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Abstract

Tracebility, repeaability and reproducibility of measurement results are the main concerns at a
metrologicd lab. Tracedility can be obtained by cdibration of standards on national or
international 1abs, whil e repeaabili ty and reproducibili ty strongly depend on very well establi shed
procedures, the arred use of these procedures and skill ed personnel, in order to oltain the reliable
results.

Thiswork presents results of a cdibration processof very flat (opticd) surfaces by interferometry,
the so-cdled “The ThreeFlat Method’. It briefly describes the measurement processusing a Mark
IV GPI XPS interferometer to cdibrate simultaneously threeopticd surfaces that had from 50 mm
to 100mm diameter. The flatnessPV is defined as the distance in quota between the highest peak
(P) and the lowest valley (V) of the surface Five different observers made measurements along 2
yeas, and PV values ranging from 15 nm to 30 nm were found for the best surfaces. As the
surfaces had very good parall elism, spedal care had to be taken in order to avoid the influence of
the interference between the 2 surfaces of the same pattern. The main problems for the crreaness
in the procedure, among others, were: 1) the definition of what a zeo fringe pattern is; 2) diff erent
zooming of the surface 3) measurement of different areas of the surface 4) surfacds) relative
pasitioning. Nowadays this cdibration processis the base for the flatness measurements of our lab,
which has been acaedited by the Brazli an Calibration Net (RBC), INMETRO, since2001

Introduction

The erors of flathess of an opticd surface ae generally measured against a reference flat. What is in fad
measured is the difference between the two surfaces. Considering that in general the referenceflat is one order of
magnitude flatter than the measured sample, al the differences are asigned to the latter. However, when
measuring samples that are & flat as the reference, this cannot be done. There ae important papersin this field
as the ones presented by Dew [1], Fritz [2] and Swantner[3], discussng the Three Flat Method, as a toad for
absolute cdibration of opticd flats. The use of digital cameras to oktain the interferogram and the use of digital
image processng equipment allowed better acairacy for this measurement process But there ae small details
about the procedure gplied to perform the measurements that must be observed, in order to get reproducible
results.

This paper discusses important aspeds of the use of the ThreeFlat Method an measuring very flat surfaces of 50
mm and 100mm diameters. Vaues around 15to 30 nm were found on measuring the Pegk-to-Valley flatness

Experimental Setup

The measurements were done using a Zygo Mark 1V XPS interferometer, a Matrox board data aquisition card
and a HP 100 workstation. The interferometer is placel over a 2-ton granite/iron table with anti-vibration
accesries. The systemis based on phase-shifting measurement interferometry.

The experimental procedure mnsists of the measurement of one surfaceof 3 dfferent samples. The surfaces to
be measured in each sample ae labeled as A, B and C. Each surfaceis measured against the other 2, and one of
them is rotated 180 ekgrees and the last measurement is recorded, asin Fig. 1. It must be noticed that the second
surfaceof ead sample should not be very parallel to the first, avoiding a fixed pattern due to the interference
between the surfaces, that can be observed in Figure 2. To attenuate this pattern, the second surfacemust have its
refledivity changed, which can be done by applying a uniform layer of resin. The dfediveness of the layer can
be dhedked by asimple analysis of the interferogram.
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Figure 1. Schematic view of the measurement sequence, acordingto Zygo4.

All the dedronic filters are removed for this measurement. These filters are normally used for tilt and piston
removing. The “zero fringes’ condition, i.e., the minimum number of fringes must be obtained at ead step of the
measurement. Thisis obtained by a caeful alignment of the flat surfaces that are being measured. To asaure that
the same aeaof the surfaces are measured at eat measurement step, a mnjugation of eledronic and mechanical
masks are gplied. An eledronic (image) fiducial is defined over the measured surface B mounted on the
interferometer. It isaligned in away that it contains the entire surface A very small pieceof tapeisthan gued to
the top o surfaceB, aigned to the verticd line of the fiducial. SurfaceB is then mounted on a 2-axis Mount
with self-centering element holder. Surface B is then positioned and aligned to surface A mounted on the
interferometer. Thisis one of the aiticd points of the measurement process as this is the warranty that the same
areais being measured on ead surface All the equipment zooming must be aljusted before this step. The
magnification should be the greaest possble to improve resolution, but the image must contain the entire

measured surface

|

Figure 2: Influence of the sample second surfaceon the tri-dimensional flatness error result
obtained. A waved pattern can be seen on the surface

Five spedmens were measured, in groups of 3. There were: 1 Zygo reference flat 100 mm diameter, 1 Zygo
transmission flat 100 mm diameter, 1 ogticd flat named IEAv-2 125mm diameter, 1 opticd flat named IEAv-1
125 mm diameter, 1 Edmund Scientific opticd flat 50 mm diameter. In order to chedk the reproducibili ty,
different observers performed the measurements described in this work. There were previous measurements to
ched the exact use of the procedure. The main problems found were: problems on aigning the opticd flats,
improper adjust done between the measurements (zoom and alignment after first measurement) and
measurements out of zero fringe conditi on.
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Results and Discussions

The first round of measurements was done using 50 mm as the measured area. In fact, due to contour conditions
limitations, a circle of 90% of the sample is measured. The results presented in Fig. 3 refer to the vertical profile
of Reference Flat B, measured by 4 different observers in June 2000. The interferometer wavelength is 633 nm.
Apparent good agreement on the results can be observed, because the unit used for this measurement is the wave
fraction. A new round of measurements was carried out and the results are in Table 1. After the measurement it
was noticed that the positioning of surface C was not kept constant, as this sample is the only one that can be
freely positioned. Then, al the following measurements took into account the positioning of surface C. Surface
A was a Reference Flat from Zygo, Surface B a Transmission flat from Zygo and Surface C an Edmund
Scientific optical flat 50 mm diameter. Only the central portions of the Zygo flats were measured and this area
was limited by the use of a mask.

Surface A, PV (nm) B, PV (nm) C, PV (nm)

AXis vertical horizontal vertical horizontal vertical horizontal
Observer 1 13.90 15.06 23.14 19.27 16.09 31.70
Observer 2 17.15 13.30 22.37 15.20 28.27 35.78
Observer 3 18.40 11.39 21.65 15.66 20.71 25.20
Observer 4 15.52 14.18 22.19 21.71 16.99 29.08

Table 1: Results of measurements done by 4 different observers, using the Three Flat Method.
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Figure3: The vertical profile of the Reference Flat B, measured by 4 different observers.

Other rounds of measurements were performed and minor procedure adjustments were taken into account. As a
good practice of the lab, this intercomparison was done every 6 months, besides other procedures. In order to
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ched the procedure, measurements were taken using the opticd flats named IEAv-1 and IEAv-2 as SurfaceC,
one & atime. Theresults are presented on table 2. A good agreement was found.

Surface RF, PV (nm) TF, PV (nm) IEAV-1, PV (nm)
AXis verticd horizontal verticd horizontal verticd horizontal

Round 1 2449 20.64 1791 19.20 4123 27.68
Surface RF, PV (nm) TF, PV (nm) IEAV-2, PV (nm)
Round 20.07 20.04 17.90 17.01 19.38 2077

Table 2: Pe&k-to-Valley results of the ThreeFlat Method wsing 2 different flats as surfaceC.

Conclusions

The ThreeFlat Method is a goodtod for cdibrating opticd flats, as long as careful understanding of what each
procedure step redly is intended for. The dignment and the fringe zeaoing are esential for exad use of the
tedchnique. Reproducible results were obtained, even when performed by different observers.
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