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1 Scope

This Internatienal Standard applies to the presentation of design and functional
requirements for optical elements in technical drawings used for manufacturing \,
and inspection.

= This part gives rules for indicating the level of acceptability of surface imperfec-
tions within the effective aperture of the optical surfaces of individual optical
elements [scratches. pits. fixture marks, portions of edoge chips extending inta
the effective aperture, coating blemishes, etc.]. Also given 15 the methed of in-
dicating the size of allowable edge chips cutside the effective aperture.

It is to be noted that the scceptance level for surface imperfeetions is specified
taking into account functicnal effects [affecting image farmation or durability of
the optical element) as well as cosmetic |aesthetic) effects.

This standard applies to both transmissive and reflecting surfaces. |t applies ta
finished optical elements (including coating) but not te assemblies. Finally, this
standard recognizes that allowable surface imperfections may be specified accor-
ding to either

Method | - the surface area obscured or affected by the defects,

or ' :

Method Il - the visibility of the defects,

Rules for indicating allowable surfzce imperfections are given for beoth cases,

2 Normative references

The following standards contain provisions which, through reference in this text,:
constitute provisions in this International Standard. At the time of publication,

the editions indicated were valid. All standards are subject ta revision, and par- J
ties to agresments based on this International Standard are encouraged to inve-
stigate the passibility of applying the most recent editions of the standards indi-
cated below. Members of |EC and IS0 maintain registers of currently valid Inter-
national Standards. i ;

® I1S0/DIS 10110 Part 1 Optics and optical instruments - Preparation of drawings
for eptical elements and systems - Part 1: General
ISO/DIS 10110:Part 8 - Optics' and"optical instruments’ - Preparation of drawings
2 for optical elements and systems - Part 8: Surface tex-
ture ...

ISC/DS 10110 Part ‘JD-"G';:H':T::':_:.;'”..an::! optical instrgme-ntﬁ = Preparation of drawings
s for é]l:r_t_.ic':ll _elements and systems - Part 10; 'I_'ahlel_ repre= . .
" -.: senting data of a lens element > ! i SR pH A
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3 Definitions

Surface imperfections are considered to be lacalized defects within the polished
effective aperture of an optical surface produced by improper treatment during or
after the fabrication process. Examples of such surface imperfecticns are scrat-
ches, pits, broken bubbles, sleeks, scuffs and fixture marks. Leng scratches are
defined as thin surface imperfections longer than 2 mm: these tend to be more
vizible than shorter defects of the same width because of their length., Alse
- included are localized coating blemishes such as grey spots and color. sites that
abeorb or reflect light differently from the bulk of the coating.

& Edge chips are localized defects around the periphery of an element. Ewven if
edge chips are outside the optically effective area. they may detrimentally affect
the performance of cptical systems by disturbing the sealing of elements, being a
saurce of scattered light or being sites of crack prepagation.

Long scratches and coating blemishes can only be indicated separately i;hén. Ma=
O thed | - Obscured Area - is used. :

Mot mcl:udedm this :i:;art_.of__thg_ standard are global surface defects such as a

lack of 2 complete polish, "erange peel", waviness or:surface.roughness (see

ISO/DIS 10110 part 8). .. . g 5

ey o
v b e
i

4 Indication in drawings

“The indication of permissible surface imperfections is given by a code number and
a numerical term. The code number for surface Imperfections is 5.

The numerical term depends on whether Method | or Methed Il is used. and is
described in subclause .1 or 4.2, respectively.: . _ 5

H

:-'J} el o R ..- | "l‘ _

R .__._.-?.".

ALy
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part 7 page 3

§.1 Method | - Obscured or affected area method
4.1.1 GCeneral surface imperfections

Aeeording to Method |, the drawirg indication for number and size of general
surface Imperfections, which are permissible within the effective aperture of a
surface. is

57T H % A.

The indication in the form N x A specifies the number, N. of allowed surface
imperfections of maximal parmitted size, and the grade number. A. which iz equal
te the sguare root of the surface area of the maximum allowed defect, expressed
in mm. Preferred wvalues for A are given in the first column of Table 1 in
Annex 1.

4.1.1.1 Costing blemishes

It is possible to 5.pe|:|fy the level of EI:EEFtabﬂh'}l' af I:natlng blemishes separately
from that of general surfaz:e |mperfectfun5. if desir&d G i

Fﬂﬂm\'iﬂg the lndlllr:atu:ln fl:ur genéral surface Imperfectmns and sepa}'ated from it
by a semicolon, the indication for caatmg blemishes, which are permissible wuthln
the effective aperture of & surface, is given by

CHN x A,
where the C iz the designation for coating blemishes, W' is the number of allowed
blemishes of maximal permitted size and A' iz the grade number as defined above
in 14-1.1‘_’. The surface |mpﬂr‘fe-:tlnn lndlc?tmn |nc!ud|ng coating blemishes is

.:-.-_,:-_ [ ot B

R el ':-'.".-.."-'.. s, 3 J|| N 4 A. iz C H'._x Al 5 __-.' :.'. r”‘ .‘1‘_ ‘-ﬁ_ :1... i‘_.. t_l—’!-
If ne separ‘ate mdh:atu:m for tnatmg hl-HTIIShE is gwen, it is ]ncluded In the al-
lowable general surface imperfection indieation, .

L A ST Hx AT

Lo Pt rmesLeds o GES
4.1.1.2 Long scratches
Following the indication for general surface imperfections [and coating blemishes,
if given) and, separated from them by a semicolon. the indication for long scrat-
ches (longer' than 2 mm)., u[_h'lt:h are permissible within the effective aperture of a
EI.FI"fBCE.. 15 gwen by e AN G ST e i E :

-LNHX.A" 3

] :.rwt_a ot qe i
1} In gtn&ral, :Lf tha surfact has an EJ'.I._J.P gefleqtgan wating, the qrada nul:nhar

CiE iRt will e largar the.n the, m:'ar!E numbar A for the bare surfa:e unparfections o
in l:'llst.mguish;ng between s:rnall :uating blemi hEE

“becauze” nf the difflﬂultlf
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where L is the indication for leng scratches. N" is the number of allowed long
scratches and the grade number. A", specifies the maximum allowed width of the
scratches, expressed in mm. The surface imperfection indicatien including coating
biemishes and long scratches is

3 e s s VO R e L

4.1.1.3 Edge chips

Fallowing the indication for general surface imperfections [and ceating biemishes,

andior long scratches, if given) and separated from them by =2 semicslon, the
indication for permissible edge chips is given by

E AW

where £ is the designation for edge chips while the grade number A""_-.specifies

O . the maximum zllewable extent of 2 chip from the edge of the polished surface of
the element, expressed in mm. Any number of edge chips is permissible as long
as their extents from the edge do not exceed A" . The complete surface
imperfaction indication’ including coating blemishes, lang: scratches and edge chips
15 : ;

1% e P e TR il =

EJrN'.{.ﬁ;CMIxAI:LN"xﬁn; - L L AL F'

4.1.2  Sub-division

A lzrger number of general surfacs imperfections |including coating Blemishesz]
with = =maller grade number is permitted, if the zum of their areas doss not ex-

eeed the maximum total ares et
- S B g ey e et b Lo A S L S o e
L-} N-A* *  for general surface imperfections, =~ -
r ; S
N A for coating blemishes.

Grade numbers are given in the columns of Table A1 In Annex 1, and the corre-
sponding multiplication factors appear in the first line of the table. '

N
The table indicates, for example. that siz eurface imperf&ctinm—{ of grade num-
_ ber 0.10 have the same srea as ane imperfection of grade number 0.25. -
When determJining the number nf--per'-'miﬁsible surface imperfections, these with a
grade number of 0,16A dr smaller shall not be counted.
‘A larger number of leng” 5r.:rat|:hes gg'l"s.tiluh:éﬂl, provided that the sum- of their" :
widths does not exceed the! value N“'-A“i’-1n_-‘1:aicu1ating' this sum,’ scratches with !
widths less than 0.3 A" “shall :not_be’ & T ke s 1S dedEy . G B "
STty ey o _i-',-|.:.-._ o ‘._._;'Er:_
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L]

4.1.3  Concentrations

Concentrations of surface imperfections are not allowed. A concentration eecurs
when more than 20% of the number of allowed defects is found in any 5% of the
test region. If the total number of surface defects is less than 10. then 7 or
more surface defects falling within a 5% subarea constitute a eancentration. b

4.1.4  Scale comparisen plate
In Annex 2. 3 scale comparison plate is described, which may be uzed as a means

for comparing the size of surface imperfections with those of artifacts of known !
T -crade numbers. This description has informative characier orily.
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4.2 Method 11 = Visibility method

This method reguires the inspection of the element using an inspection statian
described in Annex 3.

According to methed |1 an entire optical clemant is tested. The defects aof all
optically effective surfaces, as well as materisl defects |bubbles and other inclu-
cione), are observed simultaneously. Note that this represents a fundamental
difference fraom method |, wherein the surfaces are to be inspected separately.

Althaugh the test doss not generatly provide a separation of the contributions of
sihe individual surfaces, the surface imperfection tolerances are specified indivi-

dually, because they provide guidelines for the surfaca fabrication.

Coating blemishes and long scratches are included as part of the general category.

of surface imperfections in Method |l and thus no special indication is necessary. -

There is no provisien for the treatment of sub-divisions and concentrations, since
) it is not necessary when applying Methad 11. .

4.2.1 General surface imperfections ;

The. drawlng indication for the visibility. of surface imperfections of an optical = -~
element, as determined by Methad 11, shall be either

T
or
Bl B W

The T or the & in the indication specifies a transmissive or reflective test,
respectively, and the W is a visibility class number. [Both “T" and "R" indica-
tions are permissible in the case of a dual function surface such as a beamsplit-
ter.) The number V is an integer. from 1 to 5 where 1 indicates the most strin- H

",2'. gent and 5 the weakest requirements on the element with respect to surface
imparfections.

4.2.2" Edge chips

' Following the indication fer surface imperfections by the wvisibility method (see
subclause 4.7.1) and separsted from it by a semicolon, the indication for permis=
sible edge chips is given the same as in Method | as

E A"

where E is the designation for edge chips while the grade number A" specifies
the maximum’ allowable extent of a chip from the edge of the polished surface of
tl’]e' slement, &xpressed".'m.rnrﬁ. Any number of edge chips is permissible 25 long
* as their extents from the edge do not exceed A", The complete surface.imperfec- . .. F
- tion indicatien including edge chips for Methed 11 is T e
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8.3 Location

The indication shall be entered near the surface to which it refers. If fecessary,
the indication may be connected to the element by a leader. Preferably, it is to
be =sseciated with the other indications of surface tolerances |surface form tole-
rance and centring tolerance). An example of such am indication is given in the
annex to 1S0/015 10110 part 1.

Aitermatively. the indication may be given in a table according to |SO/DIS 10710
part 10.

If twa ar more cptical elements are to be cemented lor optically contacted). the

surface imperfection tolerances given for the individual elements apply also far

the surfaces of the optical sub-zssembly, i.e. after cementing [or optically com-

tacting], unless otherwise specified. See |SO/DIS 10110 part 1: General, sub-
clause 4.5.3. :

I
L]
B!
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ANNEX 1
Preferred values of grade numbers and sub-division factors for Method |
The infermation given in this annex is essential ta the standard.
The preferred range of values for grade number A is given in the first column of
Table A1.1, Column two through four show the cennection between grade

numbers and their multiplication factars.

ne table indicates, for example, thzt six surface imperfections of grade number
.25 have the same area 23 ane imperfection of grade number 0,63 ,

e

Tzhble Al.1  Preferred size designation and factors for sub-division far surface

imperfections according to Method |

Multiplication factors
1 El = T e R |
BT 0,006 e Ao ; A T
. 0,010 0, 006
0,016 0,010 0,006 ~
0,025 0,075 0,010 D, 006
; 0,040 0,025 0,016 0.010
E 0,083 0,040 0,025 0,016
E 0.10 0,063 0,040 0,025
‘: 0,16 * 0,10 0,083 0,040
E 0,25 0,16 0.10 ' 0,063
E 0,40 0,25 0,16 0.10
: 0,63 ' 0,40 0,25 0,16
1,0 0,63 0.40 0,25
1.6 i e 0.63 0,40
o 22 1.8 1.0 P
Sl 8 2.5 1.6 1.0

Eram:ﬂ'ﬂ‘ I the lndlcatlnn is 11’2xﬂ 25, then 2+2.5 = 5 surface imperfections of

grade. I'IUITIbE:r O.16. or  2:6.3 212 surface imperfections of grads

number. 0,1 or 2x]6 = 31 surface |mp&rfEct|¢ns of grade number 0.063-
ermlsslble Alterna‘tweiy any corresponding cnmbmatmn of the_,'__

are
abnve 15 per‘wss:ble,_ provided . that the tetal projected area nF all
face imperfect:-:-ns mth a gr'ade numl::er gre
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ANNEX 2

Recommended dimensions of artifacts en a scale comparizon plate for Method |

The information given in this annex is informative only.

This annex gives recommended dimensions for circular and scraich-like artifacts, |
which may be used a2s a means for size comparison during inspection of optieal
elemeants,

For the size comparison of defects on transmissive surfaces artifacts consisting of

non-transmitting material on glass are useful.

For the size compari;son of defects on reflection surfaces, non reflacting artifacts .
of a surface which iz otherwise reflecting may be useaful.

,::‘} In both cases it is recommended, that the seale comparison plates be ‘made by
depasiting chrome onto glass by evaporation.
Larger or smaller artifacts may also be useful for certain applications, =~~~

Table AZ2.1 Fecommended dimensions of artifacts for size comparison

Diameter of Dimenszion of
Grade number cireular "Scratch!
"defect! i E . r
- i.n um 2 in um. i .]_|_|T|-.;;‘_ ]_I.rn“ q,...
U : : oo ; : fi 1:-: ‘_5_
006 R S 1,6 x 5.
plate #1 ,010, B H B S
L L = .-..-,I:I‘IG af G femiA e TBandtE W 0 B3 miel fatanoci I
,025 R o Sipayeang ety L
.00 TR <10 x 160
Sl 45 W x 160
y . =l el N Ldad it RO 16 2« 225 3
Rl T T e [ C4I0.7 T P MO0 2w femeas
: L * ABELE. 180:; + |tz 40w B30 '
il LR anes e B T S 2R0A A Slvig B o 1000030 s s
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ANNEX 3

Description of inspectien station for Methed 1)

The information given in this annex is essential for the spplication of Methad 11
AZA Principle of operation

Light secattered from the surface imperfections of the sample under test s
compared with a reference background illuminztion. The wvisihility clzss s
determined by the lewel of sampie dilumination, at which surface defects beécome
visible: sach wigibility class correspeonds to 3 particular sample illumination.

In order to guarantee a uniform level of sensitivity, independent of the ohserver,

the reference background illumination shall be ad_justed. usmg a standard sample
described in Annex 5. g v 7
Detaﬂed destr‘:pt:ons of thn principle “of uperauc-n rﬁ-gardmg physms and
psychaolegleal uptucs are given in Annex 7, References [1] thrnugh [3].

A3.2 Ducript.i.ﬁ:{ of the inspect'lu.n. station

The inspection station for the classification of surface defects includes two paths:

= a path incorperating a uniform hemispherical illumination of the sample,
excluding the solid angle determined by the eye location of an observer. lo-
cated at 30 cm from the sampie. [Thiz meansz thast, in the absance of 5 =am-

ple,! no ]'rght of the iiluminatiun'reaches the Gh&rverls EYES. |
Tha el TR 1

._'r.':"<' e hemay & : e W f i 5% 2 I
=L T, J'E?EP‘:NEE.“[.;;HW which sup&rposes a l:uai:l.r.gmund of uniform luminance in
the observers field of view by means of a beam splitter. This luminance shall ¥
be adjusted until the standard defect described in Annex 5. when illuminated
at a level of 2500 Lux, is just visible to the cbserver.. (It is to be noted

that each nbservtr must a-:!_]ust the mspec.tlan statmn in t_hls manner. }

H

A3 - Schamatic disgrem of the station .. th. -

Figures A3.1 and A3.2 show schematic diagrams of an inspection station for
transmissive and reflective tests, respectively. By appropriate. arrangement of
optical fibers, dark-field illumination of the. sample under test Iz achieved.
1Further rnformatmn |s given in anex 1, Reference [3].}
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pert 1 page 17

O

Sehematic diagram of
inspection station for
transmissive test

Figure A3

nght EGLIF".TE [xenan are |3mp~]

i
1 Beam s.pluter- R
3

e

Eela:t-:r for sample |I1urmnalmn g[idt e ek

E.a.mpla illumination :Hannel lfb&r' u:mr.sil 1a

4

5 . Sample under test i X ;

e e S AR
e g T

=% By Beam: split ;

wEE ol ] g :

it Eaf[le [b]ack] "

Schematic diagram af

.-+ imapectien station for
reflective test
[illumination ete.:
sea fig. AZ.1)

Fl.guru h3 i

Expl.anatmn of Figurea A3.1 and A:! -
iy A ]

¥ 3

e P
v Eackgrnund ]llumlnatl-un ad]ustmant

" Backgrolind iilumination ‘channel (fiber aptics]

Crey bauground
Hemrsphl:re inner s:.:r‘fan:e ma'l.t.t whlta

Lig ht trap [hlar_k}
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ANMNEX &

part 7

Tables of visibility class designations for Method |l

The information given in this annex is normative in nature,

Taole A4 .1

Transmitted Light Inspaction
Visibility class [1fumination Standard
of sample under (est background
T 5 310 luy * 5% _Adjusted
T4 625 lux * 53 “=oi Adjusted
s 1250 lux = 5% Al bt e
T 2500 lux = 5% Adjusted
T 2500 lux * 5% Black

Visibility clzss designstians for transmitted light inspeciion

Table A4.2 Visibility class designations for reflected light inspection

Reflected Light Inspection:

Visibility class

1Humination
of sample under test:

Standard

el

R 5
R4

310 Jux *
625 lux *

I+

1250 Jux * 5%

2500 Jux %
. 2500 lux

5% IR :I..
5%

Adjusted
Adjusted”

e

Pt Adjusted -

Eﬂlack:

el 39

S e
A .
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part 7 page 14

Remarks concerning quality grades:

ke,

Although the illuminatien for different classes is defined within = 5%, the il-

lumination ratio between these classes should be within = 25%.

For parts intended to be inspected before coating. care should be taken of
sventual contrast incrszse dus te costing.

Unless otherwiza specified, any defect wvisible by the method described here

without distingtion bstwesn material and surface de-

i= taken inio account.
fects.
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ANNEX 5§

Standard defect for calibration of inspection station for Method |1

The information of this annex is normative in nature.,

Ro R
"%,
S
%

0f1o
itx0, 0
M3

ﬂ Du?:ﬂ - 1111

=

FReticle cross:
chrome evaporated T € 13
450 nm &M £ 750 nm

0,007=%. cans
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ANNEX 6
Examples of indications for permissible surface imperfections
The information given in this annex is informative in nature.
Example 1 [Method 1)
Three surface imperfections of grade size A = 0,83, 2 coating blemishes of grade
size A' = 1.6, 2 long scratches of grade size A" = 0.0 and edge chips of a

i depth of A™= 1.0 are allowed. The gize grade A = 0,63 is equivalent to an area
of [0,63)% = D,u0 mm® per defect.

]
£/3x0,63:C 2x1,6:L 2x0,01:E 1.0 | Example indication for surface imperfections
' using Method |
‘\J 5/ e Momerical symbel for surface imperfections
3 : Mumber of allewed imperfections
0,63 - _ Size grade number for surface imperfections
Fiiats ' 7| Symbel for coating blemishes v
F Mumber of ailowed coating blemishes
1.6 Size grade number for coating blemishes
5 Symbol for long scratches
2 Number of aliowed long scratches
0,01 Size grade number for long scratehes
E Symbol for edge chips
1,0 | Size grade number for depth of edge chips
e
The size grade number allows the 3 allowsble surface imperfections to be sub-
divided inte multiple smaller imperfections, provided that the sum of the areas of
the sub-divided defects does not exceed 3:(0,63)% = 1,2 mm?, and that no single
3 defect exceeds the size grade number, 0,63. Referring to Annex 1. it Is seen
:  that, for example, the fallowing set of surface imperfections would be allowed:
A 1 imperfectign of size grade 0,63
+ 2 imperfection of size grade 0,40
: + B im;lerfef:t:ion uf's.iz'e'_érade 0,25
with a total area of < 1,2 mm2.
Imperfections with a grade number of 0,16 * 0,63 = 0.10 or smaller shall not be ' . = |
- counted: . ) S IR ) e |
Cia s s
L g Z
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Example 2 [Method 11)

& lens element shail have no visible imperfections when viewed in transmission in
the Visibility Test Apparatus [referenced in Annex 3}, when the illumination
corresponds to wvisibility class 3 [see Annex 4). In addition, ne edge chips are
permitted that extend more than 1.0 mm beyond the edge of the element.

S BT 0 Example indication fer surface imperfections, wsing Method |l
' : 5/ Mumerical symbeol for surface impesrfsctions
o Symbel indicating the transmission visibility method
3 Integer indicating the imperfection visibility level
E Symbel Indicating edge chips 2
1.0 Size grade number for depth of edge chips

et e oIy e B
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