shall be noted, that in accordance with ISO 10110-1 the following applies: Unless specified elsewhere,
the omission of a permissible deviation or material imperfection from the drawing shall indicate that

©1S0 2023 - All rights reserved 11
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the provisions of ISO 10110-11 apply. By definition none of the GPS defaults, including the decision rules,

apply unless specifically invoked in ISO 10110.

When using the ISO 10110-5 code number 3/ it is mandatory to indicate the surface and test region
where the form tolerance holds. If nothing else is written on the drawing, the surface form tolerance

always holds for the diffractive surface.

5.6.2 Specifications for wave front deformation tolerances

Wave front deformation tolerances shall be specified in accordance with ISO 10110-14.

NOTE According to ISO 10110-14, it is possible to specify only one tolerance for the deformation of thé w
front withqut any need to specify tolerances for individual diffractive surfaces.

5.6.3 Specification of other optical tolerances

All other pptical tolerances, e.g. centring, imperfections, roughness, etc., shall be specified using
notations described in ISO 10110-1 and the other parts of the ISO 10110 series, as necessary.

6 Datajexchange

Uniform fransport formats (e.g. XML, STEP) shall be used for tramsfer of diffractive surface d
between spftware systems and processing and measuring machines{When using the transport formj
it shall bel ensured that all the diffractive surface data, including'forms of mathematical descripti
coordinatg system, and reference are reliably mapped. When transferring data, it shall be ensured t
the data import includes all significant decimal digits and uses the correct unit of measure.

Atleast orle sagitta table shall be specified to test the transferred surface description. Depending on

combinatipn of the base surface and the diffractive stfucture it may be necessary to specify more t}
one sagittp table (see 4.2). For example, one sagitta-table describes the base surface, whereas anot
table indigates the diffractive structure. Each sagitta table shall have an unique title to identify

mathematical formula from where the table entries are calculated.

nve

he

hta
ts,
on,
hat

the
an
her
the

It is reconpmended that the coordinate system which is used to calculate the sagitta table has the sa|

symmetryf compared to the mathematieal description as the diffractive surface itself. If the diffractive
surface is|described with xy polynomials, then the sagitta table shall use Cartesian coordinates (see

Table 6). Iff Zernike Polynomials dr pther rotationally invariant polynomials are used, then the sag
table shalluse Polar coordinatés (see Table 7). The corresponding nominal values for z shall be specif
using (x, y)) or (p, ¢) coordinates. Here, it shall be ensured that the specification of both of these val
is made wjth sufficient accdracy. In general, the following will hold for z. The maximum deviation of
values after the data is'transferred should be carefully determined.

NOTE1 [For example, the following criteria are recommended:

— 1/100]of the\smallest peak-to-valley value; or

ta
jed
les
the

— 1/10

the smallest RMS requirement on this surface

NOTE 2 The specifications of the sagitta table are necessary, but not sufficient to completely describe
diffractive surface.

Table 6 — Example of a sagitta table in Cartesian coordinates

X y z

0,0 0,0 5,213 218
50 0,0 7,231 564
50 50 3,201 487
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Table 7 — Example of a sagitta table in polar coordinates

p @ z
0,0 0,00° 3,346 545
5,0 1,57° 1,357 573
5,0 3,14° 2,346 239

© IS0 2023 - All rights reserved
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Classification of diffractive structures

Diffractive structures for optical applications exist in many geometric configurations.

[SO 15907 defines the basic terms for diffractive optical elements for free space propagation. Howeter,
from a gepmetric point of view ISO 15902 does not provide a systematic classification of the varipus
diffractiv¢ structures.

Figure A.1 therefore gives a classification scheme to allocate the terms used within~this documpgnt
according|to its geometric configuration.

diffractive structures at surfaces

/%

regular pattern complex pattern
translational invariant rotational invariant non-invariant
linear gratings (LG) concentric circular complex CGHs
linear CGHs gratings (CG)
Concentric
circular CGHs

k] 1 1 1 1 : 1 1 : B :
NOTE TITTC dI'T dISU TTUIT=CQUAILY SPpdLCU LI dIISIAUUIIAITY dITU TULAUIUIIAITY IV IdITUSTIUCiurcs.

Figure A.1 — Classification scheme of diffractive structure optical elements
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diffractive structures at surfaces

basic type: transmission reflection

/\ [\

type of modulation: amplitude  phase amplitude phase
type of phase: index surface)” index surface
relief relief

Figure A.2 — Classification scheme of diffractive structures
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Annex B
(informative)

The three most important types of diffractive structures

B.1 Linpardiffractivestructures

B.1.1 Definition, basics and types

Linear diffractive structures consist of very small straight parallel equal lines or grooves.n or on the
surface offan optical component, which are in a scale near to the wavelength of light,\using the wave
propertieg of the light and working with diffraction and interference. They are regular, periodic 4nd
translatiohally invariant, therefore they can be called linear diffraction gratings ershortened to lingar
gratings. They are mostly situated at plane surfaces, but they also may be(Tealized at spherical| or
cylindricall surfaces with large radii for a more compact design and more efficient correction of optical
aberrations of an optical system.

The optichl component “plate with linear grating at one surface’~is commonly also called “lingar
diffraction grating” or “linear grating”, also if both optical surfacesaré curved with a very large radius.
A prism with a linear grating at one surface is called “linear diffraction prism”, “diffraction prigm”
or “grism|. Linear gratings are used for spectroscopy in analytical measurement, diffractive bepm
splitters, ¢xternal laser resonators and wavelength multiplexing in telecommunication.

Regarding the direction of diffracted light, linear gratings are classified into reflection gratings (RG)
and transmission gratings (TG). Regarding physics, they are classified into amplitude gratings (AG) 4nd
phase gratings, which are further subclassified into surface relief gratings (SG), and index gratings (}G).
Each type|has advantages and disadvantages for various applications.

Diffractioh gratings work through diffraction and superposition of lightwaves coming from the groyes
or gaps of the grating, this is called interference of light. After passing the linear grating, the elementary
lightwavep coming from gaps or grooves cause a pattern of stripes with maxima and minima, dependjng
on the angle of incidence a, the wavelength of light, A, and the grating period, /A (distance between two
adjacent ljnes or grooves). The~recCiprocal value of A is the spatial frequency, N (also called gratjng
resolution, line density or groove density). The maxima are called orders of diffraction (see Figures B.1
and B.2). The 0th order of diffraction is the regularly reflected or transmitted light, the next maximfim
left or right is the first ofder of diffraction, then the second order and so on may follow. Maxima fornp at
such angl¢s, where theddifferences of the lightwaves coming from gaps or grooves are integer number
multiples pf the wavelength of light. The angle between the axis of incidence and the number of maxima
m is callefl diffraction angle  with index, m. At perpendicular incidence of light (@« = 0) applies the

following pimplified Formula (B.1):

sin ﬁm —(;L‘Ill)/l Aor-—sin ﬁm = C .1)

Otherwise with any given incident angle a applies the following Formula (B.2):
sina +sin B, =(A-m) /A or: sina +sin 8, =A-m-N (B.2)

NOTE This sign convention differs from ISO 15902. However, it is widely used in literature and provides the
simplest description of the formulae. For example, using this sign convention, the same formulae can be used for
transmission and reflection gratings. For more information, see Reference [11].
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()| 2l m=+2 ne (5|

a) Atatransmission grating b) (Atdreflection grating
Key

1 | incident beam

Figure B.1 — Diffraction orders at perpéndicular incidence of light (« = 0)

A=t m = +/

a) Atatransmission grating b) Atareflection grating

Key
1 incident beam
2  reflected beam

Figure B.2 — Diffraction orders at non-perpendicular incidence of light (a < 0)

Most users want to achieve a great angular resolution and a high amount of light in one desired order of
diffraction. This is called high diffraction efficiency. This can be realized by a non-symmetric triangular
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profile of the lines. Such linear gratings are called blazed gratings. The angle between the former
smooth surface of the substrate (base surface) and the tilted flanks of the triangular grating profile is
called blaze angle 6. The right blaze angle for maximum diffraction efficiency depends on the desired
incident angle, and the desired diffraction angle at a desired wavelength of diffraction (called blaze
wavelength, A5). A diffraction efficiency of more than 90 % can be achieved at the blaze wavelength.
The right blaze angle for a wider wavelength range is always a compromise, and the average diffraction
efficiency for an extended wavelength range is always lower than the diffraction efficiency at the blaze
wavelength. A linear diffraction grating without any indication of blaze angle and blaze wavelength is
always symmetric.

The optimn
calculated
Regarding
gratings 4
Profile im
Tiny local

diffraction efficiency and very low scattered light.

B.1.2 Pi

For the p

diffractiom gratings all usual drawing standards are valid. Often it is ‘necessary to create separ]

drawings
face view,
drawing,

tiny lines
grooves. A

It is perm

ulll lJl Ulcl}C Uf 61 atills sl UUVCO alld Sl at;lls lillCD fUl d siVCll allallsclllcllt Uf illlas;lls Cdll
by computer programs, but it cannot always be fully realized by the producing technolog
profile type, linear diffraction gratings can be classified into two types: rectangu

defects cause scattering of light. A good quality of a linear diffraction gratifig'means a h

esentation in drawings, required specifications and indications

resentation of the substrates (sometimes called blanks) and. the coatings of the lin
for the polished substrate, the coated substrate and the stfuctured optical element. In

burrounded by a small continuous line. The lines of the.hatch shall be drawn parallel to
por grooves of the linear grating, they shall indicate ‘the direction of the diffractive lines g
horizontal or vertical position of the lines shall befpreferred.

tted to specify an angle including a tolerance-between the direction of the tiny grating li

directly a
angle incl
structure.
index of th

and a stra{

In face vig
non-vertid
this line a
structure
there is m
follow dir

At blazed
flanks (ac
face view
lines), sur

ight datum surface or datum edge. However, in CAD software, this angle cannot be indica
the hatch lines. Therefore, the datum has to be marked as usual with a capital letter, and
ding a tolerance has to be indicated in the table field with the specifications of this diffrac]
In the context of linear diffractionigrating, this angle is defined with the symbol ¥ with
e capital letter, which marks the.datum.

bw from each diffractive afea’one small straight continuous tilted line (non-horizontal 3
al) shall guide across the surface to the outside of the optical component. At the outer eng
small short horizontal continuous line has to begin. Above this line the symbol of diffract
has to be written:(#in a small circle, followed by the abbreviation LG for linear grating
pre than one diffractive area on the component, an identity number beginning from one s}
pctly. See also Figure 5.

linear gratings (non-symmetric profile of the grating lines) the direction towards the ris
Foss theilines) shall be indicated by the symbol > or <. This symbol has to be set beside
butgside-at 3 small short lines in parallel to the hatch (marking the direction of the tiny grat
rounded by a circle, like a detail (See Figure B.3). Components with blazed linear gratij

be
es.
lar

nd sinus gratings. A non-symmetric rectangular profile is often called saw-tootly profiile.
perfections and slight random deviations of the line paths decrease the diffraction’efficier
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TE The two cut corners serve as marks to ensure the correct assembling.

(exaggerated principle presentation)

In the first text line after the diffractive symbol the following classification shall be indid
— LG (linear grating = basic type of diffractive structure);
— TG or RG (direction of diffracted light: transmission grating or reflection grating);

— AGorSGorlG
(type of structure: amplitude grating or surface relief grating or index grating);

— Jrecor /sin or /tri or /tsi (profile type, written'directly after the type of structure:
rectangular profile or sinusoidal profile ortriangular profile or truncated sinusoidal

If desired: basic type of technology: “ruled grating” or “embossed grating” or “replicated g
“lithographical grating”.

If desired: either “master” or “first~order replica” or “second-order replica”.

If desired: nonverbal technology code or additional information about technology.
Spatial frequency, N, in lines/mm or grating period, 4, either in nm or in um.

For amplitude gratings: either gap-line ratio or duty cycle D (ratio of gap to grating perio
For blazed gratings; blaze angle, 65, in degrees.

For blazed gratings: blaze wavelength, A, in nm (at incident angle a in degrees; at a
diffractionf,).

Usedwavelength range in nm (from minimum wavelength to maximum wavelength).

Minimum diffraction efficiency, n, in %, (at wavelength A; at incident angle «; at diffractio

Figure B.3 — Indication of the rising blaze direction of a non-symmetric linear grating

ated:

profile);

rating” or

h angle of

angleg,)

(mn]fip]p indications are pnccihln, the method nFmpacnring may be addedin the followin

textline).

Average diffraction efficiency, n,y, at a defined wavelength range (method of measurement may be

added in the following text line).

Maximum of light scattering in ppm (method of measurement may be added in following text line;
indications about permitted structural defects and permitted scale division errors are possible,
but not recommended. The indication and measurement of the resulting functional properties of

diffraction efficiency n and light scattering is preferred.).

If necessary: damage threshold either in kW/cm? or MW/cm? (with addition: CW or pulsed)

If necessary: angle ¥, between the grating lines and a straight reference surface or reference edge

A (The reference edge A shall be marked with a capital in the face view).

© IS0 2023 - All rights reserved
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Finally two very special types of linear gratings shall be mentioned:

a) There are so-called cross gratings, where straight grating lines cross each other. In this case the
grating type “cross grating” has to be inserted as second text line. The several directions of grating
lines cause a cross-hatch in face view, each has to be indicated with a number of direction k starting
with 1. As result there are several angles ¥, (k is the number of direction). If grating period and
grating profile of the directions are different, they have to be indicated separately one below the
other in the text field.

b) There are so- called chlrp gratlngs where the spatlal frequency of the llnear gratmg changes w1th a

inserted as second text lme and instead of a constant spatlal frequency, N, either a variaple
spatidl frequency f(d) as a function of the distance, d, from the middle line or a data file name hag to
be indicated.

(More complex types of linear diffraction gratings shall be regarded as CGH.)
B.1.3 Examples of drawings

See Figurg¢s B.4 and B.5.
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LG; TG; AG/rec

Gap-line ratio 11

¥, = 90° £10 arcmin

N = 250 lines/mm
Technology: work order 37E

nlA = 450 nm) > 25 %
nlA = 550 nm) > 30 %

- Diffraction efficiency (o = 0°;, m = 1)

G

n(A = 650 nm) > 25 % /qu<%>
Surface 1 Material specification Surface 2

R w

3/501)
4/-

test region 16 x 16
Protective chamfer 0,1-0,3
AR coating C2050

5/3 % 0,025: C5 x 0,040;
L2 x 0,005; E0,6

0/
M3 = 0,025

P3 7/-;3

Company / Fused Silica

R o

test region 16 x 16

Protective chamfer 0,1-0,3
Cr-coating C1130; thickness 0,01 mm
Diffractive structure acc. spec.

3/501 P3

&

L/-

5/2 x 0,025: L2 x 0,003; E0,6 /

=@

Ind. acc. ISO 10110; A = 646,07 nm

Scale 2:1

Title block

Figure B.4 — Example: linear diffraction grating
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Az z.

Right surface:
- Diffractive area @4 44
Test region $e 42
LG; RG; SG/tri
@— Resin RX13; replica: work order 162C
- N = 318 lines/mm
- Hg = 25° £2°
- Ag =543 nm; o = 60° m= -4
Replica: work order 162C

'U > 80%
Coating C4422 (Al-coating)

@

/,

A
VR
VR
VR
% %

/,

($L6)

{9)

Diffraction efficiency (& = 60% 3 = 10°; m = -4; A = 543 nm):

Ind. acc. IS0 10110; A = 546,07 nm

=1 ‘ Scale 21

Title block

Figure B.5 — Example: blazed diffraction grating on curved base surface

B.2 Concentric circular diffractive structures (ring gratings)

B.2.1 Definition, basics and types of concentric circular diffractive structures

Concentric circular diffractive structures have a rotationally invariant profile and consist of concentric
circular lines or groves. These lines or grooves are not equal, but can be calculated and described
mathematically, therefore they are called circular diffraction gratings or shorter circular gratings (CG),

and sometimes they are called ring gratings.
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