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Projection Symbol

First angle

Third angle

Figure 3-1 Comparison of the first-angle projection view to the third-
angle projection view of the same object



Dimensions in Millimeters
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Figure 3-2 1SO 10110 drawing example: doublet lens



Indication

General

Material Imperfections — Stress Birefringence

Material Imperfections — Bubbles and Inclusions

Material Imperfections — Inhomogeneity and Striae

Surface Form Tolerances

Centering Tolerances

Surface Imperfection Tolerances

Surface Texture
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Laser Irradiation Damage Threshold

Figure 3-3 1ISO 10110 drawing specification structure



Figure 3-4 This precision optics technician is adding a chamfer to the
edge of a prism. The prism corner in the foreground of the right image
has been chamfered



FRACTURE

plastic
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Figure 3-5 Basic stress—strain curve, showing regions of elastic and
plastic deformation as stress is applied, until the material ultimately
fractures



Figure 3-6 Various optical materials
under polarized light



ISO 10110 | permissible OPD per
indication | thickness [nm/cm]

0/ 4 4
0/5 5
0/10

20

0/ - no requirement

Figure 3-7 Stress birefringence is given by the indicator O/ followed by
the OPD induced by stress



Figure 3-8 The top image shows a shadowgraph being used in an industrial
setting. The lower left image show almost no striae (class 5/ grade A), while
the lower right images shows high striae (class 1 / grade D).
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Figure 3-9 Homogeneity Class Standards for Precision Optical
Materials, per Standard 1ISO 10110-4



Striae |Density of striae causing an optical
Class path difference of 30 nm

1 < 10%

2 < 5%

3 < 2%

4 < 1%

5 no visible striae

Figure 3-10 Striae Class Standards for Precision Optical Materials, per
Standard ISO 10110-4



Figure 3-11 The flat surface in the middle of this figure has an error in it
of depth d, so the light (represented by the lines on the left) will have to
travel a distance of 2d when reflected from this surface. This shows
that RWFE is twice the surface figure error.



T e

reference optic surface under test
(converging lens)

Figure 3-12 An example of a setup for surface figure or RWFE
measurement of a precision optic’s convex surface



Figure 3-13 An example of a surface map showing the highs and lows
of a precision optical surface, as measured by an interferometer; plan
view on the left, isometric view on the right
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Figure 3-14 An example of a setup for TWFE measurement of a
precision lens or multielement optical system



Figure 3-15 Examples of scratches on precision optics, as seen under
microscope inspection
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Figure 3-16 An interferometric and optical profile has two beam paths:
one beam measures a smooth reference mirror surface, and the other
measures a witness sample surface. The resulting interferogram at
each sample point provides a measure of the witness sample
roughness.



type of texture,
ground (G) or polished (P)

type of measurement:
Rq roughness value [micrometers]
or roughness PSD

scan resolution / scan length

Figure 3-17 Per ISO 10110-8, this is the indicator for surface texture
and its parameters



Range of maximum {diagonal)

Property dimension of the part [mm]
uptolD0 |10to 30 |30to 100|100to 300

Edge length, diameter [mm] + 0.2 + 0.5 + 1.0 +1.5
Thickness [mm)] + 0,1 + 0,2 + 0.4 + 0.8
Ange deviaion of prism and plate + 30 + 30 + 30 + 30
Width of protective chamfer [mm] (0.1 t0 03 |0.2t0 05|03 t0 08| 0.5t 1.6
Stess hirefri

ess hirefringence [nm/mm] 0/ 20 0/ 20
(per 1SO 10110-2)
Buhbl d inclusi

Ty S 1/ 3%0.16 | 1/ 5¢0.25 | 1/ 540.40| 1/ 5%0.63
(per 15O 10110-3)
Inh ity and stri

nhomogeneity and striae 5711 5711
(per 1SO 10110-4)
Surface f tol

Hrrace form tolerances 3/5(1) | 3/10(2) | 3/10(2) | 3/10(2)
(per 1SO 10110-5)
Centering tol

entering tolerances 4/ 30 4/ 50 4/ 10 4/ 10
(per 1SO 10110-6)
Surface imperfection tolerances

5/ 3x0.16 |5/ 5x0.25 |5/ 5x0.40| 5/ 520,63

(per 150 10110-7)

data

Figure 3-18 ISO 10110-11 drawing specifications for non-toleranced




standard

cleanroom class

number of particles per cubic meter for each particle size given

150 14644-1 designation
. lish 0.1 micrometer- | 0.2 micrometer- | 0.3 micrometer- | 0.5 micrometer- | 1.0 micrometer- | 5.0 micrometear-

MEte | ARk sized particles | sized particles | sized particles | sized particles | sized particles | sized particles
1501 10 2
50 2 100 24 10 4
1503 P15 1 1,000 237 102 35 g
150 4 h2.5 10 10,000 2,370 1,020 352 83
1505 M35 100 100,000 23,700 10,200 3,520 232 29
506 h4.5 1,000 1,000,000 237,000 102,000 35,200 8,320 293
1507 M55 10,000 352,000 83,200 2,920
1508 n6.5 | 100,000 3,520,000 g32,000 29,300
1509 35,200,000 8,320,000 293,000

Figure 3-19 Cleanroom Cleanliness Standards for Precision Optics,
per ISO Standard 14644-1




NVR Surface | Surface Contaminant
Cleanliness Level | Limit [pg/mm’]

47100 0,01
450 0,02
A/20 0,05
4710 0.1
A5 0.2
A 0.5

A 1.0

B 20

C 3.0

D 4.1

E 2.0

Figure 3-20 Cleanliness Standards for Optical Surfaces, per Standard MIL-1246C



Figure 3-21 Environmental chambers like these are used to test
precision optics by changing the ambient temperature and pressure
and by simulating the conditions, such as humidity and salinity, of their
application
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Figure 3-22 Schematic of an Interferometer
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Figure 3-23 Blemishes found on Substrate Surface Serial #3A



