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A. Introduction

X-ray emission spectra provide valuable information for molecular orbi-
tal and solid-state-band analysis. For the initial ionisation both
electron impact (primary excitation) and irradiation with photons (fluo-

rescence or secondary excitation) are applied.

As is well known, many compounds are chemically changed or decomposed

A Spect Six for i%e Tavestisation of Uliva-Soft X-ray by electron bombardement, contrary to fluorescence excitation which is
Beisslos Skactra ited with Synchrotron Radiation frequently used in modern x-ray spectroscopy. However, in the region of
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ultra-soft x-rays ()>20 R) it is difficult to obtain sufficient intensi-
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Sektion Physik der Universitdt Minchen, 8000 Minchen 22 used. Only a very few measurements of this kind have been carried out
L ’
West Germany so far (1)(2). New possibilities are offered by utilizing the continuous

radiation of electron synchrotrons, and especially of storage rings,
which are superior in intensity to any conventional source. Additionally,
the radiation of storage rings is free of short-time intensity fluctu-
ations.
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B. The experiment FLEUR

The experiment FLEUR (Fig. 1) is positioned at a distance of about 40 @

from the source point.

The fluorescence radiation is analysed by a 2 m concave grating spectro=-
meter housed in a HV tank. The samples to be studied are mounted an
apecial holders in the sample chambers; they are excited by the undis-
persed synchrotron radiatiom. The characteristic radiation of the samples
passes through a differential pumping stage and then enters the spectro~
meter. The sample chamber, mounted inside the spectrometer tank, and the
mirror case, located between the sample chamber and the ion getter pump
(GP 2), are operated at UHV. Details of the experimental set up, designed
according to the special requirements of operation at the storage ring,

are described in the follewing sections.

a) Vacuum system
The ion getter pump, GP |, and the filter wheel, FR, work as a pressurc
stage. The wheel has several openings covered with thin foils. Since

the wheel is pressed against a metal seal a difference in pressure of

2-- 3 orders of magnitude e.g. from |Uh6 to !0-9 torr can be maintalned.

By an appropriate choice of the foil material the long wavelength radia-
tionkcan be reduced in intensity. Two windows opposite each other allow

one to observe whether the foils are undamaged.

The ion getter pump, GP 2, maintaing a pressure of about 10-9 torr
in the sample chamber, P, and in the mirror case. With the help of the
cryopump, KP, the vacuum can be further improved by one vrder of magni-

tude,

=6 .
The spectrometer tank (10 torr) is evacuated by a turbo molecular

pump, TVP, and the ion getter pump, GP 3.

b) Sample chamber

The sample chamber contains different holders for the samples according

to the particular experimental requirements, and an evaporation scurce.

For comparatively stable samples as SiOz, BN or CaCOJ, two wheel-ghaped
holders, R, rotable around a horizontal axis are used. Each wheel permits
the mounting of several samples suitable for any take-off angle of the
fluorescence radiation, A vertically mounted second helder, PS, (for 12
sapples) permits a continous change of the take—off angle, e.g. for stndies
of the anisotropic emission. The temperature of a rhird holder to be used
at a fixed take~off angle can be varied from liquid nitrogen temperature

up to more than 300°C.

For precise adjustment, the samples can be observed through a window.
The visible fluorescence light emitted by the samples when exposed to
the synchrotron radiation indicates the stability of the substances or

the progress of their decomposition.

The characteristic radiation of the samples passes the diffusion

channel, DS, (height 12 om, depth 8 mm, variable width) in the wall of

the sample chamber and then enters the separately mounted entrance slit,
ES, of the spectrometer. By this diffusion channel,a difference of pressure
of several crders of magnitude is maintained. Normally, a width of 400 v

is used.

The special conscruction of the sample chamber guarantees that, in case
of thermal expansion, the diffusion channel moves only in the direction

towards the entrance slit and not parallel to it.



¢) Focusing mirror

d)

The focusing mirror is a thin metal coated glass plate (360 x 35 mmz),
mounted in a specially profiled frame and bent to a cylindricai form.
The focal distance is variable. By turning the mirror arcund a

vertical axis the angle of incidence can be varied. The width of the
focal line on the sample (2 - 3 mm) is matched to the acceptance of the
spectrometer. To avoid local overloading of the samples it shounld not

be narrower.

With the focusing mirror, a gain of intensity of more than a factor two
ig obtained in the energy range of 200 eV to 500 eV. At lower energies,

a preater gain is to be expected, because a larger section of the beam

of the synchrotron radiation can be utilized due to an increasing of the
critical angle of total reflection. - By choosing an appropriate reflec-—

tion angle it is possible to cut off the short wavelenpth radiation.

The focusing mirror and the sample holders can be removed from the beam
without breaking the vacuum in order to clear Lhe light path for experi-

mente positioned behind FLEUR.

Spectrometer

The 2 m grazing incidence concave grating spectrometer was constructed

hy Feser (3).It was designed for energies from about JO eV to 600 eV,

Part of the Rowland circle functions as a guide track carvying the en-
trance glit, ES, the grating heolder, G, the exit slit, AS, and the
detector, M (Fig. 1). The exit slit and the getector are meunted on a
ciarriage which is moved along the Rowland circle by means of a lead screw,

SP, driven by a step motoT, Mo. The plane of rhe exiL slit is always

e)
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adjusted perpendicular to the radiation. The position of the exit slit
4

is registrated by a mechanical counter coupled directly with the lead

screw. Fig, 2 shows a photograph of thne spectrometer unit.

Additional facilities for external adjustment of the detector (4) and the
entrance slit, for variation of the slit width, and for radial movement

of the grating are installed.

The detector is an open parallel-plate multiplier. Tt has been developed
in our laboratory for the special requirements of a slit shaped optical

mapping (5).

Electronics

The spectra are recorded automatically in the step-scanning mode. The

measuring process is shown in the schematic diagram of fig. 3,

During the course of the measurement the number of exciting photons per
step is automatically kept constant. Since the beam current and conse-
quently the intensity of the synchrotron radiation decrease exponentially
with time, the time per step has to be increased accordingly. For this

purpose a frequency proporticnal to the beam current is fed into the

preset scaler.

The number of photons detected and the peosition of the exit slit are read
into the spectrum buifer. All information stored there is simultaneously
shown on a monitor, Afrer the spectrum has been measured, the contents of
the spectrum buffer are transierred to the disk storage of the PDP 11745
computer. For [urther evaluation of the indivicual spectra, special pro-

grams are available for the POP 11745 - IBM 360 set up .
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Examples of measurements

So far mainly the K-emission spectra of the second period elements

lithium (228 A or 54 eV) to oxygen (24 A or 525 eV) were studied.

In the initial experiments at the electron synchrotron the K=fluores-
cence yield of the elements Li, Be, B, and C was determined from the
integral intensities of their K-emission bands and the known absolute

intensity of the synchrotron radiation (6).

By measuring the intensity distribution as a function of the take-off
angle, the anisotropic emission of the C K-emission band of graphite (7)
and of the N K-emission band of hexagonal BN (8) was studied.

Detailed investigations have been made on the electronic structure of
the occupied states of numerous oxyanions. Among others, the K-emission
spectra of nitrogen and oxygen in N0; and uo; » and of carbon and oxygen

in cog’ were measured (9). Another study was made of the Poz--ion (10).

For the last mentioned spectra, which ranged from energies of about

200 eV to 500 eV, a gold coated grating, blazed at I° with 2400 lines/mm
was used. At storage ring energies of 2 GeV and a beam current of 150 mA,
typical counting rates are IO3 counts/min obtained for the maxima of the
oxygen, nitrogen, and carbon K-spectra for I.iNO3 and Lif”) at a resolution
of 0.5 eV. Typical counting times per step lie between 400 mAs and

8000 mAs (i.e. between about 3 s and 60 s) dependent on the stability of

the samples and the intensity of their characteristic radiation.

Recently the measurements were extended to organic compounds. Attempts
to obtain the K-spectra of carbon in condensed benzene and in naphtalene

have been successful.
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Figure captions

Experimental set-up of the experiment FLEUR

(GP ion getter pump, TVP turbo molecular pump, KP cryo pump,
1 ionisation gauge, V valve, F window, FR filter wheel ;

P sample chamber with sample holders R and PS, PF manipulator,
DS diffusion channel; R rowland track, ES entrance slit,

G grating, AS exit slit, M multiplier, SP wavelength drive,

Mo step motor).

Photograph of the 2 m concave grating spectrometer unit with (from
the right) entrance slit, grating holder, detector carriage with exit

slit, wavelength drive with step motor and meehanical counter.

Schematic diagram of the electronic equipment.
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Experiment FLEUR

Fluoreszenzanregung van Emissionsspektren im Bereich
der ultraweichen Rontgenstrahlen

Fig. 1

Fig. 2 ,
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