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FOREWORD

This Final Report on "Amplitude-Stabilized Pulsed Laser",
summarizing work performed during the period 29 June 1970 to 29 June
1972, was prepared by the Electro-Optics Organization of the Western
Division of the Electronic Systems Group of GTE Sylvania, Inc., under
Contract N00014-70-C~0342. Wm. D. Fountain and R. L. Hansen were the
principal investigators under this program; Dr. J. M. Yarborough, D.
Osborn, Dr. G. A. Massey, Dr. L. M. Osterink, C. B. Hitz, J. E. Raffarin,
and P. Jossi have also contributed materially to this program, and we
acknowledge helpfuli discussions with S. E. Schwarz of the University of
California at Berkeley, R. L. Carman of the Lawrence Livermore Laboratory,

and D. G. Currie of the University of Maryland.

All work under this program was administered by the Director,
Physics Programs, Physical Sciences Div., Office of Naval Research (ONR),
Department of the Navy, Arlington, Virginia, under funding from the Advanced
Research Projects Agency (ARPA). The Scientific Contracting Officer's

authorized representatives were F. W. Quelle (ONR/Boston) and R. E. Behringer

(ONR/Pasadena), with whom we also acknowledge discussions.




ABSTRACT

This report summarizes the results during the reporting period
of a program whose goal is the developmeut of a flash-pumped, Q-switched,
mode-locked, cavity-dumped, amplitude~stabilized laser operating at ap-

proximately 1.06 um in the fundamental transverse (TEMoo) mode. System

design and test results are presented.




1. INTRODUCTION

The goal of this program was to design and develop a 1.06y laser,
operating reliably for long periods of time without damage, with the follow-
ing specifications:

pulse rate: 10 to 30 pps

100 ps

50 mJ @ 10 pps

4% of peak (goal: < 2% of peak)
10%Z of pulse energy

pulse duration:
pulse energy:

amplitude fluctuation:

IA 1A IV A

integrated leakage:
beam quality: TEM°° mode

It is worth noting that at the minimum specified performance (10 pps, 100 ps,
50 mJ) this laser must deliver an average power of 500 mW and a peak power
of 500 MW.

These specifications imply that the laser material must have prop-
erties comparable to those of Nd:Y3A2.5012 (hereafter, referred to as YAG);
otherwise the thermally-induced stresses, focusiug, and birefringence present
formidable problems. The specifications also imply that the laser must be
flash-punuped and Q-switched (to obtain the pulse energy), mode-locked (to
obtain the pulse duration), and cavity-dumped (to obtain the pulse-to-pulse
stability). Our design approach is presented in Section 2, and the design
itself is presented in Sections 3 and 4.

Section 5 is devoted to the experimental results obtained with this
system. Section 6 contains our recommendations for additional work relevant

to potential ultimate uses of this laser, and is followed by a list of refer-

ences and a glessary of abbreviations.




2. DESIGN APPROACH

There are a number of well-known techniques for the intentional
mode locking of lasers; they may generally be divided into loss modulation,
phase modulation {including schemes which modulate the eigenfrequencies of
the resonant cavity), self-injection, and direct injection. One criterion
for choosing a technique is the effective modulation depth required, which
is directly related to the time required for the laser pulse to build up
from noise (Pn " 10“13 W) to its peak (Ppk n 500 MW). The number of round
trips required is approximately given by

m
G = Ppk/Pn’ (2-1)

where G is the round-trip gain and m is the number of round trips. For
this system, G & 10 and therefore X 22 round trips are required. This
implies a very large effective modulation depth, and thus eliminates all
mode-locking techniques except electro-optic loss modulation, loss modula-

tion using a bleachable dye, and direct injection.

Electro-optic loss modulation is marginal from the standpoint of
modulation depth, and is elirinated by materials considerations. This is
so because only LiNbO3 and KDP, of the commonly available quality electro-
optic materials, have low RF dissipation factors, but LiNbO3 has a low
threshold for laser damage and KDP has a small electro-optic coefficient.
Bleachable dyes may be useable in this type of system; however, the
dye must be protected from blue and higher-energy light, must be flowed

and filtered, and has a somewhat limited shelf life.

Direct injection mode locking utilizes a subsidiary low-power
oscillator, mode-locked by any practical technique, pulses from which are

injected into the power oscillator. The peak power of the injected pulse

is Pinj
approximately

~ 100W, so the number of round trips required for buildup is

G (2-2)

B Ppk/Pinj




which, for this system, yields m' N 7. During this time the noise builds

up to a background of approximately

m
P =PG , (2-3)

so that Pb

using the approximation of constant small-signal gain, since the rod in-

X 500 nW. Actually, we have significantly overestimated Pb by

version is severely depleted during the last few passes of the built-up
injected pulse. This method of mode locking has an additional advantage
over other techniques in that the subsidiary oscillator can be operated

in the TEMoo mode with little effort, and the output of this oscillator
can then be expanded to f£fill the effective available aperture of the power
oscillator. Our embodiment of this design approach is shown in Fig. 2.1.
The rhomboidal structures in the figure are low-loss four-port polarizers,

the design of which is proprietary to GTE Sylvania.

The output amplitude of this system is actively stabilized. 1In
addition, several aspects of the d:sign promote passive stability. Refer
to Figures 2.1, 2.2, and 2.3. The smaller laser rod (“0.150" x 70 mm) is
pumped continuously by two tungsten-iodine lamps. The Brewster's-angle fused
silica polarizer, the acousto-optic mode-locking modulator (ML), and the
aperture constrainthe rod to oscillate quasi-continuously in a polarized,
mode-locked, Gaussian beam. Generally, this optical signal can be avail-
able outside the laser for timing and/or diagnostic purposes. The larger
laser rod (n~0.250" x 3") is flash--pumped by two Kr lamps. This rod is
inverted at the end of the lamp pulse since the "Q-switch" (QS)/"rotator"
(rot.) Pockels cell is at V)‘/4 while the "cavity-dump" (CD) Pockels cell
is at zero. At this time, 'switch No. 1" is switched and a mode-locked
pulse is coupled into the larger rod. This pulse has its polarization
rotated so that it can build up, after which time the ''Q-switch/rotator"
is switched to zero. Meanwhile, 'switch No. 2" is switched to prevent
coupling of additional mode-locked pulses and to provide protective isola-
tion (so that any energy cross-coupled into the 'wrong' polarization in the
large rod does not disturb the mode-locking or damage any components in the

subsidiary oscillator. When the intensity of the pulse, as monitored by

2-2
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the photodiode, crosses and recrosses the electronic circuitry's threshold,

the pulse is dumped. Since the pulse is dumped during its decay, its ampli-
tude is selectable in steps which differ by the inherent cavity round-trip
loss (scattering, absorption, mirror leakage) less the residual round-rrip
gain. The latter is variable simply by varying Delay No. 1 such that switch-
ing occurs during the appropriate portion of the end of the flashlamp pulse;

hence, the net loss can be minimized, and therefore also the difference be-

tween amplitude steps.

We originally elecced to use YALO rather than YAG as the laser
material, because YALO has about twice the energy storage capability of YAG

(Ref. 1) and, more important, does not suffer polarization loss due to thermally-

induced birefringence (Ref. 2). YALO lases at 1.0645 ym (or 1.0795 um, depend-
ing on orientation and polarization), while YAG lases at 1.0641 ym; the optical
quality of selected YALO has been as good as that of YAG. We found experi-
mentally that the lower gain and greater thermal Zocusing of YALO (as com-
pared to YAG) rendered it marginal at best for use in the subsidiary oscil-
lator. The subsidiary oscillator was therefore converted to YAG; fluorescence
measurements indicated that the overlap of the YAG laser line with the YALO
fluorescence band would be sufficient for the YALO power oscillator to be used
with the YAG subsidiary oscillator. We found experimentally that this arrange-
ment was marginal at best, however, and converted the power oscillator to YAG
also. Under another program (sponsored by NASA/Goddard Space Flight Center)

we have found that YALO amplifier performance does not conform to theoretical
predictions based on oscillator measurements. Theory preducts that a YALO
amplifier should produce twice the extractable emergy of a YAG amplifier;
experimentally, a YALO oscillator/YALO amplifier was disti. ‘tly inferior to

a YAG oscillator/YAG amplifier. We do not yet know the source of the dis-
crepancy between the experimental data and the theoretical predictions, but
inhomogeneous broadening and YALO micro-quality are prinme suspects. YALO

of good optical quality is no longer available.

2-6
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3. OPTOMECHANICAL DESIGN

3.1 SUBSIDIARY OSCILLATOR

The power level obtained from the subsidiary oscillator is not

critical; hence we have chosen to use tungsten-iodine-quartz pump lamps
for long life and low cost. The lamps are air-cooled (using a built-in
blower), but the rod and pump cavity are water-cooled. Mirror and rod-end
curvatures are selected to approximately maximize the TEMoo mode volume

in the rod, and an aperture constrains oscillation to this mode.

The resonant cavity end plates (which are shared by the power
oscillator) are supported on isolation-mounted Invar rods. The resonant
cavity is passively stabilized against ambient temperature variations by
locating each mirror at a point within its mirror mount such that thermal
effects on the mirror mounts, the Invar supports, the mode-locking crystal,
and the air path are mutually compensating (the laser rod temperature will
be as stable as the city water supply temperature, which normally does not
vary by more than a faw °C). Output stability is further enhanced by the
modelocking technique, which provides a high effective modulation depth.

The ¢/2L frequency of the resonant cavity is about 150 MHz. The
fused silica acousto-optic loss modulator is driven by a 75 MHz sinusoidal
voltage. Since the zero-loss times occur at the voltage zero-crossings, this
technique provides high effective modulation with relatively simple and in-
expensive components. This technique does not provide the lowest modulator
insertion loss, but maximized output power is not required for this applica-

tion.

3.2 POWER OSCILLATOR
Optomechanical design of the power oscillator is relatively simple,

since beam geometry can be primarily determined by the subsidiary oscillator
and the beam-expanding optics, and since passive stabilization of the resonant
cavity is not particularly important. The power oscillator, as it is operated

in this system, is essentially a regenerative amplifier.

3-1



The laser rod, pump cavity, and fleshlamps are all water-cooled.
The lamps of either oscillator may be changed easily and rapidly without
disturbing the optical aligament of any part of the system.

3.3 ELECTRO-OPTICAL SWITCHES
The optical switches originally all used 45° z-cut KDWP crystals

in dual-crystal transverse-field Pockels cells, with Fresnel reflections sup-
pressed by an index-matching liquid. The sw. #1 and sw. #2 crystals comprised
one matched pair, the QS and CD crystals comprised another, and the rot.
crystals were a third matched pair. These switches suffered gradual but ir-
reversible deterioration of their optical faces (and, ultimately, the bulk
material) as a result of surface (and bulk) currents. Each switch now uses
0°-cut KD*P crystals in a dual-crystal longitudinal-field Pockels cell, with
Fresnel reflections suppressed by index-matching liquid. Two crystals (optically
in series, electrically in parallel) are used in each cell in order to reduce
the required drive voltage to a level that can be switched within 2L/c = 6.6 ns.
Since the longitudinal-field configuration has no field across the optical
faces, it is much mores resistant to current-induced damage. The effect of the
non-uniform retardation across the aperture (due to the ring electrodes) has

not been noticable in the laser output.

3.4 THE LASER CHASSIS

The mounts for all of the optical components except the mirrors

are attached to a single baseplate. This baseplate is stiffened transversely
by three rectangular bars (to which the adjustable mounting feet are attached)
and by the chassis endplates, and longitudinally by two lengths of channel
stock. The Invar rods that support the resonant cavity end plates are isola-
tion-mounted to the channels, and the rigid dust-cover is mounted to the
channels and the chassis endplates. Much of the plumbing (water, air, and
electrical) is confined to the under side of the baseplate, for esthetic

reasons.

The high-current components (see Section 4.1) are mounted in a
separate enclosure that mates with the laser assembly. This permits a
simpler, lighter cable assembly to be used between the control console and
the rest of the system (see Figurz 4.1), and eases the task of RFI sup-

pression. This enclosure and the laser assembly are shown in Fig. 3.1.

3-2
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4. ELECTRONIC DESIGN

This section will concisely discuss the electronic circuitry
developed to perform the functions indicated on the block and timing dia-
grams in Fig. 2.2. The laser excitation is covered in 4.1, with important
aspects of the RF circuitry being presented in 4.2. Sections 4.3 and 4.4
discuss the logic electronics and Pockels cell drive circuitry performance,

respectively. Section 4.5 covers the system's control and protection features.

The lamp power supplies, Pockels cell power supply, control and
interlock circuitry, and some of the RF circuitry are contained in the con-
trol console, shown in Fig. 4.1. The high current electronics are located
in the enclosure associated with the laser chassis, and the remaining

electronics are attached to the laser chassis.

4.1 LASER EXCITATION
The tungsten lamps are driven in parallel by a constant-voltage/

current-limiting DC power supply. The lamps are rated at 1.0 kW each. The
proper lamp envelope temperature is maintained by a built-in air-cooling

system.

The flashlamps are driven #n series by a double-mesh pulse-forming
network (pfn) of critically-damped design (Ref. 4). The lamps are triggered
by a series trigger transformer in order to ensure maximum triggering re-
liability and to provide additional protection against underdamped operation.
The polarities of the power supply and trigger pulse are those recommended
by the lamp manufacturer for maximized triggering rellability and lamp life
(Ref. 5). Lamp life should exceed 106 shots with negligible output degrada-
tion at the design maximum of 20 J per lamp.

The pfn capacitors are pulse-charged by the charging power supply.
This technique, based on a 1600 Hz inverter, allows voltage regulation to
<2.5X%. A built-in recharge delay allows time for lamp defcnization, thus

obviating lamp "hang-up" (or, "hold-on").

4.2 R.F. CIRCUITRY
An amplitude-and frequency-stable r.f. signal is used for two pur-

poses in the system: 1) to drive the mode-locking modulator, and 2) to pro-

vide timing information for the logic circuitry. The signal is generated by

4-1



Fig. 4.1 Control Console
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an internal 75 MHz solid state oscillator (for determination of the oscillator
frequency, see Section 3.1). This unit is mechanically tunable from 60 - 84
MHz at a power output of +15 dbm, constant to 0.5 db from -30°C to +70°C. 1Its
frequency stability is 0.005%/c°. DC power for the oscillator is +28 Vdc at
20 mA.

One portion of the oscillator output is amplified to a nominal 2 watt
(+33 dbm) level by a solid state Sylvania-built r.f. amplifier. The schematic
(furnished with the operation manual) utilizes a 2N4072 as a preamplifier and
a 2N3961 as the power amplifier stage. Both the r.f. oscillator and its as-
sociated amplifier are physically contained in the System Control portion of
the control chassis. Since the amplifier is a narrow-band design, the output
stage must be re-tuned whenever the oscillator frequency is changed by more
than 2 MHz. The DC power required is +28V at 300 mA.

4.3 LOGIC AND TIMING CIRCUITRY
The system's logic and timing circiitry are all contained within

either the Delay 1 and Logic subassembly located on the System Control chassis,

or in the Delay 2 subassembly located on the laser chassis.

The Delay 1 and Logic unit is activated by a signal received from
a current monitor which senses the fiashi lamp current in the power oscillator.
After a (nominal) 150 us adjustable delay, a CA3028A connected as an AND opens
and waits for a positive-going, voltage-zero-crossing from the RF oscillator.
This condition, of course is satisfied once every rf cycle (at 75 MHz). At
the coincidence of becth input conditions, i.e., the first positive-going zero
crossing of the 75 MHz RF, 150 us after the start of current flow through the
power amplifier laser flashlamp, the Delay 1 and Logic unit generates a 5V
pulse which is delivered to the Pockels cell drivers associated with Switch
No. 1, Switch No. 2, and Q-S/Rot. (gee block diagram, Fig. 2.2). The coaxial
cable lengths are such that: sw. #1 switches from zero to + V)\/4 just before
the selected pulse traverses it; sw. #2 switches from zero to —Vy /4 Just after
the pulse traversesit; and QS/rot. sw{tches from VA/A to zero just after the

pulse traverses it (twice - once in each direction).

4-3
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The Cavity Dump driver is controlled by a command generated in
the Delay 2 unit, the heart of which is shown in Fig. 4.2. The unit is
completely enclosed in a 1.7" x 2.6" x 4.3" aluminum box, for RFI protec-

tion, and is mounted on the laser chassis.

End mirror leakage from the power amplifier cavity is directed
via a fiber optic assembly to the active area of a Coherent Optics Model 32
avalanche photodetector. 1Its output is a negative voltage proportional to
the input radiation pulse power. Since the pulse power in the cavity first
increases rapidly and then decays, the photodetector output is a group of
pulses, the first part of which increase in amplitude rapidly with the re-
mainder decaying at a somewhat slower rate. Referring to Fig. 4.3, the
input pulses from the photodetector are clipped to a conctant height with
CR2. By adjusting a symmetrical 7 attenuator between the photodetector and
the CR1-CR2 diode input, the proper cavity peak power threshold may be

selected. This adjustment is made with the complete laser package operating.

The constant height photodetector pulses spaced 6.7 ns apart (the
cavity round trip time) are fed into a balanced transformer. The CR1-CR2
diode combination assures that the beginning and end of the pulse train
correspond to crossing the threshold positively and negatively, respectively.
Output (A) (equal in magnitude but opposite in polarity to that at (B) is
delayed by 4.18 ft. of miniature coaxial cable - a delay of 6.7 ns. The
cable output and output (B) are summed at (5). The net output at (S) is
a pulse coincident with the positive crossing through threshold, and a
pulse of opposite polarity occurring 6.7 ns after the negative crossing
through threshold. This second pulse is amplified and delivered to the
Cavity Dump driver through‘an appropriate length of cable.

These Sylvania-built circuits, the Delay 1 and Logic unit - and
the Delay 2 unit, both require DC power of +28V, at 85 mA and 25 mA

respectivel;.




4.4 POCKELS CELL DRIVE CIRCUITRY

A standard Pockels cell driver, Fig. 4.3, is used as the driver
for Switch No. 1, Switch No. 2, Cavity Dump, and QS/Rot. (ref to Fig. 2.2).
It is a proprietary design that will switch KD*P through 2 kV in <5 ns.

The unit is driven with a +4 V logic pulse; it also has the capability to
apply a 0 - 2000 Vdc bias to the crystal as required. The complete driver

circuit schematic is included in the operation manual.

4.5 SYSTEM CONTROL AND PROTECTION CIRCUITRY
The PRF for the system is generated by the Rate Generator located

in the System Control Console. It produces a continuously variable PRF
from 8 to 30 pps, and has a manual "single shot' capability. The generator
incorporates a unijunction transistor in a relaxation oscillator circuit.
The controls for selecting the operating mode (Standby, Manual, Continuous),
for controlling the PRF, and the single-shot push button, are all located
on the Control Console front panel. Required dc power is +28 V at 30 mA.

Output from the Rate Generator is channelled to the Pulse Generator
unit, located near the pulse foruing network for the power oscillator flash-
lamps. This assembly essentially amplifies the 6V pulse from the rate

generator to a 600V pulse to drive the flashlamp trigger transformer. The

technique is straightforward : discharge a capacitor, via an SCR, through
the trigger transformer primary. Further explanation of the pulse form-
ing network is given in Section 4.1.

DC power for the subsidiary laser oscillator, the Pockels cell
drivers, and the power laser oscillator is provided by three separate com-
mercially available supplies, an EMI SCR-120-20, a Del 2.5 RHPT-50-1, and
an ILC PS1500, respectively. The system voltage (+28 Vdc) is provided by
a Powermate UNI-88.

Prime power required for the entire Amplitude-Stabilized Pulsed
Laser system is 3@, 60 Hz, 120V/208V, "WYE"connected. Total system input
power will be approximately 4.7 KVA at about 13 amps per leg. The only
other required system input is tapwater for cooling at nominal rate of

2.5 gpm.
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The system is interlocked for both equipment and personnel
protection and will cease operation if the console rear door is opened,
or if the laser cover is removed or if the pulse-forming network cover
is removed. (These interlocks may be overridden if it is mandatory that
the system operate with a cover off or the door open.) In addition, if
coolant water pressure is lost, or if a fault occurs within the cooling
system (flow tube breakage, for example) the system will immediately shut
down to avoid damage to other critical system components. The operator
can, of course, stop the system at any time by merely opening the main

power switch on the System Conirol front panel.

All of the above indicated methods of stopping system operation
remove ac power from all but one component, that being the fan which
provides .noling to the pump lamps in the subsidiary laser oscillatnr.

(It runs for approximately 15 seconds after the system has been shut off.)

The Laser Chassis and the System Control Console may be operated
up tc 10 feet apart and an electrical cable assembly is provided as are

the interconnecting coolant hoses.

SN
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5. EXPERIMENTAL RESULTS

During the acceptance tests, the parameters of the system were

measurad to be as follows:

wavelength : 1.364 um
pulse rate : 8 to 30 pps
pulse duration : 7. to 108 ps FWHM (see text below)
pulse energy : 2.5 to 7.5 mJ (see text below)
amplitude fluctuation : iO% peak-tc-peak range, with occasional
"missed" pulses (see text below)
integrated leakage : % 10% by circumstantial evidence (not directly
measured).
beam size : oval beam baving equivalent circular diameter
(e-2 intensity) of 2.3 mm (~ 0.5 m from the exit
port)
beam divergence : as corrected for wavefront curvature, 1.4
times the divergence of the equival:nt

circular Gaussian beam.

The oval beam results from the near-Brewster's-angle exit and in-
cidence of the beam at the oblique faces of the polarizers and the beam-
correcting prism. It is easy to show that if the beam divergence from the
subsidiary oscillator is §, the beam divergenc: in the plane of the baseplate

of the injected beam between the polarizers is approximately neﬁ and hence

the difference between the major and minor diameters of the beam entering the

aperture of the power oscillator is approximately dmaJ -d = (ne-1)6s

where n, is the extraordinary refractive index of calcite Z:d s = 23 cm is
the separation between the polarizers. The same argument holds for the
dumped beam between the polarizer and the beam-correcting prism. The major
diameter of the oval beam can be mildly truncated by the aperture, but side

lobes will be produced if it is severely truncated.

The aperture iu the power oscillator in required in order to obviate

Q-switched lasirg from the rod annulus around the: injected beam. The beam
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cannot be expanded to fill the rod because self-focusing occurs and damages
the rod (both bulk and surfaces). The self-focusing may be triggered by ac-
cumulated wavefront distortions, transverse gain variations, or uncompensated
thermal focusing in the rod, or by the Fresnel pattern of the aperture (when
a larger aperture, that is still smaller than the rod, is used). Nominally,
the system operates below the measured self-focusing threshold for YAG (Ref.

6). .

The 7.5-mJ output was the largest observed with pulses v 100 ps long.
More typically, 6 mJ was observed for long periods. Efforts to increase the
energy, by increasing the beam diameter and/or the gain, were unifcrmly un-
successful. The system degraded to the 2.5-mJ level because of the accumulated
damage. At this level, the amplitude-stabilization threshold circuitry did

not work properiy and was replaced by a delay generator.

Pulse duration was measured by a second-harmonic-generation (SHG)
technique, Fig. 5.1 (References 7-10). An autocorrelation plot is shown
in Fig. 5.2; the calibration is 120 ps/in if the pulse is Gaussian, and
85 ps/in if the pulse is Lorent zian (we have assumed the former). The plot
must be symmetrical, and so the small hump marked "real' must occur on both
sides of the main peak. The large hump marked "artifact' (which masks the
cecond "real" hump) is due to bow in the guide rods for the carriage: at
that point virtually all of the SHG is generated by the beam coming from the
prism on the carriage, which is starting to pass through the ADP at an angle
providing relatively efficient phase matching. This latter effect is due
to the fact that the ADP is cut only approximately at the correct angles and
therefore introduces unwanted and complicating effects dve to the "extra"
birefringence. Pulse duration measurements with a reflected-beam two-photon-
fluorescence (TPF) apparatus gave pulse widths from " 35 ps to v 78 ps, some-
what shorter pulses than obtained from the SHG technique. There was some
indication that the detector in the SHG experiment was on the verge of satura-
tion, so that the shorter durations may be more correct. On the other hand,
‘the TPF apparatus (kindly loaned us by the University of Maryland) utilized
Polaroid film, so the pulse shapes given by the two methods could not ac-
curately be compared. A typical TPF photo i:. shown in Fig. 5.3; the calibra-
tion is 222 ps/in if the pulse is Gaussian, and 157 ps/in if the pulse is

Lorentzian.
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A trace of the pulse injected from the subsidiary oscillator
into the power oscillator is shown in Fig. 5.4; a Coherent Optics Model 32
High-Speed Light Detector was usad with a Tektronix sampling'scope system
consisting of a Type 351A Main Frame, a Type 352 Sampling Unit, an S-4
Sampling Head, and a Type 3177 Sampling Sweep Unit. The S-4 has a specified
risetime < 25 ps and the Model 32 has a measured risetime of 81 (+22, -11)
P8; hence the displayed pulse of 150 ps FWHM corresponds to an optical pulse
of 91 to 119 ps FWHM. If anything, the injected pulse is thortened by the

regenerative amplification.

Experiments with this laser indicate to us that pulse energies of
> 10 mJ in 100-ps pulses can be obtained from an oscillator of this type 1if
very close attention is given to gain uniformity, compensation for thermal
focusing, and interferometric quality of intracavity components. Self-
focussing probably precludes pulse energies 1 50 mJ from being achieved in
an oscillator of this type, however. Energies >> 10 mJ will readily be ob-
tained by the addition of amplifier stages.
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6. RECOMMENDATIONS

For a number of potential applications of systems of the scrt
described above, higher pulse energy is very desirable. The most efficient
and straightforward approach to this goal is to combine an oscillator such
4s this one with a chain of saturated amplifiers. The use of saturated
amplifiers not only enhances the efficiency of the system, but it also
improves the pulse-to-pulse amplitude stability available from the oscil-
lator and negates the possibilities of significant after-pulsing and
amplified target reflection.

The key to saturated amplifier design is the parameter BE /A
where B 1s the specific gain of the material (8 = o/hv, where ¢ is the
laser ion cross section for stimulated emission and hv is the energy of
a laser photon), E in is the energy of the radiation pulse to be amplified
and A is the effective amplifier cross-sectional area. If E /A > B
the stored energy remaining in the amplifier after passage of the pulse
will be less than 1/e of the stored energy just prior to passage of the
pulse. We find that for YAG, B-l 210 mJ/cm @ 1.0641um (Ref. 11); for
YALO, B = 400 mJ/cm @ 1.0645um (References 1l and 11); and for Owens-
Illinois ED-2 laser glass, B-l 6.2 J/cm @ 1.0623um (from manufacturer's
data).

For moderate amp:ified-pulse energies, YAG is presently the ampli-
fier material of choice: for example, we calculate that two 1/4" - dia. YAG
amplifier stages plus one of 3/8" - dia. will provide an output energy of
approximately 1.4 J/pulse. To obtain much higher energies, additional
amplifier stages utilizing Nd:glass can be used.

For pulse energies on the order of 100 mJ, another approach is
worthy of attention. Our experience with this system, together with dis-
cussions with other people working in the subnanosecond-pulse field, indicate
that a radical design change would result in pulse energies of this magnitude
from a single oscillator. The output beam would approximate a truncated uni-
form plane wave, which is preferable to a Gaussian plane wave for most (if

not all) applications; see Ref. 12.
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KDP
KD*P

ONR
Qs
rot.
SHG

TPF
YAG
YALO

8. GLOSSARY

Advanced Research Projects Agency
cavity-dump
KH_PO

274
KD, PO

2%
mode-locking
Office of Naval Research
Q switch
rotator
second-harmonic generation
switch
two-photon fluorescence
here, Nd:Y AL _O

3775712
here, Cr,Nd:YM.O3



