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provides a field emission electron gun including first
exhaust means for defining a first chamber including the
cathode and for exhausting said chamber to vacuoum,
and second exhaust means separate from said first ex-
havst means defining a chamber including said anode
heatihg means for exhausting said chamber to vacuom
independently of the first exhaust means. This construc-
tion makes it possible to maintain the chamber including
the cathode constantly in the high vacuum state.

7 Claims, 2 Drawing Figures
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1

FIELD EMISSION ELECTRON GUN WITH
ANODE HEATER AND PLURAL EXHAUSTS

BACKGROUND OF THE INVENTION

This invention relates to an improvement in a field
emission electron gun to be used for a scanning type
electron microscope and the like.

The field emission electron gun has the excellent
feature that in comparison with a thermal electron gun,
it has a brigtitness 103 times as high as that of the latter.
To put the field emission electron gun to practical vse,
however, it is necessary to place the gun under a high
vacuem of below 10-? Torr. To maintain this high
vacuum during emission of electrons, furthermore, it is
an essential requirement to prevent gases emitted from
the anode due to electron bombardment from contami-
nating the atmosphere of the electron gun in the vicinity
of the cathode.

As a method of. prevennng such gas emtssmn, there
has conventionally been known a heating degassing
method in which the anade is heated by heating means,
such as a heater, 50 as to perform degassing. According
to this method, however, large quantities of gases are
emitted from the heating means itself during the treat-
ment of the anode, thereby lowering the vacuum and
thus failing to maintain the high vacuum state.

SUMMARY OF THE INVENTION

The present invention provides a solution to the
above-mentioned probiem and is directed to provision
of a field emission electron gun which is capable of
maintaining constantly the high vacuum state in the
vicinity of the cathode.

To accomplish the above-mentioned object, the appa-
ratus of the present invention includes a field emission
cathode, an anode, heating means for heating the anode
and thereby preventing the gas emission from the anode
caused by bombardment of electrons emitted from the
cathode, a first exhaust means defining a chamber in-
cluding the cathode for exhausting the chamber to vac-
uum and a second exhaust means disposed adjacent the
first exhaust means via the anode, defining a chamber
including the anode heating means for exhausting the
chamber to vacuum independently of the first exhaust
Ineans.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing an embodiment
of the field emission electron gun in accordance with
the present invention; and

FIG. 2 is a schematic view showing another embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
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' FIG. 1 shows an exemplary embodiment of an elec-

tron gun in accordance with the present invention in
which a field emission eathiode 8 (or FE-tip) is secured
to lead terminals 2,2’ passing through a vacuum-resist-
. ant insulator 1, which is connected to a sliding flange 14
and also to a flange 4 via a bellows 3. The sliding flange
14 is aliowed to move horizontally by means of an ad-
Jjust screw (not shown) 50 as to make it possible to cen-
ter the field emission cathode w1th respect to an aper-
ture 15 of a first anode 6:
In this embodiment, the first anode 6 has a cup-like
shape with the aperture 15 through which an electron

60

65,

4,295,072

2

beam js allowed to pass being located at its bottom. The
aperture 15 may have a diameter ranging from about 0.2
to about 1 mmd and has generally a diameter of about
0.5 mm¢ The first anode 6 is secured to one side of a
ring-like insulator 17, the other side of which is secured
to'the wall 26 'of the electron gun in any conventional
mianner. Heatmg fnéans 7, such as a heater, is externally
wound around the first anode 6 so that the anode is
heated when current is fed from a pin 8 of a lead insula-
tor 9 to'the heatmg fneans 7. The first ancde 6 is secured
to the rmg-hke insulator 17 so as to be thermally insu-
lated. It is therefore possible to easily heat the first
anode 6 tO a high temperature. For the degassmg treat-
ment, a temperature of about 300°-500° C. is necessary.
" A second anode 10 having an aperture 16 in align-
ment with the aperiure 15 is dlsposed below the first
anode 6. The electron beam passmg through the aper-
tures 15 and 16 from the cathode 5'is either condensed
or magnified by an electron lens which i is formed at the
lower portion of the flangé 11.- :

The electron gun is divided into ‘two chambers, i.ei,
4n upper ‘chamber. 18 and a lowér chamber 19, that are
exhausted; Tespectwely, by exhaust ports ‘12 and '13.
Vacuum commaunication ‘between the chambers 18 and’
19 is established only'through the aperture 15 through
which the electron beam passes. Therefore, it is possible
to.‘maintain a vacuum differénce-between the upper
chamber 18 and the-lower chamber 19 in order of two
digits at this aperture 15, The table below illustrates an
example of the relationship of vacium between the
upper chamber and the lower chamber, using the diam-
eter d of the aperture as a parameter.

Vacuum of Upper Chamber Vacuum of

d = Immm d = 0.5mm d = 0.2mm Lower Chamber
Tarr Torr Torr Torr

9x 103 233108 3.6 % 10~9 1% 0%

9% 10—  23x10-9 3.6 x 10— 1% 10-7

9x 10-10  23x10-10 36 % 10— 1% 108

As can be seen from this example, when d=0.5 mm
and the vacuum in the upper chamber is 2.3 10-8
Torr, whereby it is possible to maintain a vacuum diffes-
ence between the two chambers in order of two digits.
Incidentally, this example represents a case where both
the upper chamber 18 and the lower chamber 19 are
exhausted respectively by the use of two vacuum pumps
{e.g., ion pumps, etc.) each having substantially an equal
capacity to the other. If a vacuum pump having a
greater capacity is used for exhausting the upper cham-
ber, the vacoum difference between the two chambers
can be further enhanced.

FIG. 2 shows another embodiment of the present
invention wherein reference numerals 1 through 19 are
used to identify like constituent clements as appear in

. the embodimeni of FIG. 1. In this embodiment the

heating means 7', such as a heater, is disposed outside

-the first anode & so as to heat the anode 6 by radiant
.heat. In this case also, the objects of the present inven-

tion can be achieved in a manner similar to that previ-
ously described. Namely, a vacunm difference can be
maintained between the upper chamber 18 and the
lower chamber 19 in the same way as in the first em-
bodiment. In FIG. 2 the first anode 6 is supplied with a

-voltage via the pin 8 of the lead terminal 9" and the

heatmg means 7' is fed with a current and heated from
the pin 8 of the lead terminal 9. .
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As explained above, the present invention has the
construction wherein the first anode 6 5 used as the
vacunm separation wall. Accordingly, it is possible to
prevent lowering of the vacuum in the chamber housing
the cathode 5 due to gases emitted in large quantities
from the heating means assoctated with the first anode
during treatment of the anode. Even when the vacuum
becomes 10—9Torr in the lower chamber, for example,
it is possible to maintain the vacuum of 10—~8Torr in the
upper chamber. The lead terminal 9 is prepared to with-
stand high voltage and the electron gun of the present
invention is used as an ordinary butler type electron gun
after heat treatment of the first anode 6.

It is to be noted that the present invention is not
necessarily limited to the use of a first anode of particu-
lar shape, to heating means of particular form and the
like or to the definite numeric values used for the expla-
nation of the above-mentioned embodiments, and that
these features can be suitably selected or adapted in
accordance with set conditions.
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While we have shown and described an embodiment -

of the present invention, it is to be understood that the
same is not limited thereto but is susceptible of numer-

ous changes and modifications as known to those of 35

ordinary skill in the art, and we therefore do not wish to
be limited to the details shown and described herein but
intend to cover all such changes and modifications as
are obvious to those skilled in the art. )

What is claimed is:

1. A field emission electron gun comprising:
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a field emission cathode;
an anode having an aperture through which an elec-
tron beam emitted by said cathode can pass;
heating means for heating said anode;
a first chamber in which said cathode is disposed;
first exhavst means for evacuating said first chamber;
a second chamber adjoining said first chamber
through said anode and in which said heating
means is disposed, and
second exhaust means for evacuating said second
chamber independently from said first chamber.
2. The field emission eleciron gun as defined in claim
1 wherein said anode has a cup-like shape having at its
bottom said aperture allowing passage therethrough of
the electron beam emitted from said cathode.
3. The field emission electron gun as defined in claim
1 wherein said heating means is disposed around the
outer circumference of said anode.
4. The field emission electron gun as defined in claim
1 wherein said heating means consists of a heater in
contact with said anode.
5. The field emission electron gun as defined in claim
1 wherein said heating means consists of a heater spaced
from said ancde. .
6. The field emission electron gun as defined in claims
1 or 2 wherein the diameter of said aperture formed in
said anode is in the range of from 0.2 mm to 1.0 mm.
7. The field emission electron gun as defined in claims
1 or 2 wherein the diameter of said aperture formed in

said anode is 0.5 mm.
& £ & * %
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