
DEUTSCHES ELEKTRONEN-SYNCHROTRON RCCY
i DESY SR-79/23

October 1979

EXPERIMENTAL SETUP FOR X-RAY ABSORPTION SPECTROSCOPY AT THE DESY

by

. io lk iehn. ~ner

NOTKESTRASSE 85 • 2 HAMBURG 52



be sure that your preprints are promptly included in the

HIGH ENERGY PHYStCS INDEX ,

send them to the following address ( if possible by air mail ) :

DESY
Bibliothek
Notkestrasse 85
2 Hamburg 52
Germany



'Experimental Setup f o r X-Ray Absorption Spectroscopy at the DESY1
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Abstrac-.t

In this paper we describe an apparatus used at the Deutsches

Elektronen-Synchrotron (DESY) for the measurement öl x-ray

absorption apectra, specially designed fo r the inve.stigation

of the extended x-ray absorption f i n e atructure (EXAFS).

Performance of the sctup is discussed and t.ompared wi th an

apparatus using the bremsstrahlung of a convent iona l x-ray source,

l . Int roduct ion

TliE F.XAFS has been known to appear in the x-ray absorption spectra

of p r a c t i c a l l y all materials . It o f f e r s a pouerful ncw method for

the determinat ion of the lucal geonietrical structure around spec i f i c

2atoms . The relatively smal] ampl iLur ies of L he EXAFS on a high

absorpt - ion background äs detnonstrated in Fig. l rcquire high acuur . - 'Cy

absorpt ion spei-.Lra over a wide energy ränge (up to more than l keV)

to get r c l i ab l c s t ruc tu re data. There fo re , the EXAFS method has

developped rapid ly sincü Synchrotrons ,-ind sturage r ings bec.ame

ava i l ab le äs intense continuous x-ray sourccs.

At DESY a hor izonta l angle of Imrad of Synchrotron radiation is

avai lable which gives the spsctr;i l inLeus iLy d is t r ibu t ion shown in

Fig. 2 in comparison with the brcmsstrahLung intensi ty of a 12 kW

r u t a t i n g anöde x-ray generator . The white beam is monochromatized

3
by double Bragg r t i i l e u t i o n in para l le l setting . The channel-cut"

single c rys ta l s of Ce and Si are tut para l le l i_o 111 and 220 net

planes respect ively , By ro ta t ing thcst? cryst.ils in p r i n c i p L e the

phuLon energy oan be tuned over the. ränge of 2.5 keV to 28 keV. As

the monochromaLor works in air , the spectral ränge is l imited to

energies abovc i-5 keV. AK the monochromatic light is plane-polarized

t o >90 %, polar i za t inn ef fec-.Ls in absorption spectra can be invest i-

gated over the whole energy rans^ .

A scnemat ic view of the whult ; seLup is given in F ig . 3. Dctectors ,

s l i L s and sample chaniber ar<; raonntcd on a stcp-rnotor driven table.



The cable Eollows ehe paral le l sh i f t of thü monochromatic beam

äs the monochromator crystal is ro t a t ed . The c ranne I w i d L h s ot

the Ge and Et crystals arü 10 mm and 4 mm, so the maximunt ränge

«f parallel shift ts 20 mm and 8 mm respectively. The. s tcp-moLors

of the goniometer with the crystal and of the table arc c o n t r o l l e d

by a small Computer (PnP8/e) which also accumulates the da ta . The

delectors are ioni zat ion r.hanibers , The Ionisation current s are

ampl if ied and convi?rted L o f requencies by 100 kH3 voltage- to -

f requenc.y Converters.

Both signals from in front of ( refereute) and behind (s ignal ) the

sample are c.nunLed u n i _ i l a preset value in the reference scaler is

rear.hed, Lima dividing signal by reference i n St an t ly A f t e r r eadou t ,

Lhe goniometer is set. to the uext angle, and both counters are s tar ted

again. In this way spectra of iip to 900 data points can be taken.

The typical scan rate is M po in t / s . The miniinuni rotat ion angle, of

the goniometer is 0.001 degrees. l'he spectca can be stored on DEC-

tape for later mteractive evaluation on a large IBM Computer via a

seccmd l'DP 8/e.

2. Light suurce geometry

In order to characterize and üpLimize the x-ray opt ics involved,

the yync.hrotron l ight source can conve.nient l y be described in t erms

of a phase space reprsy^nta t ion" . The coordinate sys tc im usud there-

fore is shown in Fig. 4. At z = 0, the e beam moves in z -d i roc t ion .

Every electron or photon pass in^ througli ehe source plunt ; (z-0-planc)

is presented by a seL oi t o u r conrdinat ts , i i amt ly h o r i ^ D i i l a l and

vertical spatial fx, y) and angular(x', y ' ) coordinates (ci. ref . 5).

The tirae-averaged electron-distribution 1A in the vertical coordinatcs

y, y ' can be assur:,ed to be Gaussian:

, . a

r
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where ^, Ü are the electron opt ic-.al parameters (a=0, £=20 .925 m at

DESY) and 2yo is the fwhm of the electron beam (2 mm at D E S Y ) . The

half-maximim line of eq. l ia an ellipse with the parametrized repre-

sentation (Fig. 5, dashed line):

y = y0 cosjj

yt _ yp_ (K£nl |j + acosit) (2)

s

üvery electron e.mits photons into a cuiie uhose w i d t l i depaiids on

the electron and phoLun. snergies .

So the angular component of the intensi ty distr ibutioti has to bc. c'.nn-

voluLed with the photon angular distribution. If the photon angular

d i s t r i b u L i o T i is a Gaussian w i t h half width K = 0.075 mrad (time avcrage. c-.alcu-

lat td for L h t PI.SY at 7,2 GeV max. e lectron cn^rgy and 1 3 , ' » keV photon cni-r^y),

the Half w i d t h of tut; angula r pa r t of eq . l y / g = 0.048 mrad is broadened tu

Zo =~|/s2 + (y /t,)2 = O . U Ö 9 mrad

The photons' half inLensity ellipse «q . 2 is thcn given by the new

values

2

(cf . Fig. 5 solid line} ,

To yhow its e f f e c t on tlie photon beair, in Fig. 5 an exit slit ot

vertical w i d t h dy = 2 mm at z = 37 m is projected back to z = 0 by



v(0) = y( z }-zy ' . The hatched area in F ig . r» represenLs the tnain

part of the photon f lnx t hat can pass through this s l i t .

The angular ha l f -width (diver ge.nce) of L he beam behind tiie ex i t slit

was calciilated by integrating eq. l ovc.r y, f ü r d i f f e r e n t slit wid ths .

The result is shown in Fig. 6 ( f ü l l c i r c l e s ) . Tn t eg ra t ing addi t ional ly

over y' gives the total pliotoii f lux vs. slit wid th (Fig. 6 open r i r c . I R S ) .

The horizontal bar ind ica tc s the reg ion of d in which the slit can be

used e f fec t ive ly for reducing the divergence n t th i - heam. Of course,

also photons cmitted at z 4 0, whose intensi ty d i s t r ibu t J O T I i n v e r t i r a l

phase space is s l ight ly d i f f e r e n t when p ro jec ted to z = 0, can enter

the monocb.roir.ator, But äs the "v is ib le" z-range is ra ther short (ca .

25 cm) due to the horizontal curvature of t he e le^ t ron orbit ( v . i , ) i

this sir,al l distortion is neglected hcre. A d d i t ionally , F i g . 6 shows the

degree of pn l a r i z a t i on P (crosses) which is d i ^ f i n e d äs

where I n and I i are the hor izon ta l and vertical polar iz.it ion enmponfnL.s

integr;itcd over the slit width d.

In the horizontal direction the phase space representat ion uf the e heam

,it K = 0 y i e l d s a l arger e~ ellipse (- ig . 7, solid line) . The photnn

broadening is neglected hp.re äs it is in the ränge of the line widths in

Fig. 7. Addit ional ly, due to the cu rva tu re nt t i i o he.am w i t l i radius R =

3!. 7 m, the phase space representa ti nn 01 the phnton i lux I H actually a

superposit ion of d i s t r i h u L i o n s centertid at x = -R ( l - c o s x T ) . I h i s leads

to an intensity distribution wi t l i ha l i -maximum lines at x = - x0 -R ( 1-rosx ' )

(Fig. 7, dot-dashed l ine s) . The Synchrotron is t l ierefore near ly an

isotropic source in the horizontal d i r e c t i o n .

The project ion to z - 0 of a slit of horizontal w i d t h dx = 30 mm äs

used in our experiments i .s shown in Fig. 7. An angular half intensity

w i d t h (horizontal diverge.nce) of 0.8S tnrad behind the s l i t is calcula ted

by Integration of the horizontal analogue of cq. l over x. The e l l i p s e

centered at x ' - 4 ™rad, x = -0.2 mm sliuwn in F l g . 7 (daghed line) is

the representat ion of the .source at z = - 1 2 . 6 cm. This il lustrates

t h a L o n l y a smal1 f r a c t i o n of radiation frora electrons with

- 12 ,5 i:ra > 7. > 12,5 cm passes the slit.

'J. F.nergy resolution of the monochroiaator

The monochromator is placed at a d i s t u n c e of" J7 m frora the sourtie puint

in the Synchro t ron . A horizontal axis of ro ta t ion for the c-rystals in

nondispersive setting has been chosen because of the sm;i]ler e f fec t ive

divergence in the vert ical direct ion and the high degree of horizontal

polar izat ion.

The cnergy width />£ transmitted in f i r s t u r d e r Rragg re f l ec t ion depends

on the following three values:

1. The -y- of the crystal due to the d i f f r a c t i o n pa t t e rn .

2. The vertical divergence »l the l i ght Aij. ,

3. The horizontal divergence üiL^.

Tne total t ransmi t ted energy band width ( fwl im) iF can be approximated

äs the quadrat-ic .sum of the three corresponding widths given in

;.pproximate form for small !\y , i j i and t) < 60U:



where E = v;r~T72D sine
i s L he mean t ransmit ted p'noton energy aC t he

mean glaiicing angle 3 and D is the spacing of Lhe net planes. The

third, horizontal divergence Lerm is negligiblc in our case as . A ; , ' ' x " l u.rad

The f i r s L (dashed line) ar.d st;t:ond (dotted line) c o m p r i n c n L s and their

quadrat ic sum (solid l ine) are shuwn in F ig . 8 for Si 220 und Ce 111

As can be seen, only the 2 mm ver t ica l s l i t results in a s n i l i c i e n t energy

resolution in the ränge beyond 20 KeV. The energy r e s o l u t i o n has not

be>en measured d i r ec t ly , but the white line in K2CrOl!( (F ig . 9) at 5989 eV

in our absorption spectra has a half width of 2.4 eV where eq. 3 y ie lds

a resolution of 2 . 1 eV for the G e l l l crystal .

4 . Detectors

I'hoLon cuunt ing is not feasible because monoc'nromat i<: photon f luxt-s

o

uf innre Lhan 10 /:; Lan occur and addi t ional ly the photon J J u x has an

advcrse t imc ' st riic.tur«. The x-ray photon S are eiritt ed i n a hon L 5x 10

pulses dnring abouL \C with a dark pt-riod of I Q ms, that is, nai'h

pulse öl '«100 pü conLains ^ 10 p h o t o n s . There fo re , the d e t e t i L u r s are

I o n i s a t i o n chambers (if,) w i l l : 10 jiu L l i i c k liapton Windows.

The. p lanar copper electrodes uf the IC' s liave a spacing ot 10 111:11 and

a volta^c of 10 V be tw^en t h e m . The gap can be f i l l e d with ;i i r , N ^ ,

Ar , Kr, Xc in a pressurc ränge of 'i- 0,1 b t() I b depending on the energy

ränge of the absorpt ion measurement. In ordcr t n gcL Lhe same d i f f u s i o n

timea of the ions in both of the chambers ( c f . Scc t iun 7), the same gas

and the same pressure in signal and reference IC are used. The signal

which one gets äs S = In -r';f, where T r ef and iK iR are the c u r r ^ n t s
Isig

of the reference and signal IC' s , then contains a compunc-nt depending on

the energy dependence of the absorp t ion of the chambers:

ds)

Herc i . f r . ) i s Lhe ab&crp t i i )^ coef f ic ie i i t u f the s anp i i - w i t h t h i ckness A

and V ^ (E) i s the absorpt ion cocif icient öf Lhe r e f e r ence and signal TC

w i t h Lengchs ö^ and dg, r e s p e c t i v c l y .

5 . S.-unp l &s

Solid and l i q u i d sample s have been investigated with the üqui

described sbnvt1 . Due to the c x i t slit stze the samples h.-ivü a typical

aröa uf 3 x 30 iimi1". They are niuunted on a rooliny /lieati ng device in a

vacuum chambcr and measurements can be perl 'urmeJ f rom l.NT LO "•' 600 K. In

order to get optimira signal to noise ra t io ( i - . f . eh. 7) Ll:u sample thickness

should be chosc;n in a way that i he t ransmiss ion in the FXAFS region is

about \QZ , Thi s curresponds t o a thickness i>f several Jtn. The l iquid

sarnples are prepüced between t h i n mylar f o i l s and the t h i t k n e s s can be

ad jus t ed af t er p r epa ra t ion .

liesidi ' the average t h i c k n e s s the second important teature oi Lhe sample is

the ho~t)gtiiieity of the Lh icknes s . P i n h u l e s , bubbl i ' s or any k i n d of

var ia t ion in the sample th i ckness or r.omposi t ion over the irradiated area

l e a d ' t o an apparertt decrc>;ise of the EXAFS ampli tude.

If a certain fraction R of Lhü sample area i-.onsists of holes, w h i l e the rest

has homogeneons thickness d, then it is s t ra ighlforward L u c a l c u l a t e the

mcasured signal S for a given absorption edge hei^hL AU and for a small

V a r i a t i o n &b (EXAFS) in P . The quan t i t i s s &v / A u and äs /^S are



- s -

propor t i ona l to the ac tnal and the measurud I 'KAFS a m p l i t u d i : ''•• and xm

r e s p e c t i v e l y . In Fig. 10 wc have. p l o L t L - d *~./V' vs. R for d i f t e r e n t

values of U - d. Tt is obvious that f ü r L r n i ' U s i m p l e s even sma l l i n-

homogenei ty causes drast ic ampl i tude reduc t Ions . Tb.i -: duts not a l l ec t

,H
Clie p e r i u d i c i t y "i" the EXAFS f r o m w n i r h hond U'nj j ths are <"-•<•: . u a t cd .

I I" only bond letigths are to be dt termLr.ed , one can e .g . s imply uso

powderized samples. But äs siion äs t i :e a tnpl i tudc »f thc- ÜXArs i s in -

volved, e . g . to d e t c r m i n e coordi rvi* i in immliers or Debyc-W.il ler f a c t o r s ,

mnre soph i s t i ca ted prepar ; i t ion techniques are n K f e s s a r y . The , - i -pl in jJe

of thc EXAFS can also be ini luenccd by st- .- iL Lc r td r a d i a t i n n :,i-d h i g h e r

order Bragp, r e f l e x c s . T S i c r e f o r e , sliieldine ; i j : ; M i i f i t s^a t lc>red r;ni ut ion

and suppressi'm of higher Orders a i t - L ipor tan t v ' " . i ' h . 8 ) .

6. Tntena i ty of the pho ton i>eam

The photun f l u x o£ thr - -.onodirornatir x-rays i an be e u t iin.-ii cd in Lwo

way h I

1. Kr.j::i l hf1 i n t c n H i t y d Istr i but i im öl t In.' sy iu -h ro l r . > n r;id j .1 1 i»n i n

phasf spai-e, takin.n, ir.lo .iccnu.ir a h s n r p t - i o n l ' isses i n l he HL- -^ i -.-/.l OK

( 1 . 5 mm) nnd i n ehe ai r {40 i - n i > , . i n d i n c h i d i i i g t h t; a ; : l i . i , • > [ L he

<j
c r y s t a l , f o r G e 1 1 1 wo r a l c u l a t « ' ; : monüc t i ron-u i i T l u x . ' l 4 , " ^ - 1 Ü / ;

al h •= 7 h-t'V p h n t o n r n c r ^ y , P mA e U - c L r o n m r r o i r l i -i i h e U T S Y

o p i r d t i i i ; t J L 7 .2 C i - V m-ixin- .! liinT}:;. .

?.. Fr um the measur i 'd i r,.u /ü t i im f u r r n H l j - 3 - l ü A .n t l i r s;in.c

paramtHi-rs we get w i t h an avt-r . ' i . 1 - 1 ior.i 7.ui i im en,;r,-} ö l l ; = 3'* e\r ion pai

üoth of these values may well be wrong by a fac.tor of 2, Kt;

the agreemenC i& reasonable . Similar considerations for a 12 kW

r o L i i L i n g anude x-ray generator wi th an Ag anöde and a f l a t LiF

c rys t a l monuc h r o m a L u r a t 10 keV w i L h ^ 5 eV rcsiilvit iun yield a

£lux of 3 - 1 0 /s. U' i th c u r v c d t r y s t a l monochromato r s , howev^r ,

Lhis f i p u r e may be increased by Orders of magnltude wi thout ton

m u r h darnaging Lhi? resotut ion . Here problems arise f r o m the

appearancc o t charac Cer is t ic l in t ' s in th(^ spectra. In contra s t

l he Synchro t ron r a d i a l i o n exhibi ts a s t ruc ture lcss spectrum over

a largc sprr t r;il r;in^f. A L uei La in energies , however, spikes in

t hü a b s o r p L i D'.i spectra rn;iy occ' jr , which have nothin^ to do wi th tht'

absot p L i ü i i cotrf i" ici tnt of the sample u r t i , ^ source charac te r i s t i cs

(s PC i n s p r i of F i g . l ) . AL L liest! ene r^ io s , the t ra i i sn i i sBioi i of L l i e

monoc-hrom.itor is reduei-d bv up to 50'/. T h i s e t t ec t is scen whcnever

add i t i ona ] to the n i r c i n j r y Bragg r c t l p M another out^inn; ' . wave into

a d i f f e r o n t d i reu t ion w i t h t he same wavelength is p o s s i b l e . Diae tu

d y n a m i r d i ff rar. L ion L he d 11 fe i e:iL liragy u r der;; havc d if f c.rent rork i n^

curvcs . T h e r e i o r e , t h e r n t i o o r t i r s t order to higher nrder i n t ens i l y

m a v chan^o strongly nenr such points . This leads to a spik<. j in the

ü b K o r p L i o n BpL-c t rum, becau&c the f i r al order i s .ibsorbed stronger

C h a n thc I n g h p r o r d c r s . Ot i -ourKt; , a l .su any coiisLanl b a r k ^ r u u n d ,

sui-h .is s r . i t tered x-ray= or f l uo re soence cnh;mr' .L-a the heii 'ht of L l i e

e ; p i k ü .



7 • Signal L_o noi sc

A numerical ea l cu l a t i on n i n i m i z i n g t h;1 r.-itio oi thc- mean square

disp lacement of a data point measured in one seeond due to p ho ton

s t a t i s t i c s to a small Var ia t ion '''kl i n the absorption spt ' c t rum

y ie lds the optiraum t ransmiss ian ot the sample (' '• IOX) and the

Q

ionizat ion chambers . Assuming 5 - 1 0 photons/s ine ident on the

f irs t detector one obtains a value oi 1 . 1 - 1 0 Eor signal to noise

4
ratio. Actual ly , a Signal t o noise rat I D of 0 .2 -10 ha s been

measured, This is m a i n l y due tu thc t ime. s t ruc ture of the rad ia t ion

(cf .sect ion 4). The "duty cycle" of the radia t ion pulses is 1/20,

So the average autput voltage cf the curreat amplif iers has to be

lower than the maximum Output voltage by at least this factor 20.

Ihis leads to a signal-to-noise ratio generated only by Ll ie c u r r e n t

amplif ier alane of already less than 5 -10 . Addi t ional ly , Uie

beam-intensity f l u c t u a t e s strongly f rom one pulse Lo the next one

(up to - I00£ )„ So any differei ice between signal aiid re fe rence chaimel

in any of the time c-onstants involved, even for very large unes ,

results in addit ional noise on the divided signal äs a response tu

the intensity f luctuat ion. These are special problens, due to Lhe

tirae s tructure of a Synchrotron which do not oucur at s torage rings or

s-ray tubes .

8. Higher ordcr Bragg re f lec t ions

Photons of higher order Bragg re f l ec t ions usua l ly yit ' ld a monotonous

background in the transmission spectra that influences the araplitude

ot ihr I'.XAFS signal in the same way ns inhomogenei ties in the

sampU: . A d d i t i o n a l s t r u c t u r e can occur i f L l i e r t f a re absorpt ion

i>dj>'s at the n - l i i l d oT ic -cgy . The in t ens i ty of Lt',c n th order

sign;il is, huwcvor , xur.h lower than the J ' i rs t c i rde r signal for

the t n l ] o w i n g reasons:

1. The integtrated intensi ty oi" the higher order l ight is

proportional to the width of the d i£ f r ac t ion pa t t e rn of the

2
c rys t a l which is proport ional to l / n (n is the order of the

re f l ex ion ) .

2. The intensity is proportional tu the atomic forin t;ict«r

which decreases wi th inc reüs ing energy and to the s trurture

factor which raay be zero f n r spet:i£ic ordere, e .g. for sec-.oud

order of Ge and Si in all odd indexed net planes such äs 1 1 1 ,

3 1 1 , etc.

3. The intensity of thc SB drops wi t l i increasing energy {cf. Fig. 2 ) .

This is only partly compensated by the decreasing absorption of the a i r ,

k. The e f f i c iency of the de tec tors de.oreases wi th incrcasing energy,

' the e f f i c i e n c y s: being the ionisation current per incident phuLon:

_ T

where F. is the photon energy and v (E) = E not too close to the

absorption edges. For the signal chamber with 84^ ahsorption in

f i r s t order (optimum value) the energy being one, it is 0 .49 for
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second, 0 .24 for th i rd , 0 .135 for f o u r t h , i f r,u abso rp l ion ed^es

are present in the gas in this energy ränge.

This means for instance t ha L for G t: 1 1 1 a L 10 keV f i r s t order eiu-rgy

thc ionisation current of the third order should he s k a l i e r hy a

factor of 0.002 for a l l gases. If in this case a sample w i t h i . - d ^ 2

for f i r s t order is Tneasurcd r w h i i - h has prac . t ica l ly no absorpt ion at

30 keV, the ratio of third order s lgna l tu f i r . s t order signal should be

0.02. This is equivalent to a f r a c t i o n R =0 .2% öl" hu I C H in tht sample

which leads to a decrease of the EXAFS a m p l i t u d e o T no i:iore than 1Z.

Such e f f e c t s werc not inves t iga ted sys temat ica l ly . However, for L h i c k

samples (yd ^.4) they uere see.n to be prohibi t ive .

9. Summary

A d e v i c e has been b u i l t up to take advaiiLage of the h igh in tens i ty

10 d;it,T poin tSwi th about a f a c t o r of 10 be tLer s igna l tu n i M s c -

ra t io , a f a c t o r 150 shorter run time and a f a r t u r 01" 2 b e t t e r in energy

resolution can be r;easured compared tu a 12 W. ro ta t ing anöde x-ray

gener aLor , The appara t n K has he.en aucccss f u l ly used for a number of

e x p c r i m e n t s . It o f f e r s the advantage of strongly po la r i zcd radi;ition

which makes also d i rec t ion dependent s t ruc tu rp ana lyz ing by EXAFS

pos s ih l e . Due to the h i g h üncrgy r e so lu t ion the Instrument niay also

bc used for n e a r - e d g e - - s t r u c ture invest igat ions .
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Figure Captions

Absorption of Ir09 at 77 K. at the Ir L^j-edge.

Calculated photon f l u x nt DF.SY Lhrough a 30 r-jn

wide, 8 mm high window at z - 40 m ITOTT. t l ie source

point . vs. photon energy, f -or d i f f e r e n t maximum energies

cotnpared to Um f lux of an x-ray generator inLo the

same solid angle.

Fig. 3 Schematic diagram of ehe experimental. s e tup .

Fig. 4 Definition nl the coordinate System h>r phase space

representation. The. o r ig in (source point) l it>;; OTI the

equilibriiim electron orbit at i ts Laiigent point w i t h

the center of the beam pipe.

Fig. 5 Representati im in phase space oi the vertical componc.nt

oi" electron (dashed) and l ' j , ri keV x-ray beam (solid ellipsc)

half-width l ine . The hatchcd area between the s t r a i g h t

l ines is transraitted through the 2 mm s l i L at z - 37 m.

(Jalculated valunts for : a) ver t ica l angular width fiy'

(fwhm) of the x-ray bc;>ni ( 1 3 , 3 k e V ) and D) tiie corrc-spond inj.;

f l u x and c) dcgree of polari Kat ion behind slit at 7, *= 37 m

with vert ical width d at l,i GfV e l ec t ron cnerp.y «nr. \0 keV

photon energy.

Horizontal phase space component of x-ray heam. Solid

eil ipse at z = 0, dashed e] l i pse at z - -12,5 CK. The

hatched area between the s t rai^ht l ine.s i fi t r a n s m i t t e d

through the 30 nun slit aL z - 37 m. The dot-dashed lines

are the hal£-widt.h l ines of the superposi tion ot the ellipses

at all z v a l u e s .

Fig. 7

Fig. 8 Cümponents and their quadratic sum (solid lines)

of the energy resolution due to the rucking curve

width of the crystal (daul ied lines) and due to the

vert ica l divergence Ay' of the beam (doLted l ines)

versus transmitte.d energy for Ge 1 1 1 and Si 220.

Absorption spertrum of t at the Cr K-edge.

Rat io of measured Lo actual ampli tu.de of "<{k) V K .

inhomugeiieity of the sample thickness in terms of Lhe

percentage R of the sample area covered hy holes.

Calculated for d i f fe ren t sac-.pl t: thicknesses ji-d for

E>K e d g e and a ra t io of )j(E<E e d g e) / ,1 (E > Eedse) =

0,155 correKponding e.s- tu Lhe K-edge of metallic

c.upper .
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