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NOTICE

The invention disclosed in this document resulted from

research in aeronautical and space activities performed under

programs of the National Aeronautics arid Space Administration.

The invention is owned by NASA and is, therefore, available

for licensing in accordance with the NASA Patent Licensing

Regulation (14 Code of Federal Regulations 1245,2).

To encourage commercial utilization of NASA-owned inven-

tions, it is NASA policy to grant licenses to commercial

concerns. Although NASA encourages nonexclusive licensing

to promote competition and achieve the widest possible utili-

zation, NASA will consider the granting of a limited exclusive

license, pursuant to the NASA Patent Licensing Regulations,

when such a license will provide the necessary incentive to

the licensee to achieve early practical application of the

invention.

Address inquiries and all applications for license for

this invention to NASA Patent Counsel, Goddard Space Flight

Center, Mail Code 204, Greenbelt* Maryland, 20771. Approved

NASA forms for application for nonexclusive or exclusive

license are available from the above address.
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AWARDS ABSTRACT

• POWER SUPPLY FOR CO, LASERS

The invention relates to an improved power supply for

a CO_ laser.

Figure 1 illustrates the resistance versus frequency

characteristics of a D.C. excited CO- laser tube and, in

particular, shows that such a laser tube exhibits a negative

resistance characteristic only at relatively low frequencies.

Figure 2 demonstrates that such lasers show a decrease in

amplitude and frequency fluctuations at high frequencies.

Figure 3 is a highly schematic circuit diagram of a prior art

power supply using a ballast resistor 24. Figures 4 and 5 are

circuit diagrams, similar to Figure 3, of two embodiments of

the invention wherein an inductance 30 or 32 is substituted

for the ballast resistor of Figure 3 to provide the necessary

compensation for the negative differential resistance character-

istic of C0_ laser 26' at low frequencies.

The novelty of the invention appears to lie in the

recognition that an inductance may be used to provide the

necessary negative resistance cancellation required by a CO-

laser power supply thus eliminating the need for a low efficiency

ballast resistor.
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[57] ABSTRACT

In a power supply for a CO2 laser tube including an
A.C. source,'a rectifier and a filter, an inductance con-
nected in front of the rectifier provides a non-
dissapative positive resistance effect for cancelling the
negative differential resistance exhibited by the tube at
frequencies below about 2kHz. The inductance re-
places the ballast resistors usually used for the same
purposes and provides a resultant increase in system
efficiency. The frequency of the A.C. source is prefera-
bly in excess of 25 kHz thus taking advantage of the low
amplitude and frequency fluctuations at high frequen-
cies and enabling the use of a low value filter capacitor.

10 Claims, 5 Drawing Figures
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POWER SUPPLY FOR CARBON DIOXIDE LASERS quency produces a considerable decrease in the ampli-
ORIG1N OF THE INVENTION jude and frec»uency fluctuations of a D.C. excited CO,. , , . . . . . .... • ,—,.,.,,_.. . . , . _ . , ,...,-.. , , , . . laser.- - - - - - . — - , - . ™ . - -- .. . , , - „ , „ - - , „ „ , „ - , , „ , ,

The invention described herein was made in the per- According to a presently preferred embodiment of
formance of work under a NASA contract and is sub- 5 the invention, a power supply for a CO2 laser comprises
ject to the provisions of Section 305 of the National a transformer connected to an A.C. voltage supply, a
Aeronautics and Space Act of 1958, Public Law rectifier for rectifying the output of the transformer, a
85-568 (72 STAT. 435; 42 U.S.C. 2457). filter capacitor for filtering the output of the rectifier

uici n HP THF INVPNTION and an inductance connected in front of the rectifier
hltuuur i r t t U N V t i N i i u i N ,0 for producing the requisite stabilizing output resistance

The present invention relates to an improved power at low frequencies. The frequency of the A.C. voltage
supply for a CO2 laser tube. supply is chosen to be in excess of 1 kHz and is prefera-

BACKGROUND OF THE INVENTION bly '" e*c
k
ess °f " kHz The ind«ctan« is preferably

provided by an inductor connected on the primary side
One important requirement for power supplies for 15 of the transformer because this minimizes the electrical

carbon dioxide laser tubes is that they provide an inter- isolation problems.
nal resistance which is larger than the absolute value of Other features and advantages of the invention will
the differential resistance of the tube. Because the dif- be set forth in, or apparent from, the detailed descrip-
ferential resistance of a CO2 laser tube is negative, tion of a preferred embodiment found hereinbelow.

DESCRIPTION OF THE DRAWINGS
tinuous, stable basis. In this regard, it is noted that CO2 FIG. 1 is a plot of the real and reactive components
lasers such as used for communications purposes must of the impedance of a D.C. excited CO2 laser tube as
be operated with a relatively well regulated and filtered a function of frequency;
D.C. current. In order to provide the required resis- 25 FIG. 2 is a plot of the calculated ripple voltage for a
tance, prior art power supplies usually include a ballast CO2 laser tube as a function of frequency for ± 2
resistor. However, this approach suffers a number of percent amplitude (intensity) modulation (AM) and ±
disadvantages and, in particular, ballast resistors dissi- 70.7 kHz frequency excursion (FM);
pate a relatively large amount of power and reduce the FIG. 3 is a highly simplified schematic circuit dia-
overall efficiency of the system. This reduction in sys- 30 gram of a prior art power supply using a ballast resistor;
tern efficiency is a serious problem for space applica- FIG. 4 is a highly simplified schematic circuit dia-
tions of CO2 lasers. gram of a power supply for a CO2 laser tube in accor-

A further prior art proposal involving a CO2 laser dance with one preferred embodiment of the invention;
transceiver provides for a power supply which includes and
a transistorized voltage regulator. The regulator pro- 3S FIG. 5 is a highly simplified schematic circuit dia-
vides a high resistance and a relatively small voltage gram of a power supply in accordance with a second
drop, and reduces the power loss as compared with a preferred embodiment of the invention,
ballast resistor. However, the use of transistors in the nFSrRIPTlON OF THF PRFFFRRFD
high voltage circuit is a significant disadvantage. Spe- SIlSSiSSiJ?
cifically, the use of transistors, because of their sensitiv- 40 tMbUUiMtiN i s
ity to voltage overloads, makes the circuit critical to the As mentioned above, although gas discharge tubes in
system operation and hence reduces the overall reli- general maintain the falling characteristics, i.e., nega-
ability. Although vacuum tubes which are relatively in- live differential resistance, up to relatively high fre-
sensitive to voltage overloads can be used to replace quencies (on the order of 100 kHz or more for He-Ne
the transistors, the power requirements for the fila- laser tubes), it has been discovered that CO2 laser tubes
ments of such tubes are such that no appreciable gain show a negative resistance only for frequencies below
in efficiency results. about 1 kHz. Referring to FIG. 1, measurements per-

« i i M M A R Y OF THF INVFNTION formed with a D.C. excited CO2 laser (having a dis-SUMMARY OF THE INVENTION charge voltage of about 3 t kv) with a 3Q vo)t peak su_
In accordance with the present invention an im- perimposed A.C. voltage of variable frequency are

proved power supply for CO2 laser tubes is provided plotted. In FIG. 1, the real component, denoted 10, and
wherein the need for ballast resistors in exciting a sta- the reactive component, denoted 12, of the plasma
ble discharge is eliminated. The invention is based on tube impedance is plotted versus frequency for a dis-

-the -valuable-appreciation-that-the-differential^resis——-charge^tube-having-an-active-length-of-^-cm-and-an-
tance of a CO2 laser tube is negative only for relatively internal diameter of 0.8 cm., and filled with 8.8 Torr of
low frequencies, e.g., on the order of 1 kHz. The inven- a slowly flowing gas mixture of 66.6% He, 16.7% CO2,
tion takes advantage of this appreciation by utilizing an 16.7% N2. As illustrated, the resistance component is
inductance to provide the necessary stabilizing resis- negative for only those frequencies which lie below
tance at low frequencies, hence eliminating the need about 1 kHz. It is also noted that FIG. 1 further illus-
for a ballast resistor and producing an attendant in- trates that below about 25 kHz a relatively large induc-
crease in overall efficiency as compared with conven- live component exists.
tional D.C. supplies. Further, by operating the A.C. Referring to FIG. 2, the results are shown of a further
voltage supply at relatively high frequencies, and by experiment performed with the D.C. excited CO2 laser
generating a D.C. voltage for discharge excitation by „ described above and wherein a constant superimposed
means of a rectifier, a relatively low value of filter ca- A.C. voltage of 30 volts peak with variable frequency
pacitor can be used, thus reducing the weight and cost was utilized. The amplitude and frequency fluctuations
of the supply. Further, the resultant high ripple fre- were measured using a heterodyne arrangement and
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[from this data the necessary ripple peak voltage was
.calculated, assuming linear behavior, for producing ±
.2 percent amplitude modulation (AM) and ±70.7 kHz
.peak.frequency excursion (FM). In FIG. 2, the ripple
•voltages are plotted as a function of frequency and, as 5
shown,.for frequencies above about 25 kHz the allowed
ripple voltages exceed 1,000 volts peak. Hence, as

.•stated above, the amplitude and frequency fluctuations
of ,a D.C. excited CO2 laser with a constant superim-
posed A.C. voltage decrease considerably with an in- 10
crease in the frequency of the superimposed voltage.
The reason for .this is probably the relatively long life-
.time of the laser levels and partly due to the high A.C.
•impedance of the discharge tube at frequencies above
.about 10 kHz. 15

As discussed hereinabove, the design of a power sup-
ply for stable laser tube operation must take into ac-
count that a stable circuit (containing only resistive ele-
ments connected in series) requires that the sum of all
.resistances be positive. Referring to FIG. 3, a prior art 20
ipower^supply circuit providing this positive resistance
characteristic is shown. The circuit of FIG. 3, which is
highly simplified, includes an input transformer 18 con-
nected to an A.C. voltage supply, a diode rectifier 20
connected in series in the output of the transformer 25
secondary, a parallel-connected filter capacitor 22 and
a ballast resistor 24 connected between a point on the
junction between diode 20 and capacitor 22 and a gas
discharge tube 26. As set forth above, the ballast resis-
tor 24 compensates for the negative differential resis- 30

tance of gas discharge tube 26.
It should be noted that if the power circuit (all ele-

ments connected in series) contains reactive elements,
.the general rule can be applied that the sum of all im-
pedance should have zeros only in the half plane where 35

o is negative, (o being the real part of the complex fre-
quency p=o+j(o). This condition is fulfilled if, as stated
above, the sum of all resistive components is positive
for all frequencies.

In accordance with the present invention, the use of 40

a ballast resistor is eliminated and the output resistance
of the power supply increased through the provision of
a reactive element connected in front of the rectifier
which, in theory, has no losses. Thus, referring to FIG.
4, wherein elements corresponding to those of FIG. 3
are given the same numbers with primes attached, an
inductance 30 is connected between the secondary of
transformer 18' and rectifier 20'. Because with a CO2
laser tube it is only necessary to provide or maintain a
high output resistance for frequencies below about 1
kHz, the circuit of FIG. 4 will provide the required re-
sistance so long as the capacitance of filter capacitor 22
is kept relatively low. A rough estimate of the output
resistance, R0, of the power supply of FIG. 4 is given by
the formula R0=<aL, where (a is the angular frequency
of the A.C. supply voltage and L is the inductance of
inductor 30. However, because the rectifier 20' re-
quires a filter capacitor 22', the output impedance of
the power supply circuit is low at high frequencies. As ,_
discussed above, this low impedance output is accept-
able with CO2 lasers and by keeping the capacitance of
capacitor 22' relatively low the requisite output resis-
tance can be provided. The capacitance of capacitor
22' can be kept low so long as the frequency of the sup- 65
ply voltage is relatively great. Since, as mentioned
above, by making the ripple frequency higher than
about 25 kHz good amplitude and frequency stability

45

iis provided, the provision of a high supply frequency is
entirely compatible with and, in fact, congruent with,
stable operation from this standpoint as well.

Thus, the frequency of the supply voltage-should >be
greater than 1 kHz and preferably greater>than<25ikHz.
In an experimental arrangement, a signal generator
(sinewave or squarewave) was used as an -A'.C.-source,
a 50 watt power amplifier utilized'and frequencies be-
tween 70 kHz and 100 kHz\were chosen. The power
supply circuit used is generally of the form shown in
FIG. 5, which differs from .that of FIG. 4 only in the
provision of an inductance 32-connected on the pri-
mary side of input transformer 18". (Elements of FIG.
5 similar to those of FIG. 4 and FIG. 3, have been given
the same reference numbers '.with double primes at-
tached). The circuit of .FIG. 5 provides the advantage
that the voltage across the inductance 32 is less than
that across inductance 30 of FIG. 4 by a factor of \ln
where n is the winding ratio of the transformer 18", the
value of inductance 32 being related by the factor 1 //j2

to the value o'f inductance 30. Futher, the inductance
32 is not biased by a D.C current. In the experiment re-
ferred to above, the value of inductance 32 was chosen
to be 0.32 mH. For a frequency of 100 Hz, the imped-
ance value of inductance 32 is approximately 200
ohms. Neglecting the output impedance of the power
amplifier which is on the order of only a few ohms, a
rough estimate of the output resistance of the power
supply is obtained when the impedance value induc-
tance 32 is multiplied by the square of the winding ra-
tio, n, of transformer 18" and by the square of the mul-
tiplication factor of rectifier 20". It should be noted
that because of the difficulty in constructing transform-
ers for the full voltage (about 3kV) at the frequency
range in question, a rectifier was used having a voltage
multiplication factor of four. The rough estimate ob-
tained was an output resistance of about 115 Kilohms.
whereas the actual measured output resistance was 100
Kilohms. The laser operated with 3.15 kV at 10 mA
and the ripple voltage was about 20 volts peak, well
within the limits provided in FIG. 2.

It should be noted that rather than poviding a dis-
crete inductor as shown in FIGS. 4 and 5, substantially
the same effect can be produced by utilizing a trans-
former having loose coupling between the windings. It
will be appreciated that such an approach reduces the
number of components necessary for the power supply
which is, of course, an important consideration particu-
larly regarding space applications. Further, for space
satellites, it is suggested that a D.C. to A.C. converter
operating at the desired frequency be used as an A.C.
source for the power supply. •

Although the invention has been described in refer-
ence to exemplary embodiments thereof, those skilled
in the art will understand that variations may be ef-
fected in these embodiments without departing from
the scope and spirit of the invention.

I CLAIM:
1. In combination, a d.c. excited continuous wave

CO2 gas laser discharge tube exhibiting a positive dif-
ferential resistance at frequencies above a predeter-
mined frequency and exhibiting a negative differential
resistance at frequencies below said predetermined fre-
quency, and a power supply for said tube comprising an
a.c. voltage source for producing a supply voltage hav-
ing a frequency greater than said predetermined fre-
quency, a rectifier coupled to the output of said a.c.
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voltage source for producing a rectified d.c. output; a
filter capacitor connected to said rectifier and in paral-
lel with said discharge tube for filtering the output of
the rectifier; and an inductance connected in front of
said rectifier for stabilizing the output resistance of the 5
power supply at low frequencies.

2. The combination claimed in claim 1 wherein said
a.c. source produces a voltage having a frequency in
excess of 2kHz.

3. The combination claimed in claim 1 wherein said 10
a.c. source produces a voltage having a frequency in
excess of 25kHz.

4. The combination claimed in claim 2 wherein said
power supply further comprises a transformer con-
nected to said a.c. source, said inductance being con- 15
nected on the primary side of said transformer.

5. The combination claimed in claim 2 wherein said
power supply further comprises a transformer, said in-
ductance being connected on the secondary side of said
transformer in front of said rectifier. , 20

6. In a system comprising a d.c. excited continuous
wave CO2 laser tube exhibiting a positive differential
resistance at frequencies above a predetermined fre-
quency and exhibiting a negative differential resistance
at frequencies below a predetermined frequency, and 25
a power supply for said tube comprising an a.c. voltage

source, a rectifier connected to said source and a filter
for smoothing the output of said rectifier, the improve-
ment comprising said a.c. source being a high ~fre- -
quency source for producing a voltage having a fre-
quency above said predetermined frequency, and fur-
ther including an inductance connected in series be-
tween said source and said rectifier for providing a non-
dissapative positive resistance effect to cancel the neg-
ative differential resistance exhibited by said COS laser
tube at low frequencies.

7. A system as claimed in claim 6 wherein said high
frequency a.c. source produces a supply voltage having
a frequency in excess of 25 kHz.

8. A system as claimed in claim 7 wherein said power
supply further comprises a transformer connected to
said source and said inductance comprises an inductive
element connected on the primary side of said trans-
former between said transformer and said source.

9. A system as claimed in claim 7 wherein said induc-
tance comprises an inductive element connected in
front of said rectifier.

10. A system as claimed in claim 9 wherein said filter
comprises a filter capacitor connected to the output of
said rectifier in parallel with said laser tube.

30

35

40

45

50

55 .

60

65


