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BEAM CURRENT LIMITING CIRCUIT 
This invention relates to a beam current limiting cir 

cuit for use on a triode-type electron beam device and 
more particularly, to a current limiting circuit for use 
with a triode-type electron beam gun welder. 

In triode-type electron beam devices, such as an elec 
tron beam welder, it is necessary to limit the electron 
beam current from exceeding a maximum value. With 
certain designs of high voltage power supplies used to 
power the electron beam gun, shifts in electron beam 
device parameters or electrical discharge of the high 
voltage from the electron beam device or related com 
ponents can cause a sudden increase in electron beam 
current. Such an increase in electron beam current in 
the case of an electron beam welder is often detrimen 
tal to the welding process, increasing sufficiently to 
burn a hole through the welded material. The defect in 
the weld thus created may require lengthy repair proce 
dures which are not always successful and creates in 
creased material costs and operating time. 

In accordance with my invention, a circuit is added 
to the cathode supply circuit which has a transistor in 
the cathode supply. A zener diode limits the biasing of 
the transistor and therefore the emitter-collector cur 
rent flow. An inductor in the cathode supply further 
tendsto maintain a constant current for short duration 
system transients. Several circuits are connected in se 
ries to provide sufficient self bias voltage. 

It is therefore an object of my invention to provide a 
circuit which prevents an electron beam current from 
exceeding a set point maximum. 
Another object of my invention is to provide a circuit 

which tends to maintain a constant current for short 
duration system transients. 
A further object is to provide a circuit which limits 

an electron beam current by increasing the negative 
bias on a control grid. 
These and other objects will become more apparent 

after referring to the following speci?cation and at 
tached drawing in which: 
FIG. I is a schematic drawing of an electron beam 

welder including the circuit of my invention; and 
FIG. 2 is'a graph of the characteristics of an electron 

beam gun. 
Referring more particularly to FIG. 1, reference nu 

mere] 10 indicates a typical high voltage power supply 
providing between 20 and 175 kilovolts at 170 milliam 
peres. High voltage power supply 10 has a positive ter 
minal 12 connected to ground and a negative terminal 
14 connected to a terminal A through a resistor 16. A 
cathode 18 of an electron beam gun 20 is connected to 
a terminal B through a variable resistor 22 and a ?xed 
resistor 24. Electron beam gun 20 has an anode 26 con 
nected to ground 28, the workpiece, and a filament 
supply 30. A bias supply 32 supplies a negative bias 
voltage through a resistor 34 and a resistor 36 to a grid 
38 of electron beam gun 20. A diode 40 is connected 
between the junction of resistors 34 and 36 and termi 
nal A. A resistor 42 is connected from the negative side 
of bias supply 32 to terminal A. A resistor 44 and a re 
sistor 46 are connected in series between cathode l8 
and ground. The junction between resistors 44 and 46 
is connected to a high voltage control circuit 48 which 
has an output 50 controlling high voltage power supply 
10 and an input reference 52. A corona discharge ring 
54 is connected to grid 38. The parts thus far described 
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2 
is a conventional electron beam gun welder when ter 
minals A and B are connected together. 
The circuit of my invention, connected between ter 

minals A and B, has a zener diode 56 and a resistor 58 
connected in series between terminals A and B. An in 
ductor 60 in parallel with a resistor 62 are connected 
in series with a variable resistor 64, the emitter of a 
transistor 66 and the collector of transistor 66 between 
terminals A and B. The base of transistor 66 is con 
nected to the junction of zener diode 56 and resistor 
58. A resistor 68 is connected between terminals A and 
B. Transistor 66 may be a high voltage Darlington pair, 
such as a 2N3439-2N3583, resistor 64 may be 25 
ohms, resistors 58 and 68 each 15K ohms, resistor 62, 
100 ohms and inductor 60, 0.01 henries. 

In normal operation, assuming that terminals A and 
B are connected thereby eliminating the circuit of my 
invention, high voltage supply 10 supplies a high volt 
age to gun 20 through resistor 16 and self-biasing resis 
tors 22 and 24. Filament l8 emits the electron beam 
past grid 38 to anode 26 to the workpiece which is 
ground 28. Bias supply 32 supplies up to 3,000 volts 
negative bias to grid 38 through resistors 34 and 36. 
Diode 40 is not conducting for the direction of bias 
voltage shown. When electron beam gun 20 is produc 
ing a current, the current ?ow through resistors 22 and 
24 provides a voltage drop which adds additional bias 
between ?lament 18 and grid 38. 
The majority of electrical discharges occur from co 

rona ring 54 to ground. When such a discharge occurs, 
the path of the discharge current is from high voltage 
power supply 10, through resistor 16, diode 40 and bias 
supply 32 in parallel, through resistor 36 to ground. 
The discharge current, driven by the high voltage, 
shorts out the output of bias supply 32 such that essen~ 
tially there is no, voltage drop across diode 40. 
Referring to FIG. 2, a typical operating point is 

shown as location P-ll, 150 milliamperes operating at 
175 kilovolts with a bias of about 800 volts negative 
with respect to filament 38. The setting of resistors 22 
and 24 provides a self bias of about 375 volts of the 800 
volt bias, the balance is provided by bias supply 32. 
When a discharge occurs, the 425 volts of the bias sup 
ply is lost and the beam current jumps to a value deter 
mined by the self-biasing limiting, which is location 
P-2, 216 milliamperes at 540 volts self bias. This is a 
power increase of 216/150 or 1.44, which is highly un 
desirable. 
When terminals A and B are disconnected and the 

circuit of my invention connected as shown between 
terminals A and B, normal operating currents from 
about 5 milliamperes up to about 190 milliamperes will 
supply a current through resistor 58 to the base of tran 
sistor 66 turning transistor 66 on such that no voltage 
drop occurs across it. Assuming an operating current of 
150 milliamperes, and resistor 64 set for 25 ohms, there 
is a voltage drop of about 4.9 volts from the base of 
transistor 66 to terminal A, 3.9 volts between terminal 
A and the emitter of transistor 66 and about 1 volt be 
tween the emitter and base of transistor 66. At this volt 
age zener diode 56 will not conduct, but the character 
istics of zener diode 56 are such that when the voltage 
between terminal A and the base of transistor 66 
reaches 6 volts, zener diode 56 will conduct. 
When a discharge occurs, the operating point will 

move from P-l towards 1P-2 as shown in FIG. 2. How 
ever, when the current reaches 190 milliamperes, the 



3,760,279 
3 

voltage between terminal A and the base of transistor 
66 will be 6 volts, the level at which zener diode 56 will 
conduct. For currents beyond 190 milliamperes, zener 
diode 56 will then clamp the voltage between terminal 
A and the base of transistor 66 at 6 volts, and the volt 
age between the base and emitter will drop below 1 volt 
as the higher current tends to raise the voltage drop be 
tween terminal A and the emitter of transistor 66. Since 
transistor 66 has a very large beta, about 10,000, the 
drop in voltage between base and emitter tends to turn 
the transistor off sufficiently to prevent a current in 
crease beyond about 190 milliamperes by increasing 
the effective resistance and thereby increasing the volt 
age between the emitter and collector of transistor 66. 
The increased resistance tends to create additional self 
bias voltage to limit the beam current providing a static 
current limiting. 
Since each transistor has a design characteristic en 

abling it to handle up to 300 volts between the emitter 
and collector, several circuits are connected in series 
between terminals A and B. Thus five circuits in series 
could handle about 1,500 volts of self bias, more than 
sufficient to hold the beam current at 190 milliam 
peres. . 

When a short duration discharge occurs, inductor 60 
acts as a high resistance, decaying exponentially, pro 
viding dynamic current limiting. For a pulse disharge 
the voltage between terminal A and the emitter of tran 
sistor 66 reaches 5 volts at whatever operating current 
is used holding that current for the duration of the short 
discharge. The longer the discharge, the less the dy 
namic blocking occurs up the static limit of 190 milli 
amperes. 
Zener diode 56 and resistor 64 can be selected for al 

most any current limit desired. Inductor 60 and resistor 
62 may also be selected to provide a desired dynamic 
response. Resistor 64 may be varied for any particular 
maximum current setting desired. Equalizing resistor 
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4 
68 is desirable, especially if several circuits are used in 
series, but not absolutely necessary if the circuits are 
well matched. Resistor 68 provides a minimum resis 
tance for each circuit so that careful matching of indi 
vidual circuit components is not necessary to prevent 
exceeding maximum transistor voltage ratings. 

I claim: 
1. In an electron beam device having a high voltage 

supply, a bias voltage supply connected between the 
grid and the high voltage supply, a self-biasing resistor 
connected in the cathode circuit, and an operating 
characteristic whereby a decrease in bias voltage re 
sults in an increase in the electron beam current, a cir 
cuit for providing bias when transients cause loss of the 
bias voltage supply comprising a transistor in the cath 
ode circuit having a collector connected to the cath 
ode, a zener diode connected between the high voltage 
supply and the base of the transistor, an impedance 
connected between the high voltage supply and the 
emitter of the transistor, the value of said impedance 
being selected to provide a voltage drop across the im 
pedance within a range of normal operating currents 
which is much less than the conduction voltage of the 
zener diode, and a first resistor connected between the 
base and the collector of the transistor. 
.2. A circuit according to claim 1 in which the value 

of the ?rst resistor is selected so that the transistor is 
fully on within a range of normal operating currents. 

3. A circuit according to claim 1 in which said imped 
ance includes a second resistor, an inductor connected 
in parallel with the second resistor and a third resistor 
connected in series with the second resistor and the in 
ductor, said second resistor, said third resistor and said 
inductor each having values selected whereby a ten 
dency for a sudden increase in operating current will 
tend to turn the transistor off. 
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