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Aberration Modelling

Measurement Principle ¢ lllumination of a thin film with a converging laser beam results in aberrations being introduced into
reflected fields.
¢ The analysis of such aberrations a e of film thick and surface st in a singl e.
e ¢ A thickness retrieval algorithm based on Moore - Penrose p do-inverse can be formulated to retrleve
film thickness and surface tilt from aberration mode strengths.

Thickness Variation Refractive Index Variation

Detector Plane .

Each aberration coefficient can be written as a Thickness and tilt are then calculated using : Effect of Refractive Index.
i linear ion of thi (d) and titt (t) = _aate _
u=M'a « Aberration mode strength has
Les S,=a,d+b.t i : . dependency on refractive index.
Air, 1y By selecting various Zernike coefficients this can Exampiejcaiculation:Motumifinyaimeaditilt 5 ) o
7 be expressed in matrix form : SAnorl exists
= OK' N €0.007452 - 2.5594050 & 1.8246472( between mode strength and
log - 4 =Mu é G : a refractive index from plot.
e where : 0002820 -3777644; , _ 1-3512169 This momtinear relationghi
Virual Source 2 . - p could
a, bm u &, U e 0.017464 7.561416 u e 5.8394112 u be ;lse_dlloefindit‘:_ate_adchange in
& a & ™ o 0 0 material refractive index.
Illumination of film structure results M = A, bmz u A= Sm u= mu € §0.003660 - 1. AEZETEY e e « Refractive index has limited
in Fresnel reflection from each film - é U e U 8[ H 00.480 impact on thickness measurement
interface. Associated wavefronts 6" P Values gained from 6-‘1 u_ MT& = &L U when refractive index limited to
a e a b @ - gradients of straight U= 0 1.4 to 1.7.
are y y @ O g Sl line fits in plots. el u 8]- 0045

Wavefront sensing for thin film metrology

Experimental set-up

System Simulation

i . Sample under test illuminated with focused laser beam : i 5 o
. with focus nominally set at the first film interface. * System simu CLUE) IO o
| J - h OO, using Optalix ray tracing software package.
oo Achromat lexs, Sample . W of lens, g| g and d .
ouree £=30mm, . W. ly each Fresnel refl from « Sii data allowed size of diffraction order o
d=12mm each film interface. images to be calculated and used to develop
. W uction all ement of film thickness retrieval algorithm.

Achromatic lenses, thickness and surface tilt to be made si ly « Sii data was with

b (from analysis above). results as shown with sizes differing by <1 pixel. Expenmental Data
Defocus diffraction - . Measurement of interface profile possible. R —
grating, £=5200mm 1 P 7 5 A « Phase retrieval can be carried out on simulated N B 9
. Distorted diffraction grating used to implement B A e (D H @ O
phase diversity wavefront sensing. el i
. Experimental results match simulated data. « Full is of and
. Measurements made on thick laminates (1-2mm). expenimentaliaatapwillianowifiimithicknessiancd u[“""[l )
Detector Plane i . Accuracy of 50nm achieved to date. profile to be
. Dynamic range of instrument from 10pm to 8mm. p—— e
Film thickness using interference
Measurement Principle. Phase Unwrapping. Interferogram Data Retrieved Unwrapped Phase
. Reflected wavefronts from film under measurement produce interferogram.| « The interferogram data must be interpreted [ ] I []
. Retrieval of phase gives of diff , i.e. aberrations to retrieve wrapped phase. o 7 - X
introduced by the film structure. « Phase retrieved by use of FFT method to ) . I
. Monitoring of such interferograms all film thick to be ed. isolate sideband data and re-centring. L)
. Suitable for very thin films and laminates.
* Wrapped phase is then unwrapped using
to identify
can be as: in the wrapped phase. :
a(xy)=[a(x,y) epg if (x y)g o ke
\ g to be can be exp! as:
Detector Plane ; ? .. 5 A Zernike fit is then carried out on the phase to
Ontrfrogram)  eveontto - FEEERee A(xY) =|A(xy)|emg iy (x )8 mode strengths
€ MEASUre: £
The intensity at the detector plane is then expi asa ination of both N . A linear ionship exists i mode gths and film
. wrla 3 g as shown. A of film and lami i ible using such
(xy)= ‘Axy‘ a(x, y‘ +2A(x.y)|[a(x, y)cosg (x.y)-  (xy)g W & & % @ w w  methods.

For more information...
SUPA Please visit our group website: http:/waf.eps.hw.ac.uk , or email us at: waf@hw.ac.uk E_R_P_



