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Using an ellipsometer with dual rotating quarter-wave plates, we have analyzed the relationship between Fourier coefficients
and Mueller matrices in the cases of an error-free optical system and of five systematic errors (alignment errors and retardation
errors in the quarter-wave plates, and alignment error in the analyzer). In the case with five systematic errors, simulation results
show that retardation errors cause more error in the diagonal elements of the Mueller matrix than do alignment errors. We have
found that errors in the Mueller matrix caused by initial misalignment of the dual quarter-wave plates were the same. We have
chosen the rotation rates of two quarter-wave plates such that the rotational frequencies w, and w, differ by a factor of 5, i.e.
w, =5w,. The simulation results show 0.18% relative error in the diagonal elements (m,, and my;) and 200% relative error in
the off-diagonal elements (m,, and m,,), when we compare errors caused by misalignment of the analyzer to those caused by

initial misalignment of the quarter-wave plates. We can use these results in measuring accurate Mueller matrices of optical
materials.
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TABLE 1. Matrices for each possible combination of azimuthal orientation errors in three optical elements of the ellipsometry (unit:deg)

€3 €4 €5 0 0y Mueller Matrix
1.0000 —0.0 0.0 0
0.0 1.0000 —0.0 0
0 0 0 90 90 0 0.0 1.0000 0
0O 0 0 1.0000
1.0000 0.0 0.0349 0
0.0000 0.9994—0.0349 0
0 0 1.0 90 90 —0.01740.0349 0.9994 0
0 0 0 0.9994
1.0000 0 0 0
0.0012 0.9976 — 0.0698 0
1.0 0 0 90 90 0.03190.0698 0.9976 0
0o 0 0 0.9994
1.00000.0012 0.0349 0
0.000 0.9976 — 0.0698 0
0 1.0 0 90 90 —0.0 0.0698 0.9976 0
0 0 0 0.9994
0.9988 0.0024 0.0348 0
0.0024 0.9945—0.1045 0
1.0 0 1.0 90 90 —0.03480.1045 0.9945 0
0 0 0 0.9988
1.0000 —0.0000 — 0.0000 0
~0.0000 0.9994 0.0349 0
0 1.0 1.0 90 90 ~0.0000 — 0.0349 0.9994 0
0 0 0 1.0000
1.0012 — 0.0012 — 0.0349 0
~0.0012 1.0000 0.0000 0
1.0 1.0 0 90 90 ~0.0349 0.0000 1.0000 0
0 0 0 0.9988
1.0000 —0.0000 0.0000 0
0.0000 0.9994 —0.0349 0
1.0 1.0 1.0 90 90 —0.0349 0.0349 0.9994 0
0 0 0 0.9994
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TABLE 2. Mueller matrices for azimuthal errors including a 1° retardation error in the first retarders

€3 €4 €5 0 0y Mueller Matrix
1.0000 0.0000 0 0
—0.01751.0175 0 0
0 0 0 91 90 0 0 1.0175 0
0 0 0 0.9998
1.0000 —0.0000 0.0355 0
—0.0174 1.0168 —0.0355 0
0 0 1.0 91 90 —0.0006 0.0355 1.0168 0
0 0 0 0.9992
1.0000 0.0000 0.0000 0
—0.01621.0150 — 0.0710 0
1.0 0 0 91 90 —0.03550.0710 1.0150 0
0 0 0 0.9992
1.0000 0.0012 —0.0355 O
—0.0174 1.0150 0.0710 0
0 1.0 0 91 90 0.0012 —0.0710 1.0150 0
0 0 0 0.9992
0.9998 0.0025 0.0354 0
—0.01501.0119 — 0.1064 0
10 0 10 ol 9% —0.03600.1064 1.0119 0
0 0 0 0.9986
1.0012 —0.0012—-0.0355 O
—0.0186 1.0175 0.0 0
0 1.0 1.0 91 90 —0.0343 0.0 1.0175 0
0 0 0 0.9986
1.0000 0.0000 0.0000 O
—0.0174 1.0168 0.0355 O
0 1.0 1.0 91 90 0.0006 —0.03551.0168 0
0 0 0 0.9998
1.0000 —0.0000 0.0000 0
—0.0174 1.0168 —0.0355 O
1.0 1.0 1.0 91 90 —0.0349 0.0355 1.0173 0
0 0 0 0.9992

Table 3. Mueller matrices for azimuthal errors including

a

retardation error in the second retarders

€3 €4 €5 0 0y Mueller Matrix
1.0000 0.0000 O 0
—0.01751.0175 0 0
0 0 0 91 90 0 0 1.0175 0
0 0 0 0.9998
1.0000 —0.0000 0.0355 0
—0.0174 1.0168 —0.0355 0
0 0 1.0 91 90 —0.0006 0.0355 1.0168 0
0 0 0 0.9992
1.0000 0.0000 0.0000 0
—0.01621.0150 — 0.0710 0
1.0 0 0 91 90 —0.03550.0710 1.0150 0
0 0 0 0.9992
1.0000 0.0012 —0.0355 0O
—0.0174 1.0150 0.0710 0
0 1.0 0 91 90 0.0012 —0.0710 1.0150 0
0 0 0 0.9992
0.9998 0.0025 0.0354 0
—0.01501.0119 —0.1064 0
1.0 0 1.0 91 90 —0.03600.1064 1.0119 0
0 0 0 0.9986
1.0012 —0.0012—0.0355 0
—0.0186 1.0175 0.0 0
0 1.0 1.0 91 90 —0.0343 0.0 1.0175 0
0 0 0 0.9986
1.0000 0.0000 0.0000 0O
—0.0174 1.0168 0.0355 O
0 1.0 1.0 91 90 0.0006 —0.03551.0168 0
0 0 0 0.9998
1.0000 —0.0000 0.0000 0
—0.0174 1.0168 —0.0355 O
1.0 1.0 1.0 91 90 —0.0349 0.0355 1.0173 0
0 0 0 0.9992
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TABLE 4. Mueller matrices for azimuthal errors including a 1° retardation error in both retarders

€3 €4 €5 0 0y Mueller Matrix

1.0003 —0.0178 0 0
—0.0178 1.0352 0 0

0 0 0 91 91 0 0 1.0352 0

0 0 0 0.9997

1.0003 —0.0177 0.0355 0

—0.0177 1.0346 —0.0361 O

0 0 1.0 91 91 —0.0006 0.0361 1.0346 0
0 0 0 0.9991

1.0003 —0.0177 0.0012 0

—0.0165 1.0327 —0.0722 0

10 0 0 N 91 —0.0361 0.0722 1.0327 0
0 0 0 0.9991

1.0003 —0.0165— 0.0361 0

20.0177 1.0327 00722 0

0 L0 0 91 o1 0.0012 —0.0722 1.0327 0
0 0 0 0.9991

0.9990 —0.0152 0.0367 0

—0.0152 1.0295 —0.1082 0

1.0 0 10 N 91 —0.0367 0.1082 1.0295 0
0 0 0 0.9985

1.0003 —0.0177 —0.0006 0

—0.0177 1.0346 0.0361 0

0 1.0 1.0 91 91 0.0006 —0.0361 1.0346 0
0 0 0 0.9997

1.0015 —0.0190 —0.0349 0

—0.0190 1.0352 0 0

1.0 1.0 0 91 91 —0.0349 0.0 1.0352 0
0 0 0 0.9985

1.0003 —0.0177 0.0006 0

—0.0177 1.0346 —0.0361 0

1.0 1.0 1.0 91 91 —0.0355 0.0361 1.0346 0
0 0 0 0.9991
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