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Di ˜usio n of potassium adsor bate on the W (112) plane w ith preadsorb ed
nickel was investigated by means of the auto correlati on function of Ùeld
emission current Ûuctuations. A comparison of the exp erimental auto corre-
lation function with that of a theoretical calculati on by Gesley and Swanson
gives the surf ace di˜usi on coe£cient of potassium. From its temp erature

dep endence the di˜usio n activ ation energy at several N i pre- coverages for
a constant potassium co verage ( È K = 0: 4) is derived. T he dep endence of
the activ ation energy for potassium surf ace di˜usi on on the nickel coverage
| Ùrst reduction and then an increase with increasing N i coverage | is
observed. T his is in agreement with the results obtained from the spectral
analysi s of the Ùeld emission current Ûuctuation s of the same system. T he
decrease is understo od to b e a result of the smoothing e˜ect caused by N i
atoms on the W(112) plane.

PACS numb ers: 79.70.+ q, 68. 37.V j , 68.43.Jk, 05.40.C a

1. I n t rod uct io n

Sur face di ˜u sion processes can be studi ed bot h by m oni to ri ng changes in
the concentra ti on proÙle of adsorba tes and vi a exam ining an adl ayer in therm al
equi l ibri um by density Ûuctua ti on m etho ds. Revi ews on such surface di ˜usi on
studi es are given in Refs. [1{ 4].

The density Ûuctua ti ons of the adsorba te are responsible for the occurrence
of Ùeld emission (FE) current Ûuctuati ons. These Ûuctua ti ons can be investigated
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by spectra l analysis [5] and auto correl ati on measurements [6]. Both representa-
ti ons are related by the W iener{ Khi ntchi n theo rem, i .e. they are m utua l Fouri er
tra nsform s. The theoreti cal trea tm ent of the FE current Ûuctuati ons carri ed out by
Gesley and Swanson [7] yi elded form ulas for the spectra l density functi on and the
auto correl ati on functi on of the Ûuctuati ons. Both representa ti ons allow us to cal-
cul ate the di ˜usi on coe£ cient by m aki ng a com pari son of the exp erimenta l resul ts
wi th the theoreti cal curves. R ecently the m ethod based on the spectra l analysis
has been employed in studi es of alkal i m etals [8{ 12], and the auto correla ti on mea-
surements were used to determ ine the di ˜usi on param eters of hafnium [13] and
ti ta nium [14] on the tung sten Ùeld emitter surface. The studi es have shown tha t
the surf ace di ˜usi on coe£ cients and acti vati on energ ies depend on the pl ane of
a sing le crysta l , crysta l lographi c di recti ons and coverage. As wa s shown by ex-
am ining the co-adsorpti on system W (112) Ni { K [12], even small changes in the
structure of the crysta l plane inÛuence considerabl y these param eters.

The present paper conta ins the results of an auto correlati on study of the
FE current Ûuctuati ons for the co-adsorpti on system W (112) Ni { K whi ch was
previ ously exam ined by the spectra l analysis [11, 12]. A com pari son of the resul ts
obta ined usi ng both m etho ds is given. The surf ace structure changes of the W (112)
pl ane caused by Ni atom ic adsorpti on on the pota ssium m obi li ty are discussed.

2. E x per i m en t a l

The investigati ons of the Ùeld emission Ûicker noise (FEFN) were carri ed
out in a sealed-o˜ Ùeld emission m icroscope tub e wi th a Faraday col lector placed
behind the pro be hole in the screen. The FE current of the probed emi tter re-
gion of the W (112) pl ane could be di rected to the col lector by an externa l m ag-
neti c Ùeld. The di ameter of the probed region is estimated to be about 1 0 À 6 cm.
The noise signal (FE current Ûuctua ti ons) af ter am pl iÙcati on was analysed by
a hundred- channel stochasti c analyser. The auto correl ati on functi ons were mea-
sured. The dc col lector currents were contro l led to achi eve comparable condi ti ons
and were kept constant duri ng the course of an experim ent. The tub e was equipp ed
wi th an am poul e-t yp e potassium source and a nickel source in the shape of a small
Ni bar spotwel ded to two crossed tung sten loops. The residual gas pressure was
about 1 0 À 8 Pa. The emi tter tem perature was determ ined by resistance m easure-
m ents of a loop segment. The experim enta l arra ngement incl udi ng the electro nics
wa s the sam e as described in R ef. [12]. The measurements of the auto correla ti on
functi ons were perform ed in Leipzig.

3. R esul t s

Pota ssium was deposited on the therm al ly cleaned W (112) pl ane wi th pread-
sorb ed ni ckel of di ˜erent am ounts, given in depositi on m inutes t N i. Fi gure 1 presents
the dependence of the work functi on ' 1 1 2 on the depositi on ti me of nickel t N i : ' 112

wa s calcul ated from the relati on of the vol ta gesfor the nickel covered and the cl ean
pl ane at a constant FE current, i 1 1 2 = 3 nA. The curve ' 1 1 2 versus nickel cov-
erage has a disti nct m axi mum [15]. The m axi mum wa s also observed duri ng the
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Fig. 1. W ork function for the W(112) plane ' 11 2 versus nickel depositi on time t N i . ' 112

w as calculated from the relation of the voltages for the nickel covered and the clean W

plane at a constant FE current i 112 = 3 nA .

Fig. 2. A uto correlati on functions of the W(112) K system for the average p otassium
coverage È ¤ 0 : 4, on N i- free tungsten surf ace, at di˜erent substrate temp eratures indi-

cated in the Ùgure. Dots corresp ond to experimental results, solid lines represent theo-

retical auto correlatio n functions of the b est Ùtting to the experimental results. C urves

are shif ted in the vertical direction by 0. 2 each for a better view ing.
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Fig. 3. A uto correlation functions of co-adsorption layers N i{K on the W(112) plane.

Dep ositi on time of N i t Ni = 4 min, p otassium coverage È K ¤ 0 :4. Emitter temp eratures

are indicated at the plots. Dots corresp ond to experimental results, solid lines show the-

oretical auto correlati on functions of the best Ùtting to the experimental results. C urves

are shif ted in the vertical direction by 0. 2 each for a better view ing.

inv estigati on by another m etho d [16]. The presence of the maxi mum is understo od
to be caused by the smoothi ng of the W (112) pl ane by nickel ato ms.

The auto correl ati on functi ons were m easured at a consta nt pota ssium cov-
erage of È K = 0:4 in the tem perature range of 294{ 425 K. Fi gures 2 and 3 show
exam ples of the exp erimenta l auto correl ati on functi ons (dots) for a Ni -free surface
and for tha t after a ni ckel depositi on ti m e t N i = 4 m in, respecti vely.

3.1. Determi nat ion of t he di ˜usi on paramet ers

The experim enta l resul ts are com pared wi th the theo reti cal auto correla ti on
functi on deri ved by Gesley and Swanson [7] on the assumpti on tha t the Ùeld emis-
sion current Ûuctuati ons are induced by Ûuctua ti ons in the num ber of adparti cles
on a smal l pro bed area and created by two -dim ensional surf ace di ˜usi on of the
adsorbate. The corresp ondi ng auto correl ati on functi on for a ci rcul ar pro be region
and unb ounded di ˜usi on is given by

R ( t ) = R (0 ) f 1 À exp( À 2 ˜ 2 ) [ I (2 ˜ ) + I (2 ˜ )] ;
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where ˜ 2 = t 0 = t = r 2
0

=4 D t; r 0 is the radius of the probe region, D i s the di ˜usi on
coe£ cient, I 0 and I 1 are m odiÙed Bessel functi ons.

Using the least-mean-squares pro cedure to Ùt the theo reti cal curve to the
exp erimenta l auto correl ati on functi ons the parameter t 0 corresp ondi ng to the best
Ùtti ng of both curves wa s determ ined and the di ˜usi on coe£ ci ent was calcul ated
from the relati on t 0 = r 2

0 =4 D ( r 0 i s about 5 È 1 0 À cm in thi s exp eriment). In
Fi gs. 2 and 3 sol id l ines represent the theo reti cal auto correl ati on f uncti ons of the
best Ùtti ng to experim enta l points.

Fi gure 4 pro vi des the Arrheni us plot of the surface di ˜usi on coe£ cient
(D = D exp( E =k T ) ) for various nickel depositi on ti m es. The values of the sur-
face di ˜usi on energy E and pre-exponenti al factor D for di ˜erent nickel coverages
are presented in Fi gs. 5 and 6, respecti vely. Dots in these Ùgures are exp erimenta l
points, sol id l ines are the appro xi matio n by 3rd order polynom ials.
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Fig. 6. N ickel co verage dep endence of the pre- exponential factor D 0 determined from

the A rrhenius plot in Fig. 4. T he solid line is the approximation of the experimental

p oints by a 3rd order polynomi al.

4. D iscu ssio n

The FE current Ûuctua ti ons of the co-adsorpti on system W (112) Ni { K were
al ready m easured by means of the spectra l density functi ons [11, 12] and cro ss-
-correl ati on functi ons [12, 17] at vari ous tem peratures. As was shown in R ef. [17]
the current Ûuctua ti ons of thi s system are m ainl y pro duced by m obi li ty of pota s-
sium ato m s. Theref ore the obta ined values of the surface di ˜usi on coe£ cient D

and the acti vati on energy for surf ace di ˜usi on E can be considered as pota ssium
surf ace-di ˜usi on parameters.

Fi gures 2 and 3 dem onstra te tha t the auto correl ati on functi ons depend on
the tem perature of the substra te and the nickel depositi on ti m e. The increase
in tem perature causes tha t the auto correl ati on functi ons dim inish faster to zero.
It can be noti ced tha t the exp erim ental auto correl ati on functi ons are very well
Ùtted by the theo reti cal f uncti ons. Thi s suggests tha t in the tem perature range
under inv estigati on we are conf ronted wi th one pro cess generated by the adsor-
bate surf ace di ˜usi on. Investi gati ons of spectra l density f uncti ons [11, 12] and the
cro ss-correl ati on f uncti ons [17] for the sam e co-adsorpti on systems show tha t at
least two di ˜erent pro cesses: density Ûuctua ti ons of adsorba te (the Ti m m and Van
der Zi el m odel [18]) and col lective m ovement of adatom s have to be taken into ac-
count for the interpreta ti on of the experim ental results. From the auto correla ti on
m easurements thi s cannot be conÙrmed. Thi s may be connected wi th the mea-
surement pro cedure of the auto correl ati on functi on. The used stochastic analyser
al lowed only 100 points to obta in for the auto correlati on functi on.

W e assume tha t surface di ˜usi on understo od in term s of density Ûuctuati ons
pl ays a dominant ro le in the adsorba te-induced current Ûuctua ti on at the tem -
perature appl ied. Thi s assumpti on is supp orted by the tem perature dependence
of the di ˜usi on coe£ cient D derived from Ùtti ng the theoreti cal auto correla ti on
functi ons to experim enta l ones (Fi g. 4) whi ch is in agreement wi th the Arrhe-
ni us equati on. The acti vati on energy f or the surface di ˜usi on E calcul ated f rom
the slope of the Arrheni us pl ot depends on the ni ckel depositi on ti m e (Fi g. 5).
Al tho ugh the auto correl ati on measurement was carri ed out only for three nickel
dosesthe dependences of the acti vati on energy E and pre-exp onenti al factor D 0 on
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ni ckel depositi on ti m e show a pro nounced m ini mum at thi s nickel covera ge whi ch
corresponds to the m axi mum of wo rk functi on ' of the W (112) Ni system (see
Fi gs. 1, 5, and 6). On the contra ry the dependence of the di ˜usi on coe£ cient D on
Ni covera ge determ ined for a constant temperature shows a m axi mum at a Ni cov-
erage corresp ondi ng to the m axi mum work functi on ' of the system W (112) Ni .
It is cl ear tha t the surface structure stro ngly a˜ects the di ˜usi on param eters.
As was early found [16], the m aximum of the work functi on is a consequence of
the smoothi ng of the W (112) corrug ated pl ane by ni ckel ato ms. At Ùrst the nickel
ato m s occupy the sites at potenti al m ini ma along the tro ughs on the W (112) plane
and form one-dim ensional islands along the [111] di recti ons, whi ch leads to the in-
crease in the work functi on. W hen the ni ckel ato m concentra ti on on the substra te
surf ace is equal to the surface concentra ti on of substra te ato ms al l tro ugh sites
are occupi ed and the work functi on ' 1 1 2 reaches a maxi mum . A further ri se in Ni
concentra ti on leads to a slight rougheni ng of the to pm ost layer and consequentl y
to a drop in ' 1 1 2 . Thi s rougheni ng e˜ect is a result of incorporati on of addi ti onal
Ni ato m s into the Ni rows adsorbed in the W tro ughs, whi ch causes the di splace-
m ent of Ni ato ms f rom the orig ina l adsorpti on sites. Further Ni depositi on leads
to adsorpti on on the ri dges of the tung sten rows and subsequentl y a com pression
in thi s layer, whi ch results in a ful l Ni monolayer of 1 9 : 4 È 1 0 1 4 ato m s/ cm 2 [16].

Thi s smoothi ng e˜ect is sim pl y reÛected in the ni ckel covera ge dependence
of E and D 0 . In a simpl e random -walk m odel of di ˜usi on, D 0 i s given by the
adparti cle jum p length l and jum p attem pt frequency ¡ ( D 0 = l 2 ¡ ) [1]. W hi le
smal l j um ps are possible on a smooth surf ace, increa sed roughness shoul d requi re
longer jum ps for surface di ˜usi on of the K- adsorbate ato ms. Thi s interpreta ti on
should be trea ted as onl y Ùrst approxi matio n of the com plex process.

Ano ther point of vi ew [12] should be also ta ken into considerati on in the
di scussion. Duri ng the adsorpti on of alkali ato m s on a m etal substra te an electro nic
charge is tra nsferred f rom the adatom s to the substra te and a stro ng intera cti on
between adato m s appears. Such tra nsfer depends on the wo rk functi on of the
substra te [19]. However, the dipole m oments of K ato m s as well as latera l and
substra te intera cti on energies wi l l be a compl icated functi on of Ni covera ge. The
largest repul sive intera cti on between the K adato m s can be expected at the Ni
covera ge corresp ondi ng to the m axi mum of the work f uncti on of the W (112) Ni
system . Thi s shoul d inÛuence the form ati on of di ˜erent pota ssium structures on
W (112) face and consequentl y change the di ˜usi on m echanism and param eters.
Such structure- di ˜usi on relati ons for stro ngly intera cti ng systems were determ ined
by Ki ev group [1, 20].

The values of the pota ssium acti vatio n energy for surface di ˜usi on and thei r
ni ckel depositi on- ti m e dependence obta ined in thi s experim ent by the auto cor-
relati on f uncti on m easurements are in agreement wi th the results obta ined by
the spectra l density functi on analysis [12] as well as cross-correl ati on inv estiga-
ti ons [17].
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