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Abstract

The University of Colorado maintains a grating evaluation facility to characterize optics from the far ultraviolet to the
X-ray. The newest addition to this facility is a novel X-ray monochromator. Light is generated by a Manson electron
impact X-ray source and passes through a monochromator which incorporates a grating in the off-plane mount at
grazing incidence followed by an aluminum filter. From here, the light enters another vacuum chamber to illuminate
the test grating, which disperses light onto a resistive anode MCP. This monochromator is characterized utilizing a
variety of source anodes and voltages. Preliminary results from a high density test grating, also in the off-plane mount,
display that this system is a highly effective tool for determining grating efficiencies.

1. Introduction

1.1 Off-plane geometry
The off-plane mount at grazing incidence brings light onto the grating at a low graze angle, quasi-parallel to the
direction of the grooves as shown in Figure 11,2. The light is then diffracted through an arc, forming a cone, so that this
mount is also known as conical diffraction. The grating equation in this configuration is
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where d is the spacing between grooves. γ is the angle between
the direction of the incoming ray and the direction of the groove
at the point of impact. Light comes into the grating at an
azimuthal angle of α along a cone with half-angle γ. It is then
diffracted along the same cone of half-angle γ, but now with an
azimuthal angle of β.

The off-plane mount supplies the natural geometry for grazing
incidence reflection gratings, offering several advantages of
which diffraction efficiency and resolution are key. The
effective diffraction efficiency of the off-plane mount can be
substantially higher than traditional mounts (often a factor of
two) due to the groove illumination function3, 4. In the off-plane
mount the effect of groove shadowing is lessened. Rigorous
efficiency calculations of blazed gratings show that the off-plane
mount can have efficiencies up to 70% and on average are a few
times higher than efficiencies obtainable with a traditional in-
plane grating mount5. Furthermore, grating imperfections
always cause image spreading in the in-plane dimension.

Therefore, off-plane resolution is never affected allowing for less
sensitivity to grating alignment and grating flatness.
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Figure. 1: Geometry of the off-plane mount. Quasi-
parallel light at grazing incidence is diffracted in a
cone around the direction of the rulings.
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We present here a first-of-its-kind, single pass, grazing incidence, off-plane monochromator for use at X-ray energies.

2. Monochromator

2.1 Fabrication Considerations and Layout
Requirements for the monochromator began with the basic need to provide a monochromatic source of x-rays for off-
plane grating testing. Soft x-ray photon energies between 0.2 and 2.0 KeV were required in a moderately collimated
and filtered beam. We chose to re-use existing equipment where possible to save on cost and shorten the time-to-
service of the instrument. Available equipment included a 0.75” × 3.25” grating with parallel grooves at a density of
4968 grooves/mm and 19 degree blaze angle, a vacuum box, various old UV monochromator parts, and a Manson
impact x-ray source. The new monochromator also needed to be positioned in the beam path currently employed by a
UV monochromator connected to the large grating test chamber. Approximately 4’ of overall length was available in
this location, but using this position required that the x-ray instrument be mobile—it must be easily moved back out of
the beam path to share time with the UV monochromator.

The X-ray light source is a Manson electron impact source that heats a tungsten filament to create electrons that are
accelerated down a voltage gradient to impact a solid anode usually made of carbon, copper or magnesium.
Operationally, it was important that the design allow for an expeditious change of the anode without breaking test
chamber vacuum and without disturbing the apparatus alignment and/or test configuration. Additionally, it was
necessary to maintain a high vacuum (10-5 - 10-6 Torr, comparable to the grating test chamber) in the vacuum box and in
the Manson source. This feature was complicated by the fact that the vacuum box was to be separated from the test
chamber by the exit slit and the Manson source separated from the vacuum box by the entrance slit. The Manson source
was found to operate unreliably above about 5 x 10-5 Torr.

To implement these requirements a grazing incidence
geometry was chosen with the incident angle selectable
between 0.75 and 2.0 degrees. An off-plane
configuration was chosen to allow maximum separation
of the orders while maintaining a high throughput. As
shown in Figure 2, the grating was mounted in the
inside diameter of a manual rotational stage so that it
could be rotated to vary the incident/defracted angle (γ
in the grating equation) of the beam. A mechanical
feed through was employed to rotate the stage, during
which the position could be viewed through a Lexan
window. A filter holder was positioned downstream of
the grating; no allowance was made for the filter to be
changed while under vacuum.

The overall physical layout can be seen in Figure 3.
The following description is provided as a light path
sequence. First, the Manson source generates K and L
band emission. The photons pass down through a
vacuum isolation ball valve and then through the
entrance slit about 16” from the source. After the slit, the moderately collimated beam passes through a flexible
bellows. This bellows allows the incident beam to be adjusted to varying grazing incidence angles (by changing the
selected mounting screw hole pattern for the entrance plate) without affecting the stationary vacuum box. Once inside
the vacuum box, the photons strike the grating at grazing incidence in the off-plane configuration. The grating is
positioned during alignment (discussed later) to an angle equal to half of the incident beam’s offset from the exit beam,
placing the cone of diffraction and zero order onto the exit slit. Thus, as the grating is rotated, the cone of diffraction
rotates and the higher orders are aligned onto the exit slit one after the other. Both the entrance and exit slits can be
adjusted to manipulate the beam to the desired size and intensity. The beam then passes through an aluminum filter
during its approximately 16” travel to the exit slit. This filter limits the amount of underlying continuum in the
spectrum which increases with increasing X-ray energy. After the exit slit, a second flexible bellows is employed to

Figure 2: Grating Mount installed on a rotational stage. The
mechanical feed through is at the upper right
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