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ABSTRACT P I  
A high power metallic halide laser capable of providing 
300 watts of output power. More specifically, a laser 
amplification system is disclosed whereby a metallic 
halide vapor such as copper chloride (Cu3Cl3) is caused 
to flow through a laser amplifier (10) and a heat ex- 
changer means (24) in a closed loop system whereby the 
flow rate is altered to control the temperature rise 
across the length of the laser amplifier. In the copper 
chloride laser described in an exemplary embodiment, 
the copper atoms within the laser amplifier should not 
exceed a temperature of 3000” K. so that the number of 
copper atoms in the metastable state will not be high 
enough to prevent amplification in the amplifier. In 
addition, a molecular dissociation apparatus (20) is pro- 
vided at the input to the laser amplifier for dissociating 
the copper chloride into copper atoms and ions and 
chlorine atoms and ions. The dissociation apparatus 
includes a hollow cathode tube (56) and an annular ring 
(60) spaced apart from the tube end (62). A voltage 
differential is applied between the annular ring and the 
hollow cathode tube so that as the copper chloride 
flows therethrough, it is dissociated into copper and 
chlorine ions and atoms. 

6 Claims, 5 Drawing Figures 
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MHGH POWER METALLIC HALIDE LASER 

ORIGIN OF THE INVENTION 
The invention described herein was made in the per- 

formance of work. under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435, 42 USC 2457). 

TECHNICAL FIELD 
The invention relates to high power laser amplifiers 

and more particularly to high power metallic halide 
laser amplifiers. 

BACKGROUNDART 
In a copper vapor laser ground state (2Si) copper 

atoms are pumped by direct electron impact into first 
resonant states (2P3/2 and 2Pi). Stimulated emission can 
then occur between these resonant states and the two 2o 
lower metastable states ('D3/2 and 2D5/2). The resultin 

(2P3/2+2D5/2) and 5782 A (2P&+2D3/2). In order to 
achieve a population inversion between the resonant 
and metastable states, laser amplifier pumping must be 25 
fast, because of short resonant life times, and the meta- 
stable population density must be low. Fast pumping is 
achieved with low induction pulsed discharge circuits. 
Typical discharge characteristics are, (a) initial rates of 
current rise of the order of 10"Jamperes per second, and 30 
(b) current pulse widths of the order of 100 nanosec- 
onds. 

The metastable population density increases during 
each current pulse and decays between current pulses. 
It is this decay rate that determines the minimum al- 35 
lowed time between pulses and hence the maximum 
allowed pulse repetition rate of the laser. The level to 
which the metastable population density decays can be 
no lower than the equilibrium value determined by the 
copper vapor temperature. It is theorized that if the 40 
copper vapor temperature is allowed to exceed 3000" 
K., the equilibrium metastable population density will 
be too high and the population inversion will not occur. 

The copper vapor laser has a demonstrated efficiency 
of about 1%. Hence about 100 times the extracted opti- 45 
cal energy is deposited in a lasant-buffer gas mixture 
with each pulse and this energy or waste heat must be 
removed while assuring that the lasant temperature 
does not exceed about 3000" K. 

been conducted in relatively small bore tubes where the 
tube wall plays a dominant role in removing waste heat. 
The small volume of these tubes has limited the average 
power to the order of 10 watts. By using an oscillator 
and several amplifiers, this power could probably be 55 
increased by a factor of 10. In order to make large in- 
creases in average output power, however, amplifiers 
with large cross-sectional areas would be required. Ex- 
tracting the waste heat, while maintaining the lasant at 
or below about 3000" K., and providing fast uniform 60 
discharges has become a major challenge. 

The present invention provides a means for solving 
the above problem by flowing a copper vapor and 
buffer gas through a laser amplifier at a rate just high 
enough to prevent overheating of the copper atoms. 65 
Heat is removed from the laser amplifier by convection, 
as the lasant-buffer gas mixture absorbs waste heat. 
Within the amplifier, the temperature will increase lin- 

10 

15 

emission is at two visible wave lengths, 5106 1 

Experiments to date on copper halide lasers have 50 

early from about 700" K. at the amplifier entrance port 
to about 3000" K. at the exit port. The 700" K. entrance 
port temperature is determined by the required vapor 
pressure when copper chloride is the source of copper 
atoms. 

STATEMENT OF INVENTION 

The invention provides a laser amplification system 
which includes a laser amplifier having input means for 
receiving energy from a laser oscillator. A heat ex- 
changer in fluid communication with the laser amplifier 
is provided. A means for flowing a metallic halide and 
a buffer gas in a closed loop manner through the laser 
amplifier and the heat exchanger is also provided 
whereby the temperature of the metallic halide and the 
buffer gas within the laser amplifier is maintained be- 
tween predetermined temperature limits. In accordance 
with a further feature of the invention, a molecular 
dissociation means located at the input of, and in fluid 
communication with, the laser amplifier is provided. 
The molecular dissociation means converts the metallic 
halide molecules into metallic atoms and ions and halide 
atoms and ions, thereby providing metallic atoms for 
the laser amplifier. 

In a specific embodiment of the invention, the metal- 
lic halide is copper chloride and the buffer gas is helium. 
Utilizing a laser amplifier having a cross-section of 8 X 8 
centimeters and a length of 50 centimeters, it is theo- 
rized that a laser amplifier provided by the invention 
having a closed loop pressure of 100 torr and a flow 
velocity of 4>< IO3 centimeters per second inside the 
laser amplifier, a specific optical energy per pulse of 5 
pJ/cm3, a pulse repetition of 2 X  104 Hz, and a peak 
voltage drop across a transverse discharge means 
within the laser amplifier between 8 and 10 kilovolts, 
that a 300 watt output beam can be obtained. 

Also provided is a molecular dissociation apparatus 
for dissociating the metallic halide into copper and 
halide ions and atoms and a pulse power supply capable 
of providing 8-10 kilovolts at a 2 X  104 Hz pulse repeti- 
tion rate. The pulse power supply utilizes a hydrogen 
thyratron in conjunction with an energy storage capaci- 
tor. 

BRIEF DESCRIPTION OF DRAWINGS 
FIG. 1 is a diagrammatic representation of a laser 

amplification system provided by the invention; 
FIG. 2 is a cross-sectional view showing the trans- 

verse discharge apparatus incorporated in the laser 
amplifier; 

FIG. 3 is cross-sectional view showing the hollow 
cathode dissociation apparatus; 

FIG. 4 shows the transverse discharge pulse power 
supply; and 

FIG. 5 is a diagrammatic representation of a further 
embodiment of the laser amplification system. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Detailed illustrative embodiments of the invention 
disclosed herein exemplify the invention and are cur- 
rently considered to be the best embodiments for such 
purposes. They are provided by way of illustration and 
not limitation of the invention. Various modifications 
thereof will occur to those skilled in the art, and such 
modifications are within the scope of the claims which 
define the present invention. 
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As previously explained, the disclosure describes a buffer gas to be maintained at a relatively cool tempera- 
laser amplification system which includes a laser ampli- ture, such as 3000" K., in order to maintain the equilib- 
fier having an input means for receiving energy from a rium metastable population density, which is deter- 
laser oscillator. The laser amplifier is chosen to be of the mined by the copper vapor temperature, at a low level 
transverse discharge type. A molecular dissociation 5 such that a population inversion can be attained. It is 
means is provided for dissociating a metallic halide such estimated that if the copper vapor temperature is al- 
as copper chloride into metallic atoms and ions and lowed to exceed 3000" K., the equilibrium metastable 
halide atoms and ions. The metallic halide is mixed with population density will be too high and the population 
a buffer gas such as helium. The dissociated metallic inversion as previously described will not occur. The 
halide and buffer gas is flowed into the laser amplifier 10 heat exchanger 24 is configured to be of the type that 
wherein the copper ground state atoms are pumped by the exit temperature of the dissociated metallic halide 
direct electron impact into first resonant states (2P3/2 and buffer gas is chosen to be approximately 700" K., 
and 2Pi). Stimulated emissions can then occur between thus providing a 2300" K. temperature differential along 
these resonance states and the two lower metastable the distance D of the laser amplifier IO. In the specific 
states (2D3/2 and 2D5/2). The resulting emis2ions are at 15 embodiment described, it is theorized that with the 
two visible wavefengths, 5106 8, and 5782 A. The flow distance D being 50 centimeters and the cross-sectional 
rate of the metallic halide and buffer gas through the area of the laser amplifier 10 being 64 cm2, that the 
laser amplifier is chosen so that the temperature exiting output beam 14 will contain in the order of 300 watts of 
the amplifier is not greater than 3000" K. Heat from the energy. As previously explained, it is the temperature of 
laser amplifier is removed by convection due to the u) the metallic atoms that is critical to the maintenance of 
flow of the heated metallic halide and buffer gas, and an efficient amplifier. Thus the apparatus provided by 
passes through a heat exchanger where it is cooled to a the invention allows a critical upper-limit temperature 
predetermined lower level. The gas is then flowed from not to be exceeded by controlling the flow rate of the 
the heat exchanger and back through the molecular metallic atoms through the laser amplifier, and by con- 
dissociation apparatus and into the laser amplifier where 25 ducting heat away from the laser amplifier through 
the process is then repeated. The flow rate can be con- convectior, currents formed by the flcrwing dissociated 
trolled so that the temperature within the laser amplifier metallic halide and buffer gases. 
does not exceed 3000" K., thereby allowing an output A transverse discharge type laser amplifier 10 has 
from the laser amplifier to be at least 300 watts. been chosen which is capable of maintaining pulse repe- 

Referring now to FIG. 1, a laser amplification system 30 tition rates between 104 and 2>< 104 Hz, and peak volt- 
provided by the invention is shown. A laser amplifier 10 age drops between electrodes between 8-10 kilovolts. 
is irradiated by energy to be amplified from a laser Referring to the cross-sectional view of a portion of the 
oscillator 12. The output energy from the laser oscilla- laser amplifier 10 shown in FIG. 2, four molecular dis- 
tor is passed through a plurality of beam splitters sociation apparatus 20 are formed into an array defined 
B1-BN which are chosen so that the energy output 35 by the dotted lines 34. Although four molecular dissoci- 
from the laser oscillator 12 is substantially evenly dis- ation apparatus 20 are shown, any number could be 
tributed along the length D of the laser amplifier 10. An selected, the only significant factor being that a suff- 
output beam 14 is provided by the laser amplifier 10. A cient number be chosen to maintain the required flow 
metallic halide and a buffer gas is flowed by the action rate. The laser amplifier 10 contains a plurality of Ro- 
of a fan 16 and associated motor 18 through a molecular 40 gowsky profile anodes 36 and a plurality of hollow 
dissociation apparatus 20 in fluid communication with cathode tubes 38 located on a bottom portion 40 of the 
the laser amplifier which converts the metallic halide laser amplifier 10. The hollow cathode tubes 38 are 
into metallic atoms and ions and halide atoms and ions. chosen so that their electron discharge is directed up- 
A plurality of molecular dissociation apparatus 20 are wardly through holes 42 in a longitudinally extending 
formed in an array at the input to the laser amplifier IO. 45 inner partition 44. The bottom portion of the amplifier 
Rotation of the fan 16 is chosen so that the dissociated 40 and an upper portion 46 are placed in sealing contact 
metallic halide and buffer gas will leave the laser ampli- with an end plate 4-8 through appropriate seals 50 and 
fier as indicated by the arrow at 22 at a temperature not 52. A pulse voltage source to be described below is 
significantly over 3000" K. This heat is convected by placed across the hollow cathode tubes 38 and Ro- 
flow of the gas to a heat exchanger 24 where it is con- 50 gowsky profile anodes 36 so as to provide 8000 volt 
ducted through conduction tubes 26 and 28 to an appro- pulses at a rate of 10,OOO per second. 
priate heat sink (not shown). As the dissociated metallic As previously explained, the method disclosed by the 
halide is cooled, it again forms metallic halide mole- invention for removing waste heat from a large laser 
cules. amplifier requires flowing the metallic vapor and buffer 

In a specific embodiment of the invection, the metal- 55 gas through the amplifier at a rate just high enough to 
lic halide is chosen to be copper chloride (Cu3C13) and prevent overheating of the metallic atoms. The lasant- 
the buffer gas is chosen to be helium. However, other buffer gas mixture will absorb the waste heat, and its 
metallic halides such as manganese chloride, iron chlo- temperature will increase linearly between the amplifier 
ride, lead chloride, copper bromide, copper iodide, or entrance port and the amplifier exit port. The required 
the like could also be utilized. Also, although helium is 60 temperature of the copper atoms entering the amplifier 
used as the buffer gas, any of the other noble gases such is determined by the required vapor pressure of the 
as neon or argon could also have been selected. Thus as metallic atoms when a metallic halide is used as the 
can be appreciated, the temperature within the laser metallic atom source. To maximize the overall effi- 
amplifier is controlled both by the rate of flow of the ciency of a large, multiple pulsed amplification system 
dissociated metallic halide and buffer gas through the 65 being described, the metallic halide vapor must be dis- 
laser amplifier, and the cooling efficiency of the heat sociated efficiently as it enters the laser amplifier. Refer- 
exchanger 24. AS previously explained, a sufficiently ring now to FIG. 3, a molecular dissociation apparatus 
high flow rate allows the dissociated metallic halide and 20 for breaking the metallic halide into metallic atoms 
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thereby pulsing said 
tus. 

nsverse discharge appara laser amplifier in a direction normal to the longitu- 
dinal axis of said laser amplifier; 

means; 
input means for receiving said laser beam in a direc- 

25 

30 

35 

40 

defining an aperture spaced apart from, and cen- 
out the end of said hollow cath- 

id dissociation means be ca- 

cooling means for removing heat from said metallic 

45 

50 

55 

60 

65 


