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ABSTRACT OF THE DISCLOSURE 

An inductively excited ion gas laser is described in 
cluding a plasma tube containing a gas. Inductive ex 
citation means including a cylindrical core envelopes 
a portion of the plasma tube. A primary winding is 
Wound on the core and is connected to a source of 
low frequency square wave signal. The primary wind 
ing, the core, and the plasma tube essentially form a 
transformer. The square wave signal whose frequency 
is below the upper cut-off frequency of the transformer 
passbaud is applied to the primary winding to excite the 
gas in the plasma tubes. 

BACKGROUND OF THE INVENTION 

Field of the invention 
The present invention relates to the excitation of gases 

into the plasma state, and more particularly to a plasma 
tube containing a gas which is inductively excited by 
means of a square wave signal. The plasma tube is a 9 
related element of an ion gas laser. 

SUMMARY OF THE INVENTION 
The present invention may be summarized as the 

inductive excitation of a gas by means of an applied 
square wave signal. The square wave signal permits 
the use of low frequencies while reducing modulation of 
the excitation to a desired level. 
An object of the present invention is to provide a 

system for exciting a gas into the plasma state. 
Another object of the present invention is to provide 

an inductive plasma excitation system employing a low 
frequency excitation signal without modulation. 
A further object of the present invention is to pro 

vide a low frequency inductive plasma excitation system 
employing a square wave driving signal. 

Another object of the present invention is to pro 
vide an ionic gas laser employing low frequency in 
ductive excitation. 
The foregoing and other objects, features and ad 

vantages of the invention will be apparent from the 
following more particular description of a preferred 
embodiment of the invention, as illustrated in the accom 
panying drawings. 

In the drawings: 
FIG. 1 is a schematic drawing of an embodiment of 

an ion gas laser employing inductive excitation by a 
low frequency square wave signal according to the 
principles of the present invention. 
FIG. 2 is an illustration of a waveform representative 

of a square wave driving signal used in the system of 
FIG. 1. 
FIG. 3 is an illustration of a waveform representative 

of the signal on the secondary of a transformer employed 
in the system of FIG. 1. 

FIG. 4 is an illustration of a waveform representative 
of the power which is used in the explanation of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Excitation of a gas into the plasma state as required 
in an ionic gas may be accomplished in several ways, 
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with inductive excitation by transformer action being a 
preferred method because no electrodes are required 
and there is no limit on the power that can be trans 
ferred to the plasma in contrast to capacitive excitation. 

Heretofore inductive excitation has been employed only 
using high frequency (i.e., above the upper cut-off fre 
quency of the transformer passband) since low frequency 
excitation of the plasma causes modulation, and such 
modulation prevents continuous wave (C.W.) operation 
of the laser. High frequency excitation, however, pro 
duces a leakage inductance which must be overcome by 
the inclusion of a capacitor in the excitation circuit to 
produce resonance. This in turn results in undesirable 
high voltage conditions. 
The present invention relates to means for inductively 

exciting the plasma of an ion gas laser by a low fre 
quency square wave signal. It is signi?cant in that when 
low frequency excitation is used modulation of the ex 
citation is reduced to a desired degree and acceptable 
C.W. operation is obtained. Thus, a C.W. ion gas laser 
which is inductively excited by a low frequency signal 
is obtained. 
The square wave signal is applied to the primary of 

a transformer whose secondary is the plasma forming 
the active medium of the ion gas laser. The resultant 
excitation appears to the plasma as direct current, yet 
provides the necessary alternating current to produce 
the voltage required to maintain the plasma. 
The inductive excitation system of the present in 

vention will be described relative to an ion gas laser 
since it is particularly useful with such device. An ion 
gas laser differs from an atomic laser in that the gas 
atoms are in the ionic state. The ion laser requires a 
much higher current density than the atomic laser to 
produce laser action. All other factors being equal, the 
ion laser requires in the order of one hundred times 
more current than the atomic laser. The high current 
requirement of the ion gas laser presents a problem 
of excitation. Excitation by capacitive coupling is unde 
sirable because the plasma resistance in series with the 
capacitor results in high voltage conditions and there 
is a practical limit to the voltage which can appear across 
the capacitor. Direct current excitation by cathodes is 
also undesirable because there is a limit to the amount 
of current that cathodes can produce and to obtain high 
currents the cathodes must be impractically large. 

Inductive excitation is desirable for ion gas lasers 
because there is no limit on the amount of current that 
such excitation can produce. Thus, the present inven 
tion, which is a low frequency inductive excitation sys 
tem, is useful with ion gas lasers. 

Referring to FIG. 1, a gas ion laser is shown including 
a plasma tube 10 and an inductance coil 12. Plasma tube 
10 is topologically toroidal, being composed of a closed 
single surface having a continuous center region. For ease 
of explanation. plasma tube 10‘ is shown as a‘conventional 
doughnut-shaped toroid, one leg of which may include 
Brewster windows 14 and 16 at each end to enhance trans 
mission of one plane or polorization. The structure of 
FIG. 1 is a laser ampli?er, if a laser oscillator is desired, 
a pair of mirrors may be added opposite the Brewster 
windows 14 and .16. 

Inductance coil 12 includes a core 18 and a winding 20 
surrounding core 18. Core 18 is connected to plasma tube 
10 such that it passes through the loop of plasma tube 
10. Winding 20 is connected to a source of square wave 
signal 22. Core 18 is preferably a ferrite or other mag— 
netic material, however an air core may be employed. 

Plasma tube 10 is ?lled with a suitable gas such as 
argon or an argon-xenon mixture at a suitable pressure. 
Any of the gases heretofore used in gas ion lasers may 
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be employed in the present invention. The combination 
of the plasma tube 10 and the inductance coil 12 is es 
sentially a transformer, with winding 20 being the primary 
winding and the closed gas loop being a one turn second 
ary winding. 
Winding 20 is connected to a signal source which in the 

present invention is a source of square wave signal 22. 
The function of the signal source is to produce a changing 
magnetic ?eld by means of the inductance coil 12 which in 
turn produces a changing voltage in the gas in the plasma 
tube 10 to excite the gas into the plasma state. As prev 
‘iously mentioned, a source of alternating current signal 
has been used for inductive coupling in order to produce 
the changing voltage in the gas. The alternating signal 
had to be above a given frequency, since alternating sig 
nals below such given frequency resulted in modulation 
of the excitation of the plasma. Modulation of the excita 
tion of the plasma is undesirable since it results in inter 
mittent operation (i.e., the laser will not operate as a 
continuous wave device). The use of alternating fre 
quencies above such given frequency, however, produces 
a high leakage ?ux, the compensation for which results in 
high voltage conditions. 
The aforesaid given frequency is de?ned herein as an 

alternating current frequency above the upper cut-off fre 
quency of the passband of the inductive excitation means, 
and the term “low frequency” as used hereinafter and in 
the claims is de?ned as a frequency below the upper cut 
off frequency of the passband of the excitation means and 
may be any frequency lower than the alternating current 
frequency at which modulation of the excitation of the 
plasma is produced. For most gases used in the plasma 
tube, the high excitation frequencies are in the range from 
1 megahertz to 10 megahertz. Argon, for example, would 
employ a high frequency of approximately 5 megahertz. 
Thus, the “low frequency” of the present example would 
generally be below the 1 megahertz frequency. The term 
“low frequency,” that is, the frequency below the alter 
nating current frequency at which modulation of the ex 
citation of the plasma is produced can be determined for 
any gas by methods known to one skilled in the art. In 
FIG. 1 square wave signal generating means 22 provides a 
low frequency signal, that is, the square wave signal has 
a frequency at which an alternating current signal would 
produce modulation of the plasma excitation in the plasma 
tube 10. 

Referring to FIG. 2, an illustration of the waveform of 
the signal applied to coil 20 from square wave generator 
22 is shown. For purposes of explanation only the signal 
has a maximum voltage of 150 volts, a frequency of 2.5 
kilohertz, and a current of 100 amperes. Considering a 
three turn primary winding 20, the secondary voltage has 
a peak value of 50 volts, a frequency of 2.5 kilohertz, and 
a current of 300 amperes. An illustration of the waveform 
of the secondary winding (plasma tube) voltage is shown 
in FIG. 3. 
The secondary voltage causes the electrons in the gas 

to move in one direction for positive portions of the sec 
ondary voltage cycle and in the opposite direction for neg 
ative portions of the voltage cycle. When the electrons 
move in either direction, they collide with the ions and 
give up to the ions the energy supplied by the magnetic 
?eld. Energy is a scaler quantity, thus there is no polarity 
involved in whether the ions collide with electrons moving 
in one direction or the other. An illustration of the wave 
form of the energy supplied to the ions is shown in FIG. 
4. From FIG. 4 it can be seen that the excitation appears 
to the plasma substantially as direct current so that mod 
ulation of the excitation is reduced to a desired degree 
such that the laser operates in a continuous wave mode. 
On the other hand the excitation voltage is shown in 

FIG. 2, being a square wave, provides the necessary po 
larity changes to produce the magnetic ?eld energy which 
maintains the gas in the plasma state. 
The present invention is particularly useful in the in 
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ductive excitation of wide bore lasers. Wide bore lasers 
are those having plasma tubes with relatively large diam 
eters or cross-sectional areas. Wide bore lasers have sev 
eral advantages over narrow bore lasers: they can support 
larger mode diameters and thus result in smaller beam 
divergencies; the larger volume per unit length allows 
greater output power per unit length for a more compact 
device; and, the wider bore results in an active medium of 
higher numerical aperture which is desired for intracavity 
processing. In phase plasma current Is is expressed as 
follows: 

w is a function of excitation frequency 
E5 ‘is plasma voltage 
L5 is plasma inductance 
RL is plasma resistance 
k is coupling coef?cient. 

For a ?xed plasma inductance LS and coupling coe?i 
cient k (which are functions of geometry and core perme 
ability only), and voltage E5, the plasma current Iq is 
inversely proportional to the frequency of excitation, so 
that for the high currents, low frequencies as provided in 
the present invention are desirable. 
What has been described is a system for the inductive 

excitation of gas enclosed in a plasma tube, such as in 
an ion gas laser. The plasma tube may vary in size and 
shape, the only requirement being that it be a topologi 
cally toroidal closed loop. The inductive excitation results 
from an applied square wave signal, preferably at a low 
frequency as de?ned. The gases used in the plasma tube 
are well known in the art and many include agon, krypton, 
xenon, etc. and chlorine, bromine, etc. The pressures at 
which the gases are maintained and other working param 
eters of the system should be within the knowledge of 
those skilled in the art. _ ' 

While the invention has been particularly shown and 
described with reference to a preferred embodiment 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 
What is claimed is: 
1. A system for exciting a gas comprising: 
a closed loop plasma tube containing a gas, 
excitation means having a passband with an upper cut 

off frequency, said excitation means coupled to said 
gas ?lled plasma tube, 

and a square wave signal generating means connected 
to said excitation means for producing a square wave 
signal having a frequency lower than said upper cut 
off frequency for operating said excitation means for 
exciting gas into a plasma state. 

2. A system according to claim 1 wherein said excita 
tion means includes a cylindrical core, the center axis of 
said core lying substantially along a section of said plasma 
tube thereby allowing said core to fully envelope said 
tube section therein, 

and a primary winding wound on said core, Said 
primary winding being connected to said square wave 
signal generating means. 

3. A system according to claim 1 wherein said closed 
loop plasma tube is topologically toroidal consisting of 
a closed single surface having a continuous center region 
containing a gas. 

4. A system according to claim 2 wherein said square 
wave signal frequency is a frequency lower than one 
megacycle. 

5. An ion gas laser comprising a closed loop plasma 
tube containing a gas 

a cylindrical core, the center axis of said core lying 
substantially along a section of said plasma tube 
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thereby allowing said core to fully envelope ‘said square wave signal frequency is a frequency‘ lower than 
section therein, one megacycle. 
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7. An ion gas laser according to claim 5 wherein said 


