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Abstract

We have systematically investigatethe ‘natural’ | £
emission sites dfvo cm? sized samples, whietere wet
chemical prepare@nd heated inUHV at400°C. The
changes of the emission parameters due to a deposition
a 16 nm gold layer on one sample were evaluated wi
respect to the curreninodels forthe enhancefield
emission process. Comparison tbe Fowler-Nordheim
parameterspey and Sey of the emitters with their
geometrical field enhancement fact@g, which were
estimated from high resolution scanning electron
microscope analysis, revealtdtht theobservedemitting
structures are sharp enough to explain the meaggfgd
while the values o$:\ do not agree with the geometry.

1. INTRODUCTION picture (fig. 1), small particleandeven submicron sized

The performance of superconducting Nb accebraﬁrﬂjbstructures_ of the particlegere uniformly covered
cavities is affected bihermalbreakdownand enhanced With gold. It is remarkablghat regions withformerly
field emission (EFE), whichare caused by bulk and Varying secondary electron emission showed uniform
surface imperfections. Besidés local occurrence, the Prightness after the gold deposition. Nbarging was
physical mechanisms leading to EFE are still unknow@PServed inthe SEM after the deposition, i.e. theld
DC field emission (FE) scanninguicroscopy of cm2 layer wasnot insulated frpm the cath'ocBeS|des Nb a
sized samples withigh spatial resolution [1 fombined |0t of foreign elements (Si, Mg, Fe, Alj, Ca, W, Cr, K,
with in situ scanning microscopy (SEM)and auger Ni:» Mo, Mn) were detected irthe particles bgnergy
electron spectroscopy (AES) is well suited for thé&lispersive x-ray (EDX) analysi<Z (= 11), which was
identificationand analysis of single emitters. As a resultP€rformedex situin combination with SEM, but about
of such studies [2 ,3 ], much progrdsssbeen achieved 50% of the FE sites only Nb was detected.
in the surface preparation technique of Nb cavities [4]. Various kinds of FE measurement@re performed
Since scratches or particulate contamination lagstly 0N the samples by means of a field emission scanning
been found atthe FE sites, itvas suggestethat MICrOSCOpe, which is incorporated in a_commerual UHV
geometric field enhancemeplays a major role for EFE analysis chamber [1]. After recording the emitter
[5 ]. Moreover,heating [2,3] andjas exposure [6 ] have distribution (FE maps), selected emission sitesre
changed the strength of FE sites significantly. Therefor@nalyzed. The onset field strendih, was determined by
detailed studies on the role of thgeometry and Mmeasuring voltageU versus electrode dlsta_nce at
adsorbates fahe EFE oftypical emitters on Nb samples constant current = 0.5 nA, and~owler-Nordheim (FN)

Fig. 1: SEM micrograph of an emitting particle on a Nb
surface before (left) and after gold deposition (right).

will be presented in this paper. analysis without imagéorce correctiorand assuming a
fixed work function® was performed by recordirgu).
2. EXPERIMENTAL The chamber contains a SElInd AES. The heat
treatments of the samplegere carried out by electron
Two non-heat-treated Nb samples (PK1, PK4,= bombardment in a preparation chamber, from where the

15 mm), whichwere involved inprior FE experiments samples are transfered without breaking the vacuum.
[2,7 ], were recovered by a buffered chemigalishing

(BCP 1:1:1) of 10um. The samplesvere rinsed in a 3. RESULTS
container and by avater jet with deionized, filtered
water, and dried irunfiltered air. Additional emitters Measurement of the FE behavimeforeandafter the

were activated by UHV-hedteatment at 400°Gor 15 9old deposition led to théollowing results.With one
(PK4) or 30 minutes (PK1), respectively. Aftle first exception the E, of 25 investigated emitters increased,
FE analysis a gold layer of about 16 nm thickness wide average value obefore 49 MV/m went up to
deposited on one sample (PK4) by means of a spec% MV/m after the deposition. As can be seen in fig. 2,
evaporation apparatus. As can be seen in the SEie FN parametefry tended to smaller values by the
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Fig. 2: Change of the FN paramet@gy by the gold

Beco

Fig. 3: Dependence othe FN parametddgy on the
geometrical field enhancement of the emitting structures.

deposition.

gold deposition. For the determinationfighy andS-y a _ _

@ of 4.0 eV or 4.05 eWvas assumed for emitter analysigfor most FE sites. For sample PK1 there'shigher

on the 'pure’ Nb or on the goldovered sample, percentage of exceptions from this correlation.

respectively. For an optimum fit of measured field It has to be mentionethatbecause ofheir complex

enhancement factors the protrusion model, th® of shape it was often equllvocal to det'ermthg emitting _

gold was chosen slightly different frome literature Substructure of the particles. At particles like the one in

values @ = 4.3 eV). As a further result, 68% of the FNfi9- 1, where the sharpegjeometry is evident, we

paramete&ey decreased by the gold deposition. observeq in ggnergl the best agreementbetween
The geometrical field enhancement facfy was geometrical estimation of the FE paramet@nsl meas-

estimated considering the substructure of the emittinléfement as indicated by the dotted circles in figs. 2-5.
particles. According to [5] the _additio_naﬁeld 4. DISCUSSION AND CONCLUSIONS
enhancemen, of a substructure (radius, heighthy)
inside the enhanced field3;) of the particle 13, hq)
leads to a resulting field enhancement fa@ipe< B1B,.
Taking data of [5] and ofown numerical field
calculations leads to

Bgeo=B2 {2+ (B1—2) [&xp(- (Bl_éﬁ‘z )(12367- 0028B,) )).

The currentmodels forthe explanation of the EFE
are geometricalfield enhancement, metal-insulator-
vacuum- (MIV) model, and metal-insulator-metal-
(MIM) model. Compared to a flat surfacgharp metallic
structures cause local geometrical field enhancement

The factorsf3; and 3> were estimated according to [8 ]. -3

As shown in fig. 3, the resultinfgeo values before as ab

well as aftetthe gold deposition are of the same order ce ! ! ‘ ‘ ‘ ‘

magnitude and imost cases almost tie same size as © S before Au (4 ¢V)

the measured FN paramet@gsy. o S after Au (4.05eV)
The region, where the enhanced fistdyswithin its

maximum or a few percent less, is the emitting agpg S

which should be about22 0t In contrast to thdield
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enhancement factors, the majority of tRey show '8§

unrealistichigh valuesand wide spread othe pure Nb 9F

sample, but the gold deposition lets & tend to more -

realistic values (fig. 4). Sample PK1 compared with the -10|

uncovered PK4 showsimilar results in FN- and -

geometrical parameters. '11§ e T
Taking Bgeo and Syeo Of the emitters of PK4 and  _jpbob@® ol %0 bl

assumingd = 4.0 or 4.05 eV the 'geometrical onfield -13-12 -11 -10 9 -8 -7 -6

strength'Eqn geo Can be obtained from the FN formula. log(x2._-T) log[cm?]

The comparison with the measurég, is shown in tip

fig. 5. Surprisingly, there is aather good agreement Fig. 4: Plot of the FN paramet&ky versustip surface of
betweerthe geometrically deduceaind themeasuredon  the emitting structures.
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Fig. 5: Correlation between measurely, and Eqn geo
which was calculated byneans of the FN-formula for
estimatedgeo andSyeo of the emitting structures.

(protrusion model). According to certain electronic

and thevaluesare wide spreaded. Evensing image
force correction orassuming locally changeavork
function can not explain these values. So the protrusion
model is not thewhole story. Adsorbates, oxides, and
other chemical compositions éme metal surface, which
are in general preseaven aftelannealing inUHV, play
probably a crucial role in this context.Several
experimentabndtheoretical studies have considered the
change of thevork function [6,10 ,11 ], additiondvels
inside the potential barrier [12 ,13 ] or the change of the
barrier shape [14 ,15 ] due to adsorbates. An influence of
adsorbates on the paramete® is reported in
[6,11,16 ,17].

In order to get more knowledge abdie influence of
adsorbates, oxidesand tostudy the role of the
substructure of the particlesnd thecontact between
particles and cathode, an ion gun is installed at present.
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the experimental data rules out a pure MIV model.
Because othe moderate increase Bf, and the slight
decrease dhe majority offgy valuesthe MIM model or
MIV combined with geometrical field enhancement
seems less probable than the protrusion model.

We observed a goafreemenbetweerthe measured
Eon and Eonges Which was calculated from the
geometrically estimated parameters by meanthefFN
equation. TheBgy of the single emitters is @bout the
same size atheir Bgeo Therefore the emitting particles
after wet chemical preparationrand heating of Nb
samples areapable to producthe observed emission by
geometrical field enhancemettowever, as in previous
studies [3], most of the measurgg, are unrealistitigh



