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Flying Circus 2 Calibration at NIST / SURF 11l

Caspar Bruineman, Santi Alonso van der Westen, Fred Bijkerk Example of why individual components calibration is preferred

FOM Institute for Plasma Physics Rijnhuizen, Nieuwegein, The Netherlands

www.riinh.nl; casparb@rijnh.nl Diode responsivity has been found to have increased 2.5% after FC measurements at
PLEX LLC (ref 6) (NIST measuring uncertainty for diodes 1%). The change might be due

Steve Grantham, to EUV related changes in the top layer of the diode.

NIST, 100 Bureau Drive, Stop 8410 bldg. 245/B102, Gaithersburg, MD 20899-8410, USA
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1) Comparison between full diagnostic calibration and separate component calibration on e aerEnst
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using the NIST / SURF lil facility
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2) Multilayer EUV telescope for determination of EUV source size

3) High speed spatial stability monitor development

Responsivity (A/W)

1. FC2 Calibration:

All measurements have performed at NIST's Synchrotron Ultraviolet Radiation Facility n Py 2 s = s M s M
(SURF 1) on the NIST/DARPA EUV reflectometry beamline. The facility consists of a Wavelength (nm)
monochromator (Ref 1) and sample chamber.

2. EUV Source imaging
«Full FC calibration:

EUV telescope source images can differ considerably from results pinhole imaging

In the sample chamber a set of transfer optics (figure 1) is positioned which relay *FC2 imaging shows >40% smaller source size @ FOM
the EUV light to the FC connected to the source chamber. The FC mirrors image *Up to 20% EUV energy in source tail
the intermediate focus of the transfer optics to the diodes. No generally valid relation between broadband and in-band emission properties of
plasmas exist. Collection-relevant source size requires in-band verification.
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Figure 1, optical layout 01 f
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Between the chamber and FC a transfer standard detector is mounted on a linear translation length (um)

feedthrough. This detector is used to determine the normalization factor for the monitor
detector at the exit slit of the monochromator. The FC is mounted on a gimbal to align the
EUV beam onto the FC mirrors (fig 2 & 3).

3. High speed spatial stability monitor:

A new diagnostic to monitor source spatial stability at kHz rep rate is under development.
It consists of imaging optics to image the source on a Position Sensing Detector (PSD).
The PSD registers the EUV radiation directly or by application of a fluorescent layer. The
PSD gives analog signals representing the x and y position of the source. This tool offers
the perspective to have a simple and easy to use device to perform high speed (>kHz)
measurements of source spatial position. It will be offered as an extension to FC2, using
one of the channels for the PSD.
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«Individual component calibration:

The individual components (diodes, ML-mirrors and filters) have been calibrated
separately in the sample chamber. Multiplied individual calibration data has been
compared with the full system responsivity.

. F. Bijkerk, et al, EUVL Symp. (2002)
. S. Alonso vd Westen, C. Bruineman, F. Bijkerk, V. Bakshi, “FC2:Calibration of an EUV
Wavelength (A) source at PLEX LLC", ISMT Tech Transfer #04024490A-TR.

*FC configuration: FC Channel
Channel 1:  Diode: AXUV-100G, #01-302
Filter 638: 400 nm Zr, @10mm. Mounted on diode housing.
Channel 2:  Diode: AXUV-100G, #02-1025
Filter D: 391.9 nm Zr, @10 mm. Mounted on diode housing. .
Filterwheel: Filter C: 391.9 nm Zr, @10 mm. Conclusions:
Filter B: 195.7 nm Zr +130 nm polyimide, @10 mm. 1) At NIST, FC system calibration can be done by calibration of individual components with a
Filter F: 976.5 nm Zr + 105.4 nm polyimide, @16 mm. convoluted uncertainty of 3%. Full system measurements can be done with an uncertainty
of 3,5%.
*Results: — N T
2) The calibration of the full FC2 system was found to agree well with the calibration of the
Full system calibration and convoluted individual elements calibration match individual components. This is a confirmation of the approach followed so far in FC2
closely. Uncertainty for full FC curve is 3,5%, for convoluted curve 3% (2.3% for the calibration.
no extra filter case) 3) Callibration of individual components holds the following advantages:
- Direct knowledge of the source of possible errors
FC2 Calbration - Convenience of shipping individual components;
S (FF ShisreLifen By - Possibility of addition/replacement of components;
; - Recalibration of existing components.
Full system 4) Multilayer EUV telescopes provide data of the in-band EUV emitting dimensions of EUV
0.005 Convoluted | light sources
- Measurement of the EUV emitting part of the source may show very different data as
/ compared to pinhole measurement.
0.004 - No generally valid relation between pinhole and in-band EUV data exists
§ By = 10% / \ 5) EUV optimized Position Sensitive Detectors hold promise for high-rep rate measurements
g 0003 ek of the shot-to-shot source position
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