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The precision of retardation measurement has been improved upto 30<0.005 nm after improvements are made to the
conventional transmission ellipsometer. Improvements are made such that, i) the polarizer module instead of the sample stage is
rotated, ii) the light source is replaced, iii) the starting points of two rotating modules are accurately synchronized, and iv) the
fine background retardation is compensated. Together with the newly introduced RVD (Retardation Vector Difference) method,
the improved instrument is successfully applied to characterize the ultra small optical birefringence of the rubbed polyimide
alignment layer, after the residual retardation due to glass substrate whose magnitude is about 1.0 nm is properly subtracted. It
is verified that the net retardation of the alignment layer ranges from 0.05 nm to 0.15 nm.
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FIG. 1. Schematic diagrams of (a) the conventional PCSA type
transmission ellipsometer where sample is rotated and (b) the
improved PCSA type transmission ellipsometer where the
polarizer module is rotated.
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FIG. 2. The analyzer is mounted concentrically on the hollow

axis of an encoder, which is driven at constant angular velocity
by a DC motor.
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FIG. 3. The noise level of a commercial LED (left) is drastically reduced after a stability enhanced electric circuit is introduced (right).
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FIG. 4. The measured retardation of the phase plate(symbols) and the best fit(lines) to the measured ones whose retardation is 85.98 nm.

When the approximate expression of Eq. (6) is used the fit is not satisfactory (left) but when the exact expression of Eq. (7) is used the

fit is quite excellent (right).
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FIG. 5. The measured retardation (symbols) of a null sample(air)
shows the effect of small misalignment of the proposed transmission
ellipsometer, where the polarizer module is rotated. The best fit
line is slightly off from the measured one, which is saved as the
background retardation of the system and subtracted on each
successive measurement.
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TABLE 1. Comparison of a few specifications of the conventional transmission ellipsometer with those of the improved one

Spec Type Rotating Sample Type Rotating Module Type

1. Measurement Speed < 25 sec/pt < 18 sec/pt

2. Retardation Repeatability 30 =0.02nm 30 < 0.005 nm

3. Sample Size Small (50x50 mmz) Large (7-10 G glass or larger)
4. Beam Spot Size 10 mm 10 mm

5. Auto Mapping Yes

6. Wavelength 550 nm 550 nm

7. Large Retardation Yes
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TABLE 2. Procedure of sample preparation for measurement of the net optical birefringence of rubbed PI layers
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FIG. 8. Measured retardation of ITO glasses after heat treatment at (a) 400 C, (b) 450 C, and (c) that with no heat treatment.
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FIG. 9. Measured retardation after PI is coated on the ITO glasses which are previously heat treated at (a) 400 C, (b) 450 C, and (c) that

with no heat treatment.
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C, and (c) that with no heat treatment.
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