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Motivation

Implementation of simultaneous 5-wavelength
Interferometry

Spacing measurement in a tape drive

Tape asperity compliance measurement

Comparison between 3- and 5-wavelength
Interferometry

Summary




e Measurement reliability can be further
Improved by using more than 3 wavelengths

e Simultaneous measurement is required to

measure the spacing in a tape drive




5-wavelength interferometry

Monte Carlo Error Analysis: 5 vs. 3-wavelength
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Two-step sequential 5-wavelength interferometry
Seguential measurement--- asperity compliance

Synchronized b& video frame frequency
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. Switch wavelengths manually:
(a) 650, 535, 480 nm




I
Simultaneous 5-wavelength interferometry

One 3-CCD camera —) data acg. must be done in 2 steps
(With a switching of wavelengths)

Two 3-CCD camerasc—) difficult to align the two cameras

(No switching of wavelengths)




I
Simultaneous 5-wavelength interferometry

Data acquisition using 3CCD camera

1 Video Frame (1 image)

+

Odd Field | vertical interval | EVeN Field
(1.3 ms)

Sequential acquisition Simultaneous acquisition

1 Frame 1 Frame Odd Field Even Field

Image1 | Manual Image 2 Image1 | Shutter Image 2

(650,480,535) | SWITCNING | 550 450 535)| |(650,480,535) SWItChING | 520 450 535)
(1 min.) (1.3 ms)




Simultaneous 5-wavelength interferometry
5-wavelength measurement 3-wavelength measurement

Synchronized b)L video field frequency

Data Acq.PC

Trigger
Circuit

Video
Monitor

Data acq. to 5 wavelengths

N IS done In 1.3 ms
.

Image 1 13 ms Image 2
650,480,535 620,450,535

Head/Tape
Interface




Simultaneous 5-wavelength interferometry
Physical setup

Computer

3CCD camera - Cai_mera controller

“IFiggering circuit

L_ight sources




Spacing measurement on DLT4000 tape drive
Unloading Device | = A+Bcos(" — )
- b




Spacing measurement on DL T4000 tape drive
Envelope calibration | = A+Bcos(—=-¢)

(a) Moving fringe pattern (b) Envelope extract
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Spacing measurement on DLT4000 tape drive

Envelope check | =A+Bcos( ' - ¢)
(a) A selected contact zone (b) Envelope check for 535 nm

Upper envelope 535 nm

Inten=ity

Lower envelope

Odd fleld(620,535,450 nm) Pixnel




Spacing measurement on DLT4000 tape drive
Spacing map of a contact zone




Tape asperity measurement
Application in asperity compliance measurement

Asperity compliance of DLT4 tape

DL T4 tape
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Precision comparison

Spacing measurement on DLT4000 drive

Standard deviation in 10 measurements

Mean spacing (nm) |Std. Deviation(nm)

3-wavelength 25.9%0.8 0.3

5-wavelength 29.9%0.6 0.2

Robustness: 5-wavelength > 3-wavelength




Precision comparison

Asperity compliance measurement

Standard deviation of spacing in 10 measurements

Mean spacing (nm) |Std. Deviation(nm)

3-wavelength 36.9+3.7 1.0

5-wavelength 37.7+2.3 0.6

Robustness: 5-wavelength > 3-wavelength




Summary

* Implemented simultaneous 5 wavelength interferometry

 Measurement accuracy Is better with 5 wavelengths
than with 3 wavelengths




