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I. Direct Phase Measurement Interferometry
l.l Advantages
. Higb rneasruement accuacy (>1/1000

fringe, ftinge follorvirg only l/10 fringe)
. Rapid measueureut
. Good resrdts with low couhast fringes
. Results inclependent of intensity variations

across pupil
. Phase obtainert at fxed grid of points
. Easy to use with large solid-state detector
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In fact, at the obsenation planc, direction cosines
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1.3 Phase Shifting Methods
Diffraction grating, Bragg Cell, Moving
mirror, Rotating half wave plate, Rotating
Polarizer Phase Shifter

1.4 Phase Ambiguities
If rve know sign of the Sin and sign of the
Cosine the Arc Tangent is calculated
motlulo 2n,

Removing Phase Ambiguities by
Whenphase jumps by > n
Add or subbact N2æ

Adjust so < n

1.5 Way to fix the vibration problem
. Reduce vibratiou
. Take data fast
. Measure vibratiou and iuloduce

vibratiou 180 clegrees out ofphase to
caucel vibration

. Take all fi'arnes at once

1.6 Vertical Scanning Interferometry
Eliminates ambiguities in heights present
rvith monoch¡omatic interferometry
. Best fringe contrast corresponds to zero

optical path difference
. Best focus corresponds to zero optical path

difference

II. Basic Diffraction Theories
2.1 Huygens Wavelet
Huygens wavelet can be drive using the
Dirichlet B.C.m which is shown in the table.
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This approximation is valid when
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However, the Fresnel approximation is valid
over a larger ¡ange than the above condition,
due to the "Principal of Súationary Phase."

2.3 Fraunhofer wavelet
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Then, we get the Fraunhofer wavelet
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,which has Planar wavefront.
The Fraunhofer diffraction fomula is
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it has Spherical wavefront

2.2 Fresnel wâvelet 
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V/ithapproximation r0l > i and '3,-to
exp(-j@) goes to the limiting value of -j.

Then, we get the Fresnel wavelet
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,which has Parabolic wavefront
The Fresnel diffraction fomula is
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determine the angular or¡Èntation of each plme rvave.

2.4 Diffraction using Transfer function
Using the "exact" Huygens wavelet", the
transfer function of free space is
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The diffraction fomula is
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Also, we can define "spatial frequency
spectrum"( or "Angular spectrum of plane
waves" )
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For an exarrple, given
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The "Angular spectum of plane waves" is
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The freld at the observation plane is
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We can think this result as combination of
two plane waves
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III. Important Diffraction Topics
3.1 Talbot Effect
If the period of object is >> wavelength
The maximum extent of the object's angular
spectrum is limited to small angles: o o 1

For the Fraunhofer region, the free space
tansfer frrnction H becomes
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For a given weak phase grating,
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It really depends on
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,and the propagated freld is repeated as
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,where

3.2 Babinet's Principle
Since diffraction is a linear and shift
invariant process,
L (U¡o ¡ ¡ )  =  L (U)+L (U)  + . . .  +L (Uo)

,where L: scalar diffraction linear operation
U.t"l: total field transmiued through aperture

U P Uz' " ' Un: Divided sub aperhues
The4 the ap:rture algebra is very useful.

exampre: Ø.f f i= '
Also, D and E is complementary apertures in
this case.

3.3 Fresnel Zones
Given aperhre and source and observation
positions as below
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The radius of the mù Fresnel zone is given by
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the area of each Fresnel zone is
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3.4 Diffraction behind circular aperture
Using the Fresnel zones, the axial freld
behind the circular aperture is

jnV,
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,where 
U*(P): field w/o the aperture

Then, the axial inadiance becomes
/(P) = U(P)U"(P)
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case 2) converging wave illumination

Fig- 6.36. Cconclry for a laser bctfl convcrSing through aû ¡pÈnuæ. ; = 0.5Fm.

/= 5omm úd ¿ = 2.5mm.

The transverse irradiance also can be

calculated. Ithas N/ (:5) peaks as below.

3.5 Poisson's Spot
Behind a circular disþ on-axis filed is

U¿¡,t(P) = U *( P) - U"p",*.r(P)

= tJ*(P)- U-(P)(l - 
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Thus,

/u¡*(P) = /-(P)

3.6 Fresnel T,onePlate
Ifwe put mask on even or odd Fresnel zones,
it become the binary arrplitude Fresnel Zone
Plate. The on-axis irradiance becomes

/(P) = 4N'Fzl*(P)

,where 
Àlt , orr-b", of open Fresnel zones

The tansverse irradiance also can be
calculated. It is has approximate width of the
central spot
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a

, which is close to the ideal lens case
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, where w: width between zeros of the
central spot in Airy disk
This Fresnel zone plate is very close to a
lens, which has multiple focal lengths as
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The transverse irradiance is shown as

3.7 Edge diffraction
The diffraction from an edse has irradiance

- Fresnel Integrâls
---.- Geometric OPD Approximat¡on

Case 3) Double slit w/ normal incident plane
'wave
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For exanrple. consider a sùte wat'e grating with
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case 5) Wide-angle diffraction to a spherical
surface
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Case 1) Circular aperhre w/ normal incident
plane wave
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We can also speciff minimum resolvable
distance
1) by Rayleigh's criterion
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2) by Spanow criterion
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Case 2) Rectangular aperture w/ normal
incident plane wave
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The width between zeros of the central spot

Case 4) N slits (or grating)
For N slits, the number of secondary peaks
between the pri uals N-2
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Gratings often diffract light over large
angles, which are not strictþ allowed in the
Fraunhofer development in previous section.
This restrictions ¿ìre removed by developing
a diffraction formula for propagating from a
plane to a spherical surface.
For a observation surface, which is a sphere
ofradius r, and centered at (xl,y1):(0,0), the
field is
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The observation coordinate system is
defined on a hemisphere
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.lto = Àqr

,  = o = T r
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case 6) Conical diffraction
Illumination plane wave propagation vector
is not in the plane defured by g (grating
vector) and the normal to the grating surface

The conical nature is a result of observing
the diffraction on a plane, rather than a
sphere. The diffraction orders are said to be
linear in "direction cosine space."

For gratings, it follows the grating equation
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d

For a given tansmission of aperhre
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