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BACKGROUND OF THE INVENTION 

The apparatus of the present invention relates gener

ally to lasers and more particularly to reinjection laser 

oscillators where part of the laser gain volume is used as 

5 an oscillator and the remainder as an amplifier. This 

invention is the result of a contract with the Department 

of Energy (Contract No. W-7405-ENG-36). 

Reliable, high-power high contrast subnanosecond laser 

pulses are necessary for studies of laser-induced fusion, 

10 laser isotope separation and time domain spectroscopy, 

among others. A standard approach for obtaining gigawatt 

laser pulses with pulse widths of about 1 ns is to begin 

with an oscillator and an electro-optical device to gen

erate the desired wavelength and pulse width, respective-

15 ly, most usually at low power. These pulses are then sent 

through a series of spatial filters, isolators, saturable 

absorbers and amplifiers to obtain the desired power. 

Several lasers of increasing complexity and a long optical 

path length are requ i·red thereby introducing optical 

20 alignment and long-term stability problems. Moreover, 

since cost, failure rate, mainte8a~ce and system complex

ity all increase as the number of components increases, 

this route to achieving high power laser pulses is 

undesirable. 

25 High-pressure oscillators produce multiline laser 

pulses which can be amplified more efficiently. Such 

lasers are also more efficient as short-p~lse amplifiers. 

This has the result that fewer lasers, isolators, etc. are 

required to reach a given power. However, conventional 
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high-pressure lasers having apertures large enough to 

produce gigawatt pulses without damage to the windows 

require very high voltage Marx bank generators to pump the 

laser discharge, thereby increasing the complexity of each 

5 laser used. Multipass optical systems are also used to 

send the laser pulse back through the same amplifier 

several times to improve energy extraction efficiency and 

further decrease the number of components required. The 

disadvantages of multipass systems are that they degrade 

10 pulse-to-background contrast ratio and that they can be 

difficult to stabilize against parasitic oscillators. 

Finally, the simple scaling of oscillators to produce 

the requisite output power is very inefficient because the 

energy density which must be maintained within the laser 

15 cavity is a factor of ten to one hundred greater than that 

which can be extracted, and oscillators have inherent 

heating and coupling losses pdrLicularly at the output 

coupling devices. 

A reinjection oscillator is a laser which uses part of 

20 its gain volume as an oscillator and the remainder as an 

amplifier. The apparatus of the instant invention is a 

reinjection oscillator which operates at high pressures to 

generate multiline gain-switched laser pulses which are 

passed through an ultrafast Pockels cell system which 

25 selects certain subnanosecond pulses which comprise the 

longer gain-switched pulse. The selected ·subnanosecond 

pulses are reinjected into the same gain medium from which 

t hr.se pulses o.r ig ina ted and caus
7
ld .. 

1 
to rna ke four amplifying 

passes before exiting the gain medium. The amplification 

30 path is essentially parallel to but displaced trom the 

oscillator light path. That is, the reinjected pulses do 

not follow the same optical pathway that they ·followed 

when they were first formed. A single spark gap and capa

citor are used for the main discharge to eliminate tl1e 
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electrical complexity normally associated with high

pressure systems. Apertures are placed at several loca

tions in the four-pass amplification optical path in order 

to spatially filter the beam as it propagates and to corn-

S pletely eliminate parasitic oscillations without the need 

for isolators or saturable absorbers. The entire reinjec

tion oscillator, which, in a preferred embodiment is a 

co 2 laser, including all four-pass amplifier optics 

apertures and all discharge electronics except power 

10 supplies is integrated into a simple 1 x 1 x 6 ft. 3 

invar-stabilized space frame. Thereby, the number of 

components and optical pathlengths required to generate 

gigawatt co 2 laser pulses are minimized which reduces 

system cost, maintenance and failure rate. 
15 It has been known for many years that co 2 lasers 

could be operated at lower voltages by increasing the con

centration of helium in the gas mixture. However, no 

systematic study has been done elucidating the relation

ship between the helium partial pressure and the glow 

20 discharge or equilibrium voltage of a discharging co2 
gas mixture (usually comprising co 2 , N2 , and He). In 

particular, the method of the instant invention describes 

a quantitative relationship which permits the selection of 

the appropriate helium partial pressure such that a co 2 
25 gas discharge can be operated at high gain, without arcing 

and without the necessity of c?mplex high voltage Marx 

bank electronics between 1 and 10 atm. 

In summary, then, the apparatus of the instant inven
t) .) 

tion provides subnanosecond duration gigawatt co 2 laser 

30 pulses using a single gain volume and without the neces

sity of using complex and costly Marx bank high voltage 

(hundreds of Kilovolts) generation, without parasitic 

oscillations, without optical alignment long term stabil

ity problems, without the use of isolators and saturable. 

35 abosrbers, and without severe output coupler damage prob

lems. The system cost, maintenance and failure rate is 
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significantly reduced from those for standard approaches 

to generation of similar laser pulses. The apparatus of 

the instant invention is similarly applicable to wave

length regions other than that for the co 2 laser 

5 emissions. 

Multipass laser amplifiers are well known in the art. 

For example, u.s. Patent 3,902,130 issued to Pike dis

closes an apparatus for lengthening laser output pulse 

duration as well as for amplification of narrow bandwidth 

10 pulses without spectral broadening. A laser amplifier is 

configured to provide multiple traversal of each laser 

input pulse through this amplifier while allowing a por

tion of each amplified output pulse to be reinjected into 

tne amplifier for generation of a sequence of pulses 

15 thereby lengthening the duration of the laser output. 

20 

Although Pike's patent teaches both amplfication by 

multiple tr~vers~l and reinjection, it actually teaches 

away from tne apparatus of the instant invention since in 

the former apparatus the original source of the laser 

oscillator is a separate laser device, and the purpose of 

the reinjection is to lengthen the overall laser pulse 

duration and not to amplify the oscillator output which 

has already been amplified at the point of partial 

reinjection. Further, in the apparatus of the instant 

25 invention, the gain medium is operated as a heavily 

saturated amplifier giving the dual advantage of high 

reproducibility and tempera! pulse compression. That is, 

the particular reinjection schem~ ~nvolving electro

optically-modified pulses taught by our invention is 

30 intended to narrow rather than lengthen the duration of 

the laser output. In fact, it is shown that the temporal 

response of the output from the apparatus of the instant 

invention is significantly narrower than mode-locked 

pulses which are generated by the oocillator Qnd simply 

35 amplified in the four-pass amplifier without the use of 

the Pockels cell switch. 
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u.s. Patent 3,597,695 issued to Swain et al. teaches a 

single laser pulse amplifier where pulses are switched in 

and out of the amplifier by means of electro-optic 

switches. A finite predetermined number of passes are 

5 made by the oscillator radiation in the amplifying 

medium. However, again as in Pike, supra, the amplifier 

and oscillator are separate units. 

U.S. Patent 3,646,468 issued to Buczek et al., teaches 

injection of low power, stable laser oscillator output 

10 into a second, more powerful oscillator for purposes of 

stabilization of the latter oscillator, and does not even 

remotely teacn the instant invention, which is an 

oscillator/amplifier apparatus. 

u.s. Patent 3,622,907 issued to Tomlinson, teaches a 

15 composite oscillator/amplifier laser wherein the same 

laser gain medium supports both oscillation and amplifica

tion. This device can be distinguished from the apparatus 

of the instant invention in two ways. First, Tomlinson 

does not teach the use of apertures to eliminate self-

20 oscillations in the amplifier region. The instant inven

tion teaches apertures which effectively isolate the 

oscillator from the amplifier, and vice versa, and which 

further act as a continuous spatial filter when the 

Fresnel pattern of each aperture is centered on the aper-

25 ture following it. The stability of our optical path con

figuration using apertures as isolators has been verified 

experimentally and represents a significant contribution 

to this type of laser technology. Further, as mentioned . , 
above, simple reinjection of os~illator pulses into the 

30 amplifier region may not produce temporal pulse co~pres

sion even if the gain medium is heavily saturated unless 

such pulses are electro-optically or otherwise generated 

with suitable temporal lineshapes. That is, the oscil

lator pulses must be shaped before they are reinjected 

35 into the amplifier in order to provide subnanosecond 

pulses as is taught by our invention. 
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A brief descri~tion of the apparatus of the instant 

invention was published by S. J. Czuchlewski et al., in 

the Proceedings of the International Conference on Lasers, 

1978, Orlando, Florida, Dec. ll-15, 1978. The paper 

5 entitled "A High Power ( rv 10 GW) Short-Pulse ( -~ 1 ns) 

co 2 TEA Amplifier," mentions the precursor to the 

instant design. In particular, it includes a different 

amplifier geometry; one requiring much smaller apertures 

to avoid oscillator-amplifier interaction. However, the 

10 description furnished is not enabling with respect to the 

apparatus of the instant invention, and is not even 

enabling with respect to the reinjection oscillator there

in mentioned. The reinjection oscillator is simply used 

to furnish appropriate pulses for the power amplifier 

15 which is the subject of the paper, and only the emitted 

pulses are described with particularity. It should be 

noted that the apparatus of the instant invention can be 

operated with or without the smoothing tube shown in the 

above reference. Further, the instant invention, because 

20 of the improved amplifier geometry provides much more 

efficient energy extraction; it can operate with much 

larger apertures and still maintain its freedom from 

self-oscillation. 

Finally, a more complete description of the scientific 

25 background of the method and apparatus of the instant 

invention can be found in "A High Pressure Reinjection 

co 2 Oscillator," by E. J. McLellan et al., Proceedings 

of SPIE, 1980, Washington, D.C. 'r:~M.~y 10-11, 1980. 

30 

SUMMARY OF THE INVENTION 

A primary object of the apparatus of the instant 

invention is to provide gigawatt, subnanosecond laser 

pulses from a single oscillator/amplifier unit. 

A second object of our invention is to improve optical 

alignment and long term stability of such lasers. 
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Another object i~ to decrease the number of required 

components thereby reducing cost, failure rate, 

maintenance and system complexity. 

Yet another object is to improve pulse-to-background 

5 contrast ratio and stability against parasitic oscil-· 

lations common to multipass systems without isolators or 

saturable absorbers. 

Another object is to reduce the high voltage require

ment common to lasers which can produce gigawatt pulses 

10 without damage to windows; i.e., conventional high pres

sure lasers with large apertures require complex Marx bank 

high voltage generators. 

Additional objects, advantages and novel features of 

the invention will be set forth in part in the description 

15 which follows, and in part will become apparent to those 

skilled in the art upon examination of the following or 

may be learned by practice of the invention. The objects 

and advantages of the invention may be realized and 

attained by means of the instrumentalities and combina-

20 tions particularly pointed out in the appended claims. 

To achieve the foregoing and other objects and in 

accordance with the purpose of the present invention, as 

embodied and broadly described herein, the apparatus of 

this invention may comprise an optical gain medium which 

25 generates gain-switched laser pulses which are passed 

through an ultrafast electro-optic system which chops sub

nanosecond pulses from the longer gain-switched pul?e· 

The subnanosecond pulses are thet~ ~einjected into the same 

gain medium at a position displaced from the oscillation 

30 pathway and in a direction essentially parallel to it. 

Four amplifying passes are made before the pulses exit the 

laser. A Q-switch may be added to the oscillator cavity 

to delay the commencement of oscillation until peak gain 

is reached throughout the entire gain medium. Further, a 

35 smoothing device may be inserted in the oscillator cavity 

to achieve reproducible pulse characteristics. It should 
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be noted,' however, that the apparatus of the instant 

invention can operate without a smoothing tube although 

pulse uniformity will be sacrificed. Means for defining 

the oscillation and amplification pathways such that 

5 parasitic oscillations are eliminated are also provided. 

Preferably, the gain medium is operated in a heavily 

saturated mode to provide high reproducibility and to 

temporally compress the pulse. Said gain medium is oper

ated at any pressure from l atm to 10 atm with uv preion-

10 ized co 2 gas mixtures. 

It is also preferred that a single spark gap and capa

citor be used for the main discharge providing the mole

cular population inversion in the optical gain medium. 

This eliminates the electrical complexity norma.lly associ-

15 ated with high pressure systems such as high voltage Marx 

bank generators. 

It is further preferred that apertures be placed at 

several points in the four-pass optical path. These act 

to spatially filter the beam as it propagates and to com-

20 pletely eliminate parasitic oscillation without isolators 

or saturable absorbers. 

Moreover, preferaoly, the entire reinjection oscilla

tor including all four-pass amplifier optics, apertures 

and all discharge electronics except power supplies are 

25 integrated into a single invar-stabilized space frame. 

30 

Thereby the number of components and optical path lengths 

required to generate gigawatt co 2 laser pulses are mini-

mized, which reduces system cost, maintenance and failure 

rate. 
~-) . .., 

In a further aspect of the present invention, in 

accordance with its objects and purposes, the method here

of may comprise the steps of adjusting the co 2 gas mix

ture such that the gain medium operates reproducibly and 

without arcing at 1 atm total pressure and then varying 

35 the helium concentration (partial pressure) according to 

the relationship PR 2/ 3 = Constant while increasing the 
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10 

pressure to 10 atm. Normally, a much higher voltage is 

required to discharge a 10 atm pressure gain medium than a 

1 atm one. By following this algorithm, the gain medium 

will operate reproducibly without arcing at the same 

5 voltage as it operated at 1 atm, thereby avoiding complex 

and costly Marx generators while still providing high 

efficiency short pulse amplification. That is, the combi

nation of reinjection amplification with high pressure 

operation made possible at lower voltages by properly 

10 adjusting the helium concentration allows subnanosecond, 

gigawatt pulses to be generated from a rather simple 

apparatus. 

15 

The reinjection laser oscillator of the instant 

invention provides an apparatus for generating 

subnanosecond gigawatt laser pulses. Its advantages over 

existing art include decreased complexity and shorter 

optical pathlength which reduces optical alignment prob-

lems and increases long-term stability. Parasitic oscil-

lations and poor pulse-to-background contrast ratios 

20 characteristic of multipass laser amplifiers are elimi

nated by the use of apertures; said apertures can be 

operated with substantial openings, thereby improving the 

energy extraction efficiency. This is due principally to 

the amplifier geometry which in addition to being spatial-

25 ly compact, obviates the need for isolators and saturable 

absorbers. Further, complex Marx bank high voltage gener

ators ordinarily required to pump the discharge for high 

pressure lasers with apertures lar~e enough to produce 
~.) 

gigawatt pulses without damage to the windows can be 

30 rRplaced by a single spark gap ~nd capacitor in the appar

atus of the instant invention by utilizing the method of 

the instant invention. Finally, use of an integrated 

design where the entire reinjection oscillator including 

all four-pass amplifier optics, apertures and all dis-

35 charge electronics except power supplies are supported by 

a single invar-stabilized space frame, reduces the number 
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10 

ll 

of components and minimizes optical path lengths required 

to generate gigawatt laser pulses which in turn reduces 

system cost, maintenance and failure rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure l shows a schematic of the reinjection oscilla

tor of the instant invention. 

Figure 2 shows the single-pass output of the oscilla

tor (typically 1 to 10 MW) after having been amplified by 

the four-pass amplifier section. 

Figure 3 is a plot of the gain and arc threshold show

ing that the dependence of arc threshold on pressure is a 

PR 21 3 function, and showing gain fall-off with pressure 

when the input electrical energy is held constant at 150 

joules for the l/2-~ discharge volume. 

15 DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the present 

preferred embodiment of the invention, an example of which 

is illustrated in the accompanying drawings. 

Figure l shows the mirror configuration ! for the 

20 reinjection oscillator/amplifier of the apparatus of the 

instant invention. The gain region 7 simultaneously sup

ports laser oscillation and four-pass amplification. In a 

referred embodiment, means are provided whereby the gain 

medium is a co 2 gas mixture (C0 2 , N2 , and He) in 

25 concentrations to be described below, at pressures between 

1 and 10 atm. However, the apparatus will work for other 

gain media. Different volumes, within the discharge are 

used for the oscillator and ampl~fier paths. 
'·) ") 

A three-stage electro-optical switch 4 is used to chop 

30 a short pulse (i.e., 0.1 to l ns) from the 40 ns single 

longitudinal mode oscillator pulse 5. Preferrably, such 

switch comprises a laser-triggered spark gap driving a 

series ( 3) of Pockels cells. 

In an P.mbodiment of the apparatus of the instant 

35 invention, an intracavity low pressure cb
2 

longitudinal 

discharge smoothing tube 2 could be inserted outside of 

"' ... 
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the co 2 gain medium but still between the output coupler 

1 and the mirror (uppermost mirror !) defining the oscil

lator. This improves the pulse-to-pulse uniformity of the 

instant device, but is unnecessary for its overall opera-

S tion. That is, the reinjection oscillator will operate, 

albeit with much poorer reproducibility, without the 

smoothing tube. Similarly, a Q-switch can be inserted for 

optimal performance in the oscillator cavity to delay the 

oscillator pulse until the peak gain of 4.5/m (3 atm) is 

10 reached. However, even without the use of a Q-switch to 

optimize performance, the instant laser has produced 

700 mJ, 1 ns full width at half-maximum (FWHM) co 2 laser 

pulses. Said Q-switch is not shown in Fig. 1, but it can 

be located at upp~rmost mirror !' if mechanical Q-switch-

15 ing is employed, or between uppermost mirror 1 and the 

output coupler 1 (outside of the gain medium 2) if electro

optical gain switching is used. 

The short pulse is then reinjected into the gain 

medium along a path parallel to but displaced from the 

20 oscillator optical path for four passes where it is ampli

fied by the 2 .. 4 m path length within the gain volume of 

the instant apparatus, and exits as an output pulse ~· 

The center of the oscillator beam is chosen to be the -
11pper portion of the discharge volume in Fig. 1, leaving 

25 most of the gain region for pulse reinjection. The lower, 

reinjection region, because of the beam crossover, oper

ates as a heavily saturated amplifier giving rise to the 

dual advantage of high reproducibifity and temporal pulse 
q ) 

compression. Although mode-locked pulses can be generated 

30 by the oscillator and amplified in the amplifier directly, 

they generally do not show the temporal pulse compression 

of the electro-optically-generated pulses. Gain isolation 

is not required in the four-pass amplifier section to pre

vent self-oscillations even at small signal gains of 4.5/m 

35 which gives a total gain in the amplifier of 5xlo 4 

This is essentially due to the mirror configuration 1 and 
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aperture placement ! ~hich effectively prevents retro

reflections of any oscillations spontaneously generated 

within the amplifier. Apertures! are placed at each end 

of the laser to define the oscillator and amplifier 

5 optical paths and to completely eliminate self oscilla

tions in the amplifier region. In addition to adequately 

isolating the system the apertures also act as a contin

uous spatial filter when the Fresnel pattern of each aper

ture is centered on the aperture following it. 

10 The main discharge current is supplied by a single 

capacitor (.075 wf) charged to 75 kV and a spark gap 

switch. The capacitor, spark gap and necessary bias 

resistors are potted into a single low-inductance module 

and mounted inside a high-pressure tube just below a 

15 Rogowski profile cathode. Preionization is supplied by 

two rows of sparks, each containing 40 sparks. This 

flashboard is located 1 em behind a flat anode screen 

which has 40% open area. current is supplied to the 

flashboard by ceramic capacitors (.014 ~ total) charged 

20 to 25 kV and a smaller spark gap switch. The capaci~ors, 

spark gap, bias resistors and trigger coupling networks 

for both gaps are potted into a single module and mounted 

inside the high pressure tube next to the main discharge 

electronics module just below the Rogowski profile 

25 cathode. Two trigger transformers are also mounted inside 

the pressure enclosure so that th~ only high voltage con

nections which must withstand the high-pressure are the 

two power supply cables for the ma~n discharge and preion-
. q ) . 

izer capacitors. The main electrodes are separated by 

30 1.5 em and produce a 60-cm long discharge with a 4.5 em 

wide uniform (+ 8%) gain. When the main capacitor is at 

75 kV the effe~tive stored energy density is 4~0 J/£ -atm, 

for the l/2-£ discharge volume. All of the optical com

ponents required for the oscillator and four-pass ampli-. 

35 fier configuration shown in Fig. 1 are mounted on Al 

plates which clamp to the thre~ invar bars. The first 
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plate is clamped to the optical table and the remaining 

plates sit on rolier bearing slides so that expansion dif

ferences between the table and invar bars do not cause 

alignment instabilities. This design results in a compact 

5 we 11 i n t e g r a t e d s y s t ~ m w h i c h m i n i m .i z e s o p t i c a l p a U1 l e n g t 11 

and maximizes optical stability. The mirror mounts are 

spring-loaded to tne Al plates with a ball and socket, 

radial-end micrometer and plane, and radial-end micrometer 

and groove as the thTee point contacts. A three point 

10 contact is used oetween the mirror and mount to prevent 

distortion of the mirrors when they are clamped and to 

prevent misalignment due to the vibration caused by the 

laser discharge. Locking micrometers are used to insure 

the long term alignment stability of the system in this 

15 vibration environment. 

Figure 2 shO\vS tne typical l to 10 .'-'1\...,r single-pass out

put of the oscillator after passing through the fo~r-pass 

amplifier. The reinjection scheme of the instant inven

tion amplifies single-pass outputs to over l/2 gigawatt 

20 when the gain medium is operated at l atm. The system is 

capaole of substantially nigner outputs (l-5 GW) at higher 

pressures as will be discussed below. Precise subnano

second pulse-shaping capability and tJign pulse-to-back

ground energy contrast ratio are additional characteris-

25 tics of our invention. Finally, reproducibility and 

controllability extend to tne early and late portions of 

the pulse during which the intensity is more than seven 

orders of magnitude less tnan the Qeak intensity. 

The method of the instant i~ve~tion comprises steps 

30 whereby the instant apparatus can be operated at up to 

10 atm total pressure while maintaining the same voltage 

as is required for l ~tm operation. As previously 

mentioned, this completely avoids the necessity of high 

voltage Marx generators to pump tile laser discllarqe 

35 (hundreds of kilovolts) wnich usually accompany high-pres-

sure osciLLators and amplifiers. High-pressure amplifiers 
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are much more efficient for amplifying short pulses, and 

high-pressure oscillators produce mu~tiline laser pulses 

which can be amplified more efficiently to begin with. 

Therefore, high-pressure operation of the instant reinjec-

5 tion laser further adds to the advantages of the apparatus. 

To comprehend the use of the algorithm PR 213 = Con

stant for the selection of the helium partial pressure, 

some background will have to be laid. When a co 2 laser 

is operated with a self-sustained glow discharge the 

10 volume must first be preionized so that free electrons 

exist in the gas. A voltage Va is then applied to the 

electrodes resulting in acceleration of the electrons 

which undergo inelastic collisions which pump the laser 

gas and ionize it. Free electrons are continually being 

15 generated in the gas but electrons are also continually 

absorbed due to attachment in co 2 . The result is that 

after a time T (the formative lag time) the voltage across 

the electrodes will reach a quasi-equilibrium condition at 

the self-sustained glow discharge voltage vs. At that 

20 time the ionization and attachment processes in the laser 

gas are in equilibrium and the gas will behave as a volt

age regulator with the voltage between the electrodes 

remaining at Vs independent of current as long as the 

current density iG not too high (i.e., < 100 amp/cm 2-atm). 

25 A separate physical process which generates highly ionized 

local nonuniformities in the electric field results in arc 

formation. Once an arc is formed the self-sustained glow 

discharge process is terminated and no further pumping of 
t) ") 

the laser gas is possible. If the arc occurs late in the 

30 discharge the laser intensity will be reduced and the 

laser output power will vary from shot to shot. If the 

arc occurs early in the discharge or before the self

sustained glow discharge can be established, the gas will 

not lusc. Self~sustained glow discharge conditions do not 

35 terminate the physical process responsible for the arcing 

but they no slow the process down. It is critical that 
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the formative lag time T be minimized for arc-free laser 

operation. 

Calculation of T and Vs requires solving the 

Boltzmann transport equation using numerical cross-section 

5 data to determine the electron energy distribution func

tion. This function can then be used to obtain the ion

ization and attachment coefficients and the electron drift 

velocity. Although the physical processes and resulting 

calculations are extremely complex, a simple expression 

10 which can be used to approximate their results. At room 

temperature the following two equations can be used to 

predict Vs and T for co 2 lasers using conventional 

co 2 :N 2 :He gas mixes 

15 

20 

where 

= 20 DPR 2/ 3 

T = 0.2 

PR2/3 
exp [10.5 V s ) 

v a 

( 1) 

( ns) ( 2) 

Vs = self-sustained discharge voltage (kV) 

D = electrode separation (em) 

P = laser gas pressure (atm) 

R = ratio of non-He gas partial pressure to total 

gas pressure 

T = formative lag time (ns) 

Va = voltage applied to the electrodes by the 

main discharge circuits (kV). 

25 For a given electrode geometry and main discharge 

capacitor voltage both V
8 

and T depend only on PR 213 . 

This suggests that a high pressure co 2 laser can be 
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built like a one atmosphere laser using a single spark gap 

and capacitor if, as the pressure is increased, the per-
. h . . . d h 2/3 . cent of He 1n t e m1x 1s 1ncrease so t at PR rema1ns 

constant. The present reinjection oscillator has been 

5 operated at about 10 atm pressure with 96% He and 1.25/m 

small signal gain using the single-gap-sing~e capacitor 

design. It is operated with a fixed voltage, capacitance 

and v
5 

independent of pressure. This means that the 

energy deposited in the gas is constant and that PR
213 

10 and T are constant. As the pressure is increased with 

PR 213 = Constant, the laser linewidth increases and the 

number (i.e., partial pressures) of co 2 and N2 mole

cules decreases by a few percent in the discharge volume. 

The small signal gain is exponentially dependent on the 

15 population inversion, which remains constant as P 

increases, divided by the linewidth which increases as P 

increases. For gas pressures above 3 atm, adjacent gain 

lines overlap and the small signal gain of any one single 

line is higher than would be expected from simple theory. 

20 The result of these effects as P increases is that the 

small signal gain drops exponentially until P reaches 

~ 3 atm and continues to drop less rapidly until P reaches 

~ 10 atm where the gain-drop with pressure is insignifi

cant. Figure 3 (curve (a)) shows gain versus pressure 

25 measured for this laser with PR 213 = 1.19 and 

V = 63 kV. 
a 

The relationship between arc formation, pressure and 

gas composition was measured and the results are plotted 
t) .) 

in Fig. 3 (curve (b)). The input electrical energy is 

30 held constant at 150 joules for the l/2-£ discharge 

volume. To measure this data the gas mix and voltage 

(63 kv) were held fixed for each data run. The laser was 

allowed to run at three pulses per minute (PPM) and the 

pressure was slowly increased while the discharge volume 

35 was observed. As the pressure increased, small arcs would 

eventually form on the electrodes which arcs would grow in 
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size as the pressure was increased further. When one of 

the arcs grew long enough to just bridge the electrodes, 

it would have a small (i.e.,~ 5%) effect on the output 

energy of the laser. The pressure at which the arc just 

5 · bridged the electrodes was defined as the arc pressure for 

that gas mix. An ·average value of PR 213 = 1.22 was 

obtained from this data with PR
2/ 3 = 1.19 and 

10 

2/3 PR = 1.27 as the minimum and maximum values. Using 

equations 1 and 2 this gives an average value of 

vs = 37 kV and T = 78 ns at the arc threshold. There

fore, as long as we operate the laser at PR 213 = Con

stant away from this threshold, stable operation will be 

obtained over the pressure range from 1 to 10 atm. 

In conclusion, the apparatus and method of the instant 

15 invention provides a reinjection oscillator which can be 

operated from 1 to 10 atm as an oscillator and as its own 

four-pass amplifier. Once a value of the helium partial 

pressure is established, say at 1 atm total pressure which 

yields stable and reproducible operation, by increasing 

20 the He concentration according to PR 213 = Constant, the 

laser will continue to operate stably at the same applied 

voltage up to approximately 10 atm. We have thereby been 

able to eliminate the high-voltage requirements character

istic of 10 atm lRsPrs. Additionally, the reiniection 

25 design provides in one oscillator/amplifier assembly what 

traditionally requires one oscillator and one or more 

amplifiers, each with its own gain medium, optics and 

electronics. This simplification is. made possible by the 
t) ") 

discovery that simple apertures accompanying a novel 

30 mirror-configuration prnvid~s the requisite isolation to 

avoid parasitic oscillations. 

The foregoing description of a preferred embodiment of 

the invention has been presented for purposes of illustra-

tion and dRs~ription. It is not intended to be exhaustive 

35 or to limit the invention to the precise form disclosed, 
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and obviouily many modifications and variations are pos

sible in light of the above teaching. The embodiment was 

chosen and described in order to best explain the princi

ples of the invention and its practical application to 

5 thereby enable others skilled in the art to best utilize 

the invention in various embodiments and with various 

modifications as are suited to the particular use contem

plated. It is intended that the scope of the invention be 

defined by the cl~ims appended hereto. 
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ABSTRACT 

A uv preionized co 2 oscillator with integral four

pass amplifiRr ~apable of providing 1 to 5 GW laser pulses 

with pulse widths from 0.1 to 0.5 ns full width at 

5 half-maximum (FWHM) is described. The apparatus i~ oper

ated at any pressure from l atm to 10 atm without the 

necessity of complex high voltage electronics. The rein-
, t) .) 

jection technique employed gives rise to a compact, effi-

cient system that is particularly immune to alignment 

10 instabilities with a minimal amount of hardware and 

complexity. 




