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ABSTRACT OF THE DISCLOSURE 
Glow discharge voltage is periodically applied to estab 

lish a glow for time interval less than that in which arcing 
damage would occur on work piece and then glow is ex 
tinguished for time interval suf?cient for ions to recom 
bine should are have occurred. The glow establishing and 
extinguishing intervals are continuously ‘alternated. 

It is known that a work piece can be subjected to a glow 
discharge in a low pressure ionizable gas so as to alter the 
physical characteristics of the work piece due to ion bom 
bardment. It is also known that damage can be done to the 
work piece rendering it unsuitable for use if the glow 
should break down into a local are. When an arc occurs, 
streamers of charged particles will attack an isolated area 
on the work piece and may then migrate to other areas 
causing severe damage. 

Various proposals have been advanced for reducing the 
possibility of an arc, such as superimposing intensi?ed 
pulses of energy on basic current level. It has been pro 
posed that the intensi?ed pulses be of short duration rela 
tive to the overall cycle and that the glow continue during 
the interval between pulses. 
The problem with the foregoing arrangement is that 

once an arc has occurred, it will continue to attack the 
work piece until the voltage source is removed and the arc 
extinguished. Therefore, the foregoing known proposal 
depends upon selecting intensi?ed pulsations of such a 
duration and intensity that an arc is improbable. However, 
this serves as a limitation upon the energy which can be 
applied since we have found that arcs are quite unpredict 
able and brief arcing can be accepted in certain circum 
stances so long as its time of occurrence is limited to that 
in which no damage to the work piece can occur. 

Accordingly, one object of the present invention is to 
provide an improved method of reducing damage due to 
arcing in a glow discharge apparatus. 

Another object of the invention is to provide an im 
proved power supply for glow discharge apparatus which 
allows improved control over arcing. 

Still another object of the invention is to provide an 
improved method for reducing localized dam-age to a 
work piece in a glow discharge device due to possible are 
mg. 
The subject matter which is regarded as the invention 

is particularly pointed out and distinctly claimed in a con 
cluding portion of the speci?cation. The invention, how 
ever, both as to organization and method of practice, to 
gether with further objects and advantages thereof, may 
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best be understood by reference to the following descrip 
tion taken in connection with the accompanying drawing 
in which: 
FIG. 1 is a simpli?ed schematic view of a glow discharge 

apparatus with associated power supply according to the 
preferred embodiment of the invention, 

FIG. la shows the wave form of the applied voltage 
from the power supply, 

FIG. 2 is a graph illustrating the operation of the ap 
paratus shown in FIG. 1, 

FIG. 3 is a simpli?ed schematic view of a modi?ed 
power supply, and 

FIG. 3a illustrates the wave form of the modi?ed power 
supply. 

Brie?y stated, the invention comprises periodically, ?rst 
establishing a glow for a time interval which is less than 
that at which damage to the work piece would occur 
should arcing take place and, secondly extinguishing the 
glow for a time interval su?icient for the ions in the arc 
path to recombine. When the new glow is established, it 
will then not be in?uenced by the existence of a prior 
arc. 

Referring now to FIG. 1 of the drawing, a simpli?ed 
glow discharge apparatus comprises an air tight housing 1 
of electrically conductive material ?lled with an ionizable 
gas maintained at a low pressure by pump 2. A work piece 
3 is disposed in container 1 and is connected to an elec 
trode 4 which is insulated with a gas-tight insulator 5. 
The power supply for the glow discharge apparatus 

comprises a transformer 6 having a primary coil 7 and 
secondary coil 8. The terminals of the latter are connected 
to a bridge recti?er 9 so as to provide full wave recti?ed 
voltage at terminals 10, 11. FIG. la of the drawing illus 
trates the wave form of the voltage appearing at terminals 
'10, 11. It is important to note that no ?lter is employed 
for smoothing the voltage pulses. 
The positive terminal 10 of the recti?er bridge is con 

nected via a lead 12 and a rheostat 13 to the conductive 
case of housing 1 which is preferably grounded for safety. 
The negative terminal 11 is connected via lead 14 to elec 
trode 4. 

Reference to FIG. 2 of the drawing illustrates a com 
posite graph illustrating the operation of the device. The 
right hand portion shows the characteristic curve 15 of 
a typical glow discharge with glow current plotted as the 
abscissa and voltage plotted as the ordinant. The charac 
teristic curve 15 is typical in that the applied voltage must 
exceed peak 15a before a glow will become established 
in the apparatus. A “normal” glow takes place along the 
relatively ?at central portion of the curve 1512 whereas the 
portion 150 illustrates the arcing region. 
The operating point on characteristic curve 15 at any 

one time is dependent upon load lines 16, the slope of 
which is determined by the setting on rheostat 13. 
The left hand portion of FIG. 2 illustrates the applied 

voltage curve 17. As the voltage rises in each half cycle 
toward a more positive value, the point will be reached at 
A where a glow is established in accordance with the inter 
section of the load line with the characteristic curve 15. 
As applied voltage continues to rise, the glow is in 

operation and the operating point move-s along the ?at 
portion 15b- of the characteristic curve until point C is 
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reached at the peak of the applied voltage curve. There 
after, the operating point moves back ‘along curve 15 until 
at point B, where the slope of the load line is less than 
that of curve 15, the glow is extinguished. The process is 
repeated during the next period of applied voltage. ‘By way 
of de?nition, the term “period” herein refers to the time 
between peaks of applied voltage. The term “interval” is 
de?ned as a portion of a period. 

It will be understood that curve 17 illustrates the ap 
plied voltage and not the actual voltage drop across the 
glow. The latter is rather complicated and essentially 
consists of a sharp peak as the glow is established, 
dropping to a rather stable value until the time that the 
glow is extinguished. It again peaks an amount which 
varies with the amount of charges in the glow which are 
swept out after the glow is extinguished. 

It is important to note that should an arc occur any 
time when the applied voltage is between points C and B 
on curve 17, the arc is extinguished as point B is reached, 
and then an entirely new glow is established as a new 
point A is reached on the next wave applied voltage. When 
the new glow is established, it has no “knowledge” of any 
are which might have occurred during the preceding pe 
riod, provided a suf?cient time interval is provided be 
tween that time at which the glow was extinguished and 
the time at which new glow is established to allow re 
combining of ions in the arc path in the housing 1. 
Therefore should a new arc occur on the next or subse 
quent cycles, there is little likelihood of it attacking the 
same local spot on the workpiece as the preceding arc. 
The method by which arcing damage is reduced or 

eliminated is through appropriate selection of the time 
interval during which glow current ?ows and the time 
interval during which the glow is extinguished. These are 
selected respectively, in the apparatus of FIG. 1 by the 
frequency of the applied voltage waves shown in FIG. 1a 
and by the adjustment of rheostat 13 to adjust the slope 
of load lines 16. 
By way of example, nitriding of a work piece may be 

accomplished in an atmosphere comprising hydrogen and 
nitrogen in proportions approximately the same as found 
in ammonia, and at a gas pressure on the order of 1—20 
mm. Hg. 

\It has been found in the aforesaid case that should an 
arc occur, no ascertainable damage will be done on the 
usual metals suitable for nitriding provided that the arc 
lasts for an interval less than approximately .005 sec 
ond. It has also been found that should an arc occur 
and then be extinguished, an interval of appromixately 
.002 second is required for the ions to recombine to 
such an extent that, should a new glow be established 
and subsequent arcing take place, this will occur at 
random (with respect to the previous location attacked 
by the arc). 
The foregoing time intervals are approximately achieved 

by applying a 60 cycle alternating current to the primary 
coil of transformer 6 and by adjusting the load line with 
rheostat 13, so that the glow time shown in FIG. 2 is 
approximately 60% of the total pulse period of .00833 
second (1/{120 second). 

It will be understood that the foregoing illustration is 
merely given by way of example, and that the time inter 
val in which arcing damage would occur and the time 
interval required for the ions to recombine will vary 
with the work piece, type of gas, gas pressure, etc., and 
in many cases, will preferably be determined by empirical 
means. 

Reference to FIGS. 3 and 3a of the drawing illustrates 
a modi?ed form of the invention. The glow discharge 
apparatus, leads, and rheostat 13 are substantially the 
same as described previously. However, instead of a full 
wave recti?er power source, a synchronous recti?er is 
employed. This comprises a motor 19 driving slip rings 
20 which are connected to the secondary of transformer 
6. Rings 20 are connected to rotating commutator seg 

U! 

10 

15 

50 

65 

75 

4 
ments 21. The positive and negative leads 12, 14 are con 
nected to segments 21 by means of brushes 22. The 
brushes are adjusted to be in phase with one power supply 
so as to obtain an interrupted wave as indicated in FIG. 
3a. 

It will be observed that the time interval between pulses 
and the time duration of the glow are adjusted either 
by varying the space between commutator segments 21, or 
preferably by adjustment of rheostat 13 as before. In the 
latter case, the interval between segments 21 occupies 
about 20% of the total period. If the rheostat is adjusted 
so that the glow is off for 40% of the total period, then 
polarity reversal takes place when no current is ?owing. 
The use of a synchronous recti?er as disclosed is pref 

erable for the above reason in some cases. This is be 
cause solid state recti?ers shown in FIG. 1 are often 
sensitive to high voltage spikes of relatively short duration. 
In the synchronous recti?er employed in FIG. 3, since the 
glow is extinguished and no current is ?owing when po 
larity reversal occurs, arcing at the segments when switch 
ing takes place is largely avoided. This makes the syn 
chronous recti?er ideal for some applications as a sub 
stitute for the simpler arrangement shown in FIG. 1. 
Thus it will be seen that selection of the time intervals 

both of applied glow energy and of glow extinguishment 
can be selected to apply the maximum energy to the 
sample without damage. It is not intended to infer herein 
that conditions are selected so that arc will most certainly 
take place during each interval of applied voltage. It is 
know-n that arcs are often random in occurrence and 
quite unpredictable. In ful?lling the object of the present 
invention, conditions are selected so that glow discharge 
processes can be conducted with conditions of a relatively 
low probability of arcing. However, the conditions can 
be selected which result in higher energy transformation 
than if they were limited by conservative values used in 
the past, particularly during initial heating up of the 
workpiece. ‘ 

Further objects and advantages of the invention will 
occur to those skilled in the art, and it is intended to 
cover in the appended claims all such modi?cations as 
fall within the true spirit and scope of the invention. 
What is claimed as new and desired to obtain by Let 

ters Patent of the United States is: 
1. The method of reducing damage which might occur 

due to arcing in a glow discharge apparatus where a work 
piece disposed in a low pressure ionizable gas is sub 
jected to a glow discharge by application of electric po 
tential from a voltage source, said method comprising: 

applying DC voltage from said source to establish a 
glow for a ?rst time interval less than approximately 
.005 second which is selected to be less than that at 
which damage to the workpiece would occur should 
arcing take place during the ?rst time interval, and 

extinguishing the glow for a second time interval of at 
least .002 second which is selected to be sufficient for 
the gas to substantially deionize by recombination of 
the ions in the arc path should an are have occurred 
during the ?rst time interval, and 

alternately establishing and extinguishing said glow for 
said ?rst and second time intervals respectively in a 
uniformly repetitive manner. 

2. The method according to claim 1 wherein said ?rst 
and second time intervals are obtained by applying a full 
wave recti?ed A-C voltage at a frequency selected to pro 
vide D-C pulses with a period equal to the sum of said ?rst 
and second time intervals and by adjusting the relative 
length between the ?rst and second time intervals by means 
of adjusting a variable resistance in the glow discharge 
circuit. 

3. The method according to claim 1 and employing a 
synchronous recti?er as the voltage source and varying a 
resistance in series with said source to provide separated 
D-C pulses of applied voltage to the glow discharge ap 
paratus with a pulse period equal to the sum of the ?rst 
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and second time intervals and of a duration greater than 3,004,133 10/1961 Berghaus et a1 ______ _. 219~~121 
that of the ?rst time interval, whereby no current flows as 3,035,205 5/1962 Berghaus et a1. 
polarity reversal in the synchronous recti?er takes place. 3,181,029 4/ 1965 Berghaus. 

4. The method according to claim 1 wherein the ?rst 3,190,772 6/1965 Berghaus et al. 
interval and the second interval are on the order of 60% r 3,228,809 1/1966 Berghaus e131 ------- -- 148'—16 
and 40% of a total 1/120 second period respectively. " 3,282,814 11/ 1966 Berghaus __________ __ 204-177 
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