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EVALUATION OF ULTRAHZHO VACUUM WITH IELD-3Z41SSION
MIOROSCOPE (POLAND) (*)

Thin tranelation waa prepared In reaponse to AID Work
Asetlnment No. 43, Task P.0 The article waa originally
published an follownt

Lenkowp WoJolech, and Canslaw Workowakip Department of
Experimental )'haoa o/ fWrocoaw 11nluersty. Prxegl zd
elektronlktp u. 3, no. 11, 196p, 646-648.

A possibility of oonsider~ble reduction n the adsorption
time of gas residue in the tungsten emitter of a Mloer microscope
was demonstrated by applying electric sorption.

A 700-told acceleration in the adsorption time permits a
comparative measurement oa the total pressure oa active gases of the
order oa 10011 tor (mm HSI in less than 100 sea. T-e possibility of
applying this method to measuring pressures in the range or 10- to
10-1 mm Hg is anticipated.

Ditfioulties connected with measuring a vacuum oa the or-
der of 10"10 mm Hg and oa more perfeot ones through t'he use of con-
ventional met aods resulted In the consideration oa the possibility
or applyitn Maller's microscope for measurig. a vacuum In this range
of pressures.

The Maller field emission mioroacope Is a kind oa vacuum
tube in which the cathode consists oa a tiny monocrystal point plaoed
at the top at a metal or semionductor point.

In fields ot the order oa 10' v/am an electron field emlo-
sian appears, and the emission current density; due to the aniso-
tropy oa the work function, is a' unction oa crystallographic di-
reotion, On a luminescent screen-anode surrounding the tip one
obtains an electronic image which constitutes a kind oa stereographic
proJect1on of the emitting crystal.

By using point emitters made oa high-temperature metals
(tungsten, molybdenum, tantalum, rhenium) It is easy to obtain a
clean emitting surface in a good vacuum by annealing at high tempera-
tures.

Any sorption processes occurring on the emitter surface
cause a change in the work function of the individual crystal walls.
Thic results in the formation oa characteristic change in the

SThis paper was presented for the first time Av one Conventiorn ot
Polish Physicosto on Soptember 17, i961.



emission image and in a change of the total field emission current
in aooordanioe with the Fowler-Hordheim relations which establishes
the first approximation of a description of the field emission phe-
nomonon

"- Zm-AE'o , 1

whero I is the density of emission ourrent,
I is tht electric field intensity near the emitter surfaces
A is a magnitude loosely dependent on the work function,

which in this ease can be ocnsidered as a constants
P if a ijonstant equal to 6.7.10'

0 In the work function of the emitter.

rig. 1. Curves of decay of field emission for vari-
ous initial emission currents. Curve I for 1 w 0)
curve 11 for I a 10"l ampj curve INI for I * ,e1-e
ampj curve IV for I a 3,10-4 smpj and curve V for
1 1610"6 amp

Curve I of Pig. 1 represents a change in the field
emission current caused by adsorption processes occurring on
the emitter. At the moment t equalsO mIsdesalng with a clean
emitter surfacej at point A an electrio field was applied for
a fow seconds selected In such a way that the emission current
would equal 10"v amp., The adsorption process was conducted with-
out an electric fields with the exception of points ii C, and D 3n
which a field of the same value as in point A was appied @ The
gradual decay of emission current Illustrates the Increase of
the diameter of the emitter work function,

There have been attempts to utilize this phenomenon
for an evaluation of the vacuum (3,#4; however, oonuidering the
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long adsorption time of gas residues in more perfect vacuum# (the
tine of formation ofa monomoleeular layer In a 10-"1 m Hg vacuum
IA of the order of 10 eoe), this method did not find wider an-

An invapti-ation of gas residues on a tungsten emitterin
VanUUIs nonleasuragle with ahe classical vacuum moter or Bayard-
Alperto revealed an acceleration of adsorption when this process
wan occurring in such strong electric fields that the cold emission
ourrent was of the order of several ga.

A closer investigation demonstrated that the initial
emission current had a significant effect on the speed of adsorp-
tion of gas residues (the initial ourrent Is the current emitted
by a clean point at a certain field value fixed for the time of
measurement). The effect of the eleatrio field itsilf on the pro-
oess was found to be relatively small.

Figt. 2. Curves of decay of emission current;
without a fields In a reverse field (+ on the

oaInt), and in uniform field (- on the point)j
the hor *ontal axis Is time In minutesj the
vertical,axis Is the ratio I

i. 2 illustrates the efftet of these two quantities
in .ooelerathng adsorption. Ourve Z shows the deeay of emission
from a point under normal conditions (without a field) curve 11
Illustrates an identical decay for an emitter In a fle1G with
2.6.10' v/on intensity and directed in such a way that there Is

no field emission of eletrons, aind finally, curve III shows the
same process in a field with a 2.6.lOv v/cm Intensity and with
10-4 amp of inAtial current.

I,

Without entering as yet into explanations of the mech-
ti_ of thAA phenomenon which, no doubts depends on electric
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tiorption of positive ions, polarized by the field of atoms and
pnrtioles on the cleaned surface of the emitter, one oan ascertain
that its presence creates certain new possibilities in the field
of measurements of low pres!ures. The 700-fold reduction of the
time of adsorption attained by the authors with an emission our-
ront of 10-4 amp 1i..1) permits an evaluation of pressures
of the order of - mm, Hg in a time of less than 100 sec. Cer-
tntn experimental data exist (5,6] which permit the belier that, In
vnruuma of the order of 10-18 mm Hg one may be able to obtain
an nooeleration of the order or 10' times in adsorption time which
would permit an evaluation of a vacuum 2 to 3 times more accurately.

Introductory experimental data indicate that the highest
presiures of gases subject to electric sorptlon which can be meas-
ured by this method lie within the limits of 10-' to 10-6 mm Hg.

Experiments designed to explain these processes of eleo-
trio worption and to give a more detailed determination of con-
ditions for applying the described method are being continued. Re-
sultro will be published as further progress is achieved.

The authors thank Professor Jan Nikliboro of whose ex-
porivnoe and friendly help they had several timm availod themselves.
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