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Soft x-ray beamllne for surface EXAFS studles in the energy range

60 < hv ¢ 11100 ev at the Daresbury SRS

A.A. MacDowaell, D. Horman and J.B. Weat,

BERC Daresbury laboratory, Daresbury, Warrington WA4 4AD, England.

The characteristics of the beamline used for surface EXAFS (Extended
X-ray Absorptlon Flne Structure) studles at the Daresbury Synchrotron
Radlatjon Source are descrlibed. Monochromatlc photons are avallable
in the plhioton energy range 60 < hv ¢ 11100 eV. This has been
achleved uslng a monoohromator with a combinatlon of crystal and
grating optlcas, The radlation la focused through the monochromator
by a toroldal premlrxor at 0.5° grazing angle. Thres palrs of
crystals and a plane grating with focusing mirror are avallable which
can ba ilnterchanged under UHV. The plane grating/mirror
monochromater has two ranges of zerc-order angles 6.4* and 2%, giving
plioton enexgy ranges of 60 — 550 ey and 600 - 2000 aV respectively
with a 1200 & mm™* grating. The crystals 1In uso are IngSb{i11},
Ge{1%1) and Ga{220) having photon energy ranges of 1745 - 7360 eV,
2000 - 8430 eV and 3260 — 11100 evV. The performancs of the gratings
and crystals in respect of lntenslty, resolutlon, Bcattered light and
lilgher orders ls discussed and scme representative results from the
beamline are given. Detailed conslderation has been given to thermal
affects on the crystal and grating optles. The grating can be
exposed to a maximum power denalty of 9 W cm~2 and has so far
performed adequately. The crystals, whlch can see power denslties of
up to 150 W cun~2 have survived, but exit beam movement and enargy
scale shlfts are observed. Efforts to reduce these beam movemant
effects have been suocessful inasmuch as the lnetrument 1s useable.
Insb crystals suffered soue radlatlon damage. Beryl and Quartz
cryatals have been tried but d4dld not survive. Racommandations for
the elimlnation of these beam heating effects are glven, along with
future improvements to reduce beam size at the sample for the
gratlng/wlrror part of the lnstrumaent.
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INTRODUCTION

The surface EXAFS (3SEXAFS) techniquel offers a powerful way of detur-
mlning the atomic arrangement of solld surfacea. 'The potential of euch
experlments has been limlited by the avallable technoloyy and only within
the last few years - since the wmore reliable high brilliance storage ring
light sources became avallable ~ has there been a push towards standardisa-

tlon of the technigue.

SEXAFS experiments roguire a tunable monochromatlc photon source. The
output from bending magnets on storage rings la a broad contlnuuwu and Ehusa
a scanning monochromator 1ls necessary to eelect the regulred wavelenyth.
Ideally the monochromatcor should scan an energy range that covera as many
elemental lnner shell abaorption edgos as pesslbla. Such an instrumeant
would of course allow the greatest flexlbility Lln the klnd of experiment to
be carried out. Other desigu constraints lmposed by SEXAFS are the ULV
nature of the expariment and the usual requirements fur a small intenss

photon beam aeize at the pample.

With these requirements in mlnd we have bullt a windowless beauline for
SEXAPS studles uslng radlation from dipole € on the 2 GeV Daressbury
Bynchrotron Radlatlon Source (5R8). This beamlline iz the Bubject of this

paper.

I. DESIGH OBJECTIVES ANHD OPTICAL LAYOUT

The objective was to deslgn a UHV-cowmpatlble (< 10-% Torr) beaamlline

which could supply to the sample (1) monochromatlc radlation In the

0.1=10 kaV runye wlth a resolving powar of ~ 500-2000; {(il) provido a high
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intensity beam of amall size (< 8 mmZ) at the sample; and (111) have a

gpatlally flxed beam behind the monochromator.

These deslgn objectlves are simllar to those of the JUMBO beamline? at
Stanford. The main novel fwature of our beamline is the very large
{0.1-10 ke¥} energy range which has been achleved uaing a monochromator
havlpng in altu interchangeable crystal and grating optics. The crystal
optlca cover the hlgher energy range whereas the grating optics cover the
lower energy range. The use of focusing optlcs provides the small spot
alze at the sample. The requirements of a spstially fixed exit beam after
the monochromator needs the crystal optic part of the monachromator to be
the dunble crystal +1, -1 conflguration with the standard two rotatlons and

one translatlon motlon of the two crystals.

Wlth these considerations ln mind the beam linea concept shown in Fig.1
wag chogoen. Flgure 1la) shows the optical arrangement for the beamlins
when used In tha hlgh energy double crystal mode. The radiation 18 collec-
ted by the toroldal mirror and focused through the double crystal mono-
chromator onto the sample. The slngle toroldal mirror providea focusing in
both the vertlcal and horlzontal planes. The Bragg angular range 1a

13¢=72°. Thle i8 essentially the game layout as used at Stanford?,

Flgurc 1{b} shows the optical layout when used in the low energy
gratlng mode. The radlus of curvature of the torold in the vertlcal plane
1s lncreased to provlde parallel radiation onto the plane grating. This
redures focal shift when the monochromator 1s scannhed. The dispersed
monoéhromatlc radlation i then focused by the spherical mirror onto the
exlt sllt. The gratlng/mirror combinatlon 13 based on the Hiyake

prlncl.ples, and two ranges ares avallable with zero-order angles of 2* and
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6.4, The cholce of angles was based on Refs. 3, 4 and 5. The baslc
parameters for the grating/mlrror monochromator are given in Table I for a
600 £ mm~! and a 1200 £ mo-! grating, although thls paper reports only the
reaufts for a 1200 £ mm~l ruling denslty. Pocuaing in the horlzontal plane
ie provided by the toroldal premirror with the radlation focused through
the monochromator onto the sample. 1iIn the vertlcal plane the radlatioa
diverges from the exit slit. Both divergence and exlt sIlt-sample dlstance
gshould be small to reduce beam slze in the vertical plane at the sample.
The vertical displacement of beam is 20 mm for both the crystal and grating

moda of the monochromator. The antire beamline is windowless.
I1. FOCUSING OPTICS - THE TORDIDAL PREMIRROR

The high snergy cut off ls limited by this mirror and to achleve a cut
off of ~ 10 kaV a grazing angle of 0.5° is used wlth a gold reflectlng
rurface®., The mlrror is a fused quartz cylinder, 8 om thick, 12.5 cm wlde
and 75 cm long’. Thia cylinder is bent to a toroldal shape using the con-
cepts of Howell and Horowitzs, and the results of setting up thls mirror
system have been reported previcusly?. Due to the relatively large alze of
the electron beam at dipole 6 of the SRS {6 mm horizgontal x 1.2 mm vertical
E.u.h.m.lul, some demagnification 1s needad, and the mirror demagnifies the
source 2311 at the sample. The mirror 18 11 m from tha source point and can
accepkt up to 5 mrad (horizontal; * 9.6 mrad {vertical) of synchrotron radl-
ation. The focusing conditions® require the major and minor radll to be
840 m and 6.4 om respectively when focusing in both horlzontal and vertlecal

planes onto the sample.

The banding of the cylindrlical mirror 1s achleved using the mechanlsm

shown In Flg.2. The mirror 18 supported on lts base at lts two ends. Thlse
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pupport ls aubstantlal and extends to the large vacuum flange on whleh tha *
mlrror is effectlvely mounted. At a diastance of 9 cm from the ends of thae
wlrror, four alumlnium pads sit on lts top outer rim. These are connected
to a central rod which, when pulled in & downwards dilrectlon exerts the
nacessary opposing couples to band the mirror lnto a toroidal shape. This
caentral pulling rod connects through the vacuum via bellows and has its end
threaded with a 2.25 mm pitch. Thls central rod ls pulled down by means of
a dlfferentlal screw syatem consisting of a speclal nut of inner thread
pltch 2.25 mn and an outer counter thread of pltch 2.50 mm. Thus one full
turn of this nut by msans of the manual wheel pulls the rod down by

6.25 wn., Mogt of thls movement bends the out-rigger arms from the central
rod but gome moves the aluminium pads downwards the required 123 pm. The
maximunm regquired sagltta of the mirror is 84 pm. Thls can be monltored by
means of a dial gauge mounted on the top outer rlm in the middle. Movement
is transferred outside the vacuum via bellows. The flexing of the mechan-
lam as a whole ls monitored by means of two simlilar dlal gauges which are
in contact with the lower surface of the mlrror at ite ends. We flnd that
the whole mirror lowers by 1 mm as the mirror ls bent to the mlnlmpm major
radjusa of 840 m. This is due to flexing of the maln end supporting struc-
tures. To compensate for thls the whole assembly ls ralsed by 1 mm on its

gupports.

The thermal load on the mlrror was glven conslderatlon. For a gold
reflectlng surface incldent to the synchrotron radlatlon at a grazing angle
of 0.5° it was estimated that ~ 10% of the thermal power of the beam would
be absorbed by the mirror., fThe maximum power from the SRS le 12 W mrad~i
at 300 mi, 2 GeV. This resulta in a maximum abomorbed power density of
~ 0.02 W ci~? on the wirror surface and a total maxlmum absorbed power of

~ 6 W. 'Thls power loading is lowll and 1t was not expected that the mirror
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would have to be forclbly cocled. In practice wa have found no evldonce of
thermal effects on the focusing propertles of the wlrror. If the white
synchrotron radlation wers allowed to hit the end of the mlrror which
directly faces the beam, however, conslderable heat loads would be
expected, Tho end of the mirror was protected by an uncooled oxygen frue
copper plate wlth a slot shaped to accept the useful synchrotron radlation.
1t was not consldersd necessary to cool thls plate because although Lt gets
hot (~ 200°C), outgassing ls relatlvely low from the pure oxygen—Eree
copper. Also the premirrcr seotlon does not nead to be truly UNV aa lt ls
well differentlally pumped from the storage rlng at one end and the
experiment at the other - both requirlng ULUV (< 1010 Torr}. The maln
vacuum rsqulrement for the presmirror sectlion ls to be hydrocarbon free to

reduce contaminatlen on the mlrror.

The same arguments apply to the uncooled bean defining apertures in
Eront of the premirror 10 m from the source polnt. The horizontal aperture
1s adjustable by means of two independent slde jaws. The vertlcal apcrture
selactor conslsts of a serles of preset slits on a maneal llpear motion
drive that allows vertlical aperturea of 0.05,30.1, a,2, 0.3, 0.4, 0.5 and
0.6 mrad to be selected. A pneumatlcally operated water-cooled copper musk
posltioned upstream of the apertures can be used to mask off the beamline

optlca.
1ITI. THE MONOCHROMATOR

This 1ls shown schematically In Plg.3d. The double crystal monochromator
section conslista of three palrs of crystals (Ge{111}, lnSb{111) and
Ge{220}) of crystal dimensions 25 x 25 x 3 mm. The crystals are front

surface mounted in replaceable crystal holders, and can be translated as a
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palr into the beam by means of a manual linear drive. The crystals require
two rotations and ons translation to achleve constant vertlical daviation.
These motlona are transferred into the vacuum chamber by means of three
Independent linear drivee. The two rotatlons are then achleved by means of
internal sine bara. The upper crystal recelves the white beam and this
crystal simply rotates ahbout its front surface. Monochromatic radiaticn 1s
Bragg reflected to the lower crystal which has to tranglate and rotate.

The lower crystals are mounted on a linear translation carriage which runs
on two precision~round bars that aro parallel to the horlzontal optical
axis. The optical flat for the small wheel bearing at the end of the gine
bar for the lower crystal rotation 18 arranged to be parallel to the

horlzontal optlcal axise. The Bragy angular range ls 13°-72°¢,

The lever arms of the sine bars were arranged to be approximately
parallel to the horizontal optical axis at the mid Pragg angle of the
inatyument {42.5°). The lever arm length was chosen to be 208 mm such that
a 1 qum lirear motion rotates the crystals by ~ 1 arc second throughcut the
angular range. Optical interferenca encoders!? with a resclution of 0.1 jum
are attached to the lead serewd of the linear motlon drives. Stepper
motors, powered via sine-cosine drives to ensure smooth accurate running,
are used to operate the linear motion drives. Poaltloning of the linear
moltion drives to * 0.3 pm Is easlly accemplished. The total motion of the
slne bar linear motlion drive 1s 200 mm. To enpure a true linear motion of
the lead acrew avser thla long ranga it 1s gulded internally by means of a
linear bearing assembly. The vertlcal displacement of the cutgolng mono—
chromatic beam 1a 20 mm, requiring a total horlzontal translatlon of the

lower cryatal carrlage of 70 mm.

The gratlng/mlrror sectlon of the monochromator conslsts of a fused
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eilica 1200 % mm-1 platinum-coatad lamlnar gratlng13 (25 x 25 X 8 mm) and a
gold-coated 5 m radlus spherical mirror in the Mlyake conflguratlond. The
grating/mirror combination can be transiated lnto the beam uslny the same
manual linear drive that translates the crystals. The gratlng ls mounted
on the same rotatlon assembly as the top crystals and lts rotatlion 1s per-
formed by the same motor/sine bar agsembly. The mirror has to translate
and rontate allowlng for zero—order angles of 2° and 6.4°. To achleve thlsa,
the mirror is mounkted on an entirely separate carriage that can be rotated
and translated by another two Independent iinear drives. This carrlage
runs on the same two parallel reference bars as the lower crystala. The
total translatlion required for the mirror ls a dlatance of 200 mm. Thls la
achleved using a similar linear drive with encoder as for the crystal
motions. As the translational pogitlon requirements of the mlrror are not
¢ritical to better than ~ 50 pn coats were‘reduced by using a linear drive
of only 100 mm travel with an Ilnternal 1:2 cantllever mechanlsm to allow
the necessary 200 wm total, The rotatlion of the mlrror ls accomplighed
using a similar sine bar assembly as for the lower crystal assembly. The
exlt elit of the monochromator ls in the dispersion plane of the gratlng/
mlrror combinatlion. It has two ranges - fine (5-500 pm)} and coarso

(0.5-6 nm), The fine range ls used to determine the resolutlon Erom the
grating monochromator. The coarse ranga slmply allows the glits to be

fully openad more rapldly for use In the crystal mode.

The entire monochromator is made from stalnless steel, wlth phosphor
bronze halng wsed In comblnation with stainless steel where frlctlon la
inevitable in the unlubrjcated uhv environment. Hlgh gquallty preclalon
stalnless steel bearlngs are used for all rotatlons. The entire Instrument
fits Into a cylindrical veseel about 750 nm 1n dlameter x 450 mm high

pumpad by a 400 f a-1 1on pump and a 1000 £ ¢~! tltanlun sublimatlon pump.

HORM-B5/615 . a



All the five drlves are under the control of a PDP-11 computer later-
faced to CAMAC hardware. The crystal holders come wlthin a dlstance oF
~ 3 mm on thelr closeat approach (45° Bragg angle). Because the crystals
are independently driven, computer error, an encoder error or metor fault
could reasult ln the crystals collldlng, wlth conaaguent damaga. To prevent
thls, a dummy pair of crystals slightly larger than the real ones ls
inatalled on the cryatal rotatlon axea. One dumuny holdar 1s electrlcally
isolated such that when the two holders touch, a hardwlred clrcult stopa

all motors. The system can then be resat manuallly.

IV. HMONOCIHROMATOR OPERATION - DOUDLE CRYSTAL MODE

A total of 2 pm thickness of carbon, composed of one rack of ten self-
supportlng carbon fllters!® each of thlckness 2000 A, 1s lnsertad into the
whlta beam before the toroldal premlrror to remove the ultra vloclet compon-~
ent of synchrotron radlation which would otherwlse specularly reflect from
the crystal surfaces and be transmltted by the monochbromator. This is
congldered in greater detail In sectlon V.D. The premlrror ls bent to lta
fullest extent to focus radlatlon Iln both horlzontal and vertical planes
onto the sample. The apertures ln front of the premlrror are usually wide
open and the entrance sllt to the monochromator is simply used as an
angular aperture to remove stray light around the edges of the beam, Tha
Eocusud spot slze on the sample 1ls 4 mn wide x 1 mn hlgh f.w.h.m., this
being the rosult of the 2:1 demagniflcatlon + aberrations of the source

{6 mn x 1,2 mm f.w.hom.).
‘he angle and posltlon of the crystals ls calculated from the slmple
trigonometry of the instruwent. Owlng mainly to thermal eftects (ces

section V.E) rotatlon of both crystals by dead reckonlng la not aufflclent-
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ly accurate and the crystals then have to be flne tuned to transmlt the
raquired part of the rocklng curve. Thls ls achieved by menltorlng the

output x-ray Intenelty and using thls as a elgnal for a feedback loop.

The output beam monltorlng sectlon after the monochromator Lls shown
schematically ln Pig.4. It conslets of two trancmisalon photodlode dutec-
tors geparated by a rack of beam deflning apertures. 7The flrst photodlode
(Io') is made from B6% transmittance copper mesh. The drain current ls
measured directly with a picoammeter whose output ls connected to &
voltage-to-frequenoy converter and then to a CAMAC scaler, Currents in the
range 10711109 p are observed, depanding on ring current, crystals and
Bragg angle. Careful attentlon les pald to the shlelding of these amall
currents. Thls first monltor sees the cntlre Bragg peak output Erom the
monochromwator. The beam can then be reduced in slze to watch tha sample
size using the apertures and the resulting transmltted flux of x-rays
(lncident on the sample) is then measured by the gsecond photodlode Lyl
conslsting of four different transmlssion photodlode materlals, lnter-
changeable in situ. Thase ara 2.5 pm beryllium foil, 0.7 pm alumlnlum
fall, 86% transmission copper mash and 92% tranamlaslon tungsten meah. The
drain current ls measured dlrectly wlth a plco#mmeter. Geperally abuve
2000 av the 0.75 pm alumlnium foll ls used as thls glves the largest
algnal. The 1745-2000 eV range (covered by the InSb{111) crystala) ls
monltored uslng the berylllum Eﬁil bacause alumlnlwm EXAPS can lnterfere Ln
this region. The folls/meshes can be rotated to face an lon qun for
periodlc cleanlng if they become contaminated wlth an Llnterfering element.
Argon or oxygen are the cleanlng gases used. Argon cmbeds itself Lo the
monltor and produces an edge at 3206 aV 80 oxXygen can be used to clean the

monltor Lf the argon edge lnterfares with the scauning rangs. A rack of
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callbration foils can be inserted 1ln froni of the Iy monltor to check tha

energy scale of the monochromator.

Only the first monitor [I,*} ls used to provide the slgnal for the
feedback loop. Thia feedback loop 1s entlrely under computer control. In
operatlon the computer synchronously drlves the three motors to encoder
readlngs calculated from the almple trigonometry of tha instrument. At the
flrat polnt of the scan the calculated position of the cryatals usually
regults Iln no owtput from the monochromator due to thermal eEfects on the
first crystal (see sectlon V.E). The top crystal is then rapldly rotated
hack and forth until a slgnal 1s obtalned from the Io' monltor. Rotatlon
of tha top crystal then proceeds more slowly as the crystal 1s rotated in
small stepa and the rocklng curve mapped out. At each step the Io' signal
1s monltored for 100 ms by the CAMAC scalers. The step slze 18 scaled to
the Darwin wldth of the rocking curve and is ~ 0.02 x Darwin width. The
top of the rocklng curve ls established by movlng three steps over the peak
to prevent spurlous nolse from imltating the maximuwn of the rocking curve.
The top crystal rotatlon encoder 18 then read, whlch when subtracted Erom
thie calculated encoder reading provides an inltlal offset (dependent on top
cryatal heat lovad) that can be used as the starting point to speed up the
peak-gearch for the next polnt 1n the scan. If the user requlres the
maxlmuwn output from the monochromator, the crystal la rotated back three
steps to the top of the rovklng curve. If harmonle rejectlon le requlred
the monochromator has to slt at a glvon percentage of peak helght on the
slde of the rocking curvel5, In this case the top crystal contlnues to be
stepped untll the monochromator output 1a equal to the requlred fraction of
the peak halght measured ln the peak finding sectlon. Because the harmonlc

rejection output ls on the steep gradlent of the rocklng curve, the step
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glze usad reduces as the correct output signal 1ls approached. Step eize at

the final approach 1ls ~ 0.005 X Darwin width.

;lote that the IU' phetodiode mesh wires are at 45° to the horlzontal
(Flg.4). This is necessary because during a peak search there ls a
vertical displacement of the beam during the mapping out ¢f the rocklng
curve. If the wires were horlzontal the I,' response would be step-llke Ln
nature as the beam 1s moved vertically over each wire. The use of two beam
monltors (I,' and I,) has proved to ba neceasary due to this vertical beam
movemant durlng peak search. The firat monitor (Iu') is requlred to “see”
the entire rocklng curve proflle in order to provide the correct feedback
signal to select the reguired part of the rocking curve to ba transmltted.
The second monltor (ID) "sees™ a convolution of the rocklng curve wlth the

angular acceptance of the aperture. Uslong this as the feedback signal does

not glve satlsfactery results.

for the next photon energy in the scan the lower crystal ls drlven to
the calculated position from the trigonometry of the linstrument. Uslng the
value learnt from the previous point the top crystal is rotated to an
encoder readlng that posltlons the output near the top of the rocking
curve. Only the very top of the rocking curve is mapped ocut thils time and
then the monochromator ls positloned where required on the rocking curve.
Onca the monochromator has learnt the offset value from the flret polnt,
the time for the moncchromator to move from one photon energy to the next
la ~ 2-3 8. The top of the rocking curve is determined to better than

0.1%, this belng the variatlion In output from point to polnt in the scan.

This feedback system described is slmilar to the one employed to drlve

the JUMDO monochromatorl!®, The main difference 1s that our monochromator
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remalns entlrely under computer control whereas in the Stanford lnstrument,
the peak ls established uslng an analogue dlfferentlatlng circult. HNote
algo that our monochromator la statlonary during the data collectlon time.
The flux cutput ls therefore conatant during thls time, whereas other
feedback technlques employed on double cryastal monochromators result in a
monochromator output that la constantly osclllating (see for example

rezf.35).

V. PERFORMAHNCE - DOUBLE CRYSTAL MODE
A. Mechanlcs

The positlons of tha lnternal slmne bar mechanlsma of the monochromator
are measured ocutside the vacunm uslng the optlical ilnear encodera. Tha
abillty of these to represent falthfully the rotatlons of the crystals lsa
of vital importance to the operatlonm of the monochromator. To check the
repeatablllty of the rotatlon drlvea, rocking curve profliles wara plotted
agalnst encoder readlng by keeping one crystal statlonary and rotating the
other. The crystal that waa rotated was driven from alther dlrectlon
geveral tlmeas. Errors ln the rotatlon mechanics of the moving crystal
would appear as a dlsplacement of the rocklng curve relatlvs to ancoder
posltlon. Although slne bars are Iln prlneclple backlaah free we cbserved an
apparent backlash of ~ 2 arc seconda. Thls can be explalned by small
radlal clearances In the ball bearlngs. For drlvlng Ln one dlrection it
was Eound that tho absolute repeatablllty of the rotatlon has a atandard
devlatlon of * 1.0 arc seconds. Both top and bottom rotation mechanlsmsg
bebhavod ldentlcally, 1In vlew of the rocklng curve wldths of the crystals

usged (z 30 arc seconds) theae drlving accuracles are mors than adeguatae.

The energy callbratlon of the Llnatrument ls cobtalned from simpla

trigonometry. Uslng the thln folls in the exlt beam monltorlng sectlon the
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callbratlon accuracy over lea entire angular range 1s found to be woll
wlthin the experlmental error ¢f determinlng where the e¢lemental edge is.
Ho evldence of calibration errora due to mechanical inaccuracy haa beun

Eound.

B. (Cryatals, energy range and output

Three orystal palrs are in use. The 24 spacings and energy ranges are
InSb(111) (2d = 7.4806 A, 1745-7360 eV), Ge(111) (24 - 6.532 A,
2000-8430 eV) and Ge(220) (24 = 4,00 A, 3260-11100 ev}. The measured
outputs from the crystals ars shown In Flga.5, 6 and 7 with the SRS operat-
ing at 2 GaV. The absolute number of photons per sccond per 100 mA was
detarmined uaing the 0.75 pm oxidised aluminlum I, monltor and the photo-
emispion ylelds of Henke et al.l?, Two photosmltting aurfaces were assumned
and the photon attanuation by the foll was taken into account using the
croas-gectlons of vlagelala.

Flgure 5 shows the transmisslon functlon of the InsSb{111) crystals.
The gold H edges from the premirror and the indium and antimony edyes ace
tdentified, Several apurlous crystal glltches are present. Thess are a
problem and are further discuased In Sectlon V.D. ®e have obgerved short
term changes of our InSb{111) crystala. In the low energy reglon the naw
crystals produced four glitches at 1848, 2029, 2139 and 2144 ev. After
30 A h of boam whero the first érystal temperature rcached ~ 200°C there
warae only three glitches at 1850, 2035 and 2110 eV. It seens as 1lf the
cryatal euffered anneallng. The crystalas remalned stable then for over one
year of use (~ 2000 houra expoaure} until contlnued use at large Drayg
angles with high currents (300 mh, 2 GeV) resulted in tle surface melting
of the firgt crystal. The bulk melting polnt of InSb (535°C) glves an

Indication of the eurface temperature reaclied for maxluum power Ilnput
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{50 watts, ~ 150 watta/cmZ). The InSb{111) crystals now have to be used

wlth a smaller aperture to reduce power loadlng.

The Ge{111} transmlasslon function (Flg.6) shows the gold M edges from
the premirror. Two contaminants, phoaphorus from an experiment and argon
from the lon cleanlng gun are readlly. identified. HNumerous cryetal

glltches ave aleo present.

‘The Ge{220) crystals transmlsslon function (Flg.7) shows eeveral
glltches slmllar to the other crystals. The hlgh energy cut off 1s at
11.1 keV due Lo the germanlum K edge. It 18 lnterestlng to note that
11 kev photons are stlll reflected-by a gold-coated mlrror at ¢.5° grazing
angle. The low energy cut off ls characterlsed by a rapld reduction in
lntenalty. The Bragyg angles used ln thls reglon are around 70° go the
thermal power denslty on the flrat c¢rystal 1ls pubstantial {seam
Sectlon V.E). For Ge{?20} wilth lts relatlively marrow rocking curve the
dlaplacement of the heated crystal's transmlssion on the DuMond diagram
(ref. 19 and Appendix 1) ls such that 1t does not overlap greatly with that
of the second unheated crystal. The result ls a reduction In the

transmitted x-ray flux.

Other crystals that have been trled have been S1{111) (24 = 8.271 A),
beryl (1010) (2d = 15.954 A} and a-quartez (1070} (2d = 8.512 A). The flrat
crystal In the palr of beryl and quartz crystals broke In the lntense whlte
radlatlon. The 51(111) crystals performed adequately but because thelr
energy range ls slmilar to Ge{111), and transmltted flux approxlmately 2-3
tilmes lower, the S1(111) crystals are generally not used. The reason for
the reduced llght throughput by the S1{111} crystals ls thelr narrower

rocklieg curve. Thls has llttle effect on resolutlon which ls domlnated by
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the convergence of the radlatlon through the monochromator (Bee next

gectlon}.

C. Fockling curves and enerqgy resolution

Rocking curves are easy to meagure with this lnstrument uslng the
1ndependent rotatlons of the two crystals. Double crystal rocklng curve
half widths for the three crystals InSb{111), Gel{111} and Ge(220) were
measured under low thermal lcad {SRS operating at 1.8 GeV, 100 mA} and are
gshown in ¥1g.8 as the solld lines. The Ge(111) rocklng curve ls comparable
with that obtalned at Stanford®, The Insb(111) rocklng curve compares
Blmllarly with that obtalned at the Photon Factoryzo which 1s better than
that obtalned at Stanfordl®. The dashed llnes of Flg.8 are measured
rocklng curves under more normal operatlng condltlons (2.0 GeV, 250 mn).
The rocking curves are broader due to the gradlent change of the heated

firat crystal's output on the DuMond dlagram {(see Appendix).

By dlfferentlating Bragg's Law the energy resolutlon (A&} of the

¢rystal monochromator 1ls glven as

2d E2 A9 coad
AE — 7398 & (2}
where 9@ 1ls the Bragg angle, 2d ls the crystal spaclng and E ls the photon
energy {eV). The angular half width term A0 can be approxlmated by summlng

quadratically the varlous half wldth angular contrlbutlons from the

beamllne components

" 2 2 25172
AQ (AOSR + ABS + Aec )
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where ABSR 1s the convergence angle through the monochromator (this being
twlca the vertlical angular divergencs of the radiation given by Ref.21}),
ABS Is the angular source helght as sesn by the premlrror (22 arc. sec.}
and ABC 18 taken to be the double crystal rocking curve width which as
discussed in the appendlix repressnts the upper limit for ths angular

contribution from the oryatala,

Calculated plots of resolution for the three crystal palrs are shown in
Flg.9. Here three different angular combinations are shown. The full line
denoted by C represents the resolutlon when conaldering only the rockling
curve width and represents the ultimats resolution attalnable. The other
Full line (denoted by C + S + SR) represents the resclutions for the usual
beamllne conditiona taking into account the crystal rocking curve, source
helght and dlvergence of the radlation. Hha can ba geen the resolution for
the low energy ranges of the crystals maintalns a E/AE value > 1500. For
the high energy end the resolutlon degrades to E/AE ~ 400 because tha
angular convergence of the radlation through the monochromator dominates

the AB expression.

The resolutlon can he lmproved ac the expensa of light flux at the
sample. Two wecthoda are avallable - collimation of the heam using the
vertical apertures before the premirror or unbending the mirror to aend
parallel radiatlon onte the crystala. Both have the effect of reducing
AGC. The dashed linea of Fig.9 ehow the calculated resolutlona for
Aﬁc = 0. For these plots, only the crystal rocking curve and source helght
are considered. As can be seen the amource helght becomss lmportant only
Eor high energies. An example of unbending the premirror 1a given in

Flg.10, which ehowa the tranamisalon EXAFS of a 10 pm titanium foil with

the premlrror bent and unbent, using the Ge(111) crystalas. Total photon
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flux has however reduced by about a factor of 4 due to bandpass reduction
and the radliation 18 no longer focused in tha wvertical plane. The
calculated resolution Improvement is from 9.0 tou 2.4 aV.

Knowing the handpass 1t la posalble to caleulate the efficlency of the
cryatal monochromator. For InSb(111) and Ge(111}) at 3 keV the efficlencles
ara 5% and 5.7%, respactively. For Ge{220) ac 5 keV the efficlency la

9.3%.

D. Stray light, erystal glitches, normalisation

It 18 necessary to remove the UV/vlaible component of the aynchrotron
radiation which would otherwlse specularly reflect from the crystal
surfaces and be transmitted by the monochromator. The followling methoda

are employed at Daresbury to achlieve thls:

{a) In normal use a rack of 10 x 2000 A carbon fllters {total thickness

2 um) le inssrted into the beam before the premlrror. They effectlvely
eliminate hy < 100 eV. When using high energy photons (> 6 KaV}, the low
Bragg anglea favour specular reflection. A 250 pm beryllium filter (cut
off ~ 2.5 keV) can replace the carbon filters in thie case, The Eilters
are posleloned in front of the premlrror to reduce the Lotal light flux
falling on the mirror. This might be expected to reduce the carbon contam-

inatlon rate.
{(b) The crystals are cut wlth thelr surface face offset by 0.5° from the
Bragg planes. The spacular reflected light thus propagatea along a

different directlion from the monochromatic x-rays.

{¢) The manufacture of tha InsSb{111) crystals included utching whlch

reaulted iln a substantlal surface pitting of the crystal. Thia has no
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ef fect on the Bragg reflected x~rays but the apecular radlatlon ls
scattered to such an extent that very llttle ls transmltted by the

monochromator even when the fllters are removed.

We do not ohserve a problem wlth scattered llght. A crude attempt to
meagure the Intenslty of specularly reflected radiatlon wlth the carbon
fllters Ln lndlcated a contrlbutlon of < 0.1% of that of the monochromatlc
x-rays. Thls specular llght would, however, not be following the dlrectlion
of the x-rays and would not even be able to pass through the monochromator

exlt sallt.

Crystal glltches have been ma&floned in gectlon V.B when the mono-
chromator output was dlscussed. We flnd that crystal glltches are dlffl-
cult to normalise out of total yleld SEXAFS data vhere the sample slynal is
only ~ 1% of the total. For bulk total yleld EXpFS we flnd the stronger

slgnal allowa notmallsatlon.

Crystal glltches are the result of multlple Bragg reflections betwasn
the maln reflectlng plane and hlgher order planes. They can arisa from
hilgher order planes wlthln a slngle crystal or from the reflections of high
order planes ln both cryatals. Mleorientatlng the crystals wlth respect to
the x-rays and each other but keeplng the maln reflectlng planes parallel
{i.e. rotate the crystals about thelr poles} are the usual ways of elimina-
ting glltchos. Qur attempts to follow thls approach have not been very

successful. Two technlgues have been trled to reduce the glitch contentt:

(L) The crystala ara orthogonal to each other with respect to their origln-

al posltlon in the boule from whlch they were cut. Thls ocught to reduce

NORM-B5/615 i9

the number of spurious reflections batween higher order planes of the two
crystals.

({LL) The top crystals can be rotated In sltu by * 12° about thelr poles
using a wobble stick assembly. The effect on glltches was very limlted.
For some glltches there was no effect, for others only a very sllght 10-20%
change in intensity. The remainlng technigue of removing the crystals and
randomly reorlentatlng them has yet to be trled. The UHV nature of the

Ingtrument does not lend lLteelf to thls type of experlment.

Another effect that might have been expected arises from the relatlvely
large convergence angle of the x-rays through the monochromator (up to
.1 mrad} and the narrow rocking curves that these hlgh-order glitch planes
should have. It ﬁlght be expected that the crystal glitch may be spatlally
distributed in the outgoing monochromatlc beam. Thils we f£ind to be so for
some glitches, such that by selectlng out different sectlons of the output
beam using the aperture mask in the beam monltorlng sectlon (Fig.4}, meno-
chromatle radiation wlth a hlgh or low glltch content can be chosen. Thls
has not proved very useful so far due to output beam movement effectsa

causad by flrat crystal heatlng (see next sectlon).
Finally we note that the gold M adges present In the tranamisslon
function of the crystals do appear to normallse out from SEXAFS data taken

to date,

E. Beam movement and thermal effects

A major problem in operatlon of the double crystal monochromator has
been the thermal loading on the first crystal, whlch ls exposed to the
partlally focused, whlte synchrotron radlatlon beam. lleat loads of up to

50 W wlth a power density of ~ 150 W cm~? are posslble with the SRS runnlng
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at 2 GeV, 300 mA. Thlx can result In a dlfferentlal temperature of over
200°C between the two crystals. The heatlng of one crystal resultes in an
increase In the 2d spaclng and a consequent shlft ln the energy acale and a
vertlcal deflectlon of the monochromatlc beam. Tha energy scale also

becomas non-1lnear.

The reaeon for the vertical dsflectlon of the beam can be aseen from
¥lg.11 whlch shows that the flrst (heated) crystal has to ba rotated by an
angle B from tha true parallel conflguration bhefore x-rays are paased by
the aystem. The change In energy scale arlses from the change from Bo to
8, + 28 In the Bragg angle of reflectlon from the lower {(cold) crystal. &
complete analysls of the anglea, energy ecale shifta and lheat densltles
asguclated wlth +1, =1 double crystal monochromatorse ls glven by Rowen et

a123,

These effects are depandant on the tharmal denalty of the white beam on
the flret crystal. Thus the beam movea and the snsrgy scals shlfts during
both the decay of the beam and durlng a acan whers the Bragg angle changes
wlth consequent change ln power denslty on the first cryetal. The dlstance
between the crystals and the sample hae been kept as short as posalble
{1.5 m} thus reduclng the lever arm length. Beam movemwent cold+hot for the
Insb{111) crystals at 70° Brayg angle ls ~ 8 mn for 2 Gev, 250 wh. For the
germanlum crystals the sltuatlion is a little better due to the hlgher

thermal conductlvlity of germanium compared to InSb.
The experimenters find the worst problem ls beam movement during the

gcan, l.e. actually recordlng a spectrum. The shlft In energy acale and

linearlty of the scale can Ln princlple bs manlpulated on a cowmputer at a
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later date 1f it ls considered necessary. We have adopted uweverdl means in

an attempt to allevlate the problem:

{1) The use of copper radlation cooling fins pressed onto the rear of the
cryatal and thermally c<oupled by meana of a galllum metal lnterface2h
reduces the crysatal temperaturs somewhat. The abllity of galllum to etch
Into other materlals hae been decrlbed by liunter and willliame25, our

crystals are 3 mm thick and we have obaserved no problems in the year the

gallium has been Lln use.

{11} The use of the apertures in the I, wonltor section allows thie beam to
move over them vertically whlle stlll mailntaining a virtually constant beam
poglelon at the sample. Tha photona pasaed by the apaerlture are monltored

by the I; monltor, thug allowlng the variatlon In x-ray lntensity durlng a

acan due to beam movement to be normallsed out.

{1il} By rocking the top crystal off the Bragg peak wignlflcant vertlcal
dieplacemants of the exit beam are posslble dus to the large rocklng curve
widtha at large Bragg anglex. Higher order sbppression {obtained by
rocklng off the peak) ls required In thle region. Also the vertical
daflection of the exlt beam by Eirst crystal heating is greatest at the
larger Bragg angles. Thus, tho vertlcal deflectlon of the exit beam due to
heating can be counterbalanced by rocking off the Bragy peak for higher

harmonlc rojectlion.

Genarally, howevar, the hsatlng effect remalns a problem and ways of

coollng the first c¢rystals are under consideration.
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VIi. SEXAPFS SPECTRA USING TIIE DOUBLE CRYSTAL MODE

The instrument ls In routlne use for surface EXAFS measurements, and
lte capabllity ls lllustrated by Flg.12 which shows the apecl:rum26 from a
half-monolayer c{2 x 2) coverage of S on HNi(110). This spectrum, measured
hy monltoring the 5§ KLL Auger yleld, was taken in one slngle sweep with
about 30 min. data collectlon tlme, and indicates the gocd slgnal-to-noise

ratlo attainable.

The usefulness of the wlde energy range of thils instrument is
demonstrated Iln £lg.13, which shows the Fourler transform of EXAFS mpectra
from a cleaved crystal of galllum aulphldez7, measured at the S K-edge
{~ 2472 eV¥) and the Ga X-edge (~ 10367 eV¥). These spectra were measured
uslng the Ge{111) and Ge(220) monachromatox crystals respectively. The
strong pularisatlon dependence ls evident in this anleotropic crystal

Btructure.

The lowast energy absorptlon edge presently attalnable with this double
crystal Instrument is the SL K-~edge at ~ 1840 eV. Flgure 14 deplects a
SEXAFS spectrum for tha photon-stimulated desorption of H' lone from water

adsorhed on a $1(100)} aurface?®,

¥II. MONCCHROMATOR OPERATION -~ GRATING MODE

The mechanlcs of the gratlng/mirxrox assembly has been described in
Sectlon FFI. The grating part of the monochromator ls unable to accaept a
Iarges aperture and maintaln reasonable resolution at the same time. This
i5 a characterlstlc of the Mliyake type monochromator and lg due to ths
aberratlons assoclated with the use of spherlcal optics with hlgh

demagnifleations in grazlng ilncldenco.
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To convert from crystal to grating mode 1t 1s flrst necessary to reduce
the aperture accepted by the beamllne. Typlcal apertures are
0.1 (v} x 0.5 (1) mrad for the 6K.4° range and 0.05(¥) x 0.5 (H) mrad for
the 2¢ range. The regquirement to reduce the aperture as the flrst stage of
the converslon ls primarily for safety as it is posslible, 1f the correct
pracedures are not followed, to lrradlate the fused slllca grating wlth the
full intenslty of the focused whlte radlation at near-pormal lncidence.
Although we have not yet trled this, our experlence with fused slllca under
pover densltles of 40 W e~ 2 suggests the grating would ba damagedzu.
However by exposing the gratlng only at grazing lncldence to apertured
radlatlon we observe no appreclable change after 20 A h usage. The maxlmum
radlatlon density on the grating is calculated to be ~ 9 W cm~Z with total
power of 2.1 W. The c¢oating of the grating was chosen to be platlinum
rather than gold because the latter has been observed to surfaca melt uéder
high thermal loads of synchrotron radlatlon when on a poor thermally
conductling substrate like fusged quartgzg. Platinum, wlth lta higher

melting point, does not suffer to such an extent.

Ths premlrror is partlally unbent (major radlus = 2500 m) to provide
parallel radlation for the mo&ochromator. The fllters In front of the
premirror are removed. The entrance slit of the monochromator ls set to
the same value as the vertical aperture accepted by the beamline. The sllt
gerves only as an angular apereure to remove scattered radlatlon from
around the maln central heam. The crystals are drlven to the 70* Bragg
angle positlon. This positions the lower crystal carrlage at the far
rlght-hand slde of the monochromator (Flg.3), allowlhg the requlred range
of movement necessary for the focusing mirror carrlage. The top crystal
rotatlon (on which the grating ls also mounted) ls rotated to the required

angle. The gratlng/mirror asgsembly can then be translated lnto the beam
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using the manual llnear drive. The spherical mirror carrlage 1s translated
and rotated to the correct position depending on whether the 2° or 6.4°
range ls required. The exit sllts are closed down to the reguired resolu-
tion settlng. Scannlng is achieved simply by rotatlang the grating.

The converslon of the beamline Erowm crystal mode to grating mode
requires numerous preclsion movements in vacuun. We find the beamline can
be changed from one operational mode to the other in s repeatabie manner.

With experlence the conversion tilme is ¢ 10 min.

VIIY. PERFORMRHCE - GRATING MODE

The output of the monochromator using the 1200 % mn~1 grating for the
two ranges ls shown In Figs.15 and 16. The absolute number of photons was
determlned uslng the oxidlsed 0.75 pm thick aluminium Ig monltor, in the
same manner au uged for the crystal transmisslon functions. The Bcattered
light content was estlmated by extending the zero-order tall. Higher order

content has not been measured.

Flgure 15 shows the output for the 6.4° range which extends from
60~550 eV¥. The large dip at the carbon ¥~edge is caused by contaminatlon
on the praemlrror which haa been installed for over four years. Scattered
light ls a problem for thls range due to the grazing angles. Insertinqg the
2000 A carbon fllter ln front of the premirror reduces the scattered light
by a factor of 3. The transmission functlon of carbonl® results in a sub-
stantial reductlon in light in the ~ 60 - 150 eV and 2080 - 400 eV raglons.
For the reglons ~ 150 - 270 eV and above ~ 400 eV the wonochromator

throughput la only slightly reduced by the 2000 A carbon fllter.

Tho Bource slza llmlted resolutlon measured at zero order was

0.07 A f.w.h.m. whlch is less than the value (0.1 R) calculated using a
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source height of 1.2 mm. We can only assune the sourca was smaller in
height than calculatedil, The use of apherical optics at grazlng lncldence
gives rise to substantial aberratlions. The two focuslng optics (the
toroldal premirror and the 5 m radlus Bpherlcal mirror) both focus iIn tha
vertical, disperslon plane. Both are defiectlng the beam vartlcally and In
this optical arrangement coma is self-corrected. Good focuslng properties

were expected and reallsed.

The radlation diverges In the vertical plane from the exlt slits to the
sumple. With the 0.1 mrad entrance aperture the resultant dilvergence from
the exit slits ks 3.8 mrad. The exlt sllit to sample distance ls 925 mn
resulting in a vertlcal beam helght at’ the sample of ~ 3.5 mm. As orlgln-
ally conceived ths exlit sllt-sample distance was to ba about half its
current value. Experlence wlth the crystal monochromator sectlon required
the development of the beam monltoring system such that the sample had to
be moved further away from the exit sllts. Horlzontal slze of the beam at
the sample ls about the same as that for the crystal optlcs because the
premirror 18 focusing in the horizontal for both operatlonal modes., The
reduced horlzontal aperture taken by the grating allows for some reduction

in horlzontal width at the sample to ~ 3 mm f.w.h.m.

The copper or tungsten I0 maeshes are usually used for monltoring the
beam from the grating. Using a‘clean copper mesh wa were unable to obserye
any oxygen K-edge absorbtion at 520 e¥ from the optles whlch although gold-
or platinum-coated are all fabrlcated from fused sllica. %he calculated
efficlency at 400 eV 1s 0.2% showlng the well-known lnefflclency of grazing
Incldence optlcs compared to the lhilgh crystal optic eEficiencles {socktlon

V.C)a
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Flgure 16 shows the output from the 1200 £ w1 grating wlith the 2°¢
zero-order angle. A smcoth output curva ia measured extending from
6002000 eV and peaklng at 1500 eV. Scattered llght ecan ba substantlally

reduced using the 2000 A or 2 ym ecarbon or the 1.5 pm aluminium fllters.

The abuerratlons of the spherlcal optles for the 2° grazlng range are
more scvera than for the 6.4° range. Coma s the dominant aberratlon and
In order to ohtaln the greatest beneflt of the coma-corrected two mirror
system the major radlus of the premlrror has to be changed to ~ 1500 m
{radlua = 2500 m for 6.4° range) to allow the coma of the premlrror to be a
better match to that of the 5 m radius spherical mirror. The best resolu-
tion achleved was 0.04 A at zecro order (0.03 A ls the theoretlcal eource

slze limit).

The divergence In the vertleal plana from the exit slits is particular-
ly large for the 2% range due to the short mirror-slit distance of 688 mm.
With an aperture of 0,05 mrad (vertical) x 0.5 mrad (horlzontal) the beam
size at the sample 18 5.5 mm (V) x 3 mm {H}. The efflclency of the mono-

chromator ks estimated to be 0.45% at 1500 av.

As an cxample of the performance of the grating part of the mono-
chromator, Flg.17, lllustrates the reaolutlion attalnable from the lnstru-
nent as it 1s secanned through the 29]!2-3!2 edgas of calclum present In
an aluminlum alloy sample. %Note that the peaks are chemleally shifted from
the clean.Ca poaltlons, which are vislble aa shoulders at lowaer blnding

enargles.

Dy comparlson with other grating monochromators the output from this

ingtrument 1s rathor low. Wlth new optics the output from the Grasshopper
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monochromator at Stanford le approximately an order of magnitude hlgher::'m
and the high energy TGHM at DESSY?! wlth its hlgh aperture acceptance is
about three orders hlgher. Thls las of course conslatent wlth the small
aperture that the Mlyake deslgn can accept when the aim ls to produce a
compact lnstrument such that the exlt arm la short and hlgh demagnlflca—.
tione are used. The resolutlon of the lnatrument ls comparable to other
lngtruments. The hlgher order suppresalon, although untried, ls expected
to be good. The problem of no:mallaation of Elux has not been addressed,
and the scattered llight contrlbution has not been accurately measured:
these are key factors for successful SEXAFS measurements ln thls spectral

reglonaz.

IX. OVERALL PERFORMANCE AND FUTURE IMPROVEMENTS
It 18 Interesting to compare the orlglnal design aima to thoge realised
in practice, A wilda photon energy range has bsen achleved, with photons

observed bstween 0.06 and 11.1 keV.

In the erystal mode uslng Ge{111), InSb(111) and Ge{220) the resolution
15 reagonable for the lower energy ranges {large Dragg angles). Resolutlon
does daegrade at the smaller Bragg anglea due to tha relatlvely larger
angular contribution from the beam convergence through the monochromator.
However, usklng colllmatlon, rewolutlon can readlly be improved at the
expenae of Intenslty. The flux throughout ls comparable wlth other lnstru-

manta.

The hlgh thermal load on the flrst crystal has conslderably restricted
tho types of crystal whilch can be used. Thus the dlfflcult reglon
~ 700~1700 eV has not been covered uslng crystals of large 24 spacing

{beryl and quartz bvoke ln the beam)}., In this reglon ws must uge the 2°
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hligh energy gratlng but the resolutlion attailnable la approximately one
order of magnitude woree than that from large 2d crystals (compara beryl
{1070) at 1000 eV, AR = 0.6 ev!® and 2¢ grating range Ak = 0.04 A {at

1000 eV AE = 3.3 eV)). The throughput is &lso lower. To lmprove the situ-
atlon in the 700-1700 eV range it is necessary to lmprove the grating
and/or the crystal monochromator sectlons of the monochromator. Thera la
not a great deal of flexibility Iln the grating sectlon for improved perfor-
mance. Increasing the line denaity on the grating lmproves resolutlon at
the expense of spectral rangs due to the horizon cut off. It ls, however,
proposed to reducs the ;ourca slze at the SRS by the imstallatlon of a new
higher brlghtness lattice. The predicted mource slze ls

2.4 ma {H) x 0.3 mo {v)10 {compared with current alze of

6 mm {(H) x 1.2 ma (V)). This would improve resolutlon frow the grating (in
the absence of aberrations) by a factor of ~ 3-4 making the 2° range of the
gratlng slgniflcantly more useful. ‘o lmprove the crystsal mectlon for this
energy range we propose to use a matched multilayer with a 2d apacing a
multiple of the 2d spacing of Kap (100) or beryl {(1010). Thus 8 multilayer
of 24 = 31.9 A could be usad in second order with a beryl crystal In Elrat
order, The multilayer would act as the Eirst crystal and see the whitae
beam. The use of hilgher orders from the multilayer allows one to use

largar 2G spaclngs which are easler to fabrlecate than amall values.

The orlglnal alm of constant deviastlon has proyad dALEElcult ko attaln
due to heating of tha First crystal. Rs noted In sectlon V.E, wa are
conslderlng coollng the firat crystal by supplying water plpea to a copper
block mounted on the rear of the crystal. Galllum wlll be used aa tha
thermal Interface betwean the crystal and the copper block. On another
recently Installed double crystal monochromator we have found that such a

cooling system works well for crystals of rmasonable thermal conductivity.
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The olize of the beam on the sawple when the gratlng is in use l3 rather
larger than was orlglnally intended due to the development of the beam
monitoring sectlon and conamequent lncrease In the exit sllt-~to-asample dis-
tance. To reduce the beam slze at the sample we proposs to move the exlt
gllts to the current positlon of the apertures now used in the beanm
monltorlng section. The alits will bs adjustable in helght and will have
independent slde adjustmant apertures. These sllta will be used both to
define the resolutlon of the grating monochromiator and also to aperture
down the monochromatic radiation when uased ln the double cryatal mode., The
slita ara to ba adjustable In helght to copa wlth the simall vertlcal beam
movemants from the double crystal monochromator that wlll result even
though the flrst crystal 1s water-cooled as nome lncrease Ln tha 24 spaclng
of the first crystal la lnevitable., Alsc vrocklny off the peak results lIn a
vartlcal diaplacement of the beam. Both of these displuacemonts wlll bu
Bmall at the sawmpla (< 1 mm} 8o halght adjuatment of the exlt allt allows
for fine tuning of the required aperture. The effect of moving the exit
sllts results in a different grating alit distance and the uae of one con-
cave focusing mirror for two rangss ls not possible with these new dimen-
alons. A separate mirror 1s required For each range of the gratlng/mlrror
monochromator sectlon in a slmllar manner to the instrument deacribed by
lowella®. uUnllke the instrument dascribed by hlwm we do not propose to use
off axls parabolold mirrors - ray traclng indlcates thdt spherical wlrrors
wlll be adequate, and theae can.be made wlith the requirad preclslon In
figuring., We also propose to lncrease the nwnber of ranyes Eromn two to
three with zero-order angles of 2¢, 4.2° and 6.4°. The 4.2? range wlll
allow the 500-700 eV range to ba covered with a Letter throughput than at
pregent while stil} using the 1200 2 ma-1 grating. The increasad mirror-
8lit dlgtance reduces the demagnlfication required and hence the aberra-

tlons. The source alze llmited resclutlon Eor the 2°® range should then be
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achievable. The internal construction of the monochromator lends itself to
this mirror chanygeover modification. The use of spherlcal optice through-
out is a considerable simplification, since aspheric optica of the required
preclaion are difflcult to obtain. The beam height at tha sample wlll be
pignlfleantly reduced to less thamn 1 mm for all three rangea. The image

width should reduce to approximateiy 1.5 mm wlth the smallar source slze.

The high thermal denslty on the fused sllica gratlng will contlnue to
he monitored in an attempt to establish a limiting power load for euch
gratlngs. Tha use of the newly developed sillcon carbide laminar

gratlngs2? will be considered once a concluslve result ls establiashed.
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TABLE I. Parametexs of the gratlng/mlrror monochromator basad on thae

Mlyaka prlnclplea.
a mirror at 11 m from the source.

vartical digplacement of lnput/output beams = 20 mm.

be gold coated.

Grating-exlt sllt distance

Gratlng to operate ln nagatlve order.

The radlaclon 1ls collimated as descrlbed in the text by

= 375 mm,

Optice are assuned co

Lines/mn

Range

Grazling lncldence angle at zero

order (dag)

Pocuslng mirror -~ exlt slit

dlstance (mm)

Range of 2nd order reflectlon

flltering (A)

Range of 3ird order reflectlon

flltsering (A)

Grating groove depth (A}

Dlepersion at exit slit {A mm1)

Source slzs limlted resolutlon
{f.w.ihoma) (R) (Fuw.h.m. source

helght = 1.2 mn)

1200
1 2
2.0 6.4
a8 288

6.5-15.5 25-52

6.5=-21 25-79

“0.031  ©0.100

600

7-14 25-5A4

7-22  25-77

0.062 0.201
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APPENDIX
buMond Dlagrams
In hls paper,DuMondlg degcrlibes a ueeful qualltative pictorlal way of
viewing the tranemlsslon of multlple cryslal spectrometers. Thils hae
received relatlvely little attentlon over the yearg and so we glve here a
deecription of "DuMond Dlagrams' as an ald to the understanding of the

+1, -1 double crystal monochromator descrlbed In this paper.

The Bragy equatlon can be deecribed as the locus of polnts on a A
versus B plot. For a Ge(111) crystal In flrst order such a plot ls shown
ln flg.18. The locus of polnts lg in reallity broadened by the slngle
rocking curve wldth as in shown hy:tha magnlfied lnsert, in which the more
lntenee the shadlng the hlgher the x-ray reflectlvity. As an example, the
reflectivlity of the crystal along the llne A using 3.0 A radlatlon can be
examined by uglng parallel radlatlon, rotatlng the crystal and monltoring
the reflected x-ray flux. The result is the slngle c¢rystal rocking curve

as shown ln B (flg.18).

For a two crystal monochromator ln the +t, =1 conflguratlion, each
crystal's reflectlvlty can he represented on a DuMond dlagram (flg.19).
Totating one crystal relative to the other translates the plot horlzontally
such that x-rays are transmitted by the crystals only when the two plots
overlap (Bragg angles are then aqual for bath crystals}. Thls can be seen
more clearly in £1g.20, whlch shows a magnlfled view of the reflectlvitles

of Lhe two cryetals ln the region of near superpositlion.
We flret dlscuss the case of non-absorblng c¢rystals ln dynamical
diffraction where the reflectlvlty reglons of the crystals can be described

gimply as lylng between the two parallel llnes of horlzontal wldth ABC
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corresponding to the slngle crystal rocking curve. Rotating crystal B
translates lte reflectlvity function horlzontally. The x-ray flux trans-
mitted by the two crystals as a functlon of the angle of crystal B ig the
double crystal rocking curve, having FW(M equal to 1.32 Aec33. The peak
transmlssion ls when both reflectlvitlies overlap exactly and the transmlit-
ted x-rays are represented by the paralleleogram ABCD wlth a wavelength

spread {AL} glven by
AOIAGSR + ABc)cotBB {10}

where A, 18 the worklng wavelength, GB ls the Pragg angle and AESR ls the
angular acceptance of the radlatlon. For Eq.{1A} tc be valld thera should
ba no angular varlation of intenslty withln AeSR or any reflectlvicy varia-
tion withln AOC- rPor hlghly perfect cryastals and short wavelength x-rays
thlis is a reasonable assumptlon. #Hote that the resolution ls dependent on
the slngle crystal rocklng curve wildth in the double crystal +1, -1

monochromator.

We now dlacuss tha case for absorbing crystals In the long wavelength
reglon where the reflectlvity functlon within AOC 1s not a flat topped
Darwin shape but ls a rounded functlon. It can be sliown that ln the limit-
ing case the single crystal rocklng curve approaches a Lorentzlan shape?Y,
although a pseudo Gaussian/Lore;tzlan would probably be a better descrip-
tion for the wavelength range of the monochromalor descrlbed In thls paper.
In a double crystal rocking curve measurement the single crystal rocking
curve Functlon of ¢rystal A ls convolved by transposition wlth the same
functlon of crystal B. Yor Lorentzlan functlons the regulting double
crystal rocklng curve has a FWHIM twice that of the atarting Iorentzlan

functlon. For Gausalan functions the FWIM of the double crystal rocklng
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curve lncreaees by 1.414, for Darwln shapes ths valus ls 1.32. This means
that the double crystal rocklng curve wldths measured are an upper limlt
for the aingle crystal rocklng curve whlch deflnes the wavelength resolu-
tion. a\;o the convolutlon of the two slngle crystal rocking curvas within
the parallelogram ABCD (flg.19) at the peak reflectlvity (total overlap)
results in an effectlve FWHM ABC smaller than that of the individual single
crystal rocking curves. (For two Gausslans the reductlon In FWHM is by
0.71.) Glven that the radlation has a Gausslan dlstribution of FWHH ABSR

the FWlIM bandpass Al can be approximated by the guadratlc summation
2 4 23142
lu(ABSR AOC ) cotBB

where ABC ls the FWllM of the double crystal rocklng curve, which, from the
above dlscusslon represents the upper llmit for the contributing angqular

term.

Another property of double cryetal (+1, -1) monochromators can readily
be sean from fig.19. Tha double cryatal rocklng curve wldth 1s independent
of the dlvergence of the polychromatlc synchrotron radlation. No apertures

are necessary when carrylng out such measuraments.

The effect of heatlng on one crystal 1s to lncrease the d apaclng and
congeguent dlsplacument on the DuMond dlagram. Thias glvea a different
gradlent for each crystal's reflectlvlty functlon (Eilg.21). There is
llttle effect on the wldth of the alngle crystal rocking curve. It can be
Bzen that rotatlng one orystal relatlve to the other results in a broader

double cryatal rocklng curve because thers la now a contribution from the

angqular width of the radlatlon (ABSR). The effect becomes most slgniflcant

when ABSR ls much larger than the single crystal rocklng curve width.
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Flg. 8 shows the broadenlng effect on double crystal rocking curves by
heating one crystal. The broadening 1s relatively the largost for the
narrowest rocking curves {(small Pragg angles} bhecauge the angular conver-
gence of the radlation through the monochromator 1s then relatively large
compared to the rocking curve wldth. Also Ge(111) does not show the effect
as much as Gs{220) crystale because the forwmer has the larger rocking curve
wldth. Hote that the effect on wavelength resolution ls mlnimal as the

resolution 1s stlll determined by the alngle crystal rocklng curve.

There 18 also a reductlon in the maximum x-ray intensity reflected as

indicated by the shaded hexagonal area (AEFCGH) when compared to the

parallslogram (ABCD}.
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FIGURE CAPTIONS

Flg.1

Fig.2

Flq.3

Fig.4

Flg.5

Flg.6

Flg.7

Flg.9 Measured f.w.h.m, {1, -1) rocklng curves as a functlon of Bragg
optical layout of the beamllne. (a) Optical layout with the mono- angle for InSb{111), Ge(111) and Ge(220). The bold llnes are for
chromator In the double crystal mode. The toroldal premirror is rocking curves under low thermal load. 'The daghed llnes are for
bent to focus in both vertical and horlzontal planea onto the rocklng curves of Ge(111} and Ge(220) under high themmal load -
sample. (Db} Optical layout with the monochromator in the grating normal operating conditions (SRS at 2.0 GeV, 250 mh). The
mode, The toroldal premlrror is partially bent to provide parallel InSb{111} rocklng curve under hlgh thermal load was not recorcded
radlation for the plane grating in the vertical plane., Tha due to surface melting of the flrat crystal as noted In
premlrror focuses through the monochromator to tha sample in the section V.B.
horizontal plane.

Fig.9 Calculated resclutlons {(f.w.h.m.} for the cryastalas InSb{111],
Schematlc dlagram of the mirror bending mechanlam. The mirror ia Ge(111} and Ge(220). The solid llnes {denoted by C + 5 + SR) take
supported on lts base at its two ends. By pulling down on the into account source slrze, angular convergence of the radiatlon
central rod a downward force can be exerted on the four aluminium through the monochromator and crystal rocklng curvea. This repres-
pads which sit on the mlrror's top outer rlm 6 cm in from the end. entas the resolutlon under normal operatlng conditlons. The daghed
Thls results In the requlred opposing couples that bend the mlrror lines (C + S5) represent the resolutlon that can be obtained when
to the required toroldal shape. consldering only the crystal rocklng curves and source helght. In

thls case the radlation ls colllmated by the premlrror such that
Schematlec dlagram of the monoclhiromatox. the crystals see parallel radlation. The solld llne {C) ls the
calculated resolution when consldering only the double crystal
Schematic dlagram of the beam monitorlng section after the mono-~ rockling curve.
chromator.

Flg.10 Transmisslon spectrum of the tltanlum K edge, uslng Ge(220)
Transmlesion functlon of InSb{111) crystala. Absolute photon crystals 1ln the monochrbmator, ghowlng the dlfference ln resolution
fluxes are calculated using the .75 pm thick oxidized aluminium I, when (full line) the mlrror 1s fully bent - large angular converg-
monitor and the photoemlssion yleld of hlzoalT. ence (calculated AE = 9.0 ev¥) and (dashed llne) the mlrror ls bent

to produce parallol radlatlon through the monochromator f{calculated
Transmisaion function of Ga(11%) crystals. AE = 2.4 eV). Hote that the energy callbratlon ghlfta between the
two meagurements owlng to changes in the lncldent power denalty on
‘rransmlsslon functlon of Ge(220) crystals. the first monochromator crystal.
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Fig.11

rig.12

Fig.13

Fig.14

Fig.15

Schematlc dlagram showlng the dlfference In beam paths for the Flg.t6 f[ransmission function of the high energy graclng/mirror (2°}, for
doubla crystal monochromator wlth the flrst crystal hot and cold. 0.1 A bandpass. Inaert flgures refer to resolution ln eV. Source
The firet crystal has to be rotated through a small angle § from slze limited resolution achleved = 0.04 A.
[
the true parallel/parallel 8, angle when Lt Increases ites tempera-
ture. FlLg.17 Total electron yleld from an aluwinium alloy {Dural} sample as tha
low energy grating {(6.4?) ia scanned through the calclum
Surface EXAFS spactrum of the sulphur K edge for a 0.5 monolayer 291!2.312 adges.
coveraga of sulphur on a nlckel (110) surface, measured by taklng
the yleld of 5 KLL Auger electrons. Flg.18 The DuMond diagram for a Gs{111) crystal Iln first order. The
reflectivity of the crystal is shown as the locus of polnts
Modulus of the Fourler transforms of EXAFS spectra from a Gas satisfying the Bragg equation. The locus of polnta is broadened asz
single crystal measured at (a} the B K-edge and {b) the Ga K-edge, cghown In the magnified lnsert. Moving acroas the line A at 3.0 A
with the polarleatlon vector parallel (full line} and 20° from results In single crystal rocking curve B.
perpendicular (dashed line) to the surface. The dlstance scale has
not been corrected for the acattering phase-shlfts. The main peak Plg.19 DuMond dilagram representation of the transmisslon functloa of each
is due to the Ga-8 nesrest nelghbours at 2.30 A, wlth an additlonal crystal in the +1, -1 non dispersive double crystal monochromator.
contribution in (b) frem the Ga-Ga nelghbours at 2.52 A, which is The rotatlon of ons crystal relative to the other results in a
not meen wlth normal Incldence photons. horlizontal displacement in the DuMond diagram.
SEXAPS mpectrum above the Sl K-edge for W' lone desorbed from a ¥ig.20 DuMond dlagram for the two crystals in the +1, -1 conflyuration
water-dosed SL(100) surface. near superposition. The rotatlon of crystal D translates lts
reflectivity functilon over that of crystal A. Maxlmum x-ray Flux
Transmisslon function of the low energy gratiny/mirror (6.4°), for la tranasmitted at total-ovarlap. The tranumitred x~-ray lntenslty
D.1 A bandpass. Insert figures raefor to resolution Iln eV. Source is ludlcated by the area of the parallelogran AUCD.
size limlted resolutlon achleved = 0.07 A.

Flg.21 DuMond dlagram for maximum reflectivity of +1, -1 double @rystal
wonochromator for one hot and one cold cryatal. The area AEVKCGY
represonts the reflectad x-ray intensity whlch ls smaller than tha
area ABCD which represents the cold-cold crystal refiectivity.
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