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Abstract

The structural characterisation of thin films requires a parallel X-ray beam of
high intensity. Parallel beam geometry is commonly used in high resolution and
single crystal experiments, but also in the field of X-ray diffraction for polycrystalline
material (e.g. in phase, texture and stress analysis ). For grazing incidence diffraction
(GID), the use of small slits on the primary side and of long soller slits with a flat
monochromator on the secondary side is standard. New optical elements have been
introduced with polychromatic or monochromatic radiation. By means of different
applications the results are compared with those of classical beam optics. X-ray fiber
optics utilise total external reflection of X-rays on smooth surfaces. Effects of
monochromatisation are presented. In many fields of application, fiber optics may
replace conventional collimators. The use of primary and secondary channel cut
crystals can also produce a high parallel monochromatic X-ray beam. A parabolically
bent graded multilayer produces a monochromatic parallel beam of high intensity.
Compared with classical Bragg-Brentano (focussing) geometry, excellent results have
been obtained, especially for samples with an irregular shape. In combination with a
channel cut monochromator there is a substantial gain in intensity leading to an
increase of the dynamic intensity range of rocking curves.

1 - Choice of X-ray Optical Elements

For thin film experiments it is necessary to select adequate X-ray optics for

primary and diffracted beams. It is important for parallel beam geometry to use a

specimen of high quality (preparation), flat, homogeneous and of sufficient surface

size. In order to investigate a thin film ( one or multiple layers ) deposited on

substrates, it is necessary to distinguish between amorphous, polycrystalline and

monocrystal films on amorphous, polycrystalline or single crystal substrates for the

choice of optics. At the same time, X-rays can produce different signals such as

— 379 —



fluorescence, diffraction, specular reflectivity, interference, standing wave [1], the

reason being a strong modulation of the X-ray electric field in a film caused by

multiple reflection at each interface. The presentation of applications will show the

capabilities of several X-ray optics in respect of polychromatic or monochromatic

X-rays, high flux (intensity), high collimation (low divergence).

2 - Fiber Optics for Total Reflection of X-rays

X-ray fiber optics utilise multiple total external reflection of X-rays on smooth

surfaces. They comprise one capillary or a bundle of capillaries. When X-rays strike

the reflecting surface of a capillary at a grazing angle smaller than the critical angle of

the material, total reflection is generated. The cutoff angle depends on the energy, and

the short wavelength fraction of the Bremsstrahlung of the X-ray tube is reduced.

2.1 - 'FOX' Fiber Optics for X-Ravs

In many fields of application, fiber optics may replace conventional pinhole

collimators. An X-ray source with a focal spot size in the dimension of the diameter of

the capillary delivers the highest intensity to the sample. The capillary is centered in a

precision metallic tube. For Cu Ka radiation the divergence at the bean exit side of

the FOX is about 0.3 ° The principles of pinhole collimation and of

FOX are presented in Fig. 1 and Fig.2.

Pinhole Collimator

Figure 1. Pinhole Collimator Figure,2.FOX Fiber Optics

Results of experiments on the SEIFERT ditfractometer XRD 3000 PTS are given [2].
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2.1.1 - Comparison of powder measurements

The 211 reflex of oc-iron powder has been measured, using a Cr X-ray tube

FK60-10 with primary V filter, operated at 35 kV/ 35 mA. The measuring slit on the

detector side was 0.5 mm; measurement time at each 20 step of 0.025 ° was 5 s. The

collimator and FOX fiber optics length was 135 mm; the distance between tube focus

and collimator / FOX was 145 mm. The intensity gain was 100 %.

A comparison of measurements under the same experimental conditions with

conventional pinhole collimator and fiber optics FOX can be seen in Fig. 3.
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Figure 3. Comparison of Measurements with Pinhole Collimator and FOX Fiber Optic

For Cu Ka radiation the divergence at the beam exit side of a capillary is about 3°.

The intensity increase of low-energy part due to a large radiation capture aperture and

small radiation losses inside of the X-ray guide. The intensity gain on the sample may

reach a value of 3-5 depending on the geometrical arrangement.
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2.1.2. - Comparison of texture measurements

Pole figure measurements (111, 200, 311) have been carried on a thin layer of

Pt, deposited on a Si wafer substrate. When using a 1 mm FOX fiber optics in

exchange of a 1 mm pinhole collimator, an intensity gain of 100 % can be obtained

(see Fig. 4). For ODF calculations, especially for low symmetry systems, it is

important to collect many of pole figures with the same statistical measurement error;

however the measurement time is now reduced by 50 %.

Pole figure 111 with collimator Pole figure 111 with FOX

I1
pole figure 311 with collimator Pole figure 311 with FOX

Figufe 4; Pole Figures of Pt- Thin Film on Silicon Wafer with Collimator and FOX
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3 - Multilayer Mirrors

Multilayer thin films composed of alternating layers of high and low atomic

number elements serve as X-ray Bragg reflectors and form a monochromatic beam of

high intensity. The reflectivity for Cu Ka radiation is up to 85% at Bragg angles

between 0.5° and 3.5°. Geometrical design ( flat or curved ),combined with constant

or graded d-spacing of multilayers in lateral direction, produces parallel, divergent or

focussed X-ray beams.

3.1 - Parabolicaily bent graded multilayer

This type of multilayer produces a parallel beam by capturing the divergent

beam from the X-ray tube. The design is calculated on the basis of a parabolic form

with a given focus distance, with graded d-spacing for fulfilling, on each point,

Bragg's law for copper Ka radiation and with a desired exit beam size. The

divergence in the diffraction plane is approximately 0.1°. A schematic drawing is

shown in Fig. 5.

Figure 5. Parabolically Bent Graded Multilayer Mounted on X-ray Tubehousing
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A typical field of application is powder diffraction, especially of irregularly shaped

samples. Two powder diagrams of tooth filling have been measured in Bragg-

Brentano geometry and in parallel beam geometry, on the primary beam side equipped

with a parabolically bent graded multilayer, on the secondary side with a 0.4° GID

Soller. With the multilayer set-up an excellent powder diagram matching can be

found, and y-Ag2Hg3 and Ag3Hg2 have been identified as main phases (see Fig.6).
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Figure 6. Measurement in Bragg-Brentano (lower) and Multilayer (upper) Geometry

4 - Multilayer and Channel-Cut Monochromator Combination

A parabolically bent graded multilayer used in front of a channel-cut

monochromator is a suitable tool to increase the primary beam intensity [3], [4],

compared to a channel-cut Bartels monochromator (Ge 220, four bounce channel-

cut). The ability of the multilayer mirror to convert a divergent X-ray beam into a
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quasi-parallel one, can dramatically increase the intensity because of the higher

acceptance angle for the channel-cut monochromator. Fig. 7 demonstrates the

principle of such an arrangement. The Bartels four bounce channel-cut

monochromator set-up can be realised by omitting the multilayer.

Figure 7. Principle of Multilayer and Channel-Cut Monochromator Combination

The (004) rocking curve of a MQW sample (25 periods of InGaAs/InP onto InP

(001) was measured on an XRD 3000 PTS High Resolution system. An intensity gain

of 4..5 has been obtained, compared with the measurement without a multilayer set-

up. Also, the number of visible satellite peaks has increased in the background region.

Fig. 8 shows clearly the difference of the two measurements under identical operating

conditions. A Ge (220) monochromator in (+,-,-,+) configuration has been used

directly at the point focus of a Copper tube (40 kVY 35mA), whereby the distance

between focus and sample is 480 mm; when combined with a parabolically bent

graded multilayer a line focus was used (40 kV/ 35 mA), whereby the distance

between focus and sample is 350 mm.
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four bounce channel cut multilayer + four bounce channel cut
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Figure 8. Comparison with Measurements of Channel-Cut Monochromator (left)
and Multilayer + Channel-Cut Monochromator (right)
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