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Explanatory Notes

The value of a local currency, Indian rupee
(Rps. 100 = U.S. dollars 12,80m)
Abbreviations used in a report:

Ambala Cantt - Ambala Cantonment

IDDC = Industrial Desian, Development
and Facilities Lentre (Ambata Cantt)

¢slc - Centre of Scientific Instruments
Organization (Chandigarh)

LABO = Factory for manufacturing optical
Scientific instruments mainly micro-
scopes (Ambala Cantt)

IIT = Indian Institute of Technology
De Lhi
W - Continuous-wave "
NDT = Non.destructive testing
FOl1 = Fiber Optical Instrument
OFT = Optical Fourier Transform
A-D - Analog to-digital (converter)
LCM = Laser Scanning Microcope
OSAW -

Orientgl Science Apparatus Workshops (Amba la)
Mb = Modular - design




. ABSTRACT

The mission was performed under the UNIDO Project OP/IND/T9/04G/
11-03 "Instruments Design, Development and Faci lities Centre”, the need
of which was identified by the Government of India in crder to meet the
needs of small scale and cottage industries surrounding Asbala Cantt.
Among the basic duties of the Centre it was recoanised to produce
prototype instrument ond relatee jigs, fixtures and gauces to accele—
rate the growth of this industry.

The main duties of the expert included:

1.  To provide consulting assistance to the National Projecc
Co-ordinator under the direction of the Chief Technical Adviser.

2.  To assist the Centre in evolving new desiens and better techniques
in the field of ootical/etectro-optical instrumentation.

3. To assist the Centre in developing an adeguate training programme.

&, To assist in the preparation of UNDP progress reports in accordance
with established practices.

5. To prepa-e specifications and requistions for equipment to be ordered
for the Centre.

6. To contribute to the development of project work plan.

The duration of the aission (first shase of a split-wmission) was
one month from 5.02.85 until S.03.35 including time necessary for briefing-
de~briefing sessions in UNIDO (Vienna) in UNDP office in New Delhi and
subsequent transportations.

MAIN FINDINGS. :

1. Optical scientific instrumentation is one of the main fields of
activity of industries s‘tuated in Ambala Cantt.

2. The role of IDDC as a leading oraanization in the improvement of local

- facilities in this field is recognized.

3. WP s sufficiently qualified but some additional practical training
is necessary to achieve better efficiency.

4. IDDC disposes of a significant capacity in manufacturing of different
optical items such ag lenses, prises, flats, coatings, but the tack of
corresponding metrics does not give a possibility of qualitative testing of
components produced.

S. Several optical instruments such as lasers, CCTV camera, optical fibers
and bundles are extremely ‘nceded for the further work on the mentioned field.

6. IDDC capacities in optical coating will be significantly improved when
the "Balzers” set up will be Launched.




RECOMMENDATIONS

1. The capacities of IDDC in tihe 2degquate metrological testing of
optical comyonent. :rd instruments should be improved in nezrest future.

2. Those optical instruments which were designed and tested during
the expert s mission (see item 5, Ch. 3) should be manufactured on a solid
basis with micropositioners and with more powerful! lasers as sources.

3. The training of NPP and the representatives of local industries
at these instruments should be performed in order to get better recognition
- of efficiency and accuracy of laser-based NDT methods.

4. Those instruments which were designed but not yet realized are to
be manufactured and tested in a shortest time for the same reason.

S. Certain pieces of optical devices (see findings, item 4) should be
obtained in order to achieve further progress of IDDC activity in the field
of optical instrumentation.

5. Optical coating systems purchased from 'Balzers” must be launched
in 3 shortest time possible Rigging by additional equipment based on electron

gun evaporating sybsystem is desirable.
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I.ANALYTICAL ACCOUNT
ON THE ACTIVITY.

A.General Considerations

India is widely recongnized among developing countries for its
planned efforts to sericusely improve the capacities of national
industry and science, thus aiming in development of various branches
of technology with considerable cooperation with many developed and
developing countries and substantial assistance of United Nations.

In the documents of the Forth General Conference of URKIDO it
uas emphasized that the lag in industrial progress between deve-
loping countries and most of developed ones keeps to grow. Different
globai ard internal constraints were analysed and po sibte ways to
encounter the further delay were suogested.

Among other steps the urge of implement- (ion of modern
technologies in developing countries concerning local conditions and
requirements was strongly appreciited instead of customary way used now,
when technologies are being first developed into products and equipment
suitable for developed country conditions and aftervards transferred in
developing country in less or more appropriate form. In the course of
these recommendations the development and functioning of IDDC is well
approved. Haryana State comprises about 50X of Indian production in the
field of scientific instrumentation thus giving sufficient basis for
implementation of different improvements and innovations.

About 400 small scale instrumentation oriented units are now
working in Asbala. In these conditions the UNIDO.project leading to
establishing of IDDC purposely for design, development services, tech—
nical information and coordination, training and maintenance became 2
serious step in:achieving the targets described in the beginning of

this section.

B.Current Activity of IDDC.

Design and development activity at IDDC is basically concentrated
in two fields which are of the main interest considering the needs of
fastly growing local industries. These fields are electronics and
oprics.

The section of electronics is well eguipped with up-to-date
instruments for testing, measurements, calibration and data processing
The personnel is sufficiently qualified and interssted in solving the
current problems. Brief introduction made by CTA and subsequent rather
detailed aquaintance with the facilities of electronvcs se-tion gave
an impression of substantial progress achieved in two recent yesrs
Tight connections are established with the loca. industry and the needs
of industry result in the ‘féllowing activities performed by the section
of electronics.

1. Design of prototype electronic instruments which are ordered by the
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representatives of local industry, science or medicine, such as digital
pH aeter, programmed sianal generator for acgrmuncture etc. This design
is performed with the aids of wrdern microcomputers and microprocessors.
2. Periodical testing and catibration of the electronic components and
devices under various temperature, acoustical and electrical conditiors.
3. Maintenance of instruments and electronic equipeent.

4. Oesign and manufacturing of printed circuit boards for the devices
produced by lecal industries.

The rew building for electronic section, electromedical section
and mechanical workshop was surveyed. This three storey house provides
12[!)-2 for establishing and further development of these parts of IDDC.
The building is to be ready at summer 1985. It is also planned now by
city authorities to arranqge a computer centre which is suoposed to stay
at the same building. The total number of personnel To vwork at the new
building will be between 50 and 40.

Optical -ection which also includes the group responsikbls Yor vacuum
coating contains nowadays 9 specialists at the /engineerina (evel, most of
which are newly recruited in 193S. Basically the expert's duties were
connected with the needs and problems of this group, thus the situation
there was analysed along numerous meetings, discussions and cooperative
practical work. The following results were attained.

€. An Expertise at IDDC in the field Qf Optics.

Vacum coating facilities contain two setups: the old one for thermal
evaporation of metals and several dielectrics and newly purchased equip-
ment bv “"Balzers” which unfortunatoly lacks the electron gun evaporation
subsystem. ’

In the old Indian—wade set_up the main prodlem driven to expert
was reorganization of the thickness centrol optical system which was com—
pletely disordered. This system contained incandegcert Light source fed-by
soabilized pover supply, optical single beam system with the white beam
transversirng the test plate at which the coating is grovngspectroscooic
device for splitting the lich: into three wavelength components, photo-
sultiplier with movable slit to measure the transparency of a film at a
chosen vavelength, amplifier, A-D converter and digital counter with
corresponding power supply. After therouah examination it was assumed
to be unreasonale to try to perform a complete repair of tuvs control
system. Instead of it the simple laser based optical system vas suggest-
ed by expert, two different types of it were discussed with NPP, the ways
of implementation vere drawn.

In order to choose between one beam and two beam (with the reference)t
schemes we checked the bng-term stability of the Ne laseravailable at NDOC.
It was shown that power fluctuations of A1MOX take place, at periods of
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several seconds, and even larger instability of AI~30% is observed with
periodicity of ~15 amin.

Bearing in mind that coating process and simultaniously performed
aeasurements of rthicknesis take time of several minutes and more we
easily concluded that only double beam optical system is applicable here.
The following outline of coating thickness measuring instrument was suggest-
ed by expert (Fig.1, Annex 2). Because of certain problems connected with
the implementation of a modern "Balzers™ machine it was emphasized that
presently working wacuum coating unit is not to be attributed as a provison—
al set-up. Thus sufficiently accurate thickness sessurements should be per-
formed at this unit by the optica' system described in Annex 2.

ALL details for system accomplishment were manufactured and the slign-
aent was performed in the course of mission.

Optical testing group 1is intended to perform an adequate testing of the
elements currently manufactured at IDOC (tenses, prisms) and also for
designing new effective instrusents for testing main parameter: of more
sophisticated components such as microobjectives, ophtalmic instruments etc.

Optical testing gr~up encountered several problems caused by the needs
of Local industries wherz various optical components (lenses, prisms, flat
plates etc.) are produced in quantities, but the lack of quatity éauses the
following draw Sacks in the quality of final products, mostly microscopes
and ophtaleic instruments (see lower)

For this reason the design, manufacturing and implementation in Llocal
industries of simole, accurate and reliable instruments for quality control
became the task of extreme necessity for IDDC. laser based instruments were
suggested during the mission.

Although lasers are not manufactured in India nowadays, they are widely
advertized and sold by several marketing companies. Their price Eiopr.

USS 400 - and more) is comparable with the corresponding item at other
countries. Because the He.Ne tasers available ensure durable performance
for many months and laser-based devices give valuable advantages.over
other optical instruments in many cases, the recommendations of the expert
were generally held on laser side.

Prism interferometer(Fig.2, Annex 3) was suggested for attaining fast and

accurate check-up of the flatness of glass, semiconductor or metal components
with differently processed surfaces (i.e. polished, ground,, milled).

This interferomerer contains minimum number of simple components and
provides the information about flatness in the form of interferogram
(topogram), which can be treated like .ines of equal height at geographic
maps. ’

'In addition to simplicity of performance and very clear way of
information presentation this instrument has many other advantages.
= the sensitivity (i.e. the distance between two neighboring frinqges)
can be essily changed in wide range;

- H R v~ . P
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~although the measurement is performed at highly grazing inrident
angles, the dimensions of the object are not practically distorted
because of simmetrical optical scheme of an instrument.
~the estimation of microstructure (roughness degree) can be made by.
fringe contrast measurements.

The calculations of characteristics of interferomerer for prisms
with 90° and 60° basement angles were done, critical regimes defined.
ALl components were msnufactured, the body of laboratory version of the
instrument was sade and components were aligned. The demonstration of the
instrument lication was performed uith convincing results.

Fiber optical roughness sensor(see Annex 1V)

The microstructure of the surface can not be easi ly seasured by nucro-
interferometry unlike to flatness which is macroscopic characterstic.

The number of interference fringes surrounding each ledge at t. - surface
which is higher than a wavelenath will be hard to count without microscope.
Micro-interferometric research although correct is unefficient for randomly
processed surfaces such as gournd, milled and roughly polished ones. Thus
the fiber optical sensor based on coherent optical fourier transform was
suggested. Its principle is clear from Fig.3.

The laser Llight transmitted through fiber illuminates the rough
surface at normal angle. Only the part of this Light is returned into
fiber, being a result of specular reflection. The scattered light is not
returned by fiber to optical power meter, this portion of light being
Larger for cOArEe surfaces.

It can be easily shown that for changes is scattering diagram~ of
the surface frou__‘-ffmction type (highly polished) to Lambertian type
(ideal random scatterer). The Jifference between light powers measured in
both cases becomes 10~12 dB. Within this range quite accurate measurements
are possible. ’

The type and length of the tiber to be used in the sensor were
discussed, the necessary piece was received from CSIO. Cleaning and other
preparatory operstions were fulfilled untilithe end of the mission.

We also elaborated possible ways of using optical fibers and, especially,
bundles for design of optomedical instruments based on the endoscopic
principle. Justifications for the small scale project proposal were
prepared by expert.

Laser scanning microscope

This device was also _suggested by expert in his previous investigations,
It was confirmed that in IDDC ractice this instruments can be effectively
applied.

The principle of LCM was discussed with NPP several times in great

details. Possible variations were suggested, but the general Layout remained
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unchanged (Fig.4, Annex V).

The instrument is based on the scattering of focused laser beam,
scanning across the examined surface, at different inregularities upon
this surface-scratches, inclusions, ledges etc. The number, position
and shape of surface defects are displayed at the oscilloscope-screen
in a very short time, typically?

-less than 1 second. The main time=consuming operation is insertion and
removal of the sample under test into examination area.

Thus the instrument proposed can be made quite effective in total
quality control of surfaces of different optical components.

Di fferent modified versions of such an instrument including

polarizing, phase-contrast, calibrating elements were also discussed.

Optical instrument for

calibration of microscope

objectives

The resolution power, or limit of resolution is the “main parameter
characterising the magnification which can be achieved by objectives.
This parameter may be measured either by resolution LimitAS +MKmor

by resolved spatial frequency N GL%EEE) with obvious correlation

AS = 107
N

In many cases it's more efficent to measure N by means of test plates
but this method is hardly ideal due to necessity to have 1arge set of
test plates for accurate measurements and huce time consumption needed
for setting and resetting each test plate. It is thus recommended to use
an interference fringe pattern produced by two coherent point sources
(say-two virtwal images of laser beam focus, situated at a distance S) and
observed at distance Z from the source plane (Fig.S5, AnnexVI).

The formul@s : were derived '~ for the range and ways of changes of N
in the interference fringe patterns produced by point .sources, situated at
different distances. The calculationsand curves, plotted by their results,

(Fig.6) confirmed that this instrument may be applied for testing of object-
ives with poor and high resolutions.
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I1 TRAINING, CONSULTATIONS, EXPERTISE PROVIDED FOR
LOCAL_INDUSTRY.

During my staying at IDDC I was invited to visit several
industries situated in Ambala.

The first visit was paid to the factory which produces optical
scientific instruments, mostly microscooes. The caoacitieis of this
factory, named “LABO” atlow it to manufacture more than 500 items per
month. Normally there are 3 to & different models produced simultaneous—
ly and spread overall India and to several foreign countries mostly
for the educational needs (for schools, colleges, univeristies).

Bearing in mind the international trend of isproving main
parameters of scientific instruments and trying to keep the orices
of items produced at comparatively low level, the authorities of
LABO declared their interest to implement at the factory modern and
accurate metods of nondestructive control of most improtant compo—
nents.

Our discussions resulted in several possible solutions to
be reatized at LABO, among which the most interesting seen to be
the following:

1. Finding and evaluation of different surface inhomoageneities

at spherical and other Llenses for microobjectives. Such defects

(i.e. Scratches, bubles) exist on both surface of the lens. The
method close to Shadow-graphy on schlierzn—technique was discussed,
but the power of the lLaser source available at LABO at present time
does not allow to implement this technigue.

2. More sophisticated instrumentation seems to be needed for local-
ization of the same defects but only on the front surface of the lens.
Coherent Schlieren technique may also be of substantial helto. But
taking into consideration that only 42 of the light is used (the
Fresnel reflection wave from the front surface is investigated, the
basic surface being covered with highly absorbing material, say wet
velvet)—then even higher laser powers are needed.

It was agreed that 10-20 mw CW laser-will be purchased in near—-
est future.

3. Control technique of the spherisity and curvature radious of
small lanses was suogeszed using the double beam (Mach-lender) inter—
ferometer with the referaonce sample lense in one of the beams (Fin. 7 )

This set-up was manufactured at LABO at surprizingly short time
and together with the representatives of LABO it was aligned and test
experiments were performed.

I regard this rather successfull experience high enouch because

it was first practical confirmation of vast capacities of coherent optical
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methods for fast and accurate NDT in optical industry given to Ambala
manufacturers.

Alltogether it was four visits to LABO which were dedicated for
improvement of NDT methods aiming substantial rise of quality of optical
components.

Other interesting company visited was "Indian Oprics". This
industry also produces microscopes, including interference and polarization
ones, but also wide bunch of ophtalmic instruments for medical purposes.
The main impression were:

1 Very high speed of desian of new instruments. The whole period
between decision mede on new item to be produced and the pilot sample
produces taxes not more than several months.

2. Rather high quality and good desian of several microscopes.

3. Advanced design concepts used by the "Indian Optics”.

For example, modular design concept worked out by the expert in
1983 during his mission in Bulgaira was independently elaborated(concern-
ing microscopes) in this industry.

Next visit was to OSAW Company which is the oldest in scientific
instrumentation in India. It has high grade reputation in India and now
is involved with plenty of its subcontractors into production of vast
variety of instruments including optical and electronic devices for
teaching, metrology, industry.

Here also the modular principle was suggested for construction of
three different interferometers by rearranging of components taken from
the kit(See Annex VII).

This example confirmed the viabi!ityiand necessity of modular
design concept for scientific instrumentation in developing countries.

Among lectures prepared and given during expertfs staying in
India, the following topics are to be mentioned (each lecture have taken

about 1,5 hours).

1 "Fiber Optics in Instrumentation'
(CHIO, Chandigarh, 22.02.85)

2. "Non-destructive testing by Lasers"”
(IopC, Ambala, 26.02.85, for Local industry).

3. "Fiber Optics in Instrumentation, basic principles and applications”
(IDDC, Ambala, 27.02.85 for local industry.)

4. "Active Fiber Jptics"”

{IIT, New Delhi, 28.02.85 for 'the staff of I1IT)
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III. ACHIEVEMENT OF THE MISSION OBJECTIVES

1. Consulting 2ssistancy was provided to NPC and CTA in the field of
optical instrumentation. Further development of contancts between IDDC
and local industries was achieved . )

2. Five different optical instruments with simple construction and
effective performance were worked out, discussed with NPP in details
and are now on their way to practical realization (see Annexes II-VI).
The® instruments are dedicated to;

—thickness measurements of vacuum coatings;

-flatness measurement of plane elements made of different mateirals
and having different roughnesses of their surfiace;

—surface roughness measurements;
-fast finding and evaluation of surface defects on flat surfaces;
-calibration of microscope objectives;
3. In the course of training of NPP and the representatives of local
- industry two lectures were prepared and given at IDDC. Numerous consul-
tations and discussions also raised the level of NPP in the field of
modern optics, although they already had rather wide preparedness for the
current work.

ALL materials.which séem.to be useful for NPP and for progress reports
were put into the manual form to simplify their uses.
4. Specifications and requisitions were prepared for lasers (CW and
pulsed), C(TV camera and other equipment. The purchase of Fizeau Optical
Test Interferometer FOTI-100 was ‘not apnroved because of ~high prize and
narrow range of possible applications.
5. Fruitfull contancts with Local industries lresultad in eleaboration
of several optical instruments to be designed and manufactured to achieve

efficient NDT in ithese industries.




GENERAL CONCLUSIONS

1. UNIDO assistance is considered as externaly valuable for IDDC
activity in important field of scientific instrumentation.

2. Project objectives are carried out by NPP under the supervision
of NPC and CTA with substantial help of Indian authorities.

3. IDDC and local industry are working in close and growing
co—~op=eration.

4. Metrological capacities of IDDC in the field of optical instru-
mentation must be enhanced in order to achieve accurate and fast testing
of the quality of all items under production.

5. Several effective Laser based instruments were proposed by the
expert for NDT of optical components.

6. Among these instruments the set ups for measuring the flatness of
plane objects, for calibration of microscopes and for testing spherical
lenses were constructed and demonstrated.

7. Further efforts in elaboration of laser based instruments for

needs of IDDC and local industry should be undertaken.

8. Modular Design concept in optical Scientific Instrumentation f:nds
recognition within local small scale industries.
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ANNEX 1

Prograsse of the expert’s mission
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ANNEX - II

Optical instrument for thickness measurements of Vacuum Coatings

(Basic principles and structure)

The system includes He-Ne laser 1, based on massive mounting 2,
where the beamsplitter 3 withireflectivity of 10% is also adjusted.

The periscope system containing two prisms 4 and 7 ard transparent
vacuum seal 5 serves to put the testing light beam into vacuum chamber
6 and to direct it to the sample where the optical coating is arwon
from the evaporizer 10. Analoows neriscope is used to autlet the beam
and to send it into the photodetector 15.

The intensity of the output Light will change with the growth
of thickness d of a coating accordigly -to

) . Ja
I(d)=14" exp (- a) €D
for metal coatings with extinction coefficient CD(‘, specified for a

given metal; and to

I(d) =To[4-Reos (4Ted)] (2)
for transparent coatings, where Pf-refractive index“Vof a film and
R-average: Fresnel reflection coefficient lying in betueen.ﬁgf and Rfy
these coefficients being specified for substrate=film and film—vacuum
boundaries. Because of laser power instability each time after getting
the test signal the measurement of reference signal must be achieved in
order to fulfill proper signal calibration.

The details of system implementation and the order of measurer.ents

were discussed with NPP., —
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Prizm interferometer

The basic principles of prism interferometer elaborated by the
expert zarlier were adapted for the local needs. This instrument
enables to get » fast evaluation of the flstness (or surface retief)
of different plane elements made of glass, metal etc. and having not
only optically polished surface, but also substantiatly rough (i.e.
ground one). The principle ot ts functioning is clean from Fig.2.
Cotlimated laser bram 1 is splitted at an upper flat plane of a
prism 2 into two parts. One of them is reflected from this :aterface
and keeping to be plane wave i3 used as a reference. Other part
emerges at an wper space at highly grazing angie, thus striking
the lower surface of observed object - »t about the same angle. Yhder that
condition even rough surfaces give rise to specular reflection, thus
reflected wave contains all information about how flat is the lower
surface of 3, after that the object wave returns into priss and both
waves interfers and produce a fringe pattern, Jescribing the topography
of a surface. The accuracy of the instrument can be varied Jue to the
following experession:

h= A.cos8 (=)
m

Where h is a local "height” of an object ever the orism surface,
a-laser wavelength, B ~angle of incidence of the light ,measured or
calculated by initial angle 90 and prise paramaters, s—nusber of
fringes between point of interest and reference point on the same surface
which is touching the prism. Such reference points always exist because
the object simply lies on the upoer surface of prisa. Thus the prism
interferometer is - strongly recosmended as a simple instrument for fast
evaluation of flatness of different details with various degrees of
surface evenness.
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ANNEX 1V

Fiber_opticel rcughness sensor

(Basivy principles and gructure)

The Llight from (W laser (say, He~Ne)1 Fig.3 through beam splitter 2 and
aicro-obje-tive 3 is coupled into optical fiber &, which has the length I'\l'
After passing through this fiber the Light emerges at an angles P < Yo
from the output end of the fiber, fastenec in the sensor head 5. The
angte ‘Po is defined by so called numerical aperture fnk)by the refrarive
indexes ot fiber core and r.ladding,n1 and n respectively.

NA. = sin® = {RF-ni )

This light is collimated by lens 6, having 2 focal distance f, and strikes
the surtace 7 of the tested object at normal incidence angle.

The amplitude of illuminating licht over the whole cross-section cf<
sensor head is apprcximately constant:

A: (22) = comst (x4)

at the surfacye the incident light encounters the scattering which may be
described in te-ms of Kirchhoff theory for-randos surfaces with average
size of inhomogenuety é\-} l
1f the absorptior. at the surface is negligibly small (or permanent), the
specularly refleaed part R of the total light intensity I is given by

B, ~eocp [-(2E9)] %)

Because the distance between th-e surface 7 and lens 6 is also chosen

to be equal to f, the Llens 6 performs OFT over the scattered light.

Thus only the part defined by (5) will be focus‘ed on40o the core region
of the fiber and tranmitted through fiber to - ' ghotodetector -9,
amplified and displayed by meter 8. Exponential inter~dependence between
roughness 8.1and Light intensity measured by means of 8 and 9, permits to
attain the functional connection 2 between signal and roughness  or a
given material. This function may be obtained experimentally by
independent calibration i.e. roughness measurement by conventional tools.
Then it must by stored in a form of calibration tables.
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ANNEX - Vv

Laser scanning microscope

(Basic principle and structure:fig &)

The CW laser 1 illuminates two rotating pentaprisms or swingina
mirrors successivel (14 and 13 ~irrors move around ~orthogonai axes
and their speeds or periods are selected in suck a/way that the result-
ing beaa scans the surface under test 11. The lens 12 is positioned in
order to tranform the angular scanning into oarallel ibeam scanning.
The specularly reflected Light is collected by lens 2 and focussed on
to the stop. diafragm 3 . The scattered liaht passes by this 4iaohragm<
and is focused by lens 4 onto photodetector 5. . Photo
current is amplified by 6 and sent to the oscilloscope 7, where it
drives the circuit which modulates the intensity of electron beam. By
mears of feeding the deflecting coils for electrodes) of the oscillo-
scope from the same signal aenerators 9,8 which are used for driving
the mirrors, we obtain the synchronous scanning of the laser and
electron beams. Thus, when scattering occurs at the surface 11, it is
immediately displayed by the spark at the dark ~screen of 7.

The Llarger is the cros-section of the defiect on the surface the
higher is the scattered sional on the screen. Thus the bnightness,
number, and position of bright sparks at the' luminescent screer
corresponds to thex size, number and position of defects on the
illuminated surface. The instrument provides fast and accurate finding
and ranging of different surfac: defects on reflecting surfaces of
silicon wafers, optical ghkasses etc.

It sensitive CC TV camera with the monitor is available with senstive
vidicmr, and the Laser power is sufficient for parallel measurements,
the optical scheme without moving mirrors but with uniform light

intensity over all surface is applicable.







ANNEX V1

The interference optical instrument for calibration of microscope
objectives

The instrument is suggested for accurate measurements of resolution
power of different objectives by the resolution of interference fringe -:»
pattern with variable spatial frequency N (lines/mm).

The frequency N is connected with resolution Limit AS by simple

relation

AS =103/N Ce)

Th: interference pattern is produced by two coherent point sources,
situated at a distance S in the plane normal to the axis of microscope-
movement (Fig 5)

1f z- distance between objective pupil and source plane, then

__A
°° 2w [arctan((32)] § S

For the cases (A=O.65 MKM)
$=10, 50 and 100mm

and z ranged within 0-200mm we get results, which are plocted at Fig.6

and which we easily sum up the following:

1. Different separations S“are to be sused for testing objectives with

different resolutions,

2. For poor objectives having, resolving frequencies 100-200mm-1, very

accurite limit measurements can be performed at S=10mm. Accuracy
N=5-10 lines per mm. can be easily achieved. -

3.  For hiah resolution objectives there is a wide range from 750

up to 1750 lines/mm where resolution power can be defined with the

accuracy 10-20 lines per mm.

4. Provided that optical set-up is made Viberation-proof, the lLaser,

the set-up and microscope are to be mounted at an optical bench. For

a given s,ﬂ. the measurement is done by slight movement of microscope

forward to 2=0 plane, until the resolved fringes:disapperar; then -by

Fig.6 the resolution is accurately defined.
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“OSAW UNIVERSAL INTERFEROMETER”

Michelson. Fabry Perot. and Twyman-Green interferometers are the thres most standard snd
common techniques which sre employed in laboratories for various sccurate maasuremenis. Thess
slso provides an sccurate and readily opersted measuring tool for industrisi purposes. All the three
can be sssembied on the same Universal base by fitting standerd outfits. Any of the three interfer-
ferometers may be ordered separastely or combined.

The Michelson Interferometer

This technique employes a beam-splitter mirror to divide & beam of light into two paert to be
recombined st the same surface to producse interference effects. The following demonstrations are
possible :—

1. Formation of circulsr snd localized monochromatic and white light fringes.
2. Accurate comparision of wave length.

3. Establishment of zero path difference.

4. Messurement of refractive indices of gases and transparent solids.

5, Accurste messurement of smail changes in length.

Micheison interferometer can be essembled by fitting to the universsl bass. (Unit A). Unit B
Unit C, Unit €, and Unit F, Unit N, is used for specific experiments.
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Fabry Perot Interferometer

This technique is employed for resolving spectral lines only s few angstrom spart. Muitiple
raflection between two parailel mirrors peoducs bedghit circular fringes of high resolution on a dark.
field. The following applications sre possible :—

1. Wave length changes wher s gas discharge is subjected to & magnetic field.

2. Zeeman splitting in magnastic fisld.

itcan be sssembled by fitting the standard units D, Unit F, Unit G, UnitJ on the universal
base with moving mirror (Unit A).

™ _ The Twyman-green Interferometer

A

it is s development of the micheison in which 8 collimator in the besm produces s plane weve -
front. Mt is primarily used for : )
1. Accurste determinstion of dispersion of prisms.

2. Quantitstive sssessment of inhomogenetivs ynd surface varistions in windows snd prisms.
it can be assembled by fitting Unit B, Unit C. Unit F. Unit G, Unit H. Unit J. Unit L end

Unit M. to universal bsse moving mirror (Unit A).

-
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