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Homogeneity of photodiode responsivity Between 1995 and 1997, the diode was stored in dry air and used only
Left: GaAsP/Au Schottky diode G1127 (4.6mm by 4.6mm active area). occasionally in ultra high vacuum at mode'rate irradiance levels below

irradiance levels of several yW/cm?. The last measurment shows an
increase of the silicon oxide layer by 20 nm and a decrease of the
collection efficiency by 30%.°

The shading is in steps of 0.1% from 98% (dark) to 100% (bright).

1 G. Ulm, and B. Wende, i y y of P ikali i at BESSY," Rev. Sci. Instrum. 66, 2244-2247 (1995)

2 G. Ulm, B. Beckhoff, R. Klein, M. Krumrey, H. Rabus, and R. Tl "The PTB i y 'y at the BESSY Il electron storage ring," Proc. SPIE 3444, 610-621 (1998)

3 F. Scholze, H. Rabus, and G. Ulm, "Mean energy required to produce an electron-hole pair in silicon for photons of energies between 50 and 1500 eV," J. Appl. Phys. 84, 2926-2939 (1998)

4 H. Rabus, V. Persch, and G. Ulm, "Synchrotron-Radiation Operated Cryogenic Electrit ituti i as High-Accuracy Primary Detector in the L i Vacuum L i and Soft X-Ray Spectral Ranges," Appl. Optics 36, 5421-5440 (1997)

5F. Scholze, J. Tiimmler, G. Ulm "High-accuracy radiometry in the EUV range at the PTB soft X-ray radiometry beamline," Metrologia 40 (2002), $224-S228

6 G. Schriever, M. Rahe, U. Rebhan, D. Basting, W.J. Walecki, H. Layuth, R. Lebert, K. Bergmann, D. Hoffmann, O. Rosier, W. Neff, R. Poprawe, R. Sauerbrey, H. Schwoerer, S. Diisterer, C. Ziener, P. Nickles, H. Stiehl, I. Will,. W. Sandner, G. Schmahl, D. Rudolf, Proc. SPIE,
4146, 113-120 (2000)

7 R. Stuik, F. Scholze, J. Tiummler, F. Bijkerk, Nucl. Instrum. Meth. A492, 305-316 (2002)
8 F. Scholze, G. Brandt, P. Miiller, B. Meyer, F. Scholz, J. Tummler, K. Vogel, and G. Ulm, "High. detector cali ion for EUV gy at PTB", SPIE 4688, 680-689 (2002)




Tools for source characterization

The key issues of metrology for EUV sources are: determination of absolute in-band power, spectral distribution in the EUV and the other
spectral regions, spatial distribution of emitting volume, and angular distribution of the emission.

For customer source characterization, an imaging spectrometer and a multilayer in-band power meter were set up and calibrated at PTB.
The results shown are obtained at an Au LPP-source’ for an EUV reflectometer™.
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Scheme of an imaging spectrometer used to characterize the spectral
distribution of EUV radiation and the spatial distribution of emitting volume.
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Efficiency of grating plus CCD, measured by comparison to a photodiode
using monochromatized radiation. Measured points are shown as open
circles, the line is only to guide the eye. The lower line shows the
efficiency including a 300 nm freestanding Zr-filter.
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Left: Ray trace simulation of the focal spot. The size of one pixel of the
CCD is indicated by the square. Right: Image of an Au LPP-source. CCD-
image in the background, horizontal cross section (=15 pym, red), vertical
cross section (6=25 um, blue).

In-band powermeter

Scheme of the in-band
power meter. The tool
apertui consists of two flat
multilayer mirrors serving as
mirror 1 diode the band pass filter. The
5 solid angle of detection is
defined by the aperture in

mirror 2 l

source 1 ] .
filter diffuse front of the diode. Filters
scatter suppression can be additionally used to
suppress out-of-band
radiation.
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Spectral responsivity of an in-band power meter for s-(red line) and p-
polarized (blue dashes) radiation with 5° to normal incidence angle at the
mirrors. Due to the double reflection, only 6% of the wavelength integrated
responsivity belong to radiation in side maxima. Also shown is the
transmittance of a Si/Zr filter (green) and the reflectance of a single mirror
(pink), right scale.
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EUV emission of a Au LPP-source at laser pulse
energies from 200 mJ to 640 mJ (bottom to top,
step 80 mJ ) measured with the spectrometer. The
circles are values obtained at 13.4 nm with the in-
band power meter about a month later after re-
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