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| ABSTRACT: Monitoring circuit for a glow discharge wherein

the voltage and current of the discharge are compared by the
circuit and a Schmitt trigger generates a control signal if the
voltage-current relationship indicates unsafe operation.
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MONITORING CIRCUIT FOR A HIGH-INTENSITY GLOW
DISCHARGE FOR METALLURGICAL PROCESSES

Glow-discharge processes for the treatment of workpieces
in a gas atmosphere, e.g. hardening processes, surface im-
provement by gas diffusion or cathode sputtering, are well
known. In this context it is highly important for the glow
discharge to burn evenly during the frequently extended
period of treatment without changing into arc discharges
which leave burning spots of varying sizes.

This object is commonly achieved by influencing the electri-
cal supply circuit for the glow discharge, by way of example by
brief reductions of the operating voitage or by incorporation
of an impedance. Such influencing is performed by suitable
control means such as electronic circuits controtled by signals
which may, by way of example, be given when the operating
current of the glow discharge exceeds a certain rated value.
However, it has been found to be difficult so to predetermine
this rated value in the operation of a glow discharge employed
for metallurgical purposes that economical operation is en-
sured on the one hand and, on the other, that the supply cir-
cuit is influenced dependably and fast enough when a
disturbance in the discharge occurs. These difficulties result
mainly from the fact that the voltage/current characteristic of
such a glow discharge is not a straight line but runs as exem-
plified in FIG. 1.

The present invention eliminates these difficulties and re-
lates to a method of monitoring the electrical behavior of a
high-intensity glow discharge for metallurgical processes such
as diffusion processes, cathode sputtering, hardening by
nitriding and the like in order to influence the supply circuit
by signal-controlled means. It is characterized by the fact that
an unsafe area is defined by an adjustable sensor which can be
influenced by the supply circuits below the desired rated curve
for the operating point of the glow discharge in the volt-
age/current characteristic family, the said area also compris-
ing the field of unstable discharges and the said sensor supply-
ing a control signal for the said means when the operating
point deviates from the rated curve to the extent that it fies
within the unsafe area.

The invention further relates to a device for the per-
formance of the said method. This device is characterized bya
sensor consisting of a PNP transistor circuit and a Schmitt
trigger of a design known per se, by a series resistance in the
supply circuit to which an input terminal of the Schmitt trigger
and the collector of the transistor are connected via a barrier
resistance, by a voltage divider parallel with the voltage source
of which the tap is connected to the base of the transistor, and
by a series resistance and a bias in the emitter circuit of the
transistor, all being arranged in such a manner that the voltage
of the resistance in the supply circuit which depends on the
discharge current and a countervoltage depending on the col-
lector current through the barrier resistance are applied to the
trigger input terminals, the collector current being so adjusted
by means of the partial voltage tapped at the voltage divider
and the emitter bias that the response voltage at the trigger
input terminals is exceeded only for values of the discharge
current and the discharge voltage within the unsafe area of the

voltage/current characteristic family of the glow discharge.

" An embodiment of this invention is described in greater
detail with reference to the drawing in which:

FIG. 1 is a diagram of the voltage/current characteristic
family in the operation of an electrical glow discharge, and

FIG. 2 is a sensor circuit for the performance of the present
method, and _

FIG. 3 is a block-type diagram illustrating the invention as
applied to a three-phase power source.

The process here disclosed relates to an adjustable safety
area located directly below the effective characteristic of the
glow discharge, cf. FIG. 1. The current and voltage are con-
tinuously measured and the position . of the operating point
thus detérmined assessed. If the operating point falls within
the predetermined unsafe area, a quick-acting switch
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. responds, i.e. it triggers the contemplated protective measures
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in the supply circuit. In general, the latter consist in the known
manner in a short discontinuation of the supply voltage and, in
the event of frequent repetitions of the disturbance, in
complete disconnection of the voltage source. Adjustment of
the safety line is most commonly effected by two potentiome-
ters. The first is designed to adjust the minimum burning volt-
age; the other, to adjust the gradient dU/dl. These two adjust-
ments should be adapted depending on the type of gas, pres-
sure, temperature and cathode surface of the discharge.
Changes in the operating voltage require no adjustment of the
quick-acting switch which is suitable even for extreme impulse
operation of the glow discharge. . :
This quick-acting switch principle is also suitable for three-
phase current. Three similar sensor circuits are employed, one
for each phase, and the three outlets arranged in parallel. The
safety means are then triggered if a disturbance is detected in
any one of the three phases. In the device here disclosed it is
assumed that the transformer neutral point is not connected
and, respectively, the secondary side of the transformer is con-
nected in delta circuit. The three symmetrical cathodes are
each connected to one phase. Current measurement in each.
phase raises no problems. Schematic FIG. 3 shows how the in-
vention is adapted to a three-phase power source 1’ and
wherein each line of the three-phase current is connected to a
complete sensing transistor and associated circuitry indicated
by the blocks 20. The circuitry within each block 20 is the
same as that appearing within the dotted rectangle 20 of FIG.
2. Measurement of the proper burning voltage is complex
since the discharge is operative alternatively between the
three cathodes. It has been found that the gas plasma is ap-

_proximately at the most positive potential of the three

cathodes. Accordingly, at least one of the electrodes is always

cathodic and the voltage between it and the positive plasma is
, decisive for its discharge. The metallic anode assuming ap-
" proximately the potential of the plasma, has proved to be

satisfactory to measure the voltage between each electrode
and the anode. The measuring arrangement of each phase is
thus formed by measuring the current of the phase involved
and the voltage of the respective electrode against the anode,
it being sufficient to record the negative values only.
Disturbances occur mostly at the cathodically glowing elec-
trodes and every disturbance is thus recorded since the
discharge operates without o-lead so that any disturbing cur-

~ rent must pass a measuring point.
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FIG. 2 shows an example of a simple circuit with only one
transistor in the actual sensing stage. The reference numeral 1
designates the supply rectifier, 2 the discharge anode or glow
chamber in which the glow discharge occurs. The current in
the glow discharge I, causes a voltage drop across resistance 6.
This voltage is applied, via the resistance 7, to the input side of
a Schmitt trigger 4. This Schmitt trigger of known design
responds if its input voltage U, reaches a certain value and
then produces a signal at output 5. Applied to the discharge
anode 2 is a voltage U, so that the portion aU, is supplied, via
the voltage divider 9, 10, to the base of the transistor 3. This-

" transistor forms the essential portion of the sensing circuit.

The voltage oU, applies a bias on the transistor base resulting
in a current through the emitter and the collector of the:
transistor which essentially depends on aU,, U, and the re-
sistance 8. The voltage drop in the resistance 7 caused by this

" current counteracts the voltage caused by current I, and thus

allows the Schmitt trigger 4 to respond only in the presence of
an accordingly greater current I, The safety line resulting,
from this arrangement and others, which delimits the safety
area, is shown in FIG. 1. The reference numeral 1 designates
the real characteristic of the glow discharge, 2 the safety line
obtained by an arrangement as per FIG. 2, and the hatched -
area 3 designates the unsafe area. The safety area is limited on
the left and does not reach current zero, for a minimum cur-
rent must flow in order to cause the Schmitt trigger to
respond. However, this does not constitute a disturbing limita-
tion. The Schmitt trigger responds if the operating point deter-
-mined by Uy and I, is located in the hatched unsafe area 3.
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I claim:

1. Means for monitoring the electrical behavior of a high-in-
tensity glow discharge apparatus having an input circuit
means, comprising: a PNP transistor and a Schmitt trigger, a
first resistor in series in said input circuit, the input to said
Schmitt trigger and the collector of said transistor being con-
nected to one end of said first resistor through a second re-
sistor; a voltage divider across said input circuit having a point
therein connected to the base of said transistor; second circuit
means including a source of bias voltage for applying a poten-
tial between the emitter and base of said transistor, said input
circuit means and second circuit means cooperating to
produce a signal in response to the voltage across said first re-
sistor and a counter voltage dependent on the current through
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the collector of said transistor and said second resistor, said
signal being applied to the trigger input, said voltage divider
including means for varying said collector current whereby
the response voltage at the trigger input is exceeded only for
values of the discharge current and the discharge voltage
within the range of values of the voltage-current characteristic
family of the glow discharge. ‘

2. Means as defined in claim 1 wherein said input circuit
comprises a three-phase circuit there being a transistor con-
nected to each leg of said three-phase circuit in the manner
described; there being a single Schmitt trigger connected to all
said transistors whereby the input to said trigger is the algebra-
ic sum of the phase voltages and the three counter voltages.



