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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.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10110-12 was prepared by Technical Committee ISO/TC 172, Optics and photonics, Subcommittee SC 1,
Fundamental standards.

This second edition cancels and replaces the first edition (ISO 10110-12:1997) which has been technically
revised.

ISO 10110 consists of the following parts, under the general title Optics and photonics — Preparation of
drawings for optical elements and systems:

— Part 1: General

— Part 2: Material imperfections — Stress birefringence

— Part 3: Material imperfections — Bubbles and inclusions
— Part 4: Material imperfections — Inhomogeneity and striae
— Part 5: Surface form tolerances

— Part 6: Centring tolerances

— Part 7: Surface imperfection tolerances

— Part 8: Surface texture

— Part 9: Surface treatment and coating

— Part 10: Table representing data of optical elements and cemented assemblies
— Part 11: Non-toleranced data

— Part 12: Aspheric surfaces

— Part 14: Wavefront deformation tolerance

— Part 17: Laser irradiation damage threshold

iv © 1SO 2007 — All rights reserved



INTERNATIONAL STANDARD ISO 10110-12:2007(E)

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

Part 12:
Aspheric surfaces

1 Scope

The 1ISO 10110 series specifies the presentation of design and functional requirements for optical elements in
technical drawings used for manufacturing and inspection.

This part of ISO 10110 specifies rules for presentation, dimensioning and tolerancing of optically effective
surfaces of aspheric form.

This part of ISO 10110 does not apply to discontinuous surfaces such as Fresnel surfaces or gratings.

This part of ISO 10110 does not specify the method by which compliance with the specifications is to be
tested.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 1101:2004, Geometrical Product Specifications (GPS) — Geometrical tolerancing — Tolerances of form,
orientation, location and run-out

ISO 10110-1, Optics and photonics — Preparation of drawings for optical elements and systems — Part 1:
General

ISO 10110-5, Optics and photonics — Preparation of drawings for optical elements and systems — Part 5:
Surface form tolerances

ISO 10110-6, Optics and optical instruments — Preparation of drawings for optical elements and systems —
Part 6: Centring tolerances

ISO 10110-7, Optics and photonics — Preparation of drawings for optical elements and systems — Part 7:
Surface imperfection tolerances

ISO 10110-8, Optics and optical instruments — Preparation of drawings for optical elements and systems —
Part 8: Surface texture

© 1SO 2007 — All rights reserved 1
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3 Mathematical description of aspheric surfaces
3.1 General

3.1.1 Coordinate system

Aspheric surfaces are described in a right-handed, orthogonal coordinate system in which the Z axis is the
optical axis.

Unless otherwise specified, the Z axis is in the plane of the drawing and runs from left to right; if only one
cross-section is drawn, the Y axis is in the plane of the drawing and is oriented upwards.

If two cross-sections are drawn, the XZ cross-section shall appear below the YZ cross-section (see Figure 5).
For clarity the X- and Y-axes may be shown on the drawing.

The origin of the coordinate system is at the vertex of the aspheric surface (see Figure 1).

Figure 1 — Coordinate system

3.1.2 Sign conventions

NOTE As will be shown later in this part of ISO 10110, the various types of aspheric surface are given by
mathematical equations. In drawings the chosen equation and the corresponding constants and coefficients are specified.
To achieve unambiguous indications of the surfaces, sign conventions for the constants and coefficients need to be
introduced.

A radius of curvature (commonly given for the vertex) has a positive sign if the centre of curvature is to the
right of the vertex and a negative sign if the centre of curvature is to the left of the vertex.

The sagitta of a point of the aspheric surface is positive if this point is to the right of the vertex (XY plane) and
negative if it is to the left of the vertex (XY plane).

2 © 1SO 2007 — All rights reserved
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3.2 Classification of surface type

Two types of surface are of particular importance because of their common application in applied optics:
— generalized surfaces of second order;

— surfaces of higher order.

Generalized surfaces of second order contain conical surfaces, centred quadrics and parabolic surfaces.

Surfaces of higher order contain polynomials, toric surfaces and combinations of surface types, e.g. by adding
polynomials to other surface types.

3.3 Special surface types
3.3.1 Surfaces of second order

3.3.1.1  Centred quadrics and parabolic surfaces

In the coordinate system given in 3.1.1, the equation of the surfaces of second order which fall within the
scope of this part of ISO 10110 are derived from the canonical forms

2 2 2
x_2 +y_2+z_2 =1 for centred quadrics (1)
a b c
where

a, b are real or imaginary constants;

c is a real constant.

X2 )2

—t—5+2z=0 for parabolic surfaces (2)
a b

where a, b are real or imaginary constants,

and can be written as

L
z=f(xy)= 2 fY ; 3
X
1+\/1-(1+,<x){RX] —(1+KY){Rij
where
Ry is the radius of curvature in the XZ plane;
Ry is the radius of curvature in the YZ plane;

Ky, Ky  are conic constants.

© 1SO 2007 — All rights reserved 3
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Using curvatures Cy = 1/Ry and Cy = 1/Ry instead of radii yields

X2Cx +y2CY

z=f(xy)=

1441 (14 %) (xCx )2 — (14 10y ) (6Cy )2

(4)

If the surface according to Equations (3) or (4) is intersected with the XZ plane (y = 0) or the YZ plane (x = 0),
then, depending on the value of &y (or xy), intersection lines of the following types are produced:

x>0 oblate ellipse;
k=0 circle;

- 1< x<0 prolate ellipse;
k=-1 parabola;
k<—1 hyperbola.

The following special cases of Equations (3) and (4) should be mentioned:

a) Rotationally symmetric surfaces:
Using radii:
FOI’R=RX=Ry, K= KX: Kyand h2:X2 +y2
Equation (3) gives

h2

z=f(h)= -
R 1+ 1—(1+K)(Zj

(%)

Using curvatures:
FOI’C=CX=Cy, K= KX: Kyand h2:X2+y2
Equation (4) gives
i n2e
141- (14 x)h2C?

25 fi(h (6)

Equations (5) and (6) describe a surface rotationally symmetric about the Z axis.

b) Cylindrical surfaces:
Using radii:
For Ry = or Ry = o
Equation (3) gives

u2

Ry 1+\/1—(1+KU)£1;{UJZ

z:f(u)z

)

Using curvatures:
ForCy=0o0rCy =0

Equation (4) gives

MZCU

z=f(u)=
) 14 1- (14 1 Ju2C 2

(8)

Equations (7) and (8) describe a cylinder (due to x; not necessarily of circular cross-section), the axis of
which for u = x is perpendicular to the XZ plane, and the axis of which for u = y is perpendicular to the YZ

plane.

© 1SO 2007 — All rights reserved
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3.31.2 Conical surfaces
The canonical form

x2 2 22
—+ +—=0 (©)
a2 6‘2

®|‘<
N

where
a, b are imaginary constants;
c is a real constant.

leads to Equation (10)

z:f(x,y)zc x_2+y_ (10)

where a, b, c are real constants.

This equation describes a cone with its tip at the origin, with elliptical cross-section (if a # b) or with circular
cross-section (if a = b).

3.3.2 Surfaces of higher order
3.3.21 Polynomials
The equation for polynomial surfaces is

z=f(xy)= A4x4 +B4y4 +Asx6 +Bsy6 +...+C3|)c|3 +...+D3|y|3 +... (11)
A special case of Equation (11) with 722 = x2 + 2 is

z= f(h)= Agh® + Agh* + A5h® + .. (12)
Equation (12) describes a rotational symmetric polynomial surface, known as Schmidt surface.

3.3.2.2 Toric surfaces

A toric surface is generated by the rotation of a defining curve, contained in a plane, about an axis which lies
in the same plane.

The equation of a toric surface having its defining curve, z = g(x), in the XZ plane and its axis of rotation
parallel to the X axis is

— 2
Z:f(x,y):RY +\/[Ry—g(x)] —y2 (13)
where Ry is the z-coordinate at which the axis of rotation intersects the Z axis.

For the purpose of this part of ISO 10110, g(x) is derived from Equation (3) by setting y = 0.

© 1SO 2007 — All rights reserved 5
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x2
g(x)= (14)

Ry 1+\/1—(1+KX)[1;‘XJZ

The equation of a toric surface having its defining curve in the YZ plane and its axis of rotation parallel to the Y
axis may be obtained from Equations (13) and (14) by interchanging x with y, Ry with Ry and &y with x,.

The following special case of Equations (13) and (14) should be mentioned:

Ky = 0 gives

g(x)=Ry|1- 1—[i]2

Ry

and

2
— X
z=f(x,y):RY+ Ry—Rx+Rx 1—[R—] —y2 (15)

Equation (15) describes a torus whose defining curve is a circle, with radius Ry.

3.3.2.3 Combinations of surface types

If necessary, surface types'can’be’modified by 'the ‘addition-of a power-series fi(x;) (see Annex A). The
complete equation of the surface is then

z=f(x, ) *f1 (x ) (16)
where f'(x, y) represents the basic form according to Equations (3) and (4) or Equation (10).

In analogy for toric surfaces, the defining curve g(x) can be modified by addition of a power series g4(x)
(see Annex A.)

Care should be taken that the signs of the coefficients in f;(x, ) and g4(x) are in accordance with the
conventions defined in 3.1.1 and 3.1.2. In the case where the direction of the Z axis shall be reversed, the
signs of the radii and curvatures and of the coefficients shall be changed. The signs of the conic constants
remain unchanged.

4 Indications in drawings

4.1 Indication of the theoretical surface

An aspheric lens or mirror shall be represented in the same manner as a spherical component
(see ISO 10110-1), the indication of the radius on the drawing being replaced by the word “asphere” if
f1lx,») =0, or the type of asphere if the basic equation is not modified by a power series (e.g. “toroid”,
“paraboloid”, etc.).

The equation describing the aspheric surface shall be given in a note, except for cylindrical surfaces with
circular cross-section.

6 © 1SO 2007 — All rights reserved



ISO 10110-12:2007(E)

The radius of curvature is indicated with a sign, in accordance with 3.1.2.

If the basic equation is modified by a power series an abridged sagitta table having sufficient numerical
accuracy shall be included on the drawing (see Figure 2).

4.2 Indication of surface form tolerances

Surface form tolerances shall be indicated in one of the following ways:
a) inaccordance with ISO 1101;
b) in accordance with ISO 10110-5; or

c) by a table specifying the permissible deviations of z, i.e. the differences between the nominal values of z
according to the specified equation and the actual values of the workpiece (see Figure 2).

NOTE For interferometric measurement the value of Az is measured along the local normal to the surface.
Because local figuring with small tools is generally used for generating aspherical surfaces, an additional
tolerance for the slope deviation, which limits the waviness of the surface, should be introduced in each of

these three cases.

The local slope deviation is the angular deviation of the local normal of the actual (real) surface from the local
normal of the theoretical surface.

The slope deviation at any¢pointsshall/be‘taken‘as.the mean’ of the local slopes over the slope integration
length. The slope integration length is the transverse distance on the surface over which the slope is
calculated.

The slope deviation of the surface can be_specified as a peak value or as an RMS value. The peak slope
deviation is given by the greatest of the slope deviations over the surface. The RMS slope deviation is given
by the square root of the 'sum of the squares ‘of the slope deviations over the surface.

If such a slope tolerance is specified, the slope integration length and spatial sampling resolution shall also be
given on the drawing.

Both the form tolerance and the slope tolerance may be different in different sections. See examples in
Figures 4 and 5.

4.3 Indication of centring tolerances

Centring tolerances shall be indicated in accordance with either ISO 1101 or ISO 10110-6.

4.4 Indication of surface imperfection and surface texture tolerances
Tolerances for surface imperfections and specifications of mid-spatial frequency ripple and surface texture
shall be indicated according to ISO 10110-7 and ISO 10110-8, respectively.

5 Examples

5.1 Parts with a symmetric aspheric surface, coincident mechanical and optical axes

In Figure 2 a), the datum axis runs through the centre of curvature of the spherical surface and the central
point of the right surface in accordance with ISO 10110-6.

The form tolerance of the aspheric surface is given in tabular form. Az is the maximum permissible deviation,
in millimetres, in the Z direction for the given H coordinate. In addition, a slope error tolerance is indicated.

© 1SO 2007 — All rights reserved 7
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