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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 - Alllbala Cantonment 

IDDC 

CSIO 

LABO 

IIT 

cw 
NOT 

FOI 

OFT 

A-D 

LCM 
OSAW 

MD 

Industrial Desipn, Development 
and Facilities Centre CAmbala Cantt) 

Centre of Scientific Instruments 
Organization (Chandigarh) 

Factory for manufacturing opt~cal 
Scienttfic instruments mainly micro­
scopes CAmbala Cantt) 

Indian Institute of Technology 
Delhi 

Continuous-wave· 

Non.destructive testing 

Fiber Optical Instrument 

- Optical Fourier Transform 

Analog to-digitalCconverter) 

- Laser Scanning Microcope 

- Oriental Science Apparatus Workshops(Ambala) 
- Modular · design 
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Th• •ission w•s 11erfo~ und•r th• UNIDO Proj•ct OP/IND/79/0l.6/ 

11-03 "InstrUlle!'ts Design,hv•lCIDllent ~ hcil ities C.ntr•", the need 

of which w•s id•ntifi.ct by th• Government of lndi• in rrd•r to -.et th• 

ne.cts of s11all sc•l• •nd cott•,. industri•s surrounding ~la C•ntt. 

Mong th• basic duti•s of the Centre it was r•coanised to produce 

protot:ro• instn.ent !'fief r•lneei jigs, fixtures •nd p--s to accele­
rat• th• 9rovth of this industry. 

Th• uin duties of the e1111er-t ir.cluded: 

1. To provide consulting •ssistance to the National Projecc 

Co-ordin•t~r under the direction of th• Chief-Technic.l Adviser. 

2. To assist the Centre in evolving new desi!l"s and bett•r techniques 
in the field of optical/•lectro-ootical instrumentation. ' 

3. To assist the Centre in developing an adequate tr•ining orogr..-e. 

4. To assist in the Preo•ration of UNDP progress repor-ts in accord•nce 
with established oractices. 

5. To orepa~e specific•tions and requisitions for eciui1111ent to be ordered 
for the Centre. 

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

The duration of the •ission (first l>hase of a split-.isJion) w•s 

one llOMh from 5.02.85 ~il 5.03.85 inch,(ing ti• necesury for brieftng­
de-briefing sessions in UNIDO (Vienna> in UNDP office in Nev Delhi and 
subsequent transpor-tnions. 

l'IAIN FINDINGS. 

1. Optic•l scientific instr1111entation is one of the .. in fiel~s of 
activity of industries s'tuated in ~la Cantt. 

2. The role of IDDC as a leading or~anization in the improvement of local 
facilities in this field is recogniz"'<I. 

3. llPP is sufficiently qualified but soee additionail practical traini"!I 
is necessary to achieve better efficiency. 

4. IDDC disooses of • significant c..,.city in 11A11Ufacturin9 of different 
optical items such as lenses, prism~, flats, coatings, but the t•ck of 

corresOOnding 11etrics does not give a oossibility of ~litative testing of 
comoonents produced. 

5. Several optical instr11111ents such as lasers, CCTV c ... ra, optical fibers 

and bundles are e11tr-ly ·neflfed for the further work on the •ntioned field. 

6. IDDC caoacities in ootical coating vill be siqnificantly improved when 
the "Balzers" set up vi ll be launched. 
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R E C 0 M M E N D A T I 0 N S 

1. The capacities of IDDC in t:ae .;?rlec;~ate metrological testing of 

optical com:>onen~:. =r.d ir.struments should be improved in nearest. 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 wit~ more powerfutl lasers as sources. 

3. The.training of NPP and the representatives of local industries 

at these instruments should be oerformed in order to get better recognition 

of efficiency and accuracy of laser-based NDT methods. 

~- Those instruments which were designed but not yet realized are to 

be manufactured and tested in a shortest time for the same reason. 

5. 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. 

6. Optical coating systems purchased from "Balzers" must be launched 

in a 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. 

India is widely recongnized a11C1"9 develooing countriPS for its 

planne~ efforts to sericusely improve the capacities of national 

industry and science, thus ai•ing ;n developmpnt of various branches 

of technology ~ith considerable cooppration with •any dP¥PlQPPd and 

developing countries and substantial assistance of United N.tions. 

In the docU11ents of the Forth General Conference of UNIDO it 

was emohasized that the tag in industrial progress between deve-

loping countries and 1111st of developed ones keeps to grow. Different 

global ard internal constraints were analysed and po· sible w•ys to 

encOUilter the f~rther dElay were su99ested. 

AllClng other steps the urge of iaole•ent· •ion of llOdern 

technolo~ies in developing countries concerning local conditions and 

require•ents was strongly apprec;•ted ;nstead of customary way used now, 

when technologies are being first developed into products and equi~nt 

suitable for developed country conditions and afterw•rds transferred in 

developing country in less or 1111re appropriate form. In the course of 

these reco-.endations the develoo-ent and functioning of IDDC is well 

approved. H~ry•na State cOllll)rises aOout 50% of Indian production in the 

fiel~ of scientific instrument•tion th~s .giving sufficient basis for 

iimple11ent•tion of different iimorovl!llents •nd innov•tions. 

About 400 s•all scale instru11entation oriented units ire now 

working in Allbala. In these conditions the UNIDO.project leading to 

est1blishing of IDDC PUroosely for design, develop11ent services, tech­

nical information and coordination, training and •aintenance became • 

serious step in:achieving the targets described in the begiN\in9 of 

this section. 

e.Curreftt Activity of IDDC. 

Design and develoo11ent activity at IDDC is b•sically concentrated 

in two fields which are of the .. in interest considering the needs of 

fastly growing loc1l industries. These fields are electronics 1nd 

optics. 

The section of electronics is well eQuipped with i.o-to-date 

instrU11ents for testing, 11P.asure11ents, calibration and data proc~ssing 

The personnel is sufficiently Qualified and inter~sted in solving the 

current proble•s. Brief introduction •ade by CTA and subsequent rather 

detailed aquaintance with the facilities of electron~cs se:t;on gave 

an i•pression of substantial progress achieved ;n two recent ye1rs 

Tight connections are established with the loca~ industry and the needs 

of industry result in the"f•llowing activities perfor11ed by the section 

of elect~onics. 

1. D~sign of prototype electronic instr!Alents which ire ordered by the 
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representatives of local industry, science or •rdicine, such as digital 

pH •eter, proqr•-d Si9"al c;i-~.,,erJtor for acQtinuncture rte. This df'sign 

is ~rformrd with the aids of 11<"dern •icrocoimputers and •icroprocessors. 

2. Periodical testing and calibration of the electronic collPQnents and 

devices under various te11aerature, acoustical and electricat conditiors. 

3. Maintenance of instr\Jl9ents and electronic rquio-.nt. 

4. Design and ••nufacturing of printrd circuit boards for the devices 
produced by local ·industries. 

The nrv building for electronic section, electr~ical section 

and mechanical workshop was surveyed. This three storey house provide~ 

1200.
2 

for est~lishing and further develo~t of these parts of IDDC. 

The building is to be ready at summer 1985. It ;s also planned nov by 

city authorities to arranqe a co11Puter centre which is suoposrct to ltay 

at the s111e buildi""'. The total number of personnel to work at the new 
building will be between 50 and 60. 

Optical ·ection which also includes the grouo rrsponsitl• •or vacuum 

coating contains nowadays 9 specialists at the /enqineerino level, most of 

which are newly recruited in 19135. Basically thL expert"s duties were 

connected with the nreds and proble•s of this grQuP, thus the situation 

there was analysed along numerous meetin9s, discussions and cooperative 

practical work. The following results were atta~ned. 

C. An Expertise at IDDC in the field qf Optics. 

Vacuum coating facilities contain tvo setUPs: tlle old one for ther .. l 

evaooration of metals and several dielectric~ and newly PUrchased eciuip­

iment t:-v "Balzers" vfli ch ur.fortunatdy lacks the rlectron gun evaPOration 
subsyste•. 

In the old Indian-.ade s~t~up the •ain prol>le• driven to expert 

was reorganization of the t~ickne's ccntrol optical syste• which was com­

pletely disordered. This syste• cont,ined inca:lde$celttlight source fed-by 

scabilized PO•er supply, optical single be•• s~ste• with the white be•• 

transversing the test plate at which the coating is ~rovn~spectroscooic 

device for splitting the li~ofl~ into three wavelength components, photo­

multiplier with •ovable slit to measure the transparency of a fil• at a 

chosen wavelength, a11Plifier, A-D converter and digital counter with 

corresoonding paver supply. After thorou9h exa•ination it was assia11ed 

to be unreasonale to try to perfor• a co11e>lete repair of t.1?s control 

system. Instead of it th~ si11Ple laser based optical syste• was su99est­

ed by e•pert, tvo different types of it were discussed with NPP, the ways 
of i11Plementation were drawn. 

In order to choose between one be .. and tvo be•• (vith the reference>c 

sche•es we check~d the long-ter• stability of the Ne lais.ravailable at. NDDC. 

It was shown that paver fluctuations of4"IMO% take place, at ~r·:ods of 
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several seconds, and even larger ;nstability of 41"'30% is observed w;th 
pe,..;odi city of ,.,15 •fo. 

Bearing ;,, a;nd that co~ting process and siaultaniously performed 

•easurements o\ ~hickne~s take tiae of several •~nutes and aore we 

easily concluded that only double beaa OPtical syste• is applicable here. 

The following outline of coating thicknP.ss measuring instrUllent vas suqgest­

ed by expert CFig.1, Annex 2>. Because of certain problems connected wi~h 

the i110lNentation of a aodern ''Balzers" aachine it was eaohasized that 

Presently working •.•acuua coating unit is not to be attributed as a provision­

al set-up. Thus sufficiently accurate thickness measurements should be per­

for•ed at this unit by the optica• syste• described in Annex 2. 

All details for syste• acca.olishment vere 11anufactured and the align­

•ent was performed in the course of •ission. 

Qptical testing grouo is intended to perform an adequate testing of the 

elements currently •anufactured at IDDC <lenses, prisasl and also for 

designing new effective instruments for testing INlin parameter; of aore 

sophisticated coaoonents such as •icroobjectives, oohtalaic ir.~truments etc. 

Optical testing 9~""~'P encountered several problems caused by the needs 

of local industrie~ ~~~~~ various optical ca.ponents (lenses, pris•s, flat 

pines etc.> are produc:e4 in Quantities, but the lack of Q .. ~• ity ~au.;es :he 

following drav ~acks in the quality of final products, mostly •icroscopes 

and aphtalaic instrl.lllents <see lover) 

For this reason the design, •anufacturing and implementation in local 

industries of si11Dle, accurate and reliable instruments for quality control 

became the task of extreme necessity for IDDC.laser based instruments were 
suggested during the •ission. 

Although lasers are not aanufactured in India nowadays, they ar~ widely 

advertized and sold by several •arketing cQllOanies. Their price Cappr. 

USS 400 - and more) is coaparable with the correspanding ite• at other 

countries. Because the He.Ne lasers available ensure durable perfor•ance 

for many months and laser-based devices give valuable advantages.over 

other optical \nstr\lllef\ts in .. ny cases, the recoamenc:lations of the expert 

were generally held on laser side. 

Pris• interfer<111eterCFig.2, Annex 3> vas suggested for attaining fast and 

accurate check-up !Jf the flatness of glass, se•iconductor or metal COllPOnents 

with differently processed surfaces Ci.e. polished, grol#ld,, •illed). 

This interferomerer contans •iniaua nUllber of simple coaponents and 

provides the infor•ation about flatness in the for• of interferogra• 

Ctopogra•l, whicn can be treated like '.ines of equal height at geographic 
•aps. 

In addition to Si11Dlicity of performance and very clear way of 

infor .. tion presentation this instrl.lllent has •any other advantages. 

- the sensitivity Ci.e. the distance between two neighboring frinQes> 

can be easily changed in wide range; 
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-althouqh the •easure11e>nt is Derformed at highly grazing inrident 

angles, the di11e>nsicins of the object are not Dractically distorted 

because of si.-etrical oDtical sche•e of an instru11ent. 

-the esti•ation of •icrostructure (roughness degree} can be •ade by. 

fringe contrast measurements. 

The calculations of characteristics of interferometer for Dris•s 

with 90° and tJJ
0 

basement angles were done, critical re;imes defined • 

.H l comDQnents were .. nuhctured, the body of laboratory version of the 

instrument was •ade and COmDOnents were aligned. The demonstration of the 

instrument lication vas performed ~ith convincing results. 

Fiber ODtical roughness sensorlsee Annex IV> 

The •icrostructure of the surface can· not be easily measured by n1,c.ro­

interfero11etry unlike to flatness which is -.croscoDic characterstic. 

The number of interference frinqes surr-ounding each ledge n t. -· sur-face 

which is higher than a vavelen!lth vill be har-d to count without •icr-oscooe. 

Micr-o-interfer-ometric r-esearch although correct is unefficient for r-ando•ly 

Drocessed surfaces such as gournd, •illed and roughly DOlished ones. Thus 

the fiber optical sensor based on coherent optical fourier transfore vas 

suggested. Its DrinciDle is clear fro• Fig.3. 

The laser light trans•itted through fiber illU11inates 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 n~t 

returned by fiber to optical paver 'Weter, this portion of light being 

larger for a»•~ surfaces. 

It can be easily shown that for changes is scattering diagr .. ~ of 

the surface fro• ~fUnction type (highly polished> to Lambertian ty11e 

(ideal random scatterer); the Jifference between light powers measured in 

both cases becomes 10-12 dB. Within this range Quite accurate measurement• 
are possible. 

The type and length of the fiber to be used in the sensor were 

discussed, the necessary piece vas received fro. CSIO. Cleaning and other 

preparatory operations ve.-e fulfil led unti l•.the end of the .; ssi on. 

We also elabo.-ated possible ways of using optical fibel"s and, especially, 

bundles for design of optomedical inst.-u•ents based on the endoscoDic 

Drinciple. Justifications fo.- the small scale Droject prODQsal we~e 
p1"ep1.-ed by expel"t. 

Laser scanning •ic.-oscope 

This device vas also.suggested by expert in his previous investigations. 

It vas confirmed that in IDDC ~ra~~ice this instl"1111tnts can be effectively 
applied. 

The principl~ of LC" was discussed with NPP several times in great 

details. Possible variations were suggested, but t~e general layout re•ained 
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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 operati~n 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. 

Different modified versions of such an instrument including 

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

Optical in~trument 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 r-esolution limit AS ,MKMOr 

by resolved spatial frequency N Clines) with obvious correlation mm 

AS= lO~ 
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 targe set of 

t~~t plates for accurate measurements and huQe 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 virbual images of laser beam focus, situated at a distance S) and 

observed at distance Z from the ~ource plane (Fi~.5, AnnexVI>. 

The formul~·s " were derived for the ran~e and ways of changes of N 

in the interference fringe patterns produced by point.sources, situated at 

different distances. The calculatiorgand curves, plotted by their results, 

CFig.6) confirmed that this instrument may be applied for testing of object­

ives with poor and hi~h resolutions. 
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II TRAINING, CONSULTATIONS, EXPERTISE PR9VIDED FOR 

LOCAL INDUSTRY. 

Dur;ng l9Y stay;ng at IDDC I was inv;ted to v1s1t several 

;ndustries s1tuatrd 1n Allbala. 

The f1rst v;s1t was paid to the factory which P!'"Oduces optical 

sc1ent;fic ;nstr1.19rnts, 110stly •;croscoors. The c«iacit;e;s of this 

factory, na-d '"LABO" allow it to manufacture t10re than 500 itres per 

110nth. Normally there are 3 to 4 differrnt llOdels produced s;11Ultaneous­

ly and spread ovrr~ll India and to several fore1gn countries llOStly 

for the rducat1onal nrrds (for school~, colleges, univeristies>. 

Bearing ;~ •ind the international trrnd of ;.,roving •a;n 

par..-rters of scient;fic instruarnts and tryinq to krrp the or1ces 

of ite•s produced at CQllC>aratively low level, the author1t;es of 

LABO declared the1r interest to ;llOlrment at the factory modern and 

accurate •etods of non.jestruct;ve control of most ;.,rotant cQ11C>o-

nents. 

Our d1sc~ssions resultrd in several possible solutions to 

be real;zrd at LABO, among which the most ;nterestin9 seen to be 

the following: 

1. Finding and evaluation of differrnt surface inho11e>a9eneit1es 

at spherical and other lenses for •icroobjectives. Such defects 

(i.e. Scratches, bubles> exist on both surface of the lens. The 

method close to Shadov-graphy on schlier~n-techn1que was discussed, 

but the power of the laser source avail.tile at LASO at presrnt time 

does not allow to i11Plemet1t this techniQUe. 

z. More sophist;cated instruaentat;on see11S to be needed for local-

ization of the saae defects but only on the front surface of the lens. 

Coherent Schlieren techniQue .. Y also be of substantial helo. But 

taking into cons1de:-atfon that only 4% of the light is used Cthe 

Fresnel reflection wave from the front surface is investigated, the 

basic surface being covered with highly absorbing .. terial, say wet 

velvet)-then even higher laser povers are nee~. 

It was agreed that 10-ZO ., CW laser··wi LL be purchased in near­

est future. 

3. Control techniQue of the spherisity and curvature radious of 

s•all lanses was su9ges!ed using the double be•• <,..ch-Zender> inter­

fer09lt'ter with the refer~ce sallC)le lense in one of the bea•s CF1n. 7 

This set-up was .. nufactured at LABO at surpriz1ngly short time 

and together with the representatives of LABO it was aligned and test 

experi11ents ~ere performed. 

I regard this rather successfull experience high enou9'1 because 

it was first pract1cal confi,..ation of vast capacities of coherent optical 

. -~~-~·-···· .- ... ~~,_ ... · .. I":'•'·-

-~·~ -!t~;~~~f1K1-~ · · 

.:.:~.:..:..:!.-=-."'-. 
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methods for fast and accurate NOT in optical industry given to Ambala 

manufacturers. 

Alltogether it was four visits to LABO which were dedicated for 

improvement of NOT methods aiming substantial rise of quality of optical 

components. 

Other interesting company visited was "Indian Op~ics". This 

industry also produces microscopes, includinQ interference and polarization 

ones, but also wide bunch of ophtalmic instruments for medical purposes~ 

The main impression were: 

1 Very high speed of design of new instruments. The whole period 

between decision made on new item to be produced and the pilot sample 

produces taxes not more than several months. 

2. Rather high quality and good design 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 elaboratedCconcern­

ing microscopes> in this industry. 

Next visit was to OSAW Comoany 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, ~etrology, industr1. 

Here also the modular ~rinciple was suggested for construction of 

three different interferometers by rearranging of components t~ken from 

the kitCSee Annex VII). 

T~is example confirmed the viabi~ity and necessity of modular 

design concept for scientific instrumentation in developing countries. 

Among lectures prepared and given during ex~ertrs 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" 
CIDOC, Ambala, 26.02.85, for local industry>. 

3. "Fiber Optics in Instrumentation, basic pri'lciples and applications" 
CIDOC, Ambala, 27.02.85 for local industry.) 

4. "Active Fiber Optics" 

!IIT, New Delhi, 28.07..85 for 'the staff of IIT> 
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III. ACHIEVEMENT OF THE MISSION OBJECTIVES 

1. Consulting assistancy was provided to NPC and CTA in the field of 

optical in~trumentation. Further development of contancts between IDDC 
and local industries was achieved • 

2. Five d!fferent optical instruments with simple ~onstruction and 

effect~ve performance were worked out, discussed with NPP in details 

and are now on their 1o1ay to practical realization Csee Annexes II-V·I>:. 
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. sur~ace; 

-surface ro~ghness 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 representatbes o" 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 seem~to be useful for NPP and for progress reports 
were put into the manual form to simplify their uses. 

4. Specifications ar.d requisitions were prepared for lasers <CW and 

pulsed), CCTV camera and other equipment. The purchase of Fizeau Optical 

Test Interferometer FOTI-100 was·not ap~roved because of ·high prize and 
narrow range of possible applications. 

5. Fruitfull contancts with local industries Lresult~d in eleaboration 

of several optical instruments to be designed and manufactured to achieve 
efficient NOT in ;these industries. 
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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 su~ervision 

of NPC and CTA with substantial help of Indian authorities. 

3. IDDC and local industry are working in close and growing 

co-op~ration. 

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 construC'ted 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 l~cal small scale industries. 



ANtl!EX 1 

~r~~r•~ of the e•p•rt's •ission 
FEBRUARY, 1985 MARCH 

8 9 10 11 12 13 "' 15 16 17 18 19 20 21 22 23 24 25 26 27 28 1 2 .' 3 

1. Arriv•l to New Delhi • 
2. Briefing ind debriefing in the • II II 

IMOP Ofti ce. 
J. Arriv•l to Ch..-idig1rh II 

"· Studying project doc...-ents II 

5. ,..etings with NPC • • II • • 
6. ,..eting;with ClA • • II • • • • II II • II II II 

1. ,..etings with NPP • IC II IC IC • • II • II • • 
8. Visit to "LABO" hctor)' II • ' II 
9. Visit to "lndi1n Optics"F•ctory • 
10. Discussions on the contr1cts with II • II 

forein~ co.p1nies 
11. Attending the Progr1 .. e • • • ''Workshop of "icroprocessors" 

"" 
12. Prep1r1tion of ter•in1l report II II • II II II • II 

13. Prep1r1tion of lectures for 
tr1ining course • II • • 

\,.Visit to CSIO.Se•in1r FOi : • II 

15. Tr•ining.course on.NOT •Dd FOi 
for the represent1tives of loc1l • • 
industry ' 

16. visit to lit Se•in1r on FOi II II 

17. Visit to Telec01111Unic1tion 
Rese•rch Centre <Delhi) II .. 

18. Oep1rture fro. Delhi • 
I 
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ANNEX - II 

Optical instrument for thickness •easurements of Vacuum Coatings 

CBasi c principles and structure) 

The system includes He-Ne laser 1, based on massive mounting 2, 

where the beamsplitter 3 withiref~ectivity of 10% is also adjusted. 

The periscope system containing two prisms 4 and 7 arid 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 9rvon 

from the evaporizer 10. Analogais ~eriscope is used to outlet the Leam 

and to send it into the photodetector 15. 

The intensity of the output light will change with t~e growth 
of thickness d of a coating accordigty.to 

I I ,. . J ... (d.) = 0. e.x.p l-0<.C\) (!) 

for metal coatings with extinction coefficient CJ<., specified for a 
given metal; and to 

I(d) =I 0 [!-tl.cos(41rrt.fdJJ (2) 
for trans~arent coatings, where ~f-refractive index~f a film and 

R-avera~~ Fresnel reflection coefficient lying in between ~If an~ Rfv 

these coefficients being specified for sub~trate-film and film-vacuum 

boundaries. Because of laser power instability each th1e after getting 

the test signal the measurement of reference signal must be achieved in 
order to fulfill proper signal calibration. 

The details of system imp~ementation and the order of measure~ents 
were discussed with NPP. 
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ANNE.IC - HI 

Priz• inttrftroimettr 

The bll~ic principles of Pris• interferometer el•bor•ted by t~t 

expert Hrlltr wre ad..,ted for the loc•l needs. This instr~t 

en•bles to get • f•st tv•lu•tion of the fl4tness Cor surf•ce relief> 

of different pl.ne elements •adt of 9l•ss, 11et•l etc. and h•vinq not 

only optic•lly POlished surf•ct, but also sut>stant;•lly rough (i.e. 

g"'Ound one>. The principle ot •ts functioning is clt•n from Fig.2. 

Colli .. ted l•str br ... 1 is splitted •t an upper fl•t Pl•nt of a 

prisa 2 into two parts. One of thea is reflected fro11 this :~terf•ce 

and keeping to be plane w.ve is used as • reference. Other part 

e11erges •t an upper so•ct at highly gr•zing an~it, thus striking 

the lower surf•ce of observed object : •t .tlout the s .. t angle-~er th~t 

condition even rough surf•ces give rise to s~cular reflection, thus 

reflected v•v~ cont•ins all infon111tion •bout how flat is the lover 

surface of l, After th•t the object wave returns into pris• and 'Xlth 

waves interfer~ •nd product a fringe pattern, Jescribing the tooography 

of a surface. The accur•cy of the instr1.W10tnt can be varied jue to the 
following experession: 

h. = ,1. cos g 
2.m. 

(5) 

Where h is a local "height" of an object -r. the oris• surfue, 

~-laser wavelength, 9 -an9le of incidence of the light
6
•asured or 

calculated by initi•l angle 90 and pris• par-ters, rn~er of 

fringes between point of interest and reference Point on the sa .. surface 

which is touching the p~is•. Such reference Points always exist because 

the object si1111>ly lies on the upaer surface of prisa. Thus the Pris• 

interftroatter is - strongly rtco..tnded as a simple instrument for fast 

evaluation of flatness of different details with various degrees of 
surface everiness. 
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ANNEX IV 

~': ootic;,l rcuqh~ss sensor 

CBasi..: principlH and!r:l"Ucture) 

zo -

Th..• light fro. CW lHer Csay, He-He>1 Fig.3 throu~h be• splitter Z arid 

•icro-obje~tive 3 is cCKC>led into ootical fiber 4, which has the tength ~­
After passir>g through this fiber the light e•rges at an •~le& tf ~ lfo 
fr- the output end of the fiber,, fastenea in the sensor head ) • The 

angle Cf..:1 is defined by so called ..__rical aperture ('!A)by the refra:;:rive 

indexes ot fiber core r.ld cladding,n
1 

and "z respectively. 

(4) 

This light is colli•ated by lens 6, having a focal distance f, and stri~es 

the surface 7 of the tested object at nor••l incidence angle. 

The a.plitude of illuminating lioht over the whole cross-section cf< 

sensor he1d is apprexi .. tely constant: 

A i ( :::q) = c..ans.-t c. :::c") 
at the surfaC•' the ;ncident liQht encountelSthe scattering which •ay be 

dHcribed in te·~ o~ Kirchhoff theory for·randoe •urfaces with average 

size of inhollogenuety d\~;\ 
If the absorptior. at the surface is negligibly s•all <or per•anent>, 

specularly refledltd part R of the total light intensity I is given by 

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

the 

to be equal to f, the lens 6 performs OFT over !he scattered light. 

Thus only the part defined by CS> will be focused l>f\oooto the co.-e region 

of the fiber and tranmitted throu~ fiber to · · photodetector . 0 ., 
atlPlified and displayed by meter 8. Ex~tial inter-dependence between 

roughnqs g;,.nd light intensity MHured by Mans of 8 •nd 9, per•its to 

attain the functional connection Z between signal and roughness :?r a 

given •aterial. This function •ay be obtained experimentally by 

independent cal fbration i.e. roughr-ess •Hu resent by conventional tools. 

Then it •ust by stored in a form of calibration tables. 
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ANNEX V 

Laser scanning •icroscope 

<Basic principle and structunr'Fig 4) 

The CW laser 1 illU11in1tes two rotating pentapris11S or swingino 

•irrors successiv~L·C1" and 131··irrors move around "Orthogonai.· axes 

~ntf their speeds or periods are selected in such a/way that the r~sult­

ing bea• scans the surface under test 11. The lens 12 is POsitioned in 

order to tranform the angular ~cannina into oarallel •be•• scanning. 

The specularly reflect~ l1ghtis collected by lens 2 and focussed on 

to the stop. diafragm 3 • n-e scattered liaht passes bv this 1iaohraglt< 

and is focused by lens 4 onto photodetector 5. Photo 

current is amplified by 6 Ind sent to the oscilloscape 7, where it 

drives the circuit which llOdulates the intensity of electron bea•. By 

mearsof feeding the deflecting c~ils lor electrodes> of the oscillo­

scope fro• the sa•e signal 9enr.rators 9,8 which are used for driving 

the •irrors, we obtain the synchronous scanning of the laser and 

electron beallS. Thus, when scattering occurs at the ~urface 11, it is 

i-dhtely diSplayed by the spark at the dark .. screen of 7. 

The l"aT~r is the cros-section of the def~ect on the surface :he 

higher is the scattered si911al on the screen. Thus the b~tghtness, 

,._ber, and ~ition of bright sparks at the' luminescent screer. 

corresponds to thes size, nullber and position of defects on the 

illU11inated surface. The instrument provides fast and accurate finding 

and ranging of different surfac~ defects on reflecting surfaces of 

silicon wafers, optical g•asses etc. 

If sensitive CC TV camera with the 110nitor is ava-ilable withsenstive 

v1di'carr, and the laser power is sufficient for parallel .-easurements, 

the optical sche•e without moving •irrors but with unifor• light 

intensity over all surface is applicable. 
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ANNEX VI 

The interfere"ce 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 w~th variable spatial freQuency N Clines/mm). 

The frequency N is connected with resolution limit AS by simple 

relation 

Th' interference pattern is produced by two coherent paint sources, 

situated at a distance S in the plane normal to the axis of microscope·-

movement (Fig 5) 
If z- distance between objective pupil and source plane, then 

~ s -==- 1 (_7) 
2 . ~'(\ { ~c.,-f;.a.,..n lC S{z. )} ! 

For the cases (.A =O.b~ MK.M) ~ Z. 
S=10, 50 and 100mm 
and z ranged within 0-200mm we get results, which are plotted at Fig.6 

and which we easily sum up the follo"ing: 
1. Different separations s~are to be ~used for testing obiectives with 

different resolutions, 
2. For poor objectives having, resolving frequencies 100-200mm-

1
, 

accur,te limit measurements can be performed a.i s=10mm. Accuracy 

N=S-10 l i·nes per mm. can be easi ly achieved. 

3. For high 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. 

very 

4. ~rovided that optical set•up is made Viberation-proof, the laser, 

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

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

forward to Z=O plane, until the resolved fringes:.disapperar; then -by 

Fig.6 the resolution is accurately defined. 
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Eacp~nt •ron thp I p3f lt't o' CSll'-' Cormany roo COl'ICP'>t. 
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"OSA W UNIVERSAL INTERFEROMETER" 

Michelson. F•bry Perot. 8nd Twym•n-Gr"n Interferometer• ue the thrH most 1tencblrd end 
_.. techniques whic:ll ere -:i1oyec1 i:i l•borelorlu for werio.Ja KCUHt• mH1uRment1. Thne 
ello prowides •n eccur•t• and rHdily O;MHted meHuring tool for indu1triel purpoH1. All lh• lhrff 
cen be -.mbl8d on lh• •- Unlverul bH• by filling st•nderd o:itfill. Any of lh• three interfer· 
ferorneters ....., be ordered separetely or combined. 

The Michelson Interferometer 

This technique -ployu ii bHnHpliner mirror to dlllid• 1 beem of light into two P•rt to b• 
rKOmbin8d et the safll• surface to produce interference effects. Th• following demonstretion1 1re 
possible:-

1. Formation of circui.r tnd loc1lized monochrom1tic and white light fringes. 

2. Acc&irate comparlslon of wave le119th. 

3. Eotablilllment of :uiro path difference. 

4. Me1aur11Mnt of refractive lndlcn of g11H and t11naperent solids. 

5, Accutlte mHaurement of 1111111 Gh1nges in le119lh. 

Michelaon lntlfferometlf Cln be HHmbled by fitting to th1 uniwer11I b1H. (Unit A). Unit 8
1 

Unit C. Unit E. incl Unit F. Unit N. is us.ct for specific 111plfim1nu. 
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Fabry Perot Interferometer 

This technique ia ~d for resolving spectral Ii- only • f- angstrom apart. Multiple 
reflec:tion between two parallel lllitrora proctuc. blltlit c:in:ular fringes o( high resolution on a dark. 
field. The following applicati- er• pouible :- · 

1. Wsve length c;hangn wh•~ a gH di.i:herge ia aubjec:ted to• magnetic; field. 

2. za-n splitting in magnetic; field. 

It c;en btl auembled by fitti119 the standard units D. Unit F. Unit G. Unit J on the univenal 
b- with moving minor (Unit A). 

1be Twyman-green Interferometer 

II Is • ~lapment of the lllk:het.on In which • c:ollilMlof In th• t..n prom- • plane w.e · 
front. It le prim8rlly UMd for : 

1. Acc:uret• d•t-lnatlon of diepersion of prisms. 

2. Quantitative ......merit of inhomogenftlw 9lld turfK• variations in wind- and prilml. 
It can be -bled by fitting Unh B. Unit C. Unit F. Unit G. Unit H. Unit J. Unit L end 
Unit M. to unlwnal b- .-Ing minor (Unit A). 
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