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EVALUATION OF ULTRAHIGH VACUUM WITH FIELD-EMISSION
MIOROSCOPE (POLAND) (*)

Thia translation was prepared (n reaponase to AID Work
Asaignment No. 43, Task 20. The artiole was originally
publiahed as followa:?

Lenkow, Wojoilech, and Caesglaw Workowski, Department of
Experimental Fhyaiocs of Wrocdaw Univerasity. Pr:eglgd
elektroniki, v 3, no. 11, 1902, 646-648,

A possibility of oconsiderible reduction i{n the adsorption
time of gas residue in the tungsten emitter of a Miller mioroscope
was demonatrated by applying eleotric sorption.

A 700=fold acoeleration in the adsorption time permits a
comparative measurement of the total pressure of active gases of the
order of 10-}' tor (mm Hgl] in less than 100 sec., The 90llib1116z of
applying this method to measuring pressures in the range of 10-* to
10=3 ¢ mm Hg is anticipated,

Diffioulties oonneoted with measuring a vaouum of the or-
der of 10"1° mm Hg and of more Rorroot ones throu,h*tho use of oon=
ventional methods resulted in the oconsideration of the possibility
af applyirz Miller's miorossope for measuring & vacuum in this range
of pressures,

The Miller field emission micrussope is & kind of vacuum
tube in whioh the cathode consists of a tiny monoorystal point placed
at the top of a metal or semioconduotor point,

In fields of the order of 10 v/om an eleotron field emis-
sion appears, and the emission ocurrent density, due to the aniso-
tropy of the work funotion, is & funoction of orystallographio di-
reotion, On & luminesosnt soreen-anode surrounding the tip one
obtains an electronic image which oonstitutes a kind of storeographio
projection of the emitting orystal, «

By using point emitters made of high-temperature metals
(tungsten, molybdenum, tantalum, rhenium) it is easy to obtain a
glotn emitting surface in a good vasuum by annealing at high tempera-

ures,

Any sorption processes oocurring on the emitter surface
cause a change in the work funotion of the individual orystal walls,
Thie results in the formation of characteristic change in the

r-—-ﬂ——- > .
This paper was presented for the first time a«v cne Convention of

Polish Physiocistm or Saptember 17, 1961.



emission image and in a change of tha total field emission current
in acocordance with the Fowler-Nordheim relation, whioh establishes

the first approximation of a desoription of the field emission phe-
nemenon

. Oyt
I = AE%e £, (1)

where I is the density of emission ocurrent,
E i3 the elsotric field intensity near the emitter surface,
A 1s a nagnitude loosely dependent on the work funotion,
whioh 1in this oade oan be ocnsidered as a oonstant,
¢ 4f a sonstant equal to 6,7+10"
C 1s the work funotion of the em{tter,
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¥ig., 1, Ourves of decay of field emission for vari«
ous initial emission surrents, Ourve I for I m 0;
gurve II for I = 10"* amp; ourve III for I = 5.,10%¢
amp; ourve IV for I = 3.10°% amp; and ourve V for
Iw 110" amp

Curve I of Pig. 1 represents & change in the field
emission ocurrent caused by adsorptinn prooesses osourring on
the emitter, At the moment t equals O one is dealing with a olean
emitter surface; &t point A an eleotric field was applied for
a few seoonds seleocted in suoh & way that the emission ourrent
would equal 107 amp, The adsorption groooll was oonduoted with-
out an eleoctric field, with the exception of points B, O, and D in
whioch a field of the same value as in point A was appiiod. The
gradual deosy of emission ourrent illustrates the inorease of
the diameter 2f the emitter work funetion,

There have been attempts to utilize this phenomenon
for an evaiuation of the vacuum [3,4]; however, oconsidering the
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long adsorption time of gas residues in more perfect vacuums (the
ine of formationof a monomoleoular lngcr in a 10-*! mm Hg vacuum
é:)gingrn order of 10® sec), this method did not find wider ao-
! .

An 1nv==eigation of ﬁaa residues on a tungsten emitter, in
vaouums nonmeasurable with the classical vaouum meter of Bayard-
Alpert, revealed sn acoceleration of adsorption when this prooess
wag ooourring in such strong eleotric fields that the cold emission
ourrent was of the order of several ua, '

A ocloser investigation demonstrated that the initial
emission ocurrent had a signifiocant effect on the speed of adsorp-
tion of gas residues (the initial ourrent is the ourrent emitted
by 8 olean point at a certain field value fixed for the time of
measurement), The effect of the eleatrioc field itsalf on the pro-
oepa wWap found to be relatively small,
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PLig. 2. Ourves of decay of emission ourrent:
without a f£ield, in a reverse field (+ on the
oint), and in uniform field (- on the point);
he horisontal axis is time_in minutes; the
vertiocal axis is the ratio

lit. 2 1llustrates the effect of these two quantities
in socelerating adsorption., Ourve I shows the dooni of emission
from a point under normal conditions (without a field), ourve II
11lustrates an identiocal deoay for an emitter in a rioid with
2,6.10° v/om intensity and directed in such & way that there is
no field emission of electrons, lgd finally, curve III shows the
same process in a field with a 2,610 v/om intensity and with
10-* amp of initisl current,

Without entering as yet into explanations of the mech~-
s~tsm of t54i3 phenomenon whioh, no doudt, depends on eleotrio
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norption of positive ions, polarized by the field of atoms and
barticles on the oleaned surface of the emitter, one ocan ascertain
that its presence oreates certain new possibilities in the field

of moasurements of low pressures, The TOO-fold reduction of the
time of adsorption attained by the authors with an emission our-
ront of 10=¢ amp MF' 1) permits an evaluation of pressures

of the order of 10-! mm Hg in a time of less than 100 sec, Cer-
taln oxperimental dats exist (5,6) which permit the belief that, in
vacuums of the order of 10-1® mm Hg, one may be able to obtain

aAn noceleration of the order of 10* times in adsorption time which
would permit an evaluation of a vacuum 2 to 3 times more acourately,

Introductory experimental data indicate that the higheat
pressures of gases subjeot to eleotric sorption which can be meas-
ured by this method lie within tho limits of 10~ to 10-* mm Hg.

Experiments designed to oxplain these processes of eleo~-
trio sorption and to give & more detailed determination of oon~
ditions for npplﬂins the desoribed method are being oontinued, Re-
sultes will be published as further progress is achieved,

The authors thank Professor Jan Nikliborg of whose ex-
perience and friendly help they had several times availoed thnmulven,.
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