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1 Introduction

Interest in highly charged ion (HCI) spectroscopy has
increased in the last decade due in part to the
development of efficient and powerful extreme ultraviolet
(EUV) and soft x-ray sources for applications in x-ray
microscopy [1], diffractive imaging [2], absorption
spectroscopy [3], and EUV lithography [4]. Laser-
produced HCI plasmas are potentially suitable as
laboratory scale high power sources, in which the use of
intense unresolved transition arrays (UTAs), instead of
discrete line emission, with reflective rather than
transmissive optics has been proposed [5].

A flat-field grazing incidence spectrograph is a very
convenient tool to study the soft x-ray emission from
Laser Produced Plasmas (LPPs) or other sources. The
dispersing optic is a concave reflection grating with
varied line spacing between the grooves that was
designed to image the spectrum on a flat plane instead of
on the Rowland circle. However, the diffraction
efficiency was only reported for the spectral range below
5 nm [6]. For HCI plasma research, LPPs of high-Z
elements with Z = 60-83 produce intense UTA emission
between 1 and 10 nm, whose peak wavelengths follow a
quasi-Moseley’s law [5]. The diagnostics of these
plasmas requires spectral data, with reliable intensity
information, of the emission involved over a wide range
wavelengths, from which the plasma parameters such as
ion charge state and temperature can be determined.
However, the fact remains that the lack of a database for
of the grating performance prevents the practical use of
the 2400 lines/mm grating in the wavelength range from
5-10 nm.

2 Experiment

The diffraction efficiency of the 2400 lines/mm grating
was measured by using the soft x-ray reflectometer
installed at the BL-11D beamline of the Photon Factory
(PF) at the KEK in Japan. The incident beam with a
divergent angle less than 0.1° and a full width at half
maximum (FWHM) diameter of approximately 200 um
was incident on the gating located at the center of the
reflectometer chamber, as shown in Fig. 1. The angular
profiles of the incident and diffracted beams were
scanned by a detector, which consisted of an x-ray diode
and a slit with a width of 100 um. The distance from the
grating to the detector was about 255 mm and was fixed
due to the configuration of the reflectometer.
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Fig. 1: Schematic diagram of the measurement of grating
efficiency.

3 Results and Discussion

We measured angular profiles of the first, second and
third orders at a wavelength of 3 nm, as shown in Fig. 2.
On both sides of these profiles, the detected signal is
close to zero, which implies that no scattered light from
the grating could be observed. The grating efficiency is
given by the ratio between the areas of under the incident
profile and the diffracted profile.
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Fig. 2: The angular profile of the first, second, and third
orders of the diffracted beam at a wavelength of 3 nm.

Figure 3 depicts the grating efficiency as a function of
the incident wavelength. A first order diffraction
efficiency exceeding 3% was observed for the wavelength
region around A = 2.75 nm and A > 8.0 nm. The presence
of a dip in the short wavelength region could be observed
in both first- and second order spectra. These dips are
caused by K-edge absorption of oxygen and carbon
originating from hydrocarbon contamination on the
surface of the grating. The evaluation of this effect is very
important in estimating absolute photon flux in the water-
and carbon-window spectral regions.
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Fig. 3: The diffraction efficiency of the 2400-lines/mm
grating.
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