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Foreword

ISO (the

federation

preparing

International Organization for Standardization) is a worldwide
of national standards bodies (ISO member bodies). The work of
International Standards is normally carried out through 1SO

technical gommittees. Each member body interested in a subject for which
a technicaj committee has been established has the right to be represented

on that ¢
governme,

collaborat

(IEC) on &

Draft Inte

circulated
Standard
a vote.

bmmittee. International organizations, governmental and non-
htal, in liaison with 1SO, also take part in the work. ISO
bs closely with the International Electrotechnical Commission
Il matters of electrotechnical standardization.

national Standards adopted by the technical committees are
to the member bodies for voting. Publication as an International
requires approval by at least 75 % of the member bodies casting

Internatiopal Standard 1SO 10110-12 was prepared by~“Technical

Committe

SC 1, Fun

ISO 1011

b ISO/TC 172, Optics and optical instruments, \Subcommittee
damental standards.

D consists of the following parts, under the general title Optics

and optic4l instruments — Preparation of drawings-for optical elements and

systems:
—  Part
—  Part
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—  Part
—  Part

—  Part

1: General

2: Material imperfections(— Stress birefringence

3: Material imperfections — Bubbles and inclusions
4: Material imperfections — Inhomogeneity and striae
5: Surfaceform tolerances

6: Centring tolerances
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7 Surface imperfection tolerarnces

—  Part 8: Surface texture
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—  Part 9: Surface treatment and coating

— Part 10: Table representing data of a lens element
—  Part 11: Non-toleranced data

—  Part 12: Aspheric surfaces

—  Part 13: Laser irradiation damage threshold

Annex A forms an integral part of this part of ISO 10110.
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Optics and optical instruments — Preparation of drawings for
optical elements and systems —

Part 12:

Aspheric surfaces

1 Scope

ISO 10110 specifies the presentation of design and functional reguirements for optical elements in|technical
drawings|used for manufacturing and inspection.

This part|of ISO 10110 specifies rules for presentation, dimensjoning and tolerancing of optically effectivg surfaces
of aspherfjc form.

This partjof ISO 10110 does not apply to discontinuous. siarfaces such as Fresnel surfaces or gratings.

This partjof ISO 10110 does not specify the method by which compliance with the specifications is to be tepted.

2 Normative references

The folloying standards contain-provisions which, through reference in this text, constitute provisions of this part of
ISO 1011)0. At the time of publieation, the editions indicated were valid. All standards are subject to rev|sion, and
parties tq agreements based-on this part of ISO 10110 are encouraged to investigate the possibility of applying the
most recent editions of the)standards indicated below. Members of IEC and ISO maintain registers of currently valid
Internatignal Standards:

ISO 1101:—1), Téchnical drawings — Geometrical tolerancing — Tolerancing of form, orientation, locationy and run-
out — Generalities, definitions, symbols, indications on drawings.

ISO 10110-#
Part 1: General.

ISO 10110-5:1996, Optics and optical instruments — Preparation of drawings for optical elements and systems —
Part 5: Surface form tolerances.

ISO 10110-6:1996, Optics and optical instruments — Preparation of drawings for optical elements and systems —
Part 6: Centring tolerances.

1) To be published. (Revision of ISO 1101:1983)
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ISO 10110-8:19972), Optics and optical instruments — Preparation of drawings for optical elements and systems —
Part 8: Surface texture.

3 Mathematical description of aspheric surfaces
3.1 General

Aspheric sjirfaces are described in a right-handed, orthogonal coordinate system in which the z axis¥s-th¢ optical
axis.

Unless otherwise specified, the z axis is in the plane of the drawing and runs from left to right; if only ong cross-
section is grawn, the y axis is in the plane of the drawing and is oriented upwards.

If two crogs-sections are drawn, the xz cross-section shall appear under the yz cross-section (see figurd 5). For
t

Ao mans b P Y YV TaTe ]
He urawingyg.
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HE 47 aiiu y=aAkco inay ve Shiowii on

The origin pf the coordinate system is at the vertex of the aspheric surface (figure 1).

Figure 1 — Coordinate system

2) To be published.
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Surfaces fulfilling the equation
2= f(x2 +y2)
are of special importance; they are rotationally symmetric about the z axis.
Two types of surface are of particular importance because of their common application in applied optics:
— generalized surfaces of second order, and

— toric surfaces.

3.2 Special surface types
3.2.1 eneralized surfaces of second order

In the cgordinate system given in 3.1, the equation of the surfaces of second order which fall within the sq ope of this
part of IBO 10110 is

2
+

nm‘x

»
b2
2

z={f(x,y)=c- >
1+\/1—Z—2—Z—2

(1)

where
a and b are constants (possibly imaginary), with a2 and 42 réal);
c is|a real constant.

With thg substitutions

2

al R,  (radius of curvature in the Xz plane for z = 0),
c

b2

—|=R, (radius of curvature’in the yz plane for z = 0),

K —a2 1
x| "o T b
02
2
b
Ky=—2—1

€

where &, K, are the conic constants,

equation (1) becomes

2 2
2 2
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It the surface according to equation (2) is intersected with the planes x = 0 (or y = 0), then, depending on the value
of &, (or ), intersection lines of the following types are produced:

k>0 oblate ellipse;
k=0 circle;
-1<kx<0 prolate ellipse;
K=-1 parabola;
Kk<-1 hyperbola
The following special cases of equation (2) should be mentioned:

a) R=R,

z=f(

Equation ({

b) z=f(

This equa
perpendicu

c) z=f(
This equat
section (if ¢

If necessa
the surfacse

z=f(x
where f{(x, |

NOTE — (
figure 1.

=Ry, k= K = kK, and h2 = x2 + y2 gives

h2

)=
l R+\/R2—(1+r<)h2

) describes a surface rotationally symmetric about the z axis.

) = u?
R, +\/R,42—(1+1<u)u2
ion describes a cylinder (not necessarily of circular cross-section) the axis of which for
lar to the xz plane, and the axis of which for u = y is.pérpendicular to the yz plane.
2 2

X Y
K, y)=cC &+

a® b

on describes a cone with its tip at-the origin with elliptical cross-section (if a # b) or with circuld
=b).

y, equation (2) can be modifigd by the addition of a power series fy(x,y) (see annex A). The eql
is then complete:

y) +filx, )
) represents the basic form according to equation (2).

are should be taken that the signs of the coefficients in f4(x, y) are in accordance with the conventions d

3.2.2 Toricsurfaces

I Cross-

ation of

- (6)

efined in

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

= f(x:y): Ry x\/[Ry - g(x)]z - y2

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 (2) by setting y = 0.

(7
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x2

Rx+\/Rf—(1+Kx)x2

g(x)= . (8)

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 (7) and (8) by interchanging x with y, R, with R, and x; with x;.
The following special case of equations (7) and (8) should be mentioned:

k= 0 gives g(x)=R, —R? - x*> and

Z=f(x,y)=Ry—\”Ry—Rx+\/Rf—x2J —y2 ... (9)

Equation (9) describes a torus whose defining arc is a circle with radius R,.

In analqgy with 3.2.1 of this part of ISO 10110, g(x) can be modified by addition of a.power series|g{(x) (see
annex Al)

4 Indjcations in drawings
4.1 General

An aspheric lens or mirror shall be represented in the same manner@s a spherical component (see ISQ 10110-1),
the indidation of the radius on the drawing being replaced by the word “asphere” if f1(x, y) # 0, or the type |of asphere
if the bakic equation is not modified by a power series (e.g.“toroid®, “paraboloid”, etc.).

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

For clarlty, the form of the aspheric profile may be exaggerated in the drawing. In addition, an abridged spgitta table
may be jncluded on the drawing (see figure 2).

Surfacelform tolerances shall be indicated in‘one of the following ways:
a) in dccordance with ISO 1101,
b) in gccordance with ISO 10140-5

or

c) by [a table specifying the permissible deviations of z, i.e. the differences between the nominal Values of
acdording to€quation (8) and the actual values of the workpiece (see figure 2).

In each|of these three cases, the permissible slope deviation (that is, the local deviation of the surface normal from
the nontinal value) may additionally be specified.

If such a slope tolerance is specified, the slope sampling length shall also be given on the drawing. The slope
sampling length is the transverse distance on the surface over which the slope is measured. Note that the slope
deviation refers to the slope difference between the actual surface and the nominal aspheric surface calculated
according to the defining equation.

For non-rotationally-symmetric surfaces, the slope tolerance may be different in different sections.
Centring tolerances shall be indicated in accordance with either ISO 1101 or ISO 10110-6.

Tolerances for surface imperfections and specifications of surface texture shall be indicated according to
ISO 10110-7 and ISO 10110-8, respectively.
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Dimensions in millimetres

Figure’2 — Lens with a rotationally symmetric aspheric surface

8]
K2 > :
= + Z(A&- h2’)
R(1+\/1—(1+K)h2/R2j i=2
h z Az Slope
tolerance
0,0 0,000 0,000 0,3
5,0 0,219 0,002 05
10,0 0,825 0,004 0,5
15,0 1,599 0,006 0,8
19,0 1,934 0,008 1,0’
5 Examples

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

R = 56,031

K = -3

Ag = -0,43264E-05
Ag = -0,976 14 E-08
Ag = -0,108 52 E-11
Ajg = -0,12284E-13

Slope sampling length = 1 + 0,1

In figure 2, the datum axis runs through the centre of curvature of the spherical surface and the central point of the
right surface (according to 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.

5.2 Parts with a symmetric aspheric surface, with the optical and mechanical axes not

coincident

Figure 3 a) shows an off-axis paraboloid with a rectangular cross-section. The surface form tolerance and centring

tolerance are indicated according to 1SO 1101.
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The datum axis is given by the intersection of surfaces A and C. Datum C is the part width as shown.

The vertex of the paraboloid shall lie within a cube of edge length 0,1 mm centred on the nominal position.

The rotation axis of the paraboioid shaii lie, over a iength of 100 mm, within a cyiinder paraiiei to the datum axis,
having a diameter of 0,05 mm.

The surface form tolerance of the optically effective surface is given according to ISO 1101:—1), 14.6. In addition,
the slope error tolerance is indicated.

Figure 3 b) shows the same optical element as figure 3 a); however, the surface form tolerance is indicated here
according to ISO 10110-5.

Dimensjohs)in|millimetres

[5[0.00%/870

>

31

\

@l0.[A]B]C]
1]#0,05/100]A]

Slope ftolerance = 0,5

N X XX

N\
X X
AN

15

3

-

12

Slope sanpling length = 2 + 0,2
2
7=—
2R

R=35741+0,2

a) Surface form tolerance indication in accordance with ISO 1101

1) Tobe pu.blished (Revision of ISO 1101:1983)
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Dimensions in millimetres
3/5 (=) (all @ 10)

31

®lo1[A[B] (]
L]# 0,057 100]A]
Slope tolerance = 0,5’

N X R

XY
X X
N

15

=

‘4\

12

Slope sampling length =2 + 0,2

h2
1=— R=35,741 10,2

2R
b) Surface form tolerance indication in accordance with ISO 10110-5

Figure 3 — Off-axis paraboloid

5.3 Parts with a non-rotationally-symmetric aspheric surface

Figure 4 shows a plarioeylinder lens with rectangular cross-section. The datum axis is given by the intersection of
surfaces Aland B.

The axis of thé\cylindrical surface shall be within a cylinder of diameter 0,05 mm.

The form error tolerance is specified according to ISO 1101:—1), 14.4 and additionally by different slope error
tolerances in the two sections.

Figure 5 shows a planotoric lens with circular cross-section.
The datum axis is given by the edge cylinder B and the plano surface A.

The surface equation shown in the drawing indicates that defining arc and rotation axis of the surface lie in the
xz-plane.

Different tolerances for the surface tilt angles are given in the two sections. Also the (local) slope angle tolerances
are different in the two sections.
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