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Abstract

A laboratoryset-upfor ultraviolet(UV) photoelectrorspectroscopgombininga highintensityUV sourceandatoroidal UV
monochromatorhoth beingcommerciallyavailable,is describedThe sourceis modifiedin orderto maximizethe solid angle
collectedby themonochromatorScanningts exit armlengthallowsfor the optimizationof the photonintensityaswell asthe
energyresolutionby minimizing the defocusterm only. By usingseveraldifferentgasesuchasHe, Ne or H, one obtainsa
powerfultool to sampleextendedegionsin k-space Fermienergymapsarepresentedor Cu(110)in the photonenergyrange
from 10.2to 48.3eV. As aresultof thevariablephotonenergyanactualzoominginto thewell-known Shockleysurfacestateis

possible.

Keywords: Angle-resolvedphotoemission;Fermi surface mapping; MonochromatizedUV radiation; k-Space mapping;

Duoplasmatron

1. Introduction

Photodectron spectr@copy providesdirect infor-
mation on the electront propeties of matter[1]. In
particdar, angke-resolved photoenission is the
methodfor studyingthe energyandmomentundistri-
butionof electronsatandnearsurfacesin the present
set-upthe idea is to map electront statesover as
much as possibleof the Brillouin zone (BZ) within
reciprocal space This so-alled k-spacemappingor
imaging when dispayedasagrayscalerepresentatio
resultsin dispergon plots and cuts through constant
energysurface, e.g.the Fermi surface(FS) [2—11].
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Besidesdoing experinentsasa function of emisson
angleit is highly desirale to vary the phota energy
in orderto accessevenwider regionswithin the BZ.
Laboratory equipmeat has proven its powe with
respecto varying angkeswhereassynchroton radia-
tion facilities offer, in addition, a variable photon
energy[12].

Laboratoy sourceshavethe disadvantagef rela-
tively low intensties. The gasdischage alsoexhibits
disturbingsatellitesidebandssuchthatalthoughexcr
tationsfrom noble gasesshow very narrow lines in
photon energy additional low intensily lines with
approximaely the same energy occur (e.g. He la
(21.2eV) asthe main line and He IB (23.1eV) as
the satelliteline).

Consequetly, one often has to struggke with
disturbing featues, e.g. in the proximity of the
Fermiedge(Ef), dueto intensefeaturesn thevalence



bandexcited with a highe enegy satllite line. It is

not possible to simply subtrat¢ satellte-induced
features since such transitions may stem from

differentlocations in k-space.Additionally, satllite

line intensitiesare highly sensitiveto gaspresure.
Therefoe, a high intensity UV lamp combineal with

a UV monahromabr, that allows one to separate
thesdinesbut with maximal transnission,is anexcel-
lent complemer to synchotron facilities.

In order to realize this, we have combinal a
commecially available high intensity UV lamp
(UVS 300, formely from Vacuum Science Instru-
ments, now from SPECSGmbH, both Gernany),
whichis basednthereversedugplasmatrorprinciple
[13-15], with aUV monachromabr (VUV 5040from
GammabxtaBurklint AB, Sweden)Theadvantagef
this set-upis the capalility of yielding a dischage
with a vastnumberof gasesasfor exampleHe, Ne,
Ar, or evenHy, thus coveringUV enegies ranging
roughly from 10 to 50eV [16].

The intermediatepart of the UV lamp has been
modified compleely for the following two reasms.
First, the UVS 300 lamp is basedon a long quartz
capillary. In orderto adjustit correctlyto the mono
chromatotthe capillary hadto beremoved Secondin
orderto colled photansfrom a maximumsolid angle
onthetoroidal grating monachromate, theopeningof
the plasmastageandthe differential pumgng hadto
be adjusted.

Greatimportane hasbeenattadedto thefactthat,
for a toroidal grating moncchromator different
photonenergie also requiredifferent geometies for
the optical set-up since arm lengths and deflecton
angles have an optimum value [17]. Howeve, a
set-up allowing for the variation of all parametes
would becomeimpracticd for a conpact and high
transmision design. Adjusting only the distance
between grating and sample (exit arm length or
image distane r’), therebyminimizing the defows,
by movingthe whole set-upvia a sliding carriage we
demongtate the possiblity of optimizing resdution
andintensty at the sarre time.

Thehigh performane of this set-upwith respgectto
photoeletron spectracopywill beillustratedwith Er
mapping experimens performed on Cu(110) We
reportlabaratory meassurematswith differentphoton
energie,in particularwith 10.2eV (H Ly«), 11.3eV,
12.1eV (H LyB), 16.9eV (Ne l), 21.2eV (He la),

40.8eV (He lla), and 48.3eV (He 11 8). The first
three energies correspad to expeimentally broa-
denedlines of the H, quasi-continum whereasthe
latter denot intrinsically sharp atomic excitaion
lines for the correspading noble gases By probing
the Shockleysurfacestateon Cu(110)with different
photmn enegies we show that zoorming into the BZ
candefinitely berealized.

The next section dealswith our particula expei-
mertal set-up.Section3 describesn detail the modi-
ficaions to the UV lamp as well as the
monahromatorset-up.In Secton 4 we presentand
disaussthe photoenissionmeasurerantson Cu(110)
We concludeour reportin Section5.

2. Experimental

The presenédsetup providesa powaful extension
of the existing photeelecton spectromeer (VG
EscaLd Mk II), which hasbeenmodified beforein
order to perform angle-sanne&l photcemission
meaurements/ia motorized sequatial sanple rota-
tion. Detais have been descrited elsewhere
[11,1819]. Various different, in situ methodsare
provided in the spectometer. The preparatn
charber (base pressure2 x 10 ' mba) is equipped
with a sputtergun, heatingfacilities, aswell aswith
LN,-cooled evapoation sourcesQudity of sanples
canbe checled with low energyelectrondiffraction
(LEED). In addtion, analyss with a scanningunnéd-
ling microscopeis possiblein situ. The anaysis
charmber (ba pressure2 x 10" mba) is suppled
with an X-ray twin-anocke (Mg K (12536 eV), Si
Ka (1740eV)). By meansof the X-ray sourcephoto-
electon diffraction measuements are possible in
orderto perform structurd studes [20,21]. Further-
more, usinganion gunfor low energyion scatteing
spectracopy,it is possibé to do angk-scannd ion
scatteing for strucural studiesof the topmostlayers
[22].

Polycrystallire samplesandsinde-crystalsusedin
this reporthavebeenpreparedn standardfashionby
seveal cycles of Ar*-sputtering and subsequent
anneding. Cleannessand surfacequalty havebeen
checled by X-ray photoeletron spectrecopy and
LEED, respectively.
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Fig. 1. Sketchof theexperimentabet-upof theUV lampwith monochrenator.Notethatit is notto scale.Thetwo circlesrepresentheanalysis
chamberandthe monochranatorchamberyespectivef. The UVS 300 sourceis givenschematicajl. For detailsseetext.

3. UV sourceand monochromator
3.1. Instrumenal set-upand UV source

The UV lamp and monachromatorare madeup of
two mainchanbers,namelythelampchamkerandthe
monahromatorchamberthelatterbeing descrikedin

Tablel

Overview of the total pressuresluring operationof the UVS 300
source.Valuesaregiven for the worstcase meaningthatall aper-
turesare fully open.Pressuresare uncorrectedvith respectto the
sensitivity factorsof the ion gauge/coldcathode

Pressurefmbar]

Lamp Monochromator Analysischamber
He 4x10°° 3x10° 6x10°°
Ne 25%x10° 9.5x 1077 1x107°
H, 3x10°° 2x10° 3x107%°

the next subsectionIn orderto avoid contanination
of the grating, an oil-free pumpingsystemis used.
Fig. 1 showsa schenatic set-upof the system.The
pumping systemconsistsof a Scrol pump (Varian
300DS),which is conneted via an electropnematic
valveandavacuumreservoir(volume101) to thetwo
turbomolesularpumps.Thevacuumresevoir (Fig. 1)
enablegressureontrolled non-continuos operation
of the Scroll pumpto economzelife time. Thepumps
area 2501/s (TMP 250) high flux pumpfor the differ-
ential pumgng of the lamp anda 1801/s (TMP 180)
drag pump with a particularly high H, compresion
ratio. Resultirg total gaspressurs for the threerele-
vant chambes during standardoperdion of the lamp
aregiven in Table 1. Most importanty, pressurein
the anaysis chamberreman within the 10~° mbar
range and for hydrogen they are even below this
value. The gas system connets the high purity
gasesvia an LN, cold trap, leak valves,and anoher
LN, cold trap (on the low presureside of the leak



valves)to the plasmachambeof the UVS 300soure.
A choiceof threedifferentgasesds available

The lamp is basedon the reverse duogdasmatron
principle [13—-15]. The conventionalduodasmatron
was originally thoughtof asan ion sour@. Samson
and Liebl [13] proposedits use as an ultraviolet
radiation soure. Principally it consistsof an anode
sectionanda cathodefilamentpart (Fig. 1), which is
able to provide high electron emisson currens.
Within an inhomogeneousmagneic field a plasma
is createl betweeranodeandcathode The advanage
of the duoplasnatron with respectto convertional
hollow cathodelampsis the consideably enhaned
photon intensiy [13,16. The UVS 300 lamp is a
convertional duoplsmaton with reversedgeomety
of anodeandcathoderecenty suggestd by Gerhadt
et al. [14,15. The plasmaignites at a voltage of
150V with correspading cathodefilament currens
of about20 A, depenéhg on gasand pressure The
anodecurrentcan be setbetweea 0 and 3 A, hence
delivering photons apprximately in propotion to
the anode current. Gasesare introduced into the
plasmachambetbetwea anodeandcathodefilament
(Fig. 1). This plasmasectia is conneted to the
differential pumgng stage (TMP 250) via a cylind-
rical copper capillaly. It is also connectd via a
bypass valve to the pumping stage, providing
improved pumgng when the filament is initially
degasedafter bakeow or before operation. For our
set-up the cylindrical copper capilary has been
replacedby a conical capilary modified in lengh
[23] andfor its openingangk in orderto maximize
the full solid angleandhencethe illumination of the
grating. With an entrane diameterof 2 mm a full
solid angle of 5° is achieved The pressureshave
beenimproved consderably with this new, longe
capillary yielding, at the sametime, an intensty
enhancerant of a factor of apprximately 1.5
becauset is reachirg closer to the plasmaregion.

As skethed in Fig. 1, supplenentary parts are
addedto the source.An entrane slit systemcan be
used as the entrane apeture. Three different slits
makethe full solid angke switchable.In additionwe
cantotally shuttheentrance A voltagecanbe applied
to this shuter in orderto avoid ions from the plasma
onthegrating or to measuretheinducedphotacurrent.
In order to improve pumping without losing solid
anglea conically shapé screeneis added(Fig. 1).

3.2. Monodromatorand optics

Behind the screeneand a gatevalve, photonsare
diffractedby thetoroidd grating andpassvia another
gatevalve to the exit apeture andto the sanple. The
connetion betwea this electopnaumaticvalve (Fig.
1) andtheanalsischambelis mack in suchamanner
that the whole setup (including monachromator
lamp and turbo pumps) is movable on a sliding
carriage.Thereasorfor thisadjustdle exitarmlength
will be discussedelow. The imageof the sourceis
optimized on the exit apertue with a diameter of
3mm which is also movable independatly with
resgect to the monachromator chamber This exit
apeture also has an important role minimizing the
gasflux into the chamber(seeTable 1). The mono-
chromabr grating is a laminar toroidd grating
(1200grooves/mm from JobinYvon, France) opti-
mized for He lla radiaion (40.8eV) and seconl
harmoncs suppresgin. As a good conpromise,the
monahromator chamberitself has been optimized
for He la radiaion (21.2eV) with resgect to its
entrane arm and deflecton angle becausethe aim
wasalsoto usemolecdar hydrogen asdischargegas
with energiedn the rangeof 9-13 eV [16].

Followingthereview of Westetal. [17] aberations
in the optical pathfunction canbe expressedoy asum
overF; termseachrepresentigacertainkind of aber-
ration. For exanple, thefirst ordertermsFyg, Foy, Fag
andF, represat the defoass, astigmatisn, comaand
astignmatic comaterms resgectively. In the caseof an
ided toroidd grating monachromabr georretry, the
entrane andexit armlenghsandthedeflectionangle
shoul be adjustedfor evely photan enegy to have
the astigmaic term Fg, equal to zero. This is,
however, not possibe in our case for reasonsof
spacerestricion. As a consequereof using different
phota enegiesin a fixed georretry, one hasto deal
with large aberation and low enegy resdution. An
elegant alternaive, therebre, is to optimize only the
defoaisterm F»o which providesthe largestcontribu-
tion in the energyresolution power factor. This is
doneby varying soldy the exit arm length whereas
the entrance arm length and deflection angke stay
constnt. Then, the resolution powe is significantly
improved with respectto a fixed geomety. It shout
be notedthatthis schemestill providesa strongastig-
matism since the astignatic term Fy, doesnot fulfill
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Fig. 2. (a) Comparisorof ultraviolet photoemissin spectrataken
on Cu(110).Spectrahave beennormalizedwith respectto the d-
band maximum. The spectrummeasuredvithout monochraonator
hasbeenoffset. (b) Samespectraasin (a) but only for the region
aroundthe Fermiedge.

the condtion of the ided toroidd grating geonetry.
Howeve, for photeemisson applicaions the crudal
point is to sepaate differentlines (i.e. the main line
from the satellit§ and not to havea perfect geome-
trical imageof the soure. In othe words,we do not
mind having a compldely distoted geonetrical
image, as long as a maximal numberof monochre
matic rays concentratesin a minimal focus Taking
theexanpleof Hel«, He I8 andHe |y photans(21.2,
23.1and23.8eV, resgectively), the centerof gravity
of the rays with different energie is at a constant
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axis) as a function of the exit arm length. Note that the exit arm

length correspods to the actualimage distanceplus the distance
from the sampleto the exit aperture Datais given for polycrysal-

line Ag.

angular separabn given by the diffraction of the
grating. What changs with r’, however, is the distri-
bution width of scatteed rays and therefore their
mixing. Optimizing the defoais term simply means
to choosethe exit arm lengh where rays of a given
energy are focdized best, resulting in an optimal
energy separabn and resolution of the monachro-
mator. This behavor is confirmed by ray-tracing
calculatons (not shown) for our set-up using the
shadowprogrampackaye.

4. Resultsand discussion
4.1. Performanceof monochromair and lamp

First of all, in Fig. 2 we show a comparison of
ultraviolet photoenission (UPS) spectrataken on
Cu(110). Part (a) preentsthe overall valenceband
rangewith the strong Cu 3d band at approximagly
2.5eV binding enegy. The top spectrun has been
takenwith the UVS 300 sourcewithout the mono-
chromator (i.e. with the quartz capilary) whereas
the bottom curve gives the sarre spectrum, but now
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taken with monachromatzed He la radiation The
smooth sp-band near Er without satelltes nicely
demongtates the performance of the set-up. As
shown more strikingly in part (b), the Cu 3d band
featuresarourd Er inducedby the He I8 (23.1eV)
and the He |y (23.8eV) satellite lines are, within
the given accuacy, compldely removed by the
monochranator. In comparison for Oth order
diffraction, the intensiyy ratio He la/He 18 is
approximagly 29.

In Fig. 3 we presentcalibration measuements
demonsgtating the efficiency of our r’ optimization.
Measurenentshave beenperformedon polycrydal-
line Ag, with the monachromator set for He 13
radiation The left axis givesthe ratio betwee spec-
tral weight at Er dueto He la andHe I (circleg,
and the right axis the total intensiyy of He I8
excited spectrh weight at Er (squaes), both as a
function of the exit arm lengh. The monochranator
hasbeensetto He 13 sincethe contibution of the
near-lyingvery strong He la main line still givesa
contribution within the sameenergyspectrun, thus
allowing for a direct comparison with varying r’.
As one canseein Fig. 3, a minimum is obtainal in

the He la/He 18 intensty ratio at roughly 405mm
for r’. At the same time the intensiy is also
maximized.

The capalility to distinguish betwee He la and
He 1B excited photeelectons improves by about
30% ([Imax — Iminl/Imax from the left axis). For the
pure spectralweight at Er one obtans an enhance-
mert of 15% (from the right axis). This corre-
sponds to the desired behavior Note that the
optimum postion extends over several milli meters
and the increag in the intensity ratio, as expeced
for going to larger arm lengths, cannot be seen
clearly becauseour set-up is limited to a total
distan@ of 415mm. The rather asymnetric beha-
vior, however, i.e. a steep decease of the ratio
followed by a flat region, is also refleded in the
ray-tracing calculations. They showthat the overlap
of optical rays from the different energies doesnot
significantly changewhen going to longer armsbut,
in contras, mixing increags rapidly upon short-
ening the armlength. Furthermoe, for the expei-
merts shownin Fig. 3, the analzer accgtancehas
beenchosensuchasto colleat photeelectrons from
the conplete sampleareathatis illuminatedthrough
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Fig. 5. Fermi surfacemappings(FSM) for the Cu(110) single
crystal. Photonenergiesare given. Left side: FSMsin the energy
range where the Shockley surface state can be seenaround Y.
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High symmetry points/directionsand the SBZ are marked. The
dashedline (bottom right) representghe cut sketchedat the top
right (cf. below} representationf thehigh symmetryplaneperpen-
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dottedfeatureggive theresultof the Cu FScalculationwith typical
necksand bones.With increasingradiusk; the circles aroundI’
representhe free electronfinal statewave vectorsfor 10.2,11.3,
12.1,16.9,21.2,40.8and48.3eV.

the exit apeture (seeFig. 1). Reducig the analyzer
acceptace area on the sanple resdts in the
disappesane of the He la signal demmstrating
that by deceasingthe exit apeture size the mono
chromabr set-upeasily sepaatesboth lines.

We focusnow on the Ho-inducedradiaion. In Fig.
4 we presentthe Ag 4d photaelectronintensties for
thephotm energyregionfrom 10to nearly14 eV. For
everymonachromatordisper$ve postion a spectrum
of the Ag 4d bandwastaken. By fitting its T,y andE,
componentsassumingwo Gaussianandsubtacting
a Shirley backgroundwe obtainenergypositionand
intensity for evey monachromator position. The
maximum at 10.2eV can be attributed to the very
intenseH Ly« line, whereasl2.1eV correspadsto
H LypB. Furthermaxma correspad to H Lyy andH
Ly andto photm enegiesgiven in thefigure.Refer
ring to the optical spectrumfrom Samson[16], our
measuredspectrun appearsas a convoluion of the
sharp-linel optical spectrun with an experimenal
broademng. Notice that in this energy interval the
Ag 4d photabsorptiorcrosssectian increasesonsi-
erably towards higher photn enegies. Therdore,
intensities cannot be compare directly with the
optical spectrum. The clear separabn of seveal
photon enegies exhibits the possibilty of using
them for photemission. Howeve, due to the
hydrogenquasi-ontinuumone alwayshasa mixture
of phota enegiesin the samephaoemissionspec-
trum for a given monachromator setting, which is
expressd by a slighly smeared out Fermi edgé.
The estmated energyresdution thus obtainedis of
the orderof 200meV at its best.

We concludethis sectionwith alook attotal photo
electronintensties providedby the monachromaing
systemWith He photmsof Oth orderonthe Ag poly-
crystal biasedwith —30V we obtain a maxmal
samplecurrent of 75nA. Maximal samplecurrents
of 28 and 8 nA are measued for He la (1storde)
andHe lla (1storder),respectivly. All valueshave
beenobtanedfor ananodecurrentof 3 A of theUVS
300source Theyhavebeenoptimizedwith respecto
the gaspressureandthe cathodefilamentcurrent.For
hydrogenandneon,sanple currens of the sameorder
of magnitule were obtained.

Regardingthe photcelectronintensitiesof the Cu
3d bandmaximumfor Hel« at1 A anodecurrent,we
find a factor of about2 lessintensiy with the monc
chromatorcomparel to the origind UVS 300 UV

2 The measuredrermiedgeis broadene@ndcanbe successfully
fitted with two Fermi-Dirac distributionsbeingslightly differentin
energypositions.



source with a 160mm quartz capillary (2 mm
diametej at the sameanodecurrent Compaed to
our previous Leybold UV soure operded without
monochranator we obtan a factor of 1.5 more in
monochranatized intensity at 1 A. Given the fact
that operationat 3 A is possiblewe gain more than
afactorof 4. Ourlaboratoryset-upthereforeprovides
monochranatized photans of various enegies with
high intensity.

4.2.k-spaceimaging

We focusnow on thephyscalrelevarce of thisnew
set-upwith regardto photoeletron spectragcopy.In
Fig. 5 we presenta set of Fermi surfacemagpings
(FSM) measured on the Cu(110) surface using
different phaon enegies. Two-dimersioral cuts
through the threedimensiona FS of Cu have been
descriled in detail for 21.2eV radiation elsevhere
[3].

Briefly, the photcelecton intensity is colleded
within a small enegy window cenered at E¢. This
spectralweight is mapped for all emisson angkes
anddispayedin alinear gray scalerepresatationas
afunction of the parallelcomponentk;) of the wave
vectork accordingto the well-known photoenission
formula (for zerobinding energy)

Y[A ] = 0512VhwleVI — dleVixsing (D)

wherefiw and ¢ denot the photon enegy and the
work function, respectively. The center of the

mapping represents normal emission (4 = 0°)
wherea the outer circles represat graang emisson
(9 = 90).

Thebottomof Fig. 5 comparestheHe l«a (21.2€eV)
FSM (left) with a calculaton [3] (right) done within
the Layer—Korringa—Kohn-Rostoker (LKKR)
formalism [24] indicating the intensily contributions
(black dots) due to direct transitiors from E¢ in the
frame of the free electon final state(FEFS)approc-
imation. ThesurfaceBrillouin zone(SBZ2)is skethed
andhigh symmery pointsanddirectiors arelabeled.
Within the FEFS appraimation high photcelecton
intensiies appearin the expeiment for direct transt
tionsbetweerthe FSin theextendedzoneschene and
the FEFS sphee accowting for energy and
momentumconservatin. This is illustrated in the
top right drawing of Fig. 5. Assuming an inner

potential of V, = 13.5eV and a work function of
¢ = 4.7eV, we draw the FEFSwave vectorsk; =
0.512\/fhiw[eV] — ¢[eV] + VyleV] as circular
segnents arourd the I'-point of the bulk BZ. The
lengh of the final stde vectorsincreags with the
photan enegy, corresponihg to 10.2, 11.3, 12.2,
16.9,21.2,40.8and48.3eV. Thesolid line hexagms
representthe bulk BZ. Party dottedis the result of
the FScalculaton, exhibiting the well-known ‘necks’
at the L-points and ‘bones’ around X. From this
sketh one can see that different photan enepies
lead to different cuts, therebre slicing through the
bulk FS.

The most eyecaching featue is the well-known
Shockley surface state arourd the Y-point of the
SBZ. As a matter of fact, the surfacestae appears
in regionsof the bulk gap asis indicated in the top
right sketchof Fig. 5 by the hatchedarea.A zooming
effect can be seenvery nicely when redudng the
photm energyfrom 21.2 down to 10.2eV. This is
easyto explain taking into account the usual photo-
emisson formula of Eqg. (1) where changing the
photm enery 7w modifies the expressionfor k;.
The k; range covered within 0-90° of emission
angks becomessmallerfor decreasig photm ener-
gies Therefore,in orderto scanthe existenceareaof
the Y surfacestate,i.e. the hatchedarea(Fig. 5, top
right) of the bulk gap,the anguhbr interval increases
for lowering the photan enegy, thus explaining the
zooming effect. The same apples to bulk staes
where with increasng photan energy the FEFS
vecbor k; reachesfarthe out. As a resut, going
from iw = 10.2to 21.2eV, the stronghalf-dlipses
cenered around the Shockley states coninuously
move towards the center. Differencesin spectral
weight along the high intensty lines are explained
by matrix element effects, including the influence of
the polaization. At presentthe origin of the weak
propdler-like featues crossimg the centerof the H,
FSMs(10.2,11.3and12.1eV) is unclear.They have
more or lessthe samesymmaery as the bulk bands
and correspondmost probablyto excitationswith a
slightly different photonenergyas explaired before
(seethe previousfootnote).

The two He Il FSMs(40.8and48.3eV) are quite
differentfrom those for energiedbelow21.2eV. Now
the final statewawve vectoris large comparel to the
dimensonsof the SBZ and,hencethek; resoluton is




worse. The Shockley surface stae is not resolvel
anymae, afactthatmaybeattributedto cross sectim
effects.Ontheotha hand,awiderregionin k-spacds
accesdile at thee enegies. The final state sphee
touchesthe FS near normal emisson at the top of
the ‘dog-bone’ (Fig. 5, top right), suchasto produe
an extendedareaof high intensty.

Finally we may notice that gray scalemappingis
not restriced to constantenergyscansas presengd
in Fig. 5 but is also appicable for colleding
compldge enegy distribuion curves along high
symmaery direcions as reviewed for the textbook
exampe Cu in Fig. 4 of Ref. [11]. Other exampes
are given for Ni(111) [9], c(2 X 2) — Na/Al(001)
[25], Yb/AI(001) [26] or H/Ni(110) [27]. The two
measuing modes nicdy illustrate the inherent
complement betweenthe k(E) and E(k) way of
displaying band structurs, therebre justifying the
term ‘k-spaceimaging’.

5. Conclusions

We have preented a new expeimental set-up
combining a high intensity UV soure and a VUV
monachromatorfor photoeletron spectrecopy. The
possiblity of scaniing the exit armlengthallows one
to optimizeresolution andintensiy at the sametime.
A greda variety of different photon energis is
obtainel dependhg on the discharge gas. In parti-
cular,usingH,, aquasi-ontinuumof photonenerges
arisesbetwee 10 and 13eV. The set-up,therefore,
providesa poweful tool for angk-resolvedphoto
electon spectr@copy,asshownby anactual zooming
into the surfaceBZ of Cu(110) demonstatingreal k-
spaceimaging.
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