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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

The International Organization for Standardization (ISO) draws attention to the fact that it is claimed
that compliance with this document may involve the use of a patent.

[SO takes no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured ISO that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In
this respect, the statement of the holder of this patent right is registered with ISO. Information may be
obtajned from the patent datahase available at www.iso org/patents

Attention is drawn to the possibility that some of the elements of this document may-be tllle subject of
patent rights other than those in the patent database. ISO shall not be held responsiple for identifying
any gr all such patent rights.
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INTERNATIONAL STANDARD 1SO 17411:2022(E)

Optics and photonics — Optical materials and components
— Test method for homogeneity of optical glasses by laser
interferometry

1 Scope

This|document specifies the measuring method for the homogeneity of the refractive index of optical
glasges by laser interferometry to cope with the grades from I1SO 10110-18 and ISO 12123.

2 Normative references

The following documents are referred to in the text in such a way that-some or all of their content
constitutes requirements of this document. For dated references, only-the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO §0000-1, Quantities and units — Part 1: General

3 Terms and definitions
For the purposes of this document, the following term3and definitions apply.
ISO gnd IEC maintain terminology databases for yse in standardization at the following addresses:

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

— IEC Electropedia: available at https:f/www.electropedia.org/

3.1
hompgeneity of the refractivedindex
peakito valley (PV) of the refractive index variation within the predetermined area in a single test part

3.2
index-matching liquid
trangparent liquid with the refractive index which is equivalent or approximate to the refractive index
of a test part at the.wavelength of the laser to be used and the measurement temperature

3.3

oil-on plate
plar?{plate, used for flatness correction, obtained by polishing an optical glass, which is attached to a
test patt by using an index-matching liquid (3.2) (where the index matching liquid is somefimes called
“o0il”) as an intermediate liquid

3.4

peak to valley of wavefront

PV value of wavefront

WPV . . . - . .

maximum minus the minimum value of the wavefront in the observation range, as observed by the
interferometer when light passes through the test part under test once

Note 1 to entry: Wpy is analogous to the peak to valley of fyyp, in ISO 14999-4[31.

©1S0 2022 - All rights reserved 1
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The peak to valley of wavefront, Wpy, of a light beam that transmitted through a test object with
sufficient flatness is measured using a laser interferometer, and the homogeneity of the refractive index

of the test p

artis obtained.

One of the following methods may be used:

a) Transm

ission method.

The transmission method is the preferred method for pollshed parts Wlth plane parallel optical

surfaces (e.g
of this met
the resultin

caused by r4

fractive index inhomogeneity.

b) PHom npethod.

The PHom
refractive i

therefore sh
c) Oil-on

The oil-on plate method needs lower effort for test part preparation‘and measurement setup, but
type of glas;s

By minimiz]

liquid) and i
can be achie

d) FT-PSIy
With the F

ould be used for high homogeneous material (refractive index difference < 2 x 10-6).

late method.

needs its own index-matching liquid.
ng error factors (e.g. temperature stabilizationypreparation of refractive index mat

ved.

nethod and SCI method.

controlled interferometry (SCI method[2l[e])(jtis possible to observe the linear change component

refractive in

5 Measu

5.1 Gene

Examples for a measuring apparatus are shown in Figure 1. More details are specified in 5.2 to 5.6.

dex (see Annex G).

ring apparatus

ral

1

od is that wavefront deformatlons caused by surface deformatlon of the test part 1nf1L
g PV value of wavefront, Wy, and cannot be separated from the wavefront deforma

method is the preferred method for covering a broad range of materials with diff
hdices, leads to high trueness and precision results for refractive’ index homogei

[mproving the skill of the metrologist, the same\trueness and precision as the PHom mg¢

purier Transform Phase Shifting: Jaterferometry (FT-PSI method[#]) and the spect

kions

brent
neity,
each
thing

thod

rally
fthe

gn

a) First example of composition of measuring apparatus
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b) Second example of composition of measuring apparatus

thermostatic chamber

interferogram analysis device

lpser interferometer

tlest object composition set (test part, oil-on plate and device to hold them)
Biaxial adjustment platform (for PHom, FT-PSI and SCI method)

yibration isolation table

donditioned air inlet

Yentilation outlet

Figure 1 — Examples of comp@sition of measuring apparatus

Laser interferometer

laser interferometer to be used shall have a laser as a light source and an optical syst

the Wavefront of a light beam forms a plane. Examples of such interferometers are given in

5.3
The

Interferogram analysis device

interferogram analysis device to be used shall be capable of obtaining the W

interfferogram.

5.4
The

Thermostatic chamber

rhermostatic chamber to be used shall be capable of maintaining the interferometer

objedt atla'Certain temperature. The temperature of the atmospheric conditions shall be be

and

em in which
Annex A.

by from an

and the test
tween 20 °C

25-°C depending on the purpose of testing. The temperature fluctuation range (spatia

and during

measurement time) should be smaller than 0,4 C. See Annex b.

5.5

Vibration isolation device

The vibration isolation device to be used shall be capable of eliminating the effect of vibration from the
outside to the interferometer and the test object composition. It should be provided for performing high
trueness and precision measurements.

5.6

Biaxial adjustment platform

The biaxial adjustment platform shall be used for the PHom method. The PHom method requires
alignment of the reflected light beam on the front and back surfaces of the test object. At this time,

© IS0 2022 - All rights reserved
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the pan/tilt angle of the test object is adjusted by this equipment. Not required unless measurement is
performed by the PHom, FT-PSI and SCI method.

6 Preparation of test part

6.1 General

The test part shall comprise at least two parallel surfaces (the end surfaces), and its thickness (height)
direction shall be the direction of observation (which is the direction of the optical axis of the beam
pass of an interferometer). The thickness in the direction of observation shall be sufficient to obtain

precise and [true measured values.

6.2 Transmission method

Both end syrfaces (the surfaces orthogonal to the optical axis) of a test part shall bé,polished f

a flatness 0|
measureme
either PHon{

6.3 PHon

Both end sufrfaces (the surfaces orthogonal to the optical axis) of a tést part shall be polished flat

flatness of s

A small weq
wavefront f]

smaller than 32 nm PV (A/20 where A is the laser wavelength). Poer\flatness lea
ht error as described in Annex D. In the event that the required flatness cannot be achi
(see 6.3), oil-on plate (see 6.4), or FT-PSI/SCI (see 6.5) methods aferecommended ins

n method

maller than 1 900 nm PV (3 waves PV).

lge angle between the end surfaces is requiredto’avoid interferences between reflg
rom these end surfaces (e.g. 0,10° * 0,05° valid for test part diameter up to 350 mnj

thickness up to 230 mm).

For more in

6.4 Oil-o

Both end su
to a flatnesq
flatness mig

6.5 FT-PS

These two 1
essential wli
degree of p
surface reflq
The flatness

formation on the PHom-Method see Annéx F.

n plate method

Ffaces (the surfaces orthogonal to the optical axis) of a test part shall be fine ground an
of smaller than 20 000 nmy PV. To achieve results of higher precision and trueness, b
ht be useful. More details)see Annex C.

I and SCI method

hethods can{use€ test parts that are polished plane parallel plates (see Annex G). The
1en it is necessary to observe the linear change of the refractive index. In this casg
hrallelismvon shall be such that interference fringes on the front surface reflection,
ectionzand transmitted wavefront of the observation area can be observed simultaneq
is'the same as the test parts of the PHom method (see 6.3).

at to
s to
bved,
tead.

toa

bcted
and

d flat
etter

y are
, the
back

usly.

7 Operation

The operation shall be performed as follows:

a)

Remove dirt from the test part surfaces and oil-on plates, if used.

b)

Install the test object in the interferometer so that the predetermined area of the test object fits
within the beam pass of the interferometer. When using oil-on plates, attach the oil-on plates to
the test part with the index-matching liquid inserted between the test part surfaces and the oil-on
plates. While doing this step, do not allow air bubbles to form in the index-matching liquid.

Leave the installed test object to stand until its temperature has returned to the temperature of
the measurement environment as given in 5.4. When using oil-on plates, allow the installed test

© IS0 2022 - All rights reserved
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object to stand until the thickness of the layer of the refractive index-matching liquid between the
matched surfaces no longer changes.

Adjust the interferometer optics to minimise the number of interference fringes and remove the
tilt element of the interference fringes. To avoid common path interference effects inside the test
object (in case the test object end surfaces are of good parallelism), the test object shall be tilted
with respect to the light beam. An appropriate tilt angle depends on details of test object and
interferometer and is often in the order of magnitude of 0,1°. After the adjustment, perform the
measurement.

e) Obtain the Wpy of the light beam, which is transmitted through the test object measuring system
fl UIll thc iutc1 fcx Usl dlll.

8 Measurement

8.1 | General

The easurement shall be performed as follows.

The [measurement should be performed two or more times by répeating the series of operations

descrfibed in Clause 7 d) and e). When the average is taken as a measured value, it should |be stated in

the test report.

The wavefront irregularities of the optical system of the interferometer, the wavefront ifregularities

due

to the homogeneity of the refractive index and the flatness of an oil-on plate contribyte errors to

the tpst results. Therefore, to obtain the wavefront ofthe light beam, which is transmitted|through the

test

corr¢ction. An example of the measurement of the, W,y is given in Annex E.

8.2
Two

a)
b)

bject, these errors should be corrected, and the Wpy should be obtained from the wayefront after

Transmission method
measurements shall be performed;

[ransmitted wavefront measurement of the test part according to Clause 7.

Empty cavity measurementto capture the irregularities of the measurement system.

Correction of irregularities’of the optical system of the interferometer can be obtained by|subtracting

the empty cavity measurement from the test part measurement.

One
mea

8.3

empty cavityymieasurement may be used to correct the irregularities for several transmittance
gurements-of test parts.

PHom method

Four measurements sihatt be performed:

a)

a)

d)

The front surface of the test part shall be set orthogonal to the optical axis and the reflected
wavefront has to be measured in accordance with Clause 7.

The rear surface of the test part shall be set perpendicular to the light beam and the reflected
wavefront has to be measured in accordance with Clause 7.

The transmitted wavefront measurement of the test part shall be performed in accordance with
Clause 7.

The empty cavity measurement shall be performed to capture the irregularities of the measurement
system.

© IS0 2022 - All rights reserved 5
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Correction of irregularities of the optical system of the interferometer will be obtained by wavefront
calculation in accordance with Annex F.

8.4 Oil-on plate method
Two measurements shall be performed:

a) Attach the test part and the oil-on plates with index matching oil in accordance with Annex C
together and perform a transmittance measurement in accordance with Clause 7.

b) Attach only the oil-on plates with index matching liquid in accordance with Annex C together and
perfornfa trarSTITITTATICE MEaSUTEMEIt to CApture the ITTegularities of the measurenent ang qil-on
plate syjstem.

For correctipn of irregularities of the optical system of the interferometer and of oil-on plates, see|C.2

If several te§t parts of the same glass type are measured in accordance with 8.4 a), a single measurement
according tg 8.4 b) may be used to correct the irregularities of all the measurements.

8.5 FT-PSI method and SCI method

Four measufements shall be performed.

For FT-PSI and SCI methods, the respective measurement methods_shall be as described in Annex [z

=

9 Calculation
The calculatjion of the test result shall be performed as follows:
a) The homogeneity of the refractive index shall be-calculated by the following Formula (1).

WPV * Zv

Anpv = f (1)

where

Anpy i the homogeneity of the refractive index of the test part;
Wpy idthe Wpy (wave);

NOTE The Wgris dimensionless. The “wave” here is a name for convenience, not a unit njame.
A ig the wavelength of laser (m);

t id the'thickness of the test piece (m).

b) For reporting, the homogeneity of the refractive index shall be rounded to two significant figures
in accordance with ISO 80000-1. However, when it is smaller than 1 x 10-5, it shall be rounded to
one significant figure.

An example of a calculation is shown in Formula (2). Here
Wpy 1s 0,049 (wave);

A is 632,8 x 10-2 (m);

t is 0,041 (m).

6 © IS0 2022 - All rights reserved
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Then
Wpy - A4
AnPV = L
t
0,049 x 632,8 x 1077 @
0,041
= 8x 1077

NOTE Since the result is smaller than 10-¢,“0,756 x 10-¢” is rounded to one significant figure, “8 x 107"

10 Test report

10.1f Requirements

For the measurement result, the following items a) to j) shall be reported:
a) 1Ineasurementdate (YYYY-MM-DD);

b) areference to this document,i.e. ISO 17411:2022;

) easuring location;

d) easuring apparatus, type of interferometer and wavelength of laser;

e) ame of the metrologist;

f) thickness, dimension and material of the test part and measurement area;

g) rethod of test part measuring system (whether or not the test part was used with the oil-on
lates);

h) yhether or not correction was performed for the wavefront irregularities of the optical system of
the interferometer or wavefront irregularities due to the inhomogeneity of the refractiye index and
flatness of the oil-on plate;

i) yalue of homogeneity of therefractive index;

j)  wavefront aberratipn.elements to be removed during data analysis. For example, pistolf, tilt, focus,
¢tc. In particulag-ind method in which a linear change in refractive index (tilt component) cannot
Ibe measured, it'shall be stated that this element has been removed.

10.2 Optional

It mdy also/Contain:

a) fnmpnvnf!!vn ofmoancuirara g,
teriperature-of measurement;
b) arepresentative photograph of interference fringes of the test object where possible;

c) other special conditions to be noted.

©1S0 2022 - All rights reserved 7
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Laser interferometer

The laser interferometer is a device that generates interference fringes by splitting the parallel rays
with uniform wavefronts into two with a semi-transparent plane mirror, and after making each ray
pass through difference paths, shifts the wavefronts slightly and then superimposes them again-

As examplgs of devices suitable for the homogeneity measurement of glass, three\typés of
interferomefters are shown below. Figures A.1 and A.2 show interferometers of the type in which ajlight
beam transmits through the test object twice, and Figure A.3 shows an interferometer-of the type in
which a lighit beam transmits through the test object once.

106

=l

Key
test objeft
beam splitter

collimating lens

imaging |ens

light soufce

reflective reference flat (RF)
transmigsive reference flat,(FF)

R N O Ul W N

interference fringes

Figure A.1 — Fizeau interferometer

: o b L . 1 - h mid A1 o | L 1 L | L d =l . :
In a Fizeau inmterferometerasshowmrin TTgUTE /1.1, UI€ TTIET CIICE PIdIIE 10T UIE WJAVEITOIIC IS UIe €XTU side

of the TF.
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5 3 8 6
0 1
----- T 4}
L
N4
D 4
2
9
Key
test object
imaging lens
3,4 | collimating lens
light source
6,7 | plane mirror
beam splitter
9 interference fringes

Figure A(2— Twyman-Green interferometer

© IS0 2022 - All rights reserved 9
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Key

1 test objj
2,3 collimd
4 imagin
5 light s
6,7

8,9 beam g
10 interfe|
When a test
test object, 3
of refractivg

the wavefro
difference o
than perfecf
objectend s

Lasers are {
wavelength
is good, irre

plane mirror

it is uniform, an interferogram that shows the relative phase difference appears. The f

ect

ting lens
g lens
urce

plitter
rence fringes

Figure A.3 — Mach-Zehnder interferometer

object is put into the path of one beam of these interferometers, light travels throug
nd the wavefrontirregularities (phase différence) are generated according to the diffef
indices within the test object. When this)light is superimposed on the other beam of y

f light is generated due to not onlythé homogeneity of the refractive index, but also any
flatness of other surfaces in the.tést set-up that are not in common path, including thg
irfaces.

he most efficient coherentlight sources theoretically in a single wavelength (i.e. a na

spective of the opticalpath difference.

h the
ence
rhich
hase
/ less
b test

rrow

in practice). By usingthis] it is possible to observe interference fringes of which the conftrast

10
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Annex B
(informative)

Temperature stability for homogeneity measurements

Thermal gradients within the test object and within the optical components of the interferometer lead to
wavefront distortion because of their refractive indices’ dependence on temperature. In the wavefront
regigtered by the interferometer, it is not possible to separate the influences of thermpl gradients
from| the wavefront distortion caused by the refractive index variation within the test|object and the
quantity to be measured. Thermal gradients should be kept low by operating the interferometer in a
temperature stabilized chamber and by giving the test object time enough to reach'thermallequilibrium
in the interferometer environment.

For [homogeneity measurements of high precision and trueness temperature stabllity in the
interfferometer chamber and for the test object should be better than the values given in Taple B.1.

Table B.1 — Maximum admissible temperature variation in‘test parts to be measyired for
different homogeneity conditions with double pass interferometer

Thermo-optical coefficient G? of the test part
Homogeneity to | 5*10°6/K | 10x10-6/K.7| 15x10-6/K | 20 x10-6/K
be measured Maximum adniissible temperature variation
K
10 x 1076 1,00 0,50 0,33 0,25
4x10°6 0,40 0,20 0,13 0,10
2x10°6 0,20 0,10 0,07 0,05
1x10-6 0,10 0,05 0,03 0,03
a2  The thermo-optical cogefficiént, G, is a glass type specific value.

The limit values for temperagure stability in Table B.1 come from the following consideratign.

The measured wavefrount.distortion due to refractive index homogeneity in the test part measured with
a doyble pass interferometer is given by Formula (B.1):

ZSWH = Z‘Anpv -t (Bl)

wherte

AWy is the measured wavefront distortion (m):

Anpy  is the homogeneity of the refractive index in the test part;
t is the test part thickness (m).
The measured wavefront distortion due to thermal gradients in the test part is given by Formula (B.2):
AWq, =2-t-G-AT (B.2)
where

AWy, is the measured wavefront distortion due to thermal gradients in the test part (m);

©1S0 2022 - All rights reserved 11
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G is the thermo-optical coefficient (K1);

AT is the temperature variation within the test part (peak to valley).
The thermo-optical coefficient G is defined by Formula (B.3):

An
G=(Nypg — Mgy )00+ —225 B.3
( abs alr) AT ( )

where

N,,s s the absolute refractive index of the test part;

Ny s the refractive index of the ambient air, calculated e.g. using Edlén's or Cidder's formula

(See Reference [7] and [8]);

a is the coefficient of thermal linear expansion (K1);

AZ;TbS is the temperature coefficient of absolute refractive index (K1).
G is a value fombining two optical effects of the test part caused by the témperature change. Thes¢ two
effects are
a) the champge in the optical path length due to thermal expansion(depending on expansion coefficient

and refffactive index difference between the test part and the:ambient air), and
b) the chapge in optical path length due to the temperature‘coefficient of the absolute refractive index.
By requiring that

1

AWTh 9 EAWH (B4‘)

It follows thpt
Z&npv
AT < (B.5)
-G

Most optical glasses have thérmo-optical coefficients G between 5 and 10 x 10~ K-1, High index dense
flint glassed lie higher up.f0)almost 20 x 10-6 K-1. Extreme low index low dispersion fluorophosphate
glass types lie below 5x10-6 K-1 or even close to 0.
An example|for caleulating the thermo-optical coefficient, G, of an often-used glass type is shown bglow.
For the calcplation of G, the following quantities have been used:

a 7,

Anabs 1,
AT

Nyps 1'

Nyir 1'

12

1x10-6K1 coefficient of thermal linear expansion for the temperature interval -30 °C
to +70 °C;

4 x 10-6 K-1 temperature coefficient of absolute refractive index at 632,8 nm wavelength
for the temperature interval +20 °C to +40 °C;

518 22 absolute refractive index of the test part at 632,8 nm wavelength and 20 °C;

00027 refractive index of the air at 632,8 nm wavelength, 20 °C temperature,

101,325 kPa barometric pressure and 50 % relative humidity.

© IS0 2022 - All rights res
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Using Formula (B.3), the result for the thermo-optical coefficient G is given by Formula (B.6):

G =51x10° K™ (B.6)

© IS0 2022 - All rights reserved 13
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Annex C
(normative)

Measurement using oil-on plate method

C.1 General

Oil-on plate

test part arg

specified in

Using this 1
matching lig

As shown in
index-match
required for

Sufficient af]
index-matcHh

Key

1 testpart
2 oil-onpl
3  index-m{
4  stand

5 should be used when both end surfaces (the surfaces orthogonal to the optical axis
not precisely polished to obtain the flatness (not more than 1/20 of the laser wavele
Clause 6.

uid is close to refractive index of the test part.

Figure C.1, the oil-on plates are attached to the end surfaces of a tesPpart using a refra
ing liquid, and this whole unit is taken as the test object. The. index matching liqu
correcting the flatness of the test part.

tention should be paid to matters such as temperature €hange or the amount of refra
ing liquid, so that the oil-on plates are free from distortion when being bonded.

3
3
] 1
2 P 2
> S
4

N

hte

tching liquid

Figure C.1 — Bonding of test part with oil-on plates

C.2 Method for removing system irregularities

A measuring method for removing wavefront irregularities of the optical system of the interferometer
and wavefront irregularities due to homogeneity and flatness of the oil-on plates is described below in

C.2.

14
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When the automatic analysis device using a computer can be used as an interferogram analysis device,
the following procedure can be performed in order to improve the measurement precision and trueness.

First, as shown in Figure C.2, attach only the two oil-on plates together by using the refractive
index-matching liquid, and install this in the interferometer to perform the measurement. Have
the computer record and save the wavefront irregularities of the whole interferometer including
wavefront irregularities due to the oil-on plates. Next, as shown in Figure C.1, attach the oil-on
plates to the test part, and install this in the interferometer to perform the measurement. Obtain the
wavefront irregularities due to only the test part by subtracting wavefront irregularities of the whole
interferometer that were recorded and saved in advance by the computer from wavefront irregularities
when the test part was inserted, and thereby obtain the homogeneity of the test part. Sufficient care
shoufd e taken not to change the positional relationship between the two oil-on plates whgn bonded or
instdlled in the interferometer.

2

Z

Key
1 ¢il-on plate
2 ipdex-matching liquid

Figure C.2 — Bonding of oil-on plates

C.3 | Requirements for the oil-on plates

The homogeheity of the transmitted wave front of the pair of the oil-on plates shall be bettgr than A/10
(preferredAy/20) of the laser wavelength A.

The $urface flatness of an oil-on plate that comes into contact with the test part shall belbetter than
A/10 (preferred A/20) of the laser wavelength A.

To prevent common path interference inside the oil-on plate, a wedge angle of about 0,1° shall be
provided between the facing surfaces.
C.4 Requirements for test part flatness and index matching liquid

The obtainable precision and trueness of the oil-on plate method depends strongly on the combination
of

— the difference of the refractive indices between the index matching liquid and the test part;

— the flatness of the test part.

© IS0 2022 - All rights reserved 15
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The wavefront change at a surface is expressed by W-Ang, where Ang is the difference of the refractive
indices between the refractive index-matching liquid and the test part. Then, W, and Ang should satisfy

the followin

g Formula (C.1):

m-Ang - Wg <Wg (C.1)
where
m is the is the number of times a light beam transmits through the surface of a test object;
Ans isthe difference of the refractive indices hetween the indm(-mn‘rr‘hing qunid and the test part;
W igthe wavefront of the surface flatness of the test part (wave);
Wy  i9the wavefront of the individual error of each interferometer (wave).
When Wy =|1/10, the maximum permissible difference of refractive indices between refractive index-
matching liquid and test part is shown in Table C.1.
Table C.1 —+ Maximum difference of refractive indices between refractive index-matching liquid
and test part
Number of times a light Flatness, &g
beam tranfmits through 301 201 107 51 A | 0,54
the tgst object Maximum permissible refractive index difference for W, =1/10
Dnce 0,0017 0,002 5 0,0050 0,010 0 0,0500 0,100 0
Twice 0,000 8 0,001 3 0,002 5 0,0050 0,0250 0,05¢ 0

From the alf
surfaces, th{
improved. T

C.5 Prep

As the refra
a liquid in W
material du

ove discussion follows, that by using a-well-matched index-matching liquid and ver)
e error caused by the flatness is mitigated and the measurement precision and truenesg
he error of the PV value caused by flatness AW,y is calculated according to Formula (C

2-W; - Ang

aration of the index matching liquid

ctive index matching liquid, various liquids, a mixture of two or more kinds of liquidg
thich a solid is‘dissolved are used. Table C.2 shows examples of substances are used 3
ing preparation.

Table C.2 — General refractive-index matching liquids

7 flat
S are

.2):
(C.2)

, and
s the

Reagent ng or ny (20 °C)
Liquid paraffin 1,47
Cedar oil 1,51
1,1,2,2-tetrabromoethane 1,63
1-bromonapthalene 1,66
Diiodomethane 1,74
Saturated sulfur solution in diiodomethane 1,78

It is important that the index of refraction of the liquid is the same as the refraction index of the test

part

— at the laser wavelength of the interferometer, and

— atthe measurement temperature (temperature in the thermostatic chamber).

16
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C.6 Measurement error due to the refractive index preparation error of the
refractive index matching liquid

As mentioned before, the difference in refractive index between the test part and the refractive index
matching liquid (i.e. preparation error) in combination with the flatness deviation of the test part
causes measurement errors.

The formula for calculating the homogeneity measurement error is as follows Formula (C.3):

€max = w (C.3)
whertte

4..x 1S the maximum value of homogeneity measurement error that occurs;

Aly,, isthe sum of the flatness of the two side planes of the test part (mJ;

Ang is the refractive index difference between test part and refractive index matching liquid;

i is the test part thickness (m).
NOTH In this calculation, the flatness of the surface of the oil:on plate in contact with th¢ test part is

suffidiently small (see C.3) that the influence can be neglected.

For the calculation examples below, the flatness of the testpart is assumed to be 3 um (Tdble C.3) and
20 pm (Table C.4) respectively on each side. When this:is sandwiched between oil-on platgs from both
sideg, the sum of the flatness on both is up to 6 pm and'40 pm respectively. Based on these assumptions,
the measurement errors have been calculated dfor several combinations of test part thiickness and
refractive index differences between test partiand refractive index matching liquid. Thq calculation
results are shown in Table C.3 respectively*Table C.4 below.

Taple C.3 — Estimated homogeng€ity measurement error from the refractive index matching
liquid preparation-error and the test section thickness. Algap =6 um

Test part thickness
m
Ang 0,02 0,05 | 0,10 ,20
Maximum value of homogeneity measurement error
(x10-6)
0,000.% 0,03 0,01 0,01 D,00
0,000:2 0,06 0,02 0,01 D,01
0,000 5 0,15 0,06 0,03 D,02
0,001T0 0,30 0,12 0,06 ,03
0,002 0 0,60 0,24 0,12 0,06
0,0050 1,50 0,60 0,30 0,15
0,0100 3,00 1,20 0,60 0,30

©1S0 2022 - All rights reserved 17
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Table C.4 — Estimated error of homogeneity measurement from the refractive index matching
liquid preparation error and the test section thickness. Al,,, = 40 um

Test part thickness
m
Ang 0,02 0,05 | 0,10 0,20
Maximum value of homogeneity measurement error
(x10°6)
0,000 1 0,20 0,08 0,04 0,02
0,00¢-2 640 6,16 6,68 6,64
0,000 5 1,00 0,40 0,20 0,10
0,001 0 2,00 0,80 0,40 0,20
0,003 0 4,00 1,60 0,80 0,40
0,0030 10,00 4,00 2,00 1,00
0,019q0 20,00 8,00 4,00 2,00

18
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Annex D
(informative)

Flatness of the test part

In the interferometer, a difference between a change caused by the flatness of the test part and a change
caused by the refractive index distribution of the test part cannot be separated. For a precise and true

meas
rang
throt
ofat
test

throt

The {

1

whel

Whe
wavé

e of the interferometer at least. In the interferometer of the type in which a light/bed
igh the test part once, e.g. Mach-Zehnder interferometer, a light beam transmitsythroujgh a surface
lest part twice. Then, in the interferometer of the type in which a light beam transmits

urement, a change caused by the flatness of the test part should be controlled to with

bart twice, e.g. Fizeau interferometer and Twyman-Green interferometerja light bea
igh a surface of a test part four times.

latness of the test part W is given by Formula (D.1):
n(nG - 1)WG SWK

e
G is the refractive index of the test part;

Ve is the wavefront of the flatness of the test part (wave);

% is the wavefront of the individual.error of each interferometer (wave);

n is the number of times a light béam transmits through the surface of a test pa
e

n=2  whenalightbeamtransmits through the test partonce, e.g. in a Mach-Zehnder int

n=4  whenalightbeam transmits through the test part twice, e.g. in a Fizeau interfe
Twyman-Green interferometer.

h Wg = A/10 agdyn; = 1,5, the maximum permissible flatness is shown in Table D.1, w
length of thédaser.

Table D.1 — Maximum permissible flatness

in the error
m transmits

through the
m transmits

(D.1)

erferometer;

rometer and

here A is the

ﬁi‘?&?f:mff 3,?1* Permissible flatness
........... sEpart

Once A/10

Twice A/20

In PHom method as well as in FT-PSI and SCI method, the influence of flatness on both sides of the test
part can be removed by calculation, so the flatness within the effective measurement diameter should
be 31 or less.

For the oil-on plate method hints to flatness are given in C.4

© IS0 2022 - All rights reserved
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Annex E
(informative)

Method for obtaining Wpy,

E.1 Obtaining IW,, from bending of interference fringes

For this mef
fringe analy
utilizing the
wavefront d
fringes.

a) As shoy
measur
parallel
opposit
sure thd
When t
the leas

Wpy =

where fis th

b) Here, si

hod, there is a manually operated method and a method using “an automatic interfefence
sis device” that utilizes a computer. In both methods, the Wpy is generally ebtaingd by
position of the dark interference fringes. The manual method is not suitable far performing
orrection, which requires the wavefront information of all the area ofthe interfefence

vn in Figure E.1, draw parallel lines at equal intervals along the_interference fripges,
e the interval a, and the deviations b; and b, at the locations in which'the deviation betveen
lines and interference fringes is largest. Here, b; and b, arecthe deviations in mutually
e directions. Then, obtain the PV value of the wavefront, Py, according to Formula E.1. Make
t the interval and gradient of parallel lines are such that thevalue (b; + b,) is the minium.
he automatic interference fringe analysis device is used, perform this adjustment by fising
t-squares method.

by +by) A (E.1D)

a
e interferometer scale factor.

hce the Wpy is the value when a light beam transmits through the test object once, and the

value fxiffers according to the type of interferometer used, the following values given in Table E.1

should

e used.

Table-E.1 — Interferometer scale factor

Number oftimes a light beam transmits Exambples of interferometers interferometer
through the test objéct p scale factor
Once Mach-Zehnder interferometer etc. 1
. Fizeau interferometer, Twyman-Green inter-
Twice 0,5

ferometer, etc.

c) Inordef toinerease analysis precision and trueness, adjust the fringes so they are at right angles to

those shown'in Figure E.1, and repeat the procedure in a).

20
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BS
S|
N
< '
S|
S|
Al
Q9
Key
a distance of regular interval of fringes

by by| distance between the bending top of fringe and regular interval line

Figure E.1 — Obtaining W}y, from bending of interference fringes

E.2 | Obtaining W, by phase measurement method

For this method, reading and analysis of data are processed by d computer. The analysis p
truemess of the phase measurement method is higher than.that of the automatic interfe
analysis device. Therefore, the phase measurement method should be used wherever possi

By njoving the interferometer plane plate (plane niirror or transmission flat) finely or
the yvavelength of the measurement light source;*'measure the light intensity change d
interfference fringes, and obtain the wavefront ciirve from the wavefront phase relation of ¢
of interference fringes.

Wheh using the method of Clause 4 a).td_d), use the least squares method to remove the li
from| this and obtain the Wpy. If the(correct linear change shall be obtained using the mgq
need|not be removed.

Finally (especially when using a Fizeau-Interferometer), make sure that the Wpy becom
when a light beam transmits‘through the test object once.

recision and
rence fringe
ble.

by changing

f the whole
ach position

hear change
thod of G, it

bs the value
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