-UR -92-975 o
LA-UR LA-UR--92-975

DE92 011233

Los Alamos Nanonal Laboratory 1= operated by the University ol Califormia for the United States Department of Energy under contract W-7405-ENG-16

ritte  FINAL AMPLIFIER DESIGN AND MERCURY

AUTHOR(S) Evan A. Rose, CLS-5S
David E. Hanson, T-12

SUBMITTED 10 Presentation was made 12 December 1991 at the International
Conference on Lasers '91. LA-UR-91-3914, San Diego, CA
This paper ls intended for proceedings of that meeting.

DISCLAIMER
This report was prepared as un account of work spunsored by an agency of the United States
Government. Neither the United States CGiovernment nor any sgency thereof, nor any of their ' . 5\‘:?,
employces. mukes any warranty, expreas or implied, or assumes any legal liubility or rerponsi- . \
hility for the uccuracy, completeness, or uscfulness of any information, apparatus, product, or ) )

process disclosed, or represents that its use would nt infringe privately owned rights. Refer- ' .
ence herein to any apecific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwine does not necessarily constitute or imply its endorsement, recom-
mendation, or fuvoring by the United States CGovernment or any sgency thereofl. The views

and opinions of suthors expressed herein do nut necesaarily state or reflect those of the
United States Guvernment or any agency therecf.

L PR TR R L L R L N L T LR L L L L T P T F N LT L Y B A YRR W IR T R TR PRIETIT Y oy ity oo i nnae o pobibbh ar eapireny, e

LU ST FEEN AP TP L LN LU LT N LR SR UL TN PN PR PYTI I B YRR TY RIS AT TIN | e,

A - gy W e N e e e e T e e e e D] e I s on ot ths [yt et ot foaveng,

MASTER

DISTRIBUTION OF THIS DOCUMENT I8 UNLIMITED

| @ A\le nrem7 2@ Los Alamos National L Eborat
| 08 AARMOS Losimos Natoru Eooratory


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


FINAL AMPLIFIER DESIGN AND MERCURY
Evan Rose and David Hanson
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Abstract
The final amplifier for the Mercury KrF excimer facility is being designed. The design exercise involves extensive
modeling to predict amplificr performance. Models of the pulsed-power system, including a Child-Langmuir diode with
closure, electron-beam energy deposition, KrF laser kinetics, amplified spontaneous emission (ASE), and time-dependent
laser extraction in the presence of ASE are presented as a design package. The design excrcise indicates that the energy
objective of Phase I - 100 joules - will be met.

The Mercury KrF excimer laser facility is part of the national inertial confinement fusion (ICF) program. It is the
successor (o the Aurora facility!. An overview of the Mercury facility is given in the paper "Mercury KrF ICF Laser/Design
and Goals, presented at this conference.

The Mercury facility is designed to meet a set of parameters related to experiments in support of the ICF program. A
primary objective of Mercury is to provide a highly reliable laser, obtained at minimal cost. Thus the Mercury facility uses
the same building and much of the equipment of Auvrora. The first and fourth electron-beam pumped amplifiers from
Aurora will be modificd to provide two amplifiers for Mercury, Phase 1. The final amplifier will be operated at reduced
stress to improve reliability.

Phase I has a goal of 100 joules in twenty-four 200-ps pulses. It will demonstrate reliable operation and achieve critical
system performance parameters. A kilojoule system (Phase II) is planned after the successful demonstration of Phase 1.

Amplifier Modifications

An upgrade of the first amplifier . planned. This amplifier has a 12-cm x 12-cm aperture and a 1-m length, pumped
single-sided. The diode foil will be moved 5 cm closer to the extracted volume and u guide magnetic ficld will be applied.
These changes will increase the pumping of the extracted laser volume and provide higher encrgy pulses to the final
amplifier.

The fourth Aurora amplifier had a 100- 1 x 100-cm aperturc and a 2-m length, pumped double-sided. This amplifier
produced 1.3 kJ on target? (36 out of 96 bur: ) during the Aurora project and produced 10.7 kJ in 650 ns as an unstable
resonator. The aperture wil! be reduced to 3. cm x 40 cm through modification of a surplus iaser chamber from one of the
eliminated Aurora amplificrs. ‘The diode en. tter height will be reduced from 1 m to 35 cm, and pumping will be single-
sided. The pulse-forming lines will be reduce 1 in length by one quarter, from 10.8 m (640 ns) to 8.0 m (475 ns). Electron
energy will be reduced from 700 kV to 550 kV. These changes will reduce electrical stress and parts count, leading to higher
reliability at minimal cost.

Systcm performance will also be enhanced by reducing the electron drift length in the diode, increasing the
transparency of the foil-support structure (hibachij, and improving the laser-gas opiical quality through a gas recirculation
system.

Laser modeling was performed over a parameter range. The specific pump power for the first amplifier was derived
from previous experimental results. Pulsed-power modeling was performed for the modified final amplifier and the results
matched with the laser modcling to predict cnergy delivered to target.

Figure 1 shows the diode and lascr regions of the modificd final amplificr,

Lulsed Power Mode)

The circuit modcl for the final amplificr was modificd from an Aurora Large Apcrture Module (LAM) model, which
produced good agreement with experimental pulsed-power parameters. The modcl was run with the MicroCAP 11 program
from Spectrum Softwarc. Modifications from the LAM model include 1) reduction of the length of the pulse-forming lines
from 108 m (o 8.0 m, 2) reduction of the cathode arca from 2m?2 to 0.7 m2, 3) reduction of the A-K gap from 7.5 cm to
5.0 cm, and 4) rc-optimization of the output-switch closing time. The load was modeled as a Child-Langmuir diode with a
3-cn/ps closure rate.



The circuit model is shown in Figure 2. Diode performance is shown in Figure 3. The effect of diode closure is to
reduce the voltage and increase the current with time. Delivered power, however, is relatively consiant.

Not all of the current produced in the diode arrives at the foil. Diode transport and hibachi losses reduce the current.
40% transmission was measured on the PA amplifier in the Aurora facility. That amplifier had a 20-cm x 290-cm cathode
emitter with 94% geometric hibachi transparency. 30% transmission was measured on the LAM amoplifier, which had a 1-m
x 2-m emitter with 82% geometric transparzncy. The Mercury final amplifies is expected to perform like the Aurora PA, at
40% transmission.

The low observed hibachi transmissions are not understood at present. Modeling with the ISIS code predicts
transmissions close to geometrical with magnetic guide fields and open hibachi structures’ as was the case for the Aurora
PA. Improved transmission cfficiencies may be possible.

Laser Models
Electron-beam Energy Deposition

The spatial power deposition in the laser medium due to the clectron beam is calculated using either a one- or three-
dimensional (Cartesian) Monte-Carlo electron scattering model, Individual electron trajectorics are tracked from the
diode side of the foil, through the laser gas, until electrons are either absorbed by a wall or fall below a few keV. A shielded
Coulomb form of the scattering cross section is used with a shielding angle specified by Moliere's formula. To specify the
encrgy loss, the straggling distribution follows Landau's theory, with the mean loss rate normalized to Bethe's formula. If the
gas mix, pressure, foil, and incident electron energy are specified, this model relates the specific pump power at any point in
the amplifier to the current density at the foil.

For the laser dimensions and aspect ratios considered here, it was found from comparisons with the 3-D model that the
1-D model provided adequate accuracy. To control computer costs, the 1-D model was used exclusively.

Figure 4 shows the electron-becam energy-deposition profile for 550-kV electrons.

KiF Lascr Kinetics
jmmwmm We use a Monte-Carlo energy partitioning model due to Kushner’ to

relate the specific pump power o the primary ionization and cxcitation reactions, which ultimately produce the KrF*
molecule. For a specific gas mix and electron density, the model calculates the electron encrgy distribution function. This
distribution func(ion, when convolved with energy-dependent excitation or ionization cross sections, yiclds the W-value (the
encrgy investment in the plasma required to produce a smglc excitation or ionization event).

KtF Kinetics Model To compute the small-signal gain, absorpuon, and saturation intensity as a function of gas mix,
pressure, and pump power, a time-dependent kinetics model® is used. It solves the coupled set of approximately 70 non-
lincar reaction equations for the 22 molecular species as a function of time. For this exercise, the values of gain, absorption,
and sataration intensity were taken at approximately 100 ns into a constant pump pulse.

Figure 5 shows the small-signal gain over a range of specific pump powers.

The 3-D ASE code’ provides a steady-state solution to the problem of energy extraction in KrF amplificrs in the
picsence of amplificd spontarcous cmission (ASE). An iterative algorithm is used which considers ASE photon transport
throughout the active mzdium, cither by direct paths or by diffuse reflection from the side walls. Specular reflection in the
end mirror is also included.

Intcgration over frequency is performicd to account for the non-monochromatic nature of the ASE. A Lorentzian
{requency dependeuce is assumed for the spontancous aad stimulated emission cross sections. In addition to the frequency-
dependent gain coefficient, transport of ASE photons \hrough the medium includes a frequency-independent absorption
cocfficient. A portion of the coefficicnt is assumed to saturate in a manncr identical to the saturation of the gain coefficicnt.
Side-wal! reflection is modcled by returning a fraction of all incident photons to the medium with a Lambertian cosinc-law
angula: distribution. Wall (e wall transport is also included.

Kinctics of the medium arc represented via three parametcers: the gain corfficient in the absence of ASE or extracting
beam g, the upper state life time as determined by spontancous emissions and quenching collisionsr ,, and the spontancous
cmission Lfc timer,

The 3-D numicrical simulation approximates the active medium by an array of cubical cells. Walls are approximated by
squarc arca clements. Integrals over frequency arc via table look up. Typically, the medium is divided into 2500 cells and
iteration is con’inucd until changes in average ASE cffects are less than two percent. Increasing the cell count above 250
has little cffect on the results.



Figure 6 shows the ASE over a range of gains. Wall reflectance is assumed to be 20% for diode foils and 2% for other
(blackened) surfaces.

Time-dependent Energy Extracticn

Laser performance was calculated using a time-dependent, one-dimensional propagation code. The right- and left-
moving coherent photon fluxes and the medium gain were considered at approximately 200 discrete points along the
propagation dimension in the two double-pass amplifiers.

For this exercise, a train of 10 pulses (0.2 ns FWHM Gaussian) spaced every 5 ns were propagated through the two
laser amplifiers. The small-signal gain, gain-to-loss ratio, and saturation intensity for cach amplifier were obtained from the
kinetics model, consistent with the gas mix, pressure, and pump power.

The ASE flux was treated in an approximate time-dependent manner by using a quadratic formula to relate the
volume-averaged ASE flux to the volume-averaged (but time-dependent) gain. This formula was obtained from a least
squares fit to a series of calculations made with the 3-D ASE code, in which the input extracting flux and small-signal gain
were varied. Typically, the volume-averaged ASE flux was less than 0.4 MW cm2 at the point-design pump rate.

The actual output energies reported in this work were obtained by multiplying the energy in the seventh or eighth beam
in the train by 24 (the uumber of beams in the Mercury Phase I design) and the expected energy transmission factor to
target (0.58).

Figure 7 shows predicted energy to target over a range of diode current densitics at 550 kV diode voltage. The case for
a constant, fixed gain-to-loss ratio of 10 is shown, as well as the case for a ratio calculated from the kinetics code. The larger
go/a from the kinetics code leads to higher energies, particularly at high pump powers. ASE limits performance. The short-
pulse extraction of the amplifier prevents effective suppression of the ASE by the laser beams.

Predicted Performance

Diode performance is transformed into specific pump power by reference to a set of electron-becam energy-deposition
curves. The average specific pump power over the extracted volume was calculated as a function of electron energy. The
diode voltage and current curves yield the temporally resolved specific pump power, when current losses to the hibachi aze
included.

Predicted pump powers are shown in Figures 8 and 9 for 40% and 60% hibachi transmission. 40% transmission is
expected, but 60% curves are presented for comparison, to show the effect of achieving enhanced kibachi transmission.

The energy extraction curves of Figure 7 wers used to translate the pump-pcwer Y-axis of Figures 8 and 9 (left side)
into predicted energy on target (right side). Figure 8 shows the expect~d energy delivered to target (above 150 J) with gy/a
derived from the kinetics code. Figure 9 shows delivered energy (above 100J) for a fixed, constant gy/a = 10. Rapid
saturation of the absorption cocfficienta is responsible for the higher encrgy predictions of Figure 8.

Summary

An integrated package of modeling codes has been applied to the design of the final amplificr for Mercury. The
predicted performance of the pulsed-power system is translated into specific pump power through an electron energy
deposition code. A laser kinetics code translates the pump power into gain, absorption, and saturation intensity. ASE levels
arc predicted for thesc calculated leser parameters and specific lascr gcometry. The time-dependent energy extraction code
predicts energy on target in the presence of ASE.

Given conscrvative parameters - a demonstrated 40% hibachi transmission and a fixed go/x = 10 - this excrcisc
predicts approximately 140 joules on target, which is above the 100-joule goal of Phasc 1.

This work was performed under the auspices of the United States Department of Encrgy.
The authors arc grateful for the extensive ASE modcling performed by W, T, Leland.
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Cathode Final Amplifier Diode Operation
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Figure 1: The Mercury final amplifier is a modification
of the Aurora Large Aperture Module (LAM).
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Figure 2; The pulsed-power model for the Mercury final amplifier incorporates shortened LAM pulse-forming
lines and a smaller emitter areas. ‘The diode model is Child-Langmuir with closure velocity u,
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Final Amplifier Performance
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