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VUV-soft x-ray beamline for spectroscopy ind calibration
R. J. Bartlett, W. J. Trela, F. D. Michaud, S. H. Southworth, R.. Rothe, and R. W. Alklire
|.-os Alamos National Laboratory
Post Office Box 1663, Mall Stop D4l0, Los Alamos, New Mexico 87545

Abstract

We describe the design and performance of the Los Alamos VUV synchrotron radiacilon
beamline, U3C, on the VUV ring of the Natlonal Synchrotron Light Source at Brookhaven National
Laboratory. The beamline uses separate functlon optics to collect and Focus the horlzonlally
and vertically diverging beam. The monochromator Is a grazlng Incldence Roland circle
Instrument of the extended grasshopper design (ERG). A post monochromator refocusing mlrror
15 used to focus or collimate the dlverging heam from the monochromator. The beamllne control
and dlagnostlcs systems are also dlscussed.

Introductlon

Los Alamos ls hullding four synchratron radlation (SR) beamlines at the Natianal
synchrolron Light Source (NSLS) at Rrookhaven Natlonal Laboratory. Iwo of these lines will
tr on the 2.5 GeV (stored electron eneryy) x-ray ring, and the other two are on the 0.75 Gev
VUV ring. The x-ray lines are desligned to have a combined energy range from approx imately
1 KeY to 2?25 KeV. The VUV llnes wlll cover the range from approximately 10 eV to 1200 eVv.
Because the large number of potential users and the varlety of the sclence that wlll be
performed on these lines, the lines have been designed to be as versallle as possible.

The first of these lines, designated U3C, 1s now In Its flnal commlsslonlng staqe. This
line is on the VUV rlng and will have an energy coverage of approximately 30 eV to 1700 eV,
IL [s helng developed for spectroscopy experimeanls and x-ray calibratlon measurements.  Wilh
this In mfnd, we have tried Lo produce a pholon source with minimum stray and harmonle llght,
n high degree of polarlzatlon, aceurate eonergy callbratlon, a verlable degree of beam
divergence, varlable energy resolutlon, and n bulll-in diagnostic system Lthal can be used )]
verlfy the line performance.  The lne will be used for x-ray diode callbiration, spectromeler
dovelopment  and  evaluatlon, x-ray optics characterclzallon, as  well ns pholoelectron
speclroscopy of sollds, gases and lons,

Beanl Ine_dresign

The VOV 1lng al the NS provides a cantineous energy spectrom from the infrared through
Lthe soft x-tay rtange with 4 crltleal energy {(Le) of 406 eV,  Ihis radiatlon §s produeed Inon
hat Lzantal fan with a vertleal opealng angle of approximately 1.5 mRadlon ol Feo The vertleal
souree size ls o the order of 0.1 mn (lo value), the beaml Ine oplics and monochromator,
shown schemntleally In Higure 1, collect. focus, anid monachromat tze the beam,
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flgure 1, optleal elements amdd basle artangeaent of the VUV beamllne and TRG monochromgtor,

the flrsl optieal eolement o the Tine 1 o Tow pass CHHer system consisting of paral el
mirtnn |n||r'..' e (1LLer system Ty oaned to cedoaee the hilgher order Hght o Thas the cal olf
enetgles of the et leal angle mbvror sets are adjusted o be approximto by an overtone npart
In rneyy. the mitior sets redoee the Light Intenslly by approximately S0%, I higher
otder ceject fon s nol nesded, the Hlter system ean be pemcved from the heam,
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The next optical element in the beamline is the horlzontal collection mirror, Mg. The
mirror is a platium coated 1| m long plece of float glass that is bent tu approximate an
ellipse. At a grazing angle of ircidence of 20, the mirror collects approximately 10 mRad
of horlzontal angle and focuses it onto the exit slit of the msonochromator with unlity
magnification. The mirror position, angls of incidence, and the curvature can be externally
adjusted while the system is under vacuum.

The next set of optical elements are in the Extended Range Grasshopper (ERG) monochrosator.'
The monochromator is a grazing Incldence Rawland circle Llnstrument with filxed output beanm.
The motlons of the internal elements are controlled by stepping motors. A computer program
then coordinates the stepping motor drives In order to scan the photon energy.

The first optical element In the ERG is a 30 cm long gold-coaled elliptical mirror (M1)
52 cm from the entrance slit that vertically focuses the beam with a 10:1 demagnificatioan
onto the slit. Then ths Codling mirror (MZ‘ entrance slit® dir-~cts the light onto one of
three sphericnl gratings (2 m, 3.71 m, or 5 m radlus nf curvature). The grating In turn
vertically dispenses the radlation and Focuses 1t onto the exit sllit.

At the exlt slit of the monochromator the beam Is dlverging at approximately 10 mRad in
bolh the horizontal and vertical dlrectlons. A rafocusing mirror is used to focus the beam
at a sample or to collimate It.

With the nbove descrlbed mrrangement, the line acrepts 10 wRad of the beam In the
horlzontal plane and an energy dependent fraction of the heam in Lhe vertical plane. The
vertical acceptance of the line is shown in Flgure 2. Ihis acceptance 1s hased on 10 pm
s11ts and a source slze of U.1 mm (lo value). Wilh the 10al demagnification of M1 the lo
source slze ls fullv naccepted, l.e., 30% of Lhe taolal source. lHowever, Ml only nccrepls
1 mRad of the vertically divergling heam, The opening angle of the SR ls Increasing with
deereasing photon energy Lhus the reduced accep tance ot lower anergles. 1Thls effect reduces
the accepted flux by approximately 4.25 from 1270 eV Lo 12.5 eV.

50 .-'._1. ' ..l — '—_ '. - ‘—1_-.'-----1"—-'—.-'—1
a0}

a0} -
Flgure 2. 1he pereentage of Tlux aceepted
by the IRG ns a funclion aof phaoton enerqgy.
The enleulatlion s bnwed on o souree size
aof 0.1 mm (lo value) and 10 ym slit-.,
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Deaml Ine dingnast les

o order ta monflar the perfmmanees of the heamline amly,  In wome enses,  change the
charaeterlsties of the Hne, o number of dingnost e and beam shapling elements hnve heen
Installed or nre planned or the beaml lne,  The general positlon of theae elomenta 1y on)
in the bheamline aswombly dravliog U igure V). Ihe flrsl eloaent downstream from the souree
In n wnter cooled mask that divides the borlzantal tan of radiat lon Inte thiee 12 mrad wlie
heams ., The beam clodesl to the election storage 1ing Iy U0, Ihls heam 15 then Futlher
dofined by o waler conlod aperture/shuttor mechantsm Incaled at the apstieam end of the My,
mirraor chamber. Also attached to the mavable sbutter I o horlzontal wire shich ean be gued
ta map oul. the vertleat beam proflle and to locate the vertieal hoam center. Ihils 15 done
by moving the wire through the beam adsing o stepping mator drlve system and recotding the
photoeurrent ealtied from the wire, The maximum photocorienl  cottespovta to the  heam
eenter,  Onee posltioned o the bean center. the ahadow af the wlte can he osed to allgn
olher down! ream elementa,
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tlgure 3. PAeamline assembly drawing shawlng both an electron and plan view of the line.

The photocurrent from the wire can also he used to monlior the photon Intenslty. Ihils
system has worked well and nas been used to diagnose beam posltlon problems, beam movement,
and Lo test for occluslon ol the beam.

In betwren the My mirror chamber and the monochromator Is the premonochromator dlamost les
chamber. ~The chamber conltalns a four-way adjustiable aperture, two prlsms, and a set of horl-
ratal wirrs. The adjustable aperture Is used to reduce the beam slze to the mintmum requloed
and tn hloek nny spetlous 1ight that may he scattered from upstream components, Farly
measurements Indlecale that Lthe aperlure I1s useful in ellminating stray light from the beam,

OUne of the prisms s used ta breing the vislble partlon of the SR spectrum out thiough a
window In the tap af the chamber.  Ihis feature Is used o cheeck the quallty and ppsition of
the focas of the My mirror.  The ather prism s arranged so that laser Tght ean be Introdueed
Into the monochromator ecollnearly wlth the SR beam, Ihlis 1s usefal For alignment of the
opltieal elements In the monochromntor and other downstream elements Including the sampie.

The two parallel horlzontal wlites are used to monltor the position and to detect any heam
movement . They can alse be used to measure the beam Intensity.

A second dlagnostie system o located dawnstream From the retorasing mirror. this wystem
s ased to measure and monttar the characterlsties of the monochromal te beam. The system Is
used o measore the absotute beam Intenslity, (o check the photon energy calibrallon, o
measure the amount of higher arder Hght, to monitor the relatlve beam Intenstty, and o
visually abaerve the heam praffle, o necomplish thease tasks the post monorhromatom
dlagnost les chamber Is equlpped wlih o n NS eallinted alumlnum dinde, o set of thin Film
filters, nn eleclion energy analyzer, a nlekel mesh, and a phosphos conted plate,

Other diagnostlies that enan be coupled to the beamline (oclide an Llondzat lan chamber to
measitte the ahsolute phontan Intens ity and a multflayer polatimeter to measore the polarizat fon
al the beam. A prlsm wlill also be Incladed 1o the dingnost les echamber so that Taser Hight
cnn b Intinduesd Into the system for allgnment,  Also, the prism can be uased ta vicaally
allgn elemenls In the Hine and <ample chamber,

Beaml toe conliol, satety, aml vacoum systems

There are three general areas In the operatbon of the heaml tne that elther FTor nafety
(prrsonnel and equipment ) or convenlenes ate best lmmdted by automat md controt, These e
the vacaum system and valve contral, photon and bremsstieablong radint lon protection, anmd
monochraomntor  control and data aequlsition, the philosophy taken has been "o separate

anfety nnd heamline  control functlons from the data acqulsition sy<tem including  the
mononchromat or,

The wafely nystem 15 combinlled by o micioptoesssor hased syaslem thnt 15 "hard wired" and
cannotl be overcldden withoul  n key aceesa, Ihla ayatem monitors and proteets the viveoem
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integrity of the 1line preventing valve opening or rlosing without the proper vacuum
conditions existing and warning of improper vacuum conditlons., A simllar system exists for
radiation protection. Here the problem {involves preventing damage to optical components
including vacuum chamber windows due to heating from the photon beam or preventing the
possible exposure to hard bremsstrahlung radiation that would be produced by a sudden
stopping of the electron beam. '

The data acquisition and monochromator control as well as some data reductlon and analysis
will be handled by a DEC Microvax II. At the present time thls task 1s.belng performed by a
DEC LSI 11/73 computer. The crmputer system can access Informatior about valve and radiatlon
shutter status And request changes In the status, but It cannot override the safety system
control. The vacuum stetus of the line can be monitored by the computer and the informatlon
incorporated Into the data flles.

A block diagram of the beamline control system is shown In Figure 4 (see next two pages).
Also shown on the dlagram is the beamline pumpling ﬁystem. It conslists of lon pumps for all
vacuum chambers with turbomolecular pumps used to "rough out™ the system. The entire line
has an operatling pressure in the mid 10-10 torr range.

Performance

At this time we have prelimlnary data on the performance of the beamline. Intensity
measurements over the complete energy range have been taken as well as zero order scans to
test the resolution of the ERG. Qualitative measurements of the stray light and hlgher
order light have also been made.

The measurements were made with a small test chamber attached dlrectly Lo the exlt housling
of the monochromator. The test chamber rcontalned an aluminum overcoated nlckel mesh, n
phosprhor coated glass disk, and an aluminum oxide x-ray dlode. Figure 5 shows the yelld
from the x-ray divde over the energy range from 30 eV tu 1350 eVv.

ar ™ " T T
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?
It] A CUVRUIY TR MDY R S
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»n 16
E Flqure 5. Aluminum diode photocathode relatl e
= yleld ns function of photon energy for the
z (a) 2m, (b) .21 m, and (c) S m 1adlus of
g o curvature gratings.
: - the 2 m and 5 m grat Ings are ruled and bave a 20
] blnze angle. Ihe culing denslity 1s 9000 1/mm
& for the 2 m graltlng and 1200 1/mm for the % m
0 1 i i [ qrating. The Y.71 m grating 1s a lon etehed
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The low energy range of the scan 1s covered by a 2 m radius of curvature 900 1/mm ruled
grating. The grating 1s blazed at 29. The midrange uses a holographic lon etched grating
with a 3.71 m radius of curvature and 1200 1/mm. The high energy range 1s covered by a 5 mm
radius, ruled grating with 1200 1/mm that 1s also blazed at 20. A smaller blaze angle of
approximately 1.50 would be more appropriate for this range and would Increase the output.
These scans were taken with 35 um slits. Based on literature valuss‘ for the response of
the aluminum dlode, the flux from the monochromator is as high as 107 photons per second per
milliampz of beam current for energies as high as 900 evV. This agrees with estimates of the
flux based on the output from the storage ring, the acceptance of the monochromator, and
calculated values of the mirror reflectivities.

Calculated values of the resolving power of the ERG with 10 um sllits for several gratings
are shown in Flgure 6. As can be seen, It 1ls possible to have a resolving power of greater
than 1100 for energles from 30 ev to over 1000 ev. with the three gratings currently
installed In the ERG the resolving power of the higher energles 1is that of the 5 m, 1200 1/mm
grating.

500 T T T T 1 T L T T T
|3.71m 1200/mm

|5m 1200/ mm

3000 |sm 18004/mm

RESOLVING POWER (R)

2m 9008/mm

N

4 _L

—_d. | N R— | L
400 600 800 1000
PHOTON ENERGY (eV)

2b—

Fiqure 6. Calrulated resolving pawer of the ERG monachromator
with 10 ym slits for several gratlngs.

Ihe actunl resolutlon of the monochramalor {s also dependent on hew well the Instcument
Is nlignrd. Scnns of Lhe zera order line width for the gratlngs Indlicate that the resolutlon
of the 3.71 m grating ls wlthin approximately 30% of the theorellcal value. At the present
time the 5 m grating Is npproximately three times worse than the calculated value. Further
allgnmentl. of thls qrating Is currently under way. Because Lhe monochromator scan range does

not extend to sero order for the 2 m grating, no estimate of its resolving power |{s
avallable at this Lime.

The hest Indiecatlon that slray lHight {5 not a major problem Is the continued decrease (n
the 1ight Inteaslty At energles nbove 1100 eV, A slight Increase wias abserved above
<1200 nv, Some of this sigoal was eliminaled by ad)usting the varlable aperture at the
entrance to the monochromator. Il 1s antlicipated that bafrles In Lthe ERG will be necessary
Lo reduee the stray llght at the hlgher energles,

The hlgher order l1lght seems to be mostly evident below 150 oV, The oxygen odge struclture

In rIfth and seventh order can be seen. Quantilative measurements of Lthe higher orders have
not been made at thlis time,

The flrst measurement using the heam 1ine was the ealthrallon of a multllinyer spectrometer.
The rnergy of the Nragg reflection and the reselutlon of the Instrument was delermlined. The
response of one of the muttilayers s shown In Flgure 7.
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Figure 7. Measured response of a multilayer mlrror.
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