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Abstract remove certain oxidesand carbides from many
Negative Electron Affinity (NEA) semiconductor semiconductors. Heating in vacuum may algack
photocathodesare widely usedfor the production of residualgasesand thereby create contamination on the
polarized electrorbeams,and arealso useful for the semiconductor surface. Heating ndgmage some of the
production ofhigh brightness electron beams which carspecialized semiconductor structudeseloped to provide
be modulated at vergigh frequencies. Preparation of an either high polarization or high quantum yieléinally,
atomically clean semiconductor surface is an essential stgpwth of protective cap layers hasrecord of mixed

in the fabrication of a NEA photocathode. Thleaning success to datendcannot bedonewith all methods of
step isdifficult for certain semiconductors, such as theepitaxial growth.

very thin materials whichproduce the highestbeam It is highly desirable to have a cleaning process which
polarization,andthose whichhave tightly bound oxides can be employed in ultrahigh vacuum; which widmove
and carbides. Using a small RF dissociation atomicall oxides, carbides,and other contamination without
hydrogensource, we have reproduciblgleaned GaAs removing a significant amount of the basamiconductor
wafers which have beenonly degreasedprior to material; and which will minimize the maximum
installation in vacuum. Wiéave consistentlyprepared temperatureand the temperature-time product of any
very high quantum efficiency photocathoddsllowing heating cycles involved. Cleaning by exposure to atomic
atomic hydrogencleaning. Details of our apparatus anchydrogen meets all of these criteria.

most recent results are presented. It is well established that the exposure of méhy/,
[I-VI, andelemental semiconductors to atonfigdrogen,
1 INTRODUCTION typically at modestlyelevatedtemperaturesproduces a

NEA photocathodes havewo broad areas of semiconductor surfacentirely free of contamination [3].

application as electron sources for acceleratdisey are N Particular, atomichydrogen exposure is capable of
at the heart of essentially giblarized electron sources in '€moving such difficult contaminants as oxygen on
use at the presenand they provide ahigh quantum S|I|co.n, and carbon onGaAs._ This cleaning process,
efficiency photocathode for the generation bfgh POSSibly followed by a heating cycle, leavesurfaces
brightness beams which may bedulated atvery high  Which show sharp LEED patterns, indicatingood
frequencies [1]. Theseathodes are formed atomically st0|ch|ometryan_d surfape order.. The process igeadily
clean surfaces of direct bandgap semiconductors by tAgaptable tan situuse in ultrahigh vacuum.
addition of cesiumand anoxidant, typically oxygen or
nitrogen trifluoride. The preparation of an atomically 2 CLEANING PROCEDURE
clean surface on the semiconductor is an essential step in DEVELOPMENT
this processand the quantum vyield ofthe resulting Our initial experimentswere done byplacing the
photocathode depends strongly on the quality of the resglimple to becleaned in DChydrogenglow discharges in
achieved in the cleaning step [2]. Mostleaning various geometries. These experiments demonstrated clear
techniques used tdatehave employedome type of wet evidencefor surfacecleaning in some cases, both by
chemical processing prior to the introduction of theAuger measurements on tlokeanedsurface,and by the
semiconductor material into the gun vacuwsystem, photoresponse of the cleaned surface to cesium. However,
followed by heating thecathode tohigh temperatures in we also sawevidence oftransport of contaminatiofiom
the gun after a suitable ultrahigh vacuum environment h#ése chamberwalls to the semiconductor surface. In
been established. More recently, with the use @fddition, it was difficult to imagine adaptirtgis scheme
epitaxially grown semiconductors, it has been possible for use in an ultrahigh vacuum electrogun.
some cases to grow a protective cap layer on théccordingly, wedecided todevelop an RF dissociation
semiconductor surfacavhich can later beaemoved by atomic hydrogen source.
heating in vacuum. Our atomichydrogen source is a modification of one
Each of the above cleaning methods hadritsvbacks. developedor use in apolarizedatomic hydrogen target
Wet chemical processdagpically remove a significant [4]. It employs a helical resonator surrounding.a cm
amount of material - more than is present in ¢hse of diameterPyrex tube containing thieydrogen. Ultrapure
the thin layers whichproduce the highest beam hydrogen is admitted to this chamber through an ultrahigh
polarization, for example. Heating in vacuurannot vacuum leak valve. Atomibydrogenexits thedischarge
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region through a smallperture (typically 1 mm or conditions. With our resonator, we typically operate with
smaller), and is conducted tbe sample to beleaned by 40 W of RF power at90-110 MHz, and a hydrogen

an aluminum tube. Aluminum is chosen as it has a lopressure 0f24-30 mbar. We estimate the atomic
atomic hydrogen recombination coefficient. The resonatdrydrogen flux at the sample is of ordefdh?/sec.

is made ofstainless steel, as it is within thegion Much hydrogen, both molecular and atomic, enters the
subject to ultrahigh vacuum bakeout. Téeurce is vacuum chamber during the cleanimggquiring a high
mounted on a multiport stainless steel vacwtlramber hydrogenpumpingspeed. Irthe test chamber, this was
which contains the sample, ultrahigh vacupomping, provided by a 30l/s DI pump and a 220 I/s non-

and apparatus to permit the illumination and fabrication afvaporablegetter. The non-evaporable getter pumps
a NEA photocathode otthe cleansample. The sample hydrogen reversibly, and can be used for a large number of
itself is mounted on a stalk which may heated, and cleaning cycles. Under our conditions, the pressure in the
which is identical to thoseised in our photoemission main chamber during the cleaning cycle lelow 10°
electron guns. The complete apparatus, including timbar. Once the cleaning cycle is completand the
atomic hydrogensource, isbakeable t0250 C, and is hydrogen flow stopped, thechamber pressureapidly
shown schematically in Figure 1. recovers to the ultrahigh vacuum range.

3 RESULTS

Once we established a reasonage of parameters for
the atomic hydrogen cleaning process in thenbaked
chamber, we installed wafer of relatively low dopant
CERATOR density €a2-3 x 16%cn?® Zn) bulk GaAs whichhad been
only degreased. The entire apparatus was vadalsd
at 250 C for about 30 hourand reached basepressure
below 10" mbar following cooldown. Atomidiydrogen
CESIATOR cleaning of the sample wa®ne at a saple temperature

of ~ 300 C for 45 minutes. Following theeaning

cycle, the sample was heated to ~ 450 C to renboued

and sorbed hydrogen[3]. After cooling to room

-~ temperature, the sample wastivated toNEA by the
application of cesiumand either nitrogen trifluoride or

nitrous oxide.

= A typical measurement of quantusfficiency as a
function of wavelength is shown in figure 2.These

HYDROGEN results have beerrepeated inthis apparatus orseveral
e similar GaAs samples. It is interesting to note thase
very good quantum yieldare obtained onsamples with

low dopantdensity. It is believed that higherdopant

Figure 1. Schematic view of the experimental apparatusiensity is detrimental to producinthe highestbeam
polarizations, butnecessary forobtaining the highest
guantum vyields. It will be interesting to exploteis

tradeoff using the atomic hydrogen cleaning process.
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Following an initial vacuum bakeout, thehamber
pressure typically fell below fombar within a few hours
after carefuldry nitrogen backfillingandthe introduction
of a new sample. At these low pressures, it is feasible ==
conduct atomic hydrogen cleaning and cesium Quantum  Efficiency
photoresponse measurements withoutrtéedfor atime 16
consuming bakeout. Thigllowed us tomake alarge 14 ”00..
number of photoresponse measurements relatively eas
to establish suitablparameters fothe atomichydrogen
cleaning process.  Waletermined the proper RF
frequency, power and hydrogen pressure to achigvigta
degree of hydrogen dissociation and a good atomic
hydrogen flux on the sample, as well as the cleaning tin
and sample temperaturewhich resulted in the best
photoresponse to cesium. Whitgdrogen dissociation
occurs over eroadrange of hydrogen pressuad RF  Figure 2. Quantunkfficiency versus wavelength for an

frequency, it is necessary to considecombination as NEA GaAs photocathodpreparedafter atomic hydrogen
well as dissociation to obtain the optimuscieaning cleaning.
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Following the excellent results above, weansferred
this process to th@olarized sourcgroup of the MAMI
accelerator at Minz. This group hasbtainedsimilarly
good quantum efficiency obulk GaAs,andhasactivated
samples of thirstrained GaAsvith goodresults as well.
The Mainz group has @asuredthe beam polarization
from atomic hydrogemrleanedbulk GaAsandfound it to
be normal [5].

Okada and Harris [3] have pointedt that the atomic
hydrogen cleaning process leavelully passivatedsaAs

mounted on @ellows, allowing us to position the exit
aperture undethe cathodefor cleaning,and toremove it
for electron beam operation. Tests will cmnducted in a
complete photoemission electron gun shortly.
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surface. It should thus be possible to transfer an atonjig; 4,0 Pyrex glassblowing. This work waspported by

hydrogen cleaned GaAs sample through air without

detrimental effects. Accordingly, we constructednaall
“roll-around” atomic hydrogencleaning station. Using
this, we cleanedGaAs wafers, and, afteventing the
cleaning station tadry nitrogen, transportecthe cleaned
wafers through room airand installed them in our
photoemission guns. We have successfotgparechigh
quantum yield cathodes on wafers transpottedugh air
after atomic hydrogen cleaning.

We plan toincorporatethe atomichydrogen cleaning

process directly into our photoemission guns. To do this,

we have constructed a modifiacersion of the atomic
hydrogensource.
the hydrogenglow extendsinto the primaryvacuum
chamber ofthe electrongun. The atomichydrogenexits

through a small aperture directly below ttethode wafer.
The RF resonator is outside the vacuum chamber.

have demonstratedhat the glow in thisarrangement
extendsfully into the vacuum,even though the RF
excitation is entirely outside the vacuum. Thdgrce is

In this design, the volume containing
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