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Several methods are now available for evaluating 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 inegularities.
Consider the ilterfercnce paftem formed in a Fizeau in-

terferometer between a reference surface R and the test

surface I, a.s 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

prx , f l =? l f  r 1x .y \ -  I  R \x . y )+d f .  ( l )

where /l-r.l) and/^(x,)) 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 inegulnrities on the reference surface are com-
parable to those on the test surface, no 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 laterally in a series of steps of magnitude Ar and Ay
in the,r and -v directions, and an interferogram is recorded
at each position. Recordings are made at an t X n marix of
positions distributed at random over a squa.re with dimen-
sions naXna (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 txfl interfero-
grams.

We assume that when the reference surface is translated
laterally by an amount A,r1,A,v;, to record one of these
interferograms, it also undergoes a displacem€nt Azi,j
along the; axis and is tilted through small angles Ad,., and
Ad., about the,v and.r axes, respectively. As a result, the
optiial path difference, at a given point (.t,,v) on the test
surfhce, that is recorded in this interferogram will be

t i iG,t ):2ll nG 
- A-r',-r - A.t;) -/r( 'r ) + d + Lzi.j
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Flg. 1 Comparison of a test sudace r with a relerence surface B in
a Fizeau interferomeier.
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Accordingly, if we average the data from the entire set of
interferogrims, the value obtained for the optical path dif-
ference at this point will be

b,,iG,v)l =zLU a(.r- Axl' v- Avr)) - f ilx'v )

+(d+Azi. j)+(rA 01.i+yL$;)1, (3)

where (f x1x- Lx1, r-Ar;)), \d+ Lzt.j), and
(x\i, ,+,tA6,,) represent the individual averages lor
ttrese 

'iuantltieil' 
tne piston term (d+ Lzi,jl can be ne-

glected, while the term (rA ri.j+ yAd;.r), which corre-
soonds to a tilt. can be calculated from a polynomial bt to
the averagecl data and subtracted from it. We can then dmp
the suffixes and rewrite Eq. (3) as

btr.yt|:216*1*.y)) -.fr(x.v)]. (4)

where (/r(-r,y)) represents a profile of the reference sur-
face obtained by averaging its actual surface deviations
over an na{ na square centred on each measurement pornt
( r ,y l .

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

(2)

0091 -32S6/96/$6.00 @ 1996 Society ot Photo-Optical Instrumentation Engineers 3265



Hariharan: Optical llat surlaces: direct int€rl€rometic measurements ' '

the same polynomial fit to eliminate the combined large-

.."r" a"uiitio'nt from flattress of the reference and test sur-

i*ri fto. the data given by Eq' (a)' The residuals then

"onti.t oot" of the small-scale irregularities of the test sur-

face. which can be processed to obtain such parameters as

the De€l-to-valley amPlirude and the root mean square

(rms) deviation.
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Fio, 2 Reduction in the apparent amplitude ol ripples on the retet-

en_ce surface as a lurrclion o{ lhe spatial lrequency

dom distribution,a the apparent amplitude of small-scale ir-

,"*t*i,i"t on the ,"f"ienc" surface with a spatial period

t.it ,tt* o (thar is, with a spatial frequency greater than

L/a). wil l be reduced. as shown in Fig 2' by-a factor ap-

proximately equal to n in tltis interferogram lf the amplF

iude of rheie small-scale irregularities on lhe reference sur-

iu." i. r"t. than or equal toihose on the test surface' and

,h"-Ou" *a uu"rug"d ou"a a sufficiently large number of

points Gay, n: tOi the data obtained from Eq' (4) will map

imal-scafe irregularities on the test surface with spatial Pe-

riods less than o with an error less than 10%'

Further information on the statistics of the small-scale

it "s;t*iti". of the test surface can be obtained by using
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