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[57] ABSTRACT 

This invention relates to a ?eld emission type electron 
gun capable of protecting the emitter tip from damage 
when electrical breakdown occurs in the gun cham 
ber. The preferred embodiments incorporate circuitry 
for decreasing the impedance between the emitter and 
its associated electrode when electrical breakdown oc 
curs. 

1 Claim, 9 Drawing Figures 
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BREAKDOWN‘PROTECTION FOR FIELD 
EMISSION ELECTRON GUN 

RELATED APPLICATIONS 

This application is a continuation-in-part of applica 
tion Ser. No. 245,232 ?led Apr. 18, 1972 now US. Pat. 
No. 3,810,025 which claimed priority under 35 U.S.C. 
Section 1 19 to Japanese applications Ser. Nos. 
46-30876, 46-31405, and 46-69070 ?led Apr. 20, May 
1 l, and Sept. 7, 1971 respectively. , 
This invention relates to a ?eld emission type elec 

tron gun capable of protecting the emitter tip from 
damage when electrical breakdown occurs in the gun 
chamber. The advantage of a ?eld emission type elec 
tron gun in electron microscopes and the like as com 
pared with the ordinary thermionic emission type elec 
tron gun, is that it is possible to obtain a high current 
electron beam forming a microspot. Unfortunately, 
however, in the case of the ?eld emission type gun, the 
emitter is very easily damaged due to electrical break 
down caused by a deterioration in the gun chamber 
vacuum or other phenomena, resulting in the genera 
tion of an unusually strong electric ?eld in the vicinity - 
of the emitter tip. As a result the tip is overheated due 
to large current during vacuum discharge. This inevita 
bly results in a change in shape in the emitter tip which 
then becomes useless. 

It is a principal object of this invention to protect the 
emitter against the effects of electrical breakdown. 

Brie?y, according to this invention, a ?eld emission 
electron gun comprises a circuit for preventing an un 
usually high potential difference between the emitter 
and an electrode spaced near theemitter resulting from 
an electrical ‘breakdown between that electrode and 
the grounded anode. The preferred means of prevent 
ing the damaging high potential difference is to provide 
an electronic switching circuit between the emitter and 
electrode which will rapidly reduce impedance and the 
potential difference therebetween at the time of break 
down and preferably a circuit to increase impedance 
between the high voltage source and the emitter at the 
time of breakdown. 
Further features of this invention will become appar 

ent by reading the following detailed description in 
conjunction with the accompanying drawings in which: 
FIGS. 1(a) and (b) are schematic diagrams of a con 

ventional ?eld emission type electron gun. 
FIG. 2 is a diagrammatic circuit of one embodiment 

according to the invention. 
FIG. 3 is a diagrammatic circuit of an embodiment 

according to this invention having an additional elec 
trode. 
FIGS. 4(a) and 4(1)) are graphs showing the electrical 

characteristics of electronic switches according to this 
invention. 
FIG. 5 is a diagrammaticcircuit of another embodi 

ment according to this invention having an additional 
electrode. 
FIGS. 6 and 7 are a diagrammatic circuit and physi 

cal equivalent of an embodiment according to this in 
vention designed to increase the impedence in series 
with the emitter during discharge. 
Referring to FIG. 1(a), in a typical ?eld emission 

electron gun, a gun chamber 1 contains a ?lament 2 
heated by an AC. current source‘ 3 through an insula 
tion transformer 4, an emitter 5 attached to the ?la 
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2 
ment 2, ?rst electrode 6 for producing a strong electric 
?eld (for example, about 107 volt/cm) in the vicinity of 
the emitter tip and an anode 7 maintained at ground 
potential. A voltage source 8 supplies a voltage so as to 
create a constant or pulsed potential difference be 
tween the emitter 5 and the ?rst electrode 6, in order to 
draw electrons from said emitter tip. Another voltage 
source 9 maintains the emitter at a high negative DC. 
potential in order to accelerate the emitted electrons. 

In this electron gun, electrical breakdown occurs 
mostly between the ?rstelectrode 6 and the anode 7, 
due to the high potential difference existing there com 
pared with that existing between the ?rst electrode 6 
and the emitter 5. ’ 

In FIG. 1(1)), Z10 and Z11 represent the impedances 
of sources 8 and 9 (FIG. 1(a)) respectively, and Z12 
the impedance between the twosources. 
When electrical breakdown occurs between the first 

electrode 6 and the anode 7, the potential of the first 
electrode 6 becomes zero (ground) and discharge cur 
rent ?ows through impedances Z10, Z12 and Z11. Ac 
cordingly, if the impedance Z10 is not suf?cently small 
as compared with the sum total of impedance Z11 and 
Z12, the potential difference between the emitter 5 and 
the ?rst electrode 5 will be large, resulting in damage to 
the emitter tip. > 
FIG. 2 illustrates one embodiment of this invention in 

which the above possibility, viz., damage to the emitter 
tip, is eliminatedby providing a protection circuit. 
Referring to FIG. 2, the protection circuit 13 accord 

ing to this invention is arranged in parallel with voltage 
supply source 8, said circuit comprising a thyratron 14, 
a variable DC. voltage source 15 for adjusting the ?r 
ing voltage of the thyratron l4, and a coupling con 
denser 16. 
When. surge voltage, resulting from electrical break 

down, is applied to circuit 13; that is to say, across 
source 8, the thyratron switches to its conducting con 
dition thereby protecting the emitter tip from damage 
due to said surge voltage. 
FIG. 4(a) shows the general shape of the plate volt 

age-current curves for a thyratron electronic switch 
useful according to this invention and as used in the 
embodiment explained with reference to FIG. 2. When 
the ionization potential is reached, the impedance of 
the tube drops to near zero. 
FIG. 3 illustrates yet another embodiment of the in 

vention in which an additional electrode 18, hereinaf 
ter referred to as “the second electrode,” is provided 
between the ?rst electrode 6 and the anode 7. The po 
tential applied to the second electrode 18 is determined 
by a DC voltage source 19 and the voltage source 9. In 
this case, the output voltage of the voltage source 19 is 
almost the same as that of source 8 if the output of 
source 8 is DC, and is almost the same as the pulse 
height of the output source 8 if the output of source 8 
is pulse. Moreover, the output voltage of source 19 is 
much smaller than the output voltage of source 9. Ac 
cordingly, electrical breakdown between the second 
electrode 18 and the anode 7 almost always occurs be 
fore the occurrence of breakdown between the second 
electrode 18 and the ?rst electrode 6. 
The moment the breakdown occurs between the sec 

ond electrode 18 and the anode 7, the potential of the 
second electrode 18 changes from negative high poten 
tial to ground potential. As a result, the potential differ 
ence between the second electrode 18 and the ?rst 
electrode 6 increases drastically due to the sudden out 
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flow of discharge current through the impedance of 
DC. voltage source 19. This, in turn, activates protec 
tion circuit 13, comprising simple thyristors 20, which 
switch into the conducting condition thereby decreas 
ing the impedance between the two electrodes to near 
zero, and in so doing, prevents the reoccurrence of 
electrical breakdown since the potential ?uctuation of 
said electrodes and the emitter 5 are about the same. 
FIG. 4(b) shows the general shape of the voltage-cir 

cuit curves of a bidirectional diode thyristor electronic 
switch as used in the embodiment described with refer 
ence to FIG. 3. 
An additional advantage of the embodiment shown in 

FIG. 3 is the fact that the range of the protection circuit 
?ring voltage is much wider than that of the protection 
circuit described in the embodiment shown in FIG. 2. 
This is because, in the case of the embodiment shown 
in FIG. 2, it is necessary to adjust the ?ring voltage in 
accordance with the output voltage of voltage source 8 
which has to be varied every time the emitter is ex» 
changed. In the case of this embodiment. however, the 
relevant voltage source is source 19 which is seldom 
varied. Hence, in the case of this embodiment, there is 
almost no necessity to adjust the ?ring voltage of pro 
tection circuit 13. For this reason, it is possible to uti 
lize a simple thyristor 20 switching device in place of 
the more complicated thyratron and its associated cir 
cuit. 
The embodiment illustrated in FIG. 5 is substantially 

the same as that illustrated in FIG. 3. In this embodi 
ment. however, an insulation column 21 containing an 
insulation transformer 4, a high voltage source 22 and 
a ?lter circuit consisting of a resistor 23 and capacitors 
24 is connected to a gun chamber circuit 25 by high 
voltage cable 26. Further, the potential at the junction 
of balancing resistors 27 and 28 is used instead of the 
potential of the emitter 5, and protection circuit 13 
which, in this case, incorporates a surge voltage protec 
tion tube 29, is connected between said junction and 
the second electrode 18. 
The surge voltage protection tube should have little 

or no impedance in the conducting state. 
In the embodiment shown in FIG. 5, theoretically 

speaking, when electrical breakdown occurs between 
the second electrode 18 and the anode 7, vacuum arc 
discharge between the emitter and the ?rst electrode 6 
does not occur. In practice, however, if the residual im 
pedance in the protection circuit is fairly large, the po 
tential difference between electrode 6 and electrode 18 
will be correspondingly large due to the outflow of dis 
charge current. ‘ ’ 

The peak voltage E1, of the potential difference is 
given by the following equation: 

1;, 

where. Z30 represents the impedance between the sec 
ond electrode 18 and the emitter 5, Z31 represents the 
impedance of the difference between the impedance 
Z30 and the total impedance existing in the discharge 
path of the discharge current due to electrical break 
down, CA represents the stray capacity between elec 
trode 6 and the emitter, and C 1, ‘represents the stray ca 
pacity between electrode 6 and electrode 18. 
The embodiments shown in FIGS. 3 and 5 are de 

signed to decrease impedance Z30 during discharge so 
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4 
as to keep EU as low as possible, that is to say, minimize 
the potential difference between electrode 6 and elec 
trode 18. 
FIGS. 6 and 7 illustrate an embodiment designed to 

further reduce El, by increasing the impedance Z31 
during discharge in addition to decreasing the impe 
dance Z30. 
FIG. 6 illustrates an embodiment designed to in 

crease the impedance Z3l inductively. For this pur 
pose, the embodiment incorporates a circuit 32 consist 
ing of coils L11, L12, . . . L4N and capacitors C1, C2, 
...CN. Coils L11, . . . LIN, L21, . . . L2N and L31,. 

. . L3N forming part of said coils are required to have 
the same inductance and be unidirectionally wound, 
whereas coils L41, . . . L4N may have a different or the 

same inductance and may be wound in the opposite or 
the same direction to the above coils. 
FIG. 7 illustrates the physical equivalent of the cir 

cuit 32 shown in FIG. 6 in which conducting wires 46, 
47, 48 and 49 leading from the high voltage cable 26 
are wound on a core 50. By so doing, it is possible to 
eliminate capacitors C1, C2, etc., so long as the stray 
capacity between the conducting wires is adequate. 
Accordingly, in the embodiment shown in FIG. 6, 

discharge current ?ows through circuit 32 which has a 
fairly high inductance; whereas, under normal operat 
ing conditions, the inductance of circuit 32 is cancelled 
out by the coils and is, therefore, zero. For example, 
the pulse signals generated by pulse generator 39 are 
transmitted to the input winding of the transformer 42 
and capacitor CN+I via the transmission line consist 
ing of coils L21, . . . L2N, L31, . . . L3N and capacitors 

C1, . . . CN without loss. Moreover, resistor 51 con 
nected across the output winding of transformer 42 
compensates for the sag in the pulse voltage applied be 
tween the emitter 5 and the ?rst electrode 6. The ?la 
ment heating current is D.C. recti?ed by recti?cation 
circuit 52. Even if A.C. current is used for heating the 
?lament, there is practically no loss in circuit 32, be 
cause coils L11, . . . LlN and coils L31, . . . L3N have 

the same inductance and are unidirectionally wound. 
It is possible, of course, to incorporate coils of circuit 

32 between the high voltage source 9 and the junction 
of the emitter and voltage source 8 in the embodiment 
shown in FIG. 2. 
We claim: 
1. A ?eld emission type electron ‘gun device compris 

mg: 
i. an emitter for emitting an electron beam, 
ii. an anode for accelerating the electron beam, 
iii. a high voltage source for supplying negative high po 

tential to said emitter in order to accelerate said elec 
tron beam, 

iv. an electrode located between said emitter and said 
anode, _ 

v. a voltage source for generating a potential difference 
between said electrode and said emitter in order to 
generate a strong electric ?eld in the vicinity of said 
emitter tip, and 

vi. a protection means for preventing the generation of 
an unusually high potential difference between said 
emitter and said electrode, comprising an electronic 
switch for rapidly shorting the electrode and emitter 
in the event that the voltage between said emitter and 
said electrode increases beyond the ?ring voltage of 
the switching circuit, and 

vii. means for heating the emitter and maintaining the 
potential thereof comprising a delay line comprising 
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two coils and a reactive coil wrapped on a common 
core, an insulating transformer the secondary of 
which is connected to a ?rst coil of the delay line and 
the reactive coil and the primary of which is con 
nected to an A.C. source, the opposite leads to said 
?rst delay line coil and said reactive coil being con 
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6 
nected to said emitter, the second delay line coil I 
being connected at one end to said high voltage 
source (iii) and at the other end through balancing 
resistors to each side of said emitter and through said 
protection circuit to said electrode (iv). 

* * * * * 


