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A. IntroductJon

X-ray emission spectra provide valuable Information for tnolecular orbi-

tal and solid-state-band analysis. For the initial Ionisation both

electron impact (primary exci tat ion) and Irradiat ion with photons ( f l u o -

rescence or secondary excitat ion) are applied.

A Spectrometcr for_the_Invcst igat ion ot Ultra-Solt X-ray

Emission S jec t raExc i t ed wi th Synchrotron Radiation

N. Kosuch, E. Tegeler, G. W i e c h , and A. Faessler

Sektion Physik der Universität München, 8000 München 22,

West Gertnany

Ab s t ra et

An Instrument has been developed for the investigation of ultra-soft

x-ray emission spectra which are exci ted in fluorescence using the

Synchrotron radiation of the storage ring DORIS at Hamburg.

The 2m grazing inc idenc* concave grat ing spectrometer and the

experimental layout are described.

As is wel l known, tnany compounds are chemical ly changed or deconposed

by electron bombardeinent, contrary to fluorescence excitat ion which is

f requen t ly used in modern x-ray spectroscopy. However, in the region of

ultra-soft x-rays ( X > 2 0 X) it is d i f f i c u l t to obtain s u f f i c i e n t intensi-

ties with f luo rescence excitation,äs long äs conventional sources are

used. Only a very few meäsurement s of this kind have been carried out

so far O ) ( 2 ) . New possibi l i t ies are o f fe red by u t i l iz ing the continuous

radiation of electron Synchrotrons, and especially of storage r ings,

which are superior in intensity to any conventional source. A d d i t i t m a l l y ,

the radiation of storage rings is free of short-time intensi ty f l u c t u -

ations.

Some years ago we started the experiment FLEUR (Fluorescence Excitation

of ^mission Spectra in the Region of Ultra-soft Röntgenrays) using the

Synchrotron radiation of the Deutsches Elektronen-Synchrotron DESY at Ham-

burg for fluorescence excitation of ultra-soft x^ray spectra . Much bet ter

results were obtained a f t e r the spectrometer was operated at the atorage

ring DORIS and the experinental set up has been gradually improved in

many respects. In the fo l lowing, the present s ta te of the experiment FLEUR

is described.



B. The experiment jXEUR

The experiment FLEUR (Fig. 1) is posi t ioned at a disLanct of about 40 H

from the source point,

The f luorescence radiation is analysed by a 2 m concave gra t ing spectro-

meter housed in a HV tank. The Banales to be s tud ied are mounted an

apecial holders in the sample chambers; they are excited by Lhe undis-

persed Synchrotron radia t iom, The characteristic rad ia t ion of Lhe samples

passes through a d i f fe rent ia l pumpine stnge and then enters the spectro-

meter. The sample chamber, mouiited ins i de the spectrometer tank, and the

mirror case, located between the sandle chamber and the ion g e n f e r pump

(GP 2) , are operated at UHV. Details of the experimental set up, designed

according to the special requirements of Operat ion at the storage ring,

are described in the following sections,

a) Vacuum System

The ion getter pump, GP l, and the f i lcer wheel, FR, work äs a pressurr-

stage. The wheel has several openings covered with thin foils. Since

the wheel ia pressed agalnst a metal seal a d i f fe rence in pressure of

2 — 3 orders of magnitude e.g. from IÜ to 10 torr car. be maintained.

By an appropriate chöice üf the foil mater ia l the long wavelength radia-

tion^an be reduced in intensity- Two Windows opposite each other allow

one to observe whether the foils are undamaged.

—9The ion getter pump, GP 2, maintaini a pressure of abuuL 10 torr

in the sample chamber, P, and in the mir ror case. With the help of the

cryopump, KP, the vacuum can be further improved by one urder of nagni-

tude.

The apectrometer tank (10 torr) is evacuated by a turbü raoLecular

pump, IVP, and Lhe ion getter pump, CP 3.

b) Sample

The sample chamber contains d i f f e r e n t holders fo r the sampl es according

to the pa r t i cu la r experimental requirements, and an evaporation source.

For comparatively s table samples äs SiO„, BH ur CaCO„, two uheel-shaped

holders , P, rotable around ,1 horizontal ania are used. Each wheel permits

the mounting of several samples suitable for any take-nff angle üf Lhe

f luorescence rad ia t ion , A vert ically mounted seeond holder, FS, ( for 12

samples) permits a continous change of the take-off angle, e . g . fo r s tudies

of the anisotropic emiss ion. The temperature of a third holder to be uaed

at a fised Lake-of f angle can be varied from liquid ni t rogen temperature

up to more than 300 C.

For prer-ise adjuatment j the samples can be observed thruugh a window.

The visible fluorescence light emitted by the samples when exposed to

the synchrocron radiat ion indicates the stabili ty of the substances or

the progress of their decompOBition.

The characteris t ic radiat ion of the samples passes the d i f fus ion

channel, DS, (height 1^ nm, depth 8 mir., variable w i d t h ) in the wall of

ehe sample chamber and then enters the separaLely mounted entrance sl i t ,

ES, of the spectrometer. äy t h i s d i f fus ion channel, a dif ferBiuie ::f pressure

of several orders of magnitude is maintained. Horraaliy, a width of 400 L

is used.

The special consuruction of the sample chamber guarantee.s t h a t f i n case

of thermal exp^nsion, the d i f f u s i o n channel aoves only in the di rect ion

towards the entrance slit and not parallel to i t ,
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c) FocusinB mirror

2
The focusing mirror is a thin roetal c.oated glass plate (360 K 35 mm ),

mounted in a specially profi led frame and beut to a cy l ind r i ca l forn.

The focal distance is variable. By turning the mirror aroiind a

vertical axis the angle of incidence r.an be varied. The width of the

focal line an the sample ( 2 - 3 mm) is ntatched to the acceptance of the

apectrometer. To avoid local overloading of the samples it ahould not

be narrower.

With ehe focusing mirror, a gain of i n t ens i ty of more than a factor tuo

is obtained in the energy ränge of 200 eV to 500 eV. At lower energies,

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

oi the Synchrotron radiation can be uti l ized due to an increasing uf the

critical angle of total reflection. - By choosing an appropriate re f lec -

tion angle it is possible to cut o f f the short wavelength radiation.

The focusing mirror and the sample holders can be removed frorn the beam

without breaking the vacuum in order tu clear the light path f ü r experi-

ments positioned behlnd FLEUR.

d) SpecLrometer

The 2 m grazing incidence concave grating spectrome.ter was cons t ruc ted

hy Feser (3).It was designed for energi.es f r o m about 30 eV to 600 eV.

Part of the Rowland circle funct ions äs a guide t rack carryi.ng the en-

trance slit, ES, the grating holder, G, the exit s l i t , AS, and the

dctcctor, H (Fig . I). The exit slit and ti;c detector are ir.cunted on a

carriage which is raoved < i l o n g rhe Rowland circ.le by mtans of a lead s r rew,

SP, driven by a step raotur, Mo. The plane of Lhe oxi i s l i t i H a l w a y s
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adjusted perpendicular to the radiation. The pos i t ion of the exit sl i t

iy registrated by 3 mechanical counter coupled direct ly uith the lead

screw. Fig. 2 shows a photograph of the spectrometer u n i t .

Addi t iona l faciliti .es for external adjustment of the detector (4) and the

enLrance slit, for V a r i a t i o n of the slit width, and for radial movement

of the grating are ins ta l lcd .

The detector is an open parallel-plate mul t ip l i e r . Tt has been developed

in our laboratory for the special requireraents of a sl i t shaped opt ical

mapping (5) .

e) Electronics

The spectra are. recorded automat ical ly 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 exc i t ing photons per

step is auLomat ica l ly kept cons tanL. Since the beam currcnt and conse-

quent ly the in tens i ty of the Synchrotron radiat ion decrease cxponentially

uith time, the time per s tep has to be increaspd accordingly. For this

purpose a frequency proptirt ional to the beam currcnt is ffcd in to the

preset sca l r r .

The number of phorons dc toc ted and the P o s i t i o n cf the exit slit are read

into t h i; spectrum bu f - f e r . A l l Informat ion stored Lherc is s imul taneously

shown on R monitor. A f t e r the spectrun has been Tneasnred, the contents of

the spectrum b u f i e r are trnt-.sferred to the disk storagc of the PDP 11/45

corr.puter. For f u r t h e r eva lua t inn uf the individual spe r t r a , spocial pro-

grams are available for the l'DP 1 1 / ^ , 5 - [EM J60 set np.
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C. Examples of measurements

So far main ly the K-emission spectra of the second per iod elements

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

In the in i t i a l experinwnts at the electron Synchrotron the K-fluores-

cence y i e l d of the eleraents L i , Be, B, and C was d e t e r m i n e d fron the

integral intensi t ies of their K-etnission bands and the known absolute

in t ens i t y of [he Synchrotron rad ia t ion (6).

By measuring the intensity d i s t r i b u t i o n äs 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 s t ructure of

the occupied states of numerous oxyanions. Among others, the K-emission

spectra of nitrogen and oxygen in NO and NO , and of carbon and oxygen

2- 3-
in CO were measured (9). Another study was made of the PO -ion (10) .

For the last roentioned spectra, which renged from energies of about

200 eV to 500 eV, a gold coated grating, b lazed at 1° with 2400 Hnes/mm

was used. At storage r ing energies of 2 GeV and a beam current of 150 mA,

typical counting rates are 10 counts /min obtained for the maxima of the

oxygen, ni trogen, and carbon K-spectra for LiNO and Li£0 at a resolution

of 0.5 eV, Typical counting times per Step lie between 400 mAs and

BOOO mAs (i.e. between about 3 s and 60 s) depcndent on the s tabi l i ty of

the samples and the intensity of their characteristic radiation.

Recent ly 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 Option«

Fig . l Experimental set-up of the experiment FLEUR

(GP ion getter pump, TVP turbo molecular pump, KP cryo pump,

I Ionisation gauge, V valve, F window, FR f i l t er wheel;

P sample chanber with sample holders R and PS, PF manipulator,

DS diffusion channel; R rowland track, ES entrance slit,

G grating, AS exit sli t , M mult ipl ier , SF wavelength drive,

Mo step motor).

Fig.2 Photograph of the 2 m concave grating spectrometer unit with (fron

the r ight) entrance sl i t , grating holder, detector carriage wi th exit

slit, wavelength drive with step motor and meehanical counter.

Fig.3 Schematic diagram of the e lec t ronic equipment.
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Experiment FLEUR
Fjuoreszenzanregung von Emissionsspektren im Bereich

derjjltraweichen Röntgenstrahlen

Fig. 2 .
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