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ELECTRON BEAM GENERATING SOURCE 

This invention relates to an electron beam generating 
source capable of generating an electron beam having 
an energy stability of an extremely high order. 

In a high resolution electron beam apparatus, high 
stability of .the accelerating voltage is most essential, 
particularly in the case of a high resolution type elec 
tron microscope where a stability in the order of 10-6 
is required in “order to avoid any loss in resolution. In 
an attempt to satisfy this requirement, electron beam 
generating sources in present use employ a feedback 
circuit which operates to reduce ?uctuations in the ac 
celerating voltage, thereby improving the stability. The 
principle of operation is as follows: A signal, propor 
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tional to the ?uctuation of the output voltage of the , 
high voltage generating device, is detected and fed into 
a differential ampli?er where it is compared with a ref 
erence voltage. The resultant differential signal is fed 
back to the high voltage generating device in order to 
control the output voltage ?uctuation. The disadvan 
tage of this circuit, however, lies in its inability to elimi 
nate the high frequency component present in the elec 
tric micro discharge occurring between the gun elec 
trodes due to the transitory nature (a few micro sec 
onds) of the discharge. As a result, the required high 
degree of stability is unobtainable. For example, assum 
ing the output impedance of the high voltage generat 
ing device to equal Z, the micro discharge current to 
equal 1, and the voltage subject to ?uctuation by the 
micro discharge to equal B, then 

E=ZI 

Substituting values: , ~ 

lfZ= 1M0 and 1=lp. A, then E= IV. Ifthen the out 
put voltage of the high voltage generating device is 100 
kV, the ‘stability of the accelerating voltage will be l X 
10“5 which is insu?icient to satisfy the resolution re 
quirements of a high resolution electron microscope. 
An ultra high voltage electron microscope, on the 

other hand, employs a multi-stage electron beam accel 
erating tube equipped with a plurality of electrodes. 
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High voltage generated by a power source is divided - 
and applied to each electrode in order to accelerate the 
electrons emitted from the ?lament. With this type of 
tube, however, due to the plurality of electrodes, inter 
electrode micro discharge readily occurs and, since the 
high voltage is ?uctuated by said discharge, the ?uctua 
tion of the accelerated electron beam inevitably in 
creases. .Further, since the electrons generated by the 
discharge are also accelerated by the electrodes, they 
accumulate considerable energy and, unless suitable 
corrective measures are taken, serious damage to vital 
parts of the microscope becomes a real possibility. 

In the existing accelerating tube, to avoid the possi 
bility of damage as above described, the micro dis 
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charge is controlled by, conditioning the electrodes. ; 
Two methods of conditioning are used. One method is 
to use the high voltage power source for both electron 
beam acceleration and conditioning and the other 
method is to use a separate power source for condition 
ing. In the former method, ‘since the voltage'necessary 
for conditioning the electrodes is about 1.2 to 1.3 times 
that of the maximum voltage for accelerating the elec 
tron beam, it is necessary to increase the capacity of 
this “dual purpose" source which involves various 
technical problems associated with very high voltage 
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application. In the latter method, the provision of a sep 
arate power source, eliminates the problem of high 
voltage application but, even so, in both methods, an 
electrical circuit is necessary with the result that the 
structure of the accelerating tube becomes more com 
plex and hence, more expensive. Furthermore, each 
time the vacuum is broken, for example, after ?lament 
exchange, conditioning is necessary, a factor which is 
both troublesome and time-consuming. 
The micro discharge that it is desirous to eliminate is 

caused by the multiple exchange of ions between two 
electrodes (for example, the Wehnelt electrode and the 
anode) attributable to the emitted electrons and the 
source of the discharge is the electron emission from 
the ?eld emission sources distributed on the surface of 
the electrode facing the anode. 

In order, therefore, to achieve the essential objects of ' 
this invention and thereby ensure an electron beam sta 
bility of the required high order and also to do away 
with the necessity of conditioning the electrodes which, 
as previously stated, involves the provision of an elec 
trical circuit, added complexities and expenses, etc., it 
is necessary to prevent the electrons from being emit 
ted from the control electrode or accelerating elec 
trodes. For example, in order to attain this object, one 
embodiment of this invention incorporates a control 
electrode such as a Wehnelt electrode, or in the case 
of a multi-stage tube, a plurality of electrodes, compris 
ing one layer of ‘electrical conductive material and a 
second layer of electrically nonconductive or slightly 
conductive material. The layer of conducting material 
is arranged to face the cathode or the ?eld side having 
a potential lower than that of the electrode and the 
layer of nonconducting or slightly conducting material 
is arranged so as to face the anode ,or the ?eld side hav 
ing a potential higher than that of the plurality of elec 
trodes. High voltage is applied to the conducting layer. 
Since the surface of the conducting layer in contact 
with, the nonconductive or only slightly conductive 
layer faces the anode or the ?eld side having a potential 
higher than the potential of the conducting layer itself, 
electron emission from said contact surface is pre 
vented with the result that micro discharge from the 
control electrode or inter-electrode micro discharge in 
the case of the multi-stage tube, is almost entirely elimi 
nated. 
One object of this invention is to provide an electron 

beam generating source capable of generating an elec 
tron beam having a stability of an extremely high order. 

Another object of this invention is to provide a 
charged particle accelerating tube in which electrode 
conditioning is unnecessary. 
Various other objects and advantages of this inven 

tion will become apparent by reading the following de 
tailed description in conjunction with the accompany 
ing drawings in which: 
FIG. 1 shows one embodiment of this invention in 

which the control electrode comprises an electrically 
conductive base coated with a thin layer of electrically 
nonconductive or slightly conductive material; 
FIGS. 2, 3 and 4 show- modi?ed embodiments of the 

embodiment shown in FIG. 1; 
FIG. 5 shows a second embodiment of this invention 

in which the control electrode comprises an electrically 
nonconductive material and a thin layer of slightly con 
ductive material; 



3,808,498 
3 

FIG. 6 shows a third embodiment of this invention in 
which the control electrode comprises an electrically 
nonconductive or slightly conductive base coated on 
the inside with a thin layer of electrically conductive 
material; 
FIG. 7 shows a modi?ed embodiment of the embodi 

ment shown in FIG. 6; 
FIG. 8 shows one embodiment of this invention in 

which the accelerating electrodes comprise an electri 
cally conductive base and a thin layer of nonconductive 
or slightly conductive material; and, 
FIGS. 9 and 10 show two more embodiments of this 

invention in which the respective accelerating elec 
trode comprises an electrically nonconductive or 
slightly conductive base and a thin layer of electrically 
conductive material. 
Referring to FIG. 1, an electron gun chamber 1 is po 

sitioned on top of a column 2 of an electron micro 
scope. An insulator 3 is filled on the interior with insu 
lating pitch 4. A high voltage cable 5 is set in the pitch 
4. One end of the lead wires 6, 7 and 8 are connected 
to a ?lament heating source 9 and a DC. high voltage 
source 10, their opposite ends being connected to three 
rods ll, 12 and 13 respectively. A ?lament 14 is con 
nected to rods 11 and 12, to which an alternating cur 
rent generated by the ?lament heating source 9 is ap 
plied via lead wires 6 and 7 and rods 11 and 12. A Weh 
nelt electrode 15 comprising an electrically conductive 
base 16 coated with a thin layer 17 of electrically non 
conductive material is threadably secured to an electri 
cally conductive member 18 ?xed to the insulator 3. 
The member 18 is connected to the rod 13 and the base 
16, thereby enabling negative high voltage generated 
by the DC. high voltage source 10 to be applied to the 
Wehnelt base 16 via the lead wire 8, the rod 13 and the 
member 18. The surface of the member 18 is coated 
with a thin layer 19 of electrically nonconductive mate 
rial. 

In the above arrangement, since the lead wire 8 is 
connected to the lead wire 7 through a bias resistance 
20, a bias voltage is applied between the ?lament 14 
and the Wehnelt electrode 15 which controls the elec— 
trons emitted from the ?lament. Moreover, since the 
surface of the Wehnelt electrode facing the anode 29, 
is nonconductive, the ?eld emission sources distributed 
on said surface disappear and micro discharge between 
the Wehnelt electrode and the anode is almost entirely 
eliminated. Consequently, the ?uctuation of the accel 
erated electron beam energy is very small. 

In one embodiment, the inventor constructed a Weh 
nelt electrode with a stainless steel base covered by a 
thin layer of silicon oxide. A voltage of 100 kV was ap 
plied between the Wehnelt electrode and the anode 
and no micro discharge whatsoever was recorded. 

In the above embodiment the Wehnelt electrode 
comprises an electrically conductive base and a non 
conductive outer layer. It is possible, however, to use 
a thin layer of slightly conductive material instead of 
the nonconductive layer. By so doing, the potential gra 
dient of the Wehnelt electrode surface becomes very 
small and the pockets of high ?eld intensity disappear. 
As a result, micro discharge from the electrode is al 
most entirely eliminated. Further, since the charge 
which builds up on the layer surface ?ows into the elec 
trically conductive base, electron beam de?ection due 
to said charge is prevented. It was con?rmed by experi 
ment that if the product of 0(Q'cm) and 8(,u.) of the 
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layer (0' is the resistivity and 5 is the thickness of the 
layer) is in the range 108~1012, the stability of the ac 
celerating voltage is extremely high. If the product of 
(r and 8 of the layer is allowed to exceed 10", however, 
a slight discharge from the layer surface and a certain 
amount of beam de?ection occurs, due to the charge 
which builds up on the layer surface. Again, if the prod 
uct of 0' and 8 is less than 108, the accelerating voltage 
tends to ?uctuate slightly, due to an increase in the 
movement of the electrons between the base and the 
layer. 

In FIG. 2 only part of the electrically conductive base 
is coated with nonconductive material. That is to say, 
the side of the base is left uncovered, since discharge 
does not occur from this portion due to the fact that the 
equipotential line is almost parallel and the grounded 
wall of the microscope is not immediately adjacent. 
The portion of the base immediately adjacent to the 
opening 21 is also left uncovered, in order to prevent 
the electron beam from being affected by the charge 
which builds up on the layer surface. An advantage of 
this arrangement is that before exchanging the ?lament 
the base connected to the high voltage source can eas 
ily be discharged by means of a grounding rod 22 as 
shown in the drawing. 

In FIG. 3 the‘nonconductive layer in the vicinity of 
the electrode aperture through which the electron 
beam passes is coated with an electrically conductive 
layer 23 in order to prevent the beam from being af 
fected by the buildup of charge on the surface of the 
nonconductive layer. 

In FIG. 4 an electrically conductive piece 24 con 
nected to the base 16 is used to achieve the same result 
as that obtained with the electrically conductive layer 
23 in FIG. 3. 
Now referring to the embodiment of FIG. 5, the 

Wehnelt electrode 15 comprises an electrically con 
ductive base 16, a thin layer 25 of electrically noncon 
ductive material and a thin layer 26 of slightly conduc 
tive material. The layer 25 controls the electron ?eld 
emission from the base surface and the layer 26 re 
duces the potential gradient of the Wehnelt electrode 
surface. Thus, micro discharge from the Wehnelt elec 
trode is almost entirely eliminated. Further, the charge 
which builds up on the layer surface ?ows into the elec 
trically conductive base. 
Referring to the embodiment of FIG. 6, the Wehnelt 

electrode 15 comprises an electrically nonconductive 
or slightly conductive base 30 such as glass coated on 
the inside surface with a thin layer of electrically con 
ductive material 31. The layer 31 is electrically con 
nected to the member 18 by an electrically conductive 
leaf spring 32 so that high voltage is applied between 
the layer 31 and the anode 29. Micro discharge from 
the layer is prevented by the nonconductive or slightly 
conductive base. 

In FIG. 7 the part of the Wehnelt electrode on the 
side of the aperture through which the electron beam 
passes is formed of electrically conductive material 34 
in order to prevent a charge from building up on the 
base and to regulate the ?eld in the vicinity of the apex 
of the cathode 14. 
FIG. 8 shows an embodiment of an electron beam ac 

celerating tube according to this invention. In the ?g 
ure the accelerating electrodes 40 separated by insula 
tors 43 comprise an electrically conductive base 41 and 
a thin layer of nonconductive or slightly conductive 



material 42. A high negative voltage generated by a 
high voltage source44 is divided and applied to each 
base 41 so that the electrons emitted from a cathode 45 
are accelerated by the electrodes 40 and an anode 46 
which is grounded. Micro discharge from each elec 
trode base 41 is almost eliminated without the necessity 
of conditioning, since each base surface facing the 
anode is coated with nonconductive or slightly conduc 
tive material. 

In the electron beam accelerating tube shown in FIG. 
9 the accelerating electrode 40 comprises an electri 
cally nonconductive or slightly conductive base 50 and 
a thin layer of electrically conductive material 51 fac 
ing the low potential side. The divided high voltage is 
applied to each thin layer. Micro discharge from the 
thin layer is eliminated by the nonconductive or slightly 
conductive base again without the necessity of condi 
tioning. In this case, it is desirable to coat each base 
surface in the vicinity of the aperture through which 
the electron beam passes with a thin layer of electri 
cally conductive material in order to prevent acharge 
from building up on the surface. _ 

In the electron beam accelerating tube shown in FIG. 
10 the accelerating electrodes 40 comprise a ?ower pot 
type insulating base 53 and a thin layer of electrically 
conductive material 54 facing the low potential side. 
The divided high negative .voltage is applied to each 
layer. The advantage of the embodiment is that the 
tube is very easily assembled by mounting the bases on 
top of each other. , 

Having thus described the invention with the detail 
and particularity as required by the Patent Laws, what 
is desired protected by Letters Patent is‘set forth in the 
following claims: 

I. An electron beam generating source comprising: 

an electron emitter, 
an anode for accelerating electrons emitted from 
said emitter, and 
a control electrode for controlling said electrons 
emitted from said emitter comprising an electri 
cally conductive layer only and an electrically non 
conductive layer, said nonconductive layer facing 
the anode side. ' 

2. An electron beam generating source according to 
claim 1 wherein said control electrode comprises an 
electrically conductive base coated with a thin layer of 
nonconductive material. 

3. An electron beam generating source according to 
claim 2 wherein the surface of said base facing said 
anode is partially coated with said nonconductive thin 
layer, the surface of said base in the vicinity of the aper 
ture through which the electron beam passes being ex 
posed. Y 

4. An electron beam generating source according to 
claim 1 wherein said control electrode comprises a 
nonconductive base coated with a thin layer of electri 
cally conductive material. ' 

5_. An electron beam generating source comprising: 

an electron emitter, . 

an anode for accelerating electrons emitted from said 
emitter, and _ 

a control electrode ‘for controlling said electrons 
emitted from said emitter comprising an electri 
cally conductive layer and a slightly conductive 
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layer, said slightly conductive layer only facing the 
anode side. > 

6. An electron beam generating source according to 
claim 5 wherein said control electrode comprises an 
electrically conductive base coated with a thin layer of 
slightly conductive material. ' 

7. An electron beam generating source according to 
claim 6 wherein the product 0(0 cm) and 6(p.) of said 
thin layer is in the range 108 to 1012,11 being the resis 
tivity and 6 being the thickness of the layer. 

8. An electron beam generating source according to 
claim 5 wherein said control electrode comprises a 
slightly conductive base coated with a thin layer of 
electrically conductive material. 

9. An electron beam generating source comprising: 

an electron emitter, 
an anode for accelerating electrons emitted from said 

emitter, and _ 

a control electrode for controlling said electrons 
emitted from said emitter comprising an electri 
cally conductive base, one layer of nonconductive 
material and one layer of slightly conductive mate 
rial, said base facing the emitter side. 

10. A charged particle accelerating tube comprising: 

a charged particle source, and 
a plurality of accelerating electrodes for accelerating 
the charged particles emitted from said source, 
each electrode comprising an electrically conduc 
tive layer and nonconductive layer, said noncon 
ductive layer facing the ?eld side having a potential 
higher than that of said electrode. 

1l.’A charged particle accelerating tube according to 
claim 10 wherein said accelerating electrodes comprise 
an electrically conductive base coated with a thin layer 
of nonconductive material. 

12. A charged particle accelerating tube according to 
claim 10 wherein said accelerating electrodes comprise 
a nonconductive base coated with a thin layer of elec 
trically. conductive material. 

13. A charged particle accelerating tube according to 
claim 10 wherein said accelerating electrodes comprise 
a ?ower pot type non-conductive base, the surface of 
said base facing said charged particle‘ source being 
coated with a thin layer of electrically conductive ma 
terial. 

14. A charged particle accelerating tube comprising: 

a charged particle source, and 
a plurality of accelerating electrodes for accelerating 
the charged particles emitted from said source, 

- each electrode comprising an electrically conduc 
tive layer and a slightly conductive layer, said 
slightly conductive layer facing the ?eld side hav 
ing a potential higher than that of said electrode. 

15. A charged particle accelerating tube according to 
claim 14 wherein said accelerating electrodes comprise 
an electrically conductive base coated with a thin layer 
of slightly conductive material. 

16. A charged particle accelerating tube according to 
claim 14 wherein said accelerating electrodes comprise 
a slightly conductive base coated with a thin layer of 
electrically conductive material. 

17. A charged particle accelerating tube according to 
claim 14 wherein said accelerating electrodes comprise 
a ?ower pot type slightly conductive base, the surface 
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of said base facing said charged particle source being 
coated with a thin layer of electrically conductive ma 
terial. 

18. In an electron beam generating source compris 
ing an emitter and control and accelerating electrodes 
which may be associated with a power supply for creat 
ing an accelerating electric ?eld, the improvement 
comprising at least one electrode comprising an electri 
cally conductive layer and an electrically nonconduc 
tive to slightly conductive layer, said nonconductive to 
slightly conductive layer only facing the ?eld side hav 
ing a potential higher than said electrode. 

19. In an electron microscope or the like having an 
evacuated chamber, an electron beam generating 
source and an electron beam optical system for focus 
ing and directing the beam upon a specimen all within 
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said chamber, the improvement comprising said elec 
tron beam generating source comprising a cathode for 
emitting an electron beam, electrodes for accelerating 
and controlling the electron beam, said cathode and 
electrodes being functionally associated with a suitable 
power supply to create an accelerating electric ?eld, 
and at least one electrode comprising an electrically 
conductive layer and an electrically nonconductive to 
slightly conductive layer, said nonconductive to slightly 
conductive layer only facing the ?eld side having an 
electric potential higher than said electrode such that 
micro discharge from said electrode is reduced and yet 
potential gradients that would e?'ect the‘ electron beam 
are not developed on the surface of said electrode. 

* * * * * 
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