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tnterfero-etry, holographic fnterferometry Ind speckle techniques Irt bec~fng useful tools for 
p~fsfon 1e15u~nts fn research and for fndustrfal applfcations. Co~uter .n.lysfs 1st increasingly 
f!lpOrtant tor the fr1nge lnaly-sfs. The use of solid stlte detector-arrays. flilge IIetDOry boards together 
.Ith .fcroprocessors and computers for the extraction of the fnfOnll.tfon froll the fntert.regrUls and 
high rfsotutfon graphfc boards ffnd fllpOrt.lnt application 1n optfcal _trology. Much IIIOre fnfOl"llatfon 
can be extracted troll the interferag!"".s leadfng to h19M,. sensitivities Ind .ccuracies. 

Autoltted quantitative evaluatton of fnterterogr •• , requ1res accurate fnterference phase measure­
lents. 1ndependent of fr1nge pos1t10n and 1ntenst~)yar1.tfons s¥~erposed onto thJ)fg}erferograas. In 
.. ny tnurfeNJlletrfc .rr.ngellents. phlSe shffting''' • heterodyne by phase locked techn1ques hawe 
betn introduced for autoMtic frfnge analysh. In the phase shfftfng technfque or quasf-heterodyne 
technfque the rellthe phlSe 1s changed contfnuously or stepwise. using at least three phase shffts of 
90 or 120 degrees. The phlSe of the fnterference p.tterns can then be cOllputed froll the dffferent 
lenured fntensf~ values. The phase sh1fting technfque 15 very appropriate for digftal processing and 
TV technfques. Interier'Ollftry and two reference beUlhologrlphy together wfth vfdeo electronic processtng 
leid to I sensftivity of 1/100 of a fringe It any pofnt of the fr1nge pattern fn the TV feage. In 
heterodyne IIfttlOds the rehthe phase fncreases line.rly fn tflDe and the reference phase 15 lPfasund 
electron1cally at tM beat frequency of the reconstructed waveffelds. Heterodyne fnterfermetry and 
holographic fnterferollttry offer hfgh spatfal resolution and fnterpolatfon up to 1/1000 of a frfnge . It 
requires, however, sophfstfcated electron'c equ1~nt and .echlnfcal scanntng of the frfnge pattern . An 
iutoutfc fr1nge .nllys15 leads to the wavefront. PolynOils are very useful for error as well as for 
S)'stftllnllysfs. 

For engineering applfcatfons re.' t1.e technfques fn fnterferometry. holographic interferometry IS 
!fell IS for speckle applfcltfons are desfred. Thereoplutfc IDlterfal 15 used frequently for the hologram 
sterlge fn engineerfng Ipplfclttons. Photorefracthe crystals and thfn ffl_s such ,.s of amrphous 
Irsenfc trfsutftde are found to be us.ful for real tfM holography and speckle app1tcatfons . 

Z. INTERFEROMETRIC TESTING 

Solfd state detector arrays. and _tcroprocessors are IICstly responsfble for the progress fn fnter­
fer"Ollftrtc testing befng .. de durfng the last few years. Dfgftal tnterferolllftry prov1des means for 
obtafnfng very prec15e lleuurtllents .t rapfd rates. 

For the frfnge analysfs .. ny dffferent .. thods are appl1ed. They can be classffled Into static and 
dynaafe _thods. In sUtfc _thads a tnt 1s fntroduced to avoid closed frfnges. The frfnge centers can 
be found .. nua11y Ind by usfng Ii digftiztng tablet IS well as by ustng v1deo- and fllllge prOCessf?? 
t!9,nfquu. Furthe".,re. phase detection tKhntque In the spattal domafn using Fourfer transformation 
to or Four1er analysts 1n connectton with vfdeo technique can be used. 

The Intensf~ of the fnterference pattern Cln be wrftten as 

II 

~nere to fs the average intensity at each detector point. b is the modulat1on of the frfnge pattern • 

• (x,y) • ¥ W'(x,y) 15 the phase d15tr1but10n of the wlVefront W(x.y) across the fnterference 

Plttern to be leasured. 
For 41n .. fc algori~s the relative phase between the reference beam and the test beam fn an inter­

feroetter is Vlrfed by at constant. controlled rate or fn steps. 
The 'nterference pattern can be recorded by a solid state detector array. For the shlftfng techni­

que It least three patterns with the approprfate phase shifts need to be recorded. 

Applyfng four phase shi fts ( - ¥ ' - i ' i ' P ) the phase of the wavefront computed frOll 
the four f nterferogra.s f s : 

-1 [I. Ut.y) - 12 (X'Y)j 
• (x,y) • tan 2) 

I, (x,y) - I3 (x,y) 
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For accurate phase ""11),51$. the phase shifts introduced by • pfezo elellent for instance need to be 
calibrated. An error of A./IO fn the wavefront occurs by an error fn the phase of 20 per cent. eirt 
needs to be taken when phase shifts 1n strongly diverging or converging beams are necessary. 

Very often it is useful to describe the wavefront by polynOClflls. Zemfke polynOtllfils are useful 
because of their orthogonal properttes. For spectal applfcations lernfke·Tatf.n~polyn~1.1s (for syste.$ 
with central obstruction) or Tschebyscheff polyno-1als are useful. 

For the characterfsatton of extreMely s-ooth surfaces total integrated and angle·resolved scat. 
tering. stylus profl1011etry lnd heterodyne prafflometry have been used. Scatter-fng methods lead to 
statistical information about the surface and Ire noncontact. By contrast surface damage 15 risk!d .tth 
contactfng stylus profl1011eters. Heterodyne profl1011eters can gfye height resolut10n tn the order of 1 • 
with a literal resolut1on li.ited by diffractfon of l~m. 4) 

Heterodyne interfel"'Olletry WIS 1Jl~8'S1vely treated by Olndl1t!r alllOng others and applied to he. 
tero~ne proftlometry recently by Huangr and others. Shea rtf' and two wavelength technl~~es are very 
valuable for the testing of steep surfaces such IS aspheres • Using twoA.-techn1ques a variable 
IDelSureRnt sens1t1vity is attAinable. the allbiguity of 21r can be overcOllt. 

3. COIIPONENT AND SYSTEM AJlA!.YSIS FROM INTERFERENCE PATTERNS 

Twyaln Green and Ffzeau interference aI"'Tangeaents are frequently used for test1ng spherical and 
aspher1cal surfaCe!Z, By testfng aspherical surfacls usfng computer generated holograms (CGH) for abso­
lute IlelSure.nts or by relattve MISUrMtnts usfng holographic technfques. the aspherfc1ty as WIll 
as the Idjustment errors of the test surff~' f!,d to be detenltned. AdjustDent errors can be evaluated 
fl"'Oll the interferogra. Ind COIIpennted • 8y testfng aspherfcal surfaces ttle coefffcients of 
asphericity and adjustment errors of test surfaces and hologrlms Cln be deteMlfned fr~ the interfe~ 
grams. In a COlllbfned .asurtng technique including ray tracfng and fringe analysfs a procedure for 
systeo analysf •• a. do.eloped fneludfng the followfng steps: 

.. luto.ated frfnge analysts 

.. developaent of the lleasured wavefront at the frfnge plttern fnto polynomfnals 

.. consfderfng polyn~coefffcfents IS goal for the opti.ization 

.. vartatfon of the systel par~ter to obtlfn best IgreeMent between measurements and calculatfons. 

At first the wavefront is dete~ined Ipplyfng optical rly tracfng techniques ltad1ng to a fringe 
SYSM. Usually a departure of the lleuured wavefront of the actual systtll to the Computtd occurs 
because the SYSUII parueters .ay be slightly dffferent. The If. fs not the optfmfzatfon of the original 
systell but the IM)dtffcatfon of the systtll paraleters fn such I wly that the IlelSured wavefronh )agreu 
with the one c~utld from the optical data in order to ffnd the parameter errors fn the systes . 

Oalped least square technfques are useful. The system para~ters such IS: radfus of curvature, 
refractive tndex, centrtng errors are var1ed to obtafn the leisured wavefront. lemfte polyhomials are 
very useful for syS'tetl analys15. To vary the paruetfrs of the actual systflll stirtfng wfth Zernfke 
coefffcftnts F1 obtatned fro. the leasured fringe pattern we cln wrfte: 

Ff • Gf (xzf - x.f' 31 

were Gi fs a weightfng factor Ind Xli and xat are the target and actual values respectfvely 
E~pressfon 3) can be wrftten Is Tafllor expansfon ,. 

Pl - FOl + j:,8lj (Xj - XOjl + •••• 41 

8y variatfon of the paraaeter to approach the target X
J 

the departure of the dtfferent systtlll parameters 
f~ the theoretfcal values can be found. 

ar
i 

8Lj - ~ 1s the sensftiv1ty of the sys'tetl to vlriatfon of parameters found from ray tracing. 
1 

x, . - X8 1 cln be found by fn.ertfng equatfon 41. Usulny the nUliber of equations Is larger than the 
nalDer 'parameters. Therefore. the lerit function should leld to a .fnflU •• 

4. RESULTS AND CONCLUSION 

Some of our applfcatfons of cOlpOnent Ind 5YSt .. analysiS were: 
• the analys1s of adjustment errors when testfng sphericil and Ispherfcal surfaces 
.. detenlfnatfon of the asphericity coefffcfents and vertex curvlture of contact lenses 
- ffne adjustllents of afr spacings fn optfcal syst .. s 
• ~asurfng of refractive fndex of the elements of optfcal Syste.s. 
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Adjustment errors occuring by the test procedure IIOdify the fringe pattern. It should be noted that 
b testing asphertcal surfaces wfth CGH. seYen degrees of freedolll need to be consfdered. FrOID the 
~alysfs of the fringe pattem the contrfbut10n of adjustment errors l1ke centrfng errors can be cal ... 

:ulated and subtracted froM the wafefront. Care needs to be taken when subtract1ng adjustment errors by 
as~trfc surface errors. 

An arrangement for testtng spherical and aspherical surfaces 15 shown fn f1g. 1. For testfng 
aspherical surfaces. eGH are frequently used . In fig . 1. the auxlliary lens Al used for testtng spheri­
cal surfaces can be replaced by a c_fnatton of sflllp1e lenses when testfng complicated aspheric 
surfaces in order to adapt the aperture and compensate some aspherfcfty. Furthermore the fllllge of the 
aspherical surface under test should be near the eCH. For frfnge analys15. the phase-shift introduced 
into the reference bea- occurs by atans of the pfezo·driven mfrror M. An example of compensatfon of 
ad.:lus.nt errors fs shown in fig. Z. where different tilts and centring errors wt!re compensated. The 
saM procedure can be applfed to cOlllPensate focussing errors. To obtafn a quasf microstructure analyses. 
the shape error of the surface can be subtracted. Fro. the frfnge analysfs. shape errors as well as 
aspheriC para-eurs or adjustment errors cln be evaluated. 

Contactlenses wfll be selected and speciffed by the vertex curvature and the aspherical paralleters. 
which in turn can be specified by the excentrfctty of the back surface. The deteMlination of such 
paratters froID the frfnge pattern fs obtained wfth the procedure described fn equatfon 4). 

In another example I high aperture optical systel was analysed. Fra. the desfgn an alnost dfffrac­
tfon 11.1ted perfonaance was expected. However, due to production errors a rather lflllited image quality 
was obtained. Wfth the frfnge analysfs ft could be detDOnstrated that with the fteration process by 
change of afr spacings the wavefront could be alch illlProved and the system could finally be used. Two 
fir spacings were euHy accesstble and were IIOdff1ed to obtain the appropriate image quality found 
.fter f few iterations. A resfdual 5 .. " zonal error was left. The result is shown 1n ffg. 3. 

In f1g . 4 by contrast an exalllple 01 a quasi heterodyne technique for contactless microstructure 
analysts of a cOlllpact disc is shown. With tleterodyne-techniques depth resolutfon of 1 Jt and better is 
posstble by a latera' resolution of 1/,,-, 

Optfcal IN!trology colllbined with autc.atic fringe analysis lead to powerful tools for many applica­
tions fn industry to extend the range fn .icroproffle lIItuurements and shape analysfs M ;t -techniques 
in tnterfeM)llttry and holography can be useful tn the future. 
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