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ELECTRON cons 

This invention relates to electron guns used for gen 
erating beams of electrons in apparatus such as elec 
tron microscopes, X-ray micro-analysers and electron 
beam machining equipment. Such guns generally com 
prise an electron-emitting cathode and a control elec 
trode in the form of a so-called grid or Wehnelt elec 
trode, followed by one or more anodes to form the 
beam. The normal thermionic directly or indirectly 
heated cathode has limited emissive power for a given 
source size and considerable effort has been directed to 
developing sources of electrons of greater emitting 
power but small size. Attempts to increase the bright 
ness of atungsten hairpin type of directly heated ther 
mionic cathode result in a short life and have the fur 
ther drawback of producing an undesirable spread of 
electron energies. 

Lafferty has proposed some years ago the use of Ian 
thanum hexaboride or other rare earth borides as the 
electron emitting material, but the high reactive nature 
of these materials at the elevated temperature givelrise 
to severe practical problems. Broers has proposed an 
electron gun using lanthanum hexaboride emitter by 
making a cathode in the form of a sharp-pointed rod of 
lanthanum hexaboride carried on a ‘cooled mounting 
and indirectly heated by a solenoid-like heating coil 
around it. However, in addition to requiring a much 
higher vacuum than the remainder of the electron 
beam column, which can be troublesome in apparatus 
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that has to be frequently demounted for other pur- , 
poses, this heated lanthanum hexaboride cathode 
causes contamination of the control electrode by parti 
cles and decomposition products emitted from the 
cathode. Consequently although the life of a cathode 
itself may be many times that of a tungsten hairpin ther 
mionic cathode, the electron gun structure may still re 
quire demounting at time intervals shorter than the life 
time of the cathode for decontamination. Attempts 
have been made to overcome the problem by the inser 
tion of a protective cap between the cathode and the 
control electrode but with limited. success. 
The aim of the invention is to reduce this problem of 

contamination and increase the interval between down 
times. According to the invention it is now proposed 
that, with the instrument out of normal use, the control 
electrode is heated by electron beam bombardment 
from the heater coil achieved by a positive potential ap 
plied to the control electrode with respect to the heater 
coil. The effect of this is to force off the control elec 
trode any particles or decomposition products that may 
have built up on it arid to return them to the cathode. 
The potential applied to the control electrode may be 
of the order of four or ?ve hundred volts positive with 
respect to the heater coil. 

It will be understood that this cleaning operation can 
be performed at any time, and without'demounting‘the 
parts or letting down the vacuum. Where the heating is 
done by the existing cathode heater coil no modi?ca 
tion at all is required to the gun and the only modi?ca 
tion required to the instrument is the provision of the 
necessary switching to apply the potential and perhaps 
additional heating current to the coil if required. Ac 
cording to a further feature of the invention it may be 
arranged that the cleaning operation automatically 

. comes into action after use of the instrument. For ex 
ample when the instrument is switched off at the end 
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2 
of a day’s work the positive potential on the control 
electrode and the current to the heating coil are auto 
matically applied, either for an inde?nite period or 
preferably for a limited period controlled by a timer. In 
a preferred arrangement the cleaning is carried out in 
two or more successive pulses, each having a duration 
of, for example, 30 seconds, and separated by an inter 
val of only a few seconds. 
The invention will now be further described by way 

of example with reference to the accompanying FIG 
URE which illustrates diagrammatically an electron 
gun equipped with switching means for carrying out the 
‘invention. 
The gun is of the kind proposed by Broers and de 

scribed in British Pat. No. 1,150,516 (and the corre 
sponding US. Pat. No. 3,462,635 and German Pat. No. 
1,589,974) comprising an elongated cathode member 
1 with a pointed end 2, made from a rare earth boride, 
preferably lanthanum hexaboride, and heated indi 
rectly by a heating coil 3 wound around it but out of 
mechanical contact with it. The heat is imparted to the 
cathode member partly by radiation from the coil and 
partly by electron bombardment of the cathode by 
electrons from the coil, produced by an applied poten 
tial difference indicated diagrammatically at 4. The coil 
is supplied from a direct current source 5 of a few volts. 
The electrons emitted from the pointed end of the cath 
ode are formed into a beam by a control electrode or 
so-called grid 6 which is a few hundred or thousand 
volts negative with respect to the electrode, and then 
accelerated by an anode 7 which is several thousand or 
tens of thousand volts positive with respect to the cath 
ode. In practice it is usual for the anode to be at earth 
potential and for the control electrode and cathode to 
be at a substantial negative potential (indicated dia 
grammatically at 8) with respect to earth. The control 
electrode 6 is negative with respect to the cathode l, 
as indicated diagrammatically at 9. 
The whole gun assembly is in an enclosure (not 

shown) at high vacuum. 
It is found that, during prolonged use of the instru 

ment in which thegun forms the source of an electron 
beam, contamination builds up on the control elec 
trode 6. This contamination is found to be made up of 
lanthanum (but little boron) from the cathode l and 
tungsten from the heater coil 3, also some extraneous 
material. 

In accordance with the present invention provision is 
made for disconnecting the control electrode from its 
normal potential and connecting it instead to the posi 
tive side of a source 10 of some hundreds of volts, for 
example between 400 and 500 volts, of which the nega 
tive side is connected to the heater coil; at the same 
time one end of the heater coil, for example the posi 
tive end where the coil is supplied from a direct current 
source 5, is electrically connected directly to the cath 
ode, cutting out the potential difference 4. Thus when 
the switching operation according to the invention is 
performed, the control electrode 6 is made some hun 
dred of volts positive with respect to both the heater 
coil and the cathode. Consequently it is bombarded 
with electrons emitted from the heater and cathode, 
and these clean off the contaminating particles. In 
practice we ?nd that the voltage should be at least 100 
volts for a worthwhile effect, and not more than 1,000 
volts. The switching can be provided by two-way 

> switches shown diagrammatically at 11 and 12, which 
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are operated only when the apparatus is out of normal 
use, and when the high negative potential 8 has been 
disconnected. In the drawing they are shown in their 
rest positions, i.e., those positions they occupy when 
the instrument is in normal use. At the same time a fur 
ther two-way switch 13 connects the heater coil to a 
higher voltage supply 14 than the supply 5 which feeds 
it during normal use. Consequently the coil runs at a 
higher temperature than during normal use. 
The switches ll, 12 and 13 are controlled automati 

cally by a timer 15 which is set in operation by the ac 
tion of switching off the main high tension and heater 
coil supply of the instrument (electron microscope, mi 
cro-analyser or other equipment) in which the gun is 
employed, after a period of use. In the example under 
consideration the timer changes over the switches l1, 
l2 and 13 for a period of 30 seconds and then, after .a 
gap of a few seconds, for a further period of 30 sec 
onds, and then switches itself off, returning the 
switches to their normal positions. It will be understood 
that the number, magnitude and duration of the switch 
on pulses may be altered to suit a particular gun. 
We claim: 
1. In an electron gun comprising a heater, a cathode, 

a control electrode and at least one anode the improve 
ment which comprises means for automatically remov 
ing contamination from said control electrode after 
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4 
each operation of said gun, said means comprises ?rst 
switching means operative automatically on switching 
off of said gun and acting to energise said heater and 
second switching means acting on switching-off of said 
gun to apply a positive potential to said control elec 
trode with respect to said cathode, and timing means 
acting to de-activate said ?rst and second switching 
means after a limited period of time. 

2. In an electron gun, the automatic contamination 
removal means set forth in claim 1 wherein said timing 
means are operative to activate said ?rst and second 
switching means for a second limited period of time fol 
lowing said ?rst period after an interval. 

3. In an electron gun the contamination-removal 
means set forth in claim 1 wherein said ?rst switching 
means are operative to apply a potential to said control 
electrode which is positive with respect to said heater. 

4. In an electron gun the contamination-removal 
means set forth in claim 1 wherein said potential is of 
the order of 400 volts. 

5. In an electron gun the contamination-removal 
means set forth in claim 1 wherein said heater is a 
heater present for use in normal operation of said gun 
and wherein said ?rst switching means are operative to 
energise said heater at a higher potential than that used 
in normal operation of said gun. 

* * * * * 


