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1 Introduction

The testing of large convex spherical surfaces is a trouble-
some problem that needs to be overcome. Testing using a
Twyman or Fizeau interferometer with a reference surface
is very expensive. Holographic phase conjugate interfer-
ometers have been developed, 1.2 but they are rather difficult
to fabricate and inconvenient. We have developed a bire-
fringent common-path interferometer with an automatic data-
processing system for the testing of large convex spherical
surfaces. We hope it is helpful in practical use.

2 Configuration and Principle

Both the configuration and principle of the interferometer
are shown in Fig. 1. This interferometer is composed of
two principal parts. One is the interferometer objective,
which is composed of a piece of a large lens and a small
birefringent lens consisting of two glass lenses and one
calcite lens placed between the two glass lenses. The ap-
ertures of the large lens and the small birefringent lens are
& 230 and 20 mm, respectively. The relative aperture of
the interferometer objective is 1/9.1. The other is an au-
tomatic data sampling and processing system, which con-
sists of a TV camera with 512 X 512 pixels, a 12-bit analog-
to-digital (A/D) converter, and 640-Kb IBM microcompu-
ter. The light source is a 2-mW linearly polarized He-Ne
laser. The collimated laser beam from the beam expander
and splitter is divided into an O (ordinary) and an E (ex-
traordinary) beam by the birefringent lens. The O beam is
focused at point A after passing through the large lens. The
E beam is focused on a ¢ S-mm film, coated on the rear
surface of the large lens, and reflected back to the TV
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camera. (The film used here is to reduce the transmissivity
of the light to avoid the background fringes and increase
the fringe contrast. If the large lens is thick enough or the
radius curvature of its front surface is quite different from
its thickness, this film may not be required.)

First, a small fine convex (or concave) spherical mirror
with surface error <<A/20~\/30, an aperture of ¢ 30 mm,
and a ratio of 1:5 for the aperture to radius of curvature, is
placed so that its center of curvature coincides with point
A. Retroreflected from the small fine spherical mirror, the
O beam interferes with the E beam on the TV camera.

According to the fringe analysis method,? the coordinates
of the fringe peaks are extracted and numbered by the hor-
izontal scanning of the vertical interference fringes. This
process is repeated at intervals until the whole interferogram
has been scanned. These data are put into the optical path
difference (OPD) simultaneous equations consisting of the
37-term Zernike polynomials Zl(x,y). By solving these si-
multaneous equations by the least-squares method,* we can
obtain the OPD between the O and E wave fronts:

k n
Wi = 2 X CuZax.y) (M
=W x,y) = [Wnlx, ) + Wan(x,3)1 @

where C,; is the aberration coefficient, W,(x,y) is the total
wave-front aberration of the inverse reflected E light through
the birefringent lens, W,(x,y) is the total wave-front aber-
ration of the retroreflected O light through the birefringent
lens and the large lens, and Wy,(x,y) is the surface error of
the small fine spherical mirror. Because Wp,(x,y)<<W,(x,y),
formula (2) may be reduced to

Wi, y) =W, (x,y) — Wa(x,y) . 3)
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Fig. 1 Birefringent common-path interferometer used for testing large convex spherical surfaces.
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Fig. 2 (a) The interferogram, (b) 3-D plots, and (c) contour of Wi(x,y), respectively; points sam-
pled=229, PV=0.31 W, rms=0.002 W, and contour step=0.025 W.

To avoid the wave aberration change effect resulting from
the deformation propagation of the wave front® so that the
OPD W(x,y) maintains the form of formula (2), and to
ensure that there are not more fringes in the interferometric
field, W,(x,y) and Wp(x,y) must be less than \.

Then, the large convex spherical surface to be tested
is placed in front of the interferometer objective and its
center of curvature is coincident with point A. The OPD
Wa(x,y) between the O wave front retroreflected from the
large convex spherical surface being tested and the E wave
front inversely reflected from the rear surface of the large
lens is:

k n
Waley)= 2, 3 CaiZa(x.y) @)
=Wr(x,y) = [Walx,y) + We(x,y)] ®

where W;(x,y) is the surface error of the large convex spher-
ical surface and C;; is the wave aberration coefficient. From
formulas (1), (3), (4), and (5), we obtain the surface error
W:(x,y) of the large convex spherical surfaces being tested.
{If [W,(x,y) = Wa(x,9)] = Wi(x,y), Wi(x,y) may be evaluated
by using formulas (1), (2), (4), and (5).}:

Wi(x,y) = Wi(x,y) — Wa(x,y)

-3

Y, 2 (Cu=CiyZuxy) - ©)

Now, the peak-to-valley value (PV) and rms of the large
convex spherical surface can be obtained from formula (6).

3 Results and Accuracy of Measurement

According to the measuring principle presented above, W(x,y)
is tested first and stored in the computer, then Wa(x,y) is
tested. The surface error W,(x,y) of the large convex spher-
ical surface being tested may be obtained by subtracting
Wa(x,y) from Wi(x,y) and eliminating all the defocus ef-
fects.® The test results of a large convex surface, with a
200-mm aperture and a ratio of 1:10 for the aperture to
radius of curvature, are given in Figs. 2, 3, and 4.

The precision of the fringe analysis method is PV<\/50
and rms<<\/150. Because the distortion effect of a TV cam-
era is the same for W,(x,y) and W,(x,y), according to for-
mulas (3) and (5), it does not affect the measured values of
Wix,y), Wa(x,y), and W;(x,y). According to formulas (2)
and (5), the accuracy of W;(x,y) is:

AW, (x,y) = AW (x,y) + AW2(x,y) + AW,u(x,y)<N10 . (7)

4 Conclusion

Provided that the interferometer objective is assembled com-
pactly, Wi(x,y) almost remains constant. Thus, during a
certain test period, W;(x,y) of each sample can be obtained
only by testing the W»(x,y) and subtracting it from W(x,y),
which was tested at the beginning of the test and stored as
a correcting constant in the computer. Therefore, this method
is very simple and easy to apply in practice.
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Fig. 3 (a) The interferogram, (b) 3-D plots, and (c) contour of Wa(x,y), respectively; points sam-
pled=184, PV=0.63 W, rms=0.11 W, and contour step=0.05 W.

(a)
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Fig. 4 (a) The 3-D plots and (b) contour of the surface error W;(x,y) of the large convex spherical
surface being tested; PV =0.59 W, rms =0.006 W, contour step=0.05 W.

The large lens used does not need to be of very fine
quality. The measurement accuracy is dependent only on
the surface error of the small fine spherical mirror and is
not affected by the distortion of the TV camera, therefore,
we can obtain a more accurate measurement by using a
small spherical mirror of fine quality, which demonstrates
that this method can achieve higher measuring accuracy.

The birefringent common-path interferometer is easier to
fabricate than the holographic phase-conjugate interfer-
ometer. It also has advantages over the holographic phase-
conjugate interferometer in the areas of fringe contrast and
operation.

In the method presented, the aperture and relative ap-
erture of the interferometer objective should be larger than
those of the large convex spherical surface to be tested.
According to the above discussion, this interferometer can
test a much larger convex spherical surface if the aperture
and relative aperture of the interferometer objective are large
enough. We still need to develop an interferometer objective
with variable focal lengths for testing large convex spherical
surfaces with various aperture-to-radius ratios.
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