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Several methods are now available for evalvating the abso-
lute deviations from flatness of optical surfaces.'” Some
applications, such as mirrors for gravitational wave detec-
tors, however, place much more stringent limits on small-
scale surface irregularities, such as ripples. This paper de-
scribes a method that can be used to make direct
measurements of such small-scale irregularities.

Consider the interference pattern formed in a Fizeau in-
terferometer between a reference surface R and the test
surface T, as shown in Fig. 1. At a point (x,y} on the test
surface, the optical path difference between the beams re-
flected from the two surfaces is given by the relation

plx.y)=2[fx.y)—frlx.y)+d], (1)

where f{x.v) and f(x,y) are, respectively, the deviations
of the test surface and the reference surface from two par-
allel planes separated by a distance d. Obviously, if the
small-scale irregularities on the reference surface are com-
parable to those on the test surface, ne useful information
can be obtained on the latter. :

To make direct measurements of the small-scale irregu-
larities on the test surface, the reference surface is trans-
lated faterally in a series of steps of magnitude Ax and Ay
in the x and y directions, and an interferogram is recorded
at each position. Recordings are made at an » X n matrix of
positions distributed at random over a square with dimen-
sions naX na (where a is the average displacement of the
reference surface along each axis between successive mea-
surements) centered on the initial position of the reference
surface, to obtain a data set consisting of #>n interfero-
grams.

We assume that when the reference surface is translated
laterally by an amount Ax; Ay;, to record one of these
interferograms, it also undergoes a displacement Az;;
along the 7 axis and is tilted through small angles Af, ; and
Ag, ; about the y and x axes, respectively. As a result, the
optical path difference, at a given point (x,y) on the test
surface, that is recorded in this interferogram will be

pijxy)=2felx—Ax;y —Ay )—frix)+d+t Azy;
+XA9i.j+}'A¢i.j]- (2)
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Accordingly, if we average the data from the entire set of
interferograms, the value obtained for the optical path dif-
ference at this point will be

(pi j(x,)y=2[{frlx—Ax, y— Ay )} —fr(x,y)
+<d+AZ{J)"'(IAG;J"‘}’A(ﬁiJ)]! (3)

where  (fa(x—Ax;, y—Ay))), (d+4z ), and
(xA6; ;+yAg,;;) represent the individual averages for
these quantities. The piston term {(d+Az;;} can be ne-
glected, while the term {(xA#, ;+yAd,;), which corre-
sponds to a tilt, can be calculated from a polynomial fit to
the averaged data and subtracted from it. We can then drop
the suffixes and rewrite Eq. (3} as

(P(x’J’))=2[(fR(xs)’))"'fT(x0’)], (4)

where {fz(x,y)} represents a profile of the reference sur-
face obtained by averaging its actual surface deviations
over an na X na square centred on each measurement point
(x.y).

The left-hand side of Eq. (4) therefore represents the
interferogram that would be obtained with a smoothed ver-
sion of the reference surface. The large-scale deviations
from flatness of the reference surface remain, but if we
assume that its surface irregularities have a stationary, ran-

d
}_f"\ AN PN ——
T ~ AV AN O~

LAY e N
’_V\/\\/\/\/\_/_

Fig. 1 Comparison of a test surface T with a reference surface R in
a Fizeau interferometer.
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Fig. 2 Reduction in the apparent amplitude of ripples on the refer-
ence surface as a function of the spatiat frequency.

dom distribution,* the apparent amplitude of small-scale ir-
regularities on the reference surface with a spatial period
less than @ (that is, with a spatial frequency greater than
1/a). will be reduced, as shown in Fig. 2, by a factor ap-
proximately equal to » in this interferogram, 1f the ampli-
tude of these small-scale irregularities on the reference sur-
face is less than or equal to those on the test surface, and
the data are averaged over a sufficiently large number of
points (say, n =10}, the data obtained from Eg. (4) will map
small-scale irregularities on the test surface with spatial pe-
rods less than a with an error less than 10%.

Further information on the statistics of the smali-scale
irregularities of the test surface can be obtained by using
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the same polynomial fit to eliminate the combined large-
scale deviations from flatness of the reference and test sur-
faces from the data given by Eq. (4). The residuals then
consist only of the small-scale irregularities of the test sur-
face, which can be processed to obtain such parameters as
the peak-to-valley amplitude and the root mean square
(rms) deviation.

References

1. G. Schulz and J. Schwider, ‘‘Precise measurement of planeness,”
Appl. Ops. 6, 1077-1084 (1967).

2. G. Schulz and J. Schwider, “Interferometric testing of smooth sur-
faces,” Chap. 4 in Progress in Optics, E, Wolf, Ed., Vol. XIIL, pp.
95-167, North-Holland, Amsterdam (1976).

3. C. Aj and J. C. Wyant, ““Absolute testing of flats by using even and
odd functions,”* Appl. Opt. 32, 4698-4703 (1993).

4. A. Papoulis, Probabiliry, Random Variables and Stechastic Pro-
cesses, McGraw-Hill, New York {1965}

Parameswaran Hariharan is a research
fellow in the Division of Applied Physics of
CSIRO in Sydney and a visiting professor
at Sydney University. His main research
interests are in interferometry and hologra-
phy. He is a fellow of SPIE; the Optical
Society of America {OSA); the institute of
Physics, London; and the Royal Photo-
graphic Society. He was a vice-president
and then the treasurer of the Intemational
: Commission of Optics, as well as a direc-
tor of SPIE, and is currently the president of the Asia-Pacific Optics
Federation. Honors he has received include SPIE's Dennis Gabor
Award, OSA’s Joseph Faunhofer Award, the Henderson Medal of
the Royal Photographic Soclaty, the Walter Boas Medal of the Aus-
tralian Institute of Physics, and the Thomas Young Medal of the
Institute of Physics, London.




