AFLORL.MABRIVAENN

LA-UR- 93-2961

k\lﬂkk\(lﬁﬂkﬁ\ﬂ(--- o

Titte: | LASER AMPLIFIER DEVELOPMENTS AT MERCURY

Author(s): | Evan A. Rose
John P. Bruc.-er
Emanuel M. Honig
Andrew W. McCown
Victor O. Romero
George W. York

This report was prepared as an account of work spoasored by an agency of the United States

Goverament.  Neitber the Uniled States Government nor any agency thereol, nor any of their
employces, makes any warranty, express or implied. or amumes any legal liability or responai-

bility for the accuracy. completeness, or usefulness of any information, apparatus, product, of

mendalion, or favoring by the United States Government or any agency thercol. The views

eace bereia 1o any specific commercial product, process, or service by trade pame, trad.mark,
manufacturer, or otherwise does aot necessarily constitute or imply its 2ndorsement, recom-
and opinions of authors expressed herein do not necessarily state or reflect thase of the
United States Governmaest or aay ageacy thereol.

process disclased, or represeats that ils ase would not infringe privatcly owned rights Refer-

Los Alamos

NATIONAL LABOHALIORY

CLS-5
CLS-5
CLS-5
CLS-5
CLS-5
CLS-5

Albuquerque, New Mexico, June 21-23,

st M

Submittedto: | 9th IEEE International Pulsed Power Conference,
1993

ASTER

L on Alsmos Naiioat t AGOIRIONY, AN affHMAlve AcTOVegUAl oppolturily sroployer, o operaled by 1w Umversity of Gatitora Jor ta t) b Duepartaweat of Fosrgy
et contrect W 7405 | NG 38 By aceaptance of 1his anicle, e puabiinber recogizas that the U Y Govecndiera relatcn & noresclusive, royally lioe eense o
publah or reproduca he pobkished for of e cordnbanwre, of 1o atiow othar 1o do so. Tor 1) 5 Gaveiniman poiposes e tos Ateaws Nantioual Laisediory

requests thal 1w publishar ciardify Rin srticie us work parforiim) (nder 1he avspices al iha t) S Depanmen of | nargy
gv
s RIBUTION (OF THIS W0 GAAER I 167 1 1aee cn en oo .

1o Nu 840 1%
H1 29 108


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


LASER AMPLIFIER DEVELOPMENTS AT MERCURY
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Abstract

Electron-beam pumped laser amplifiers have been modified to
address the mission of krypton-fluoride excimer laser technology
development. Methods are described for improving the
performance and reliability of two pre-existing amplifiers at
minimal cost and time. Preliminary performance data are
presented to support the credibility of the approach.

Iniroduction
The Mercury KrF excimer laser system (1] replaces the Aurora
KrF system [2] at Los Alamos. The goal of the Aurora system was
to deliver kilojoules of 248 nm light to a target [3]. The Mercury
system explores KrF laser technology for inertial confinement
fusion applications. Mercury will explore bandwidth, pulse

shaping, and short-pulse amplification using an operational KrF
laser system, from front end to target.

Mercury incorporates exploration of laser subsystems, including
optical, diagnostic, and pulsed power. The pulsed power
subsystems have been modified from Aurora hardware. Changes.
improvements. and innovations are being incorporated into
Mercury. By making incremental changes to working subsystems,
this development path saves time and money and improves
reliability. New technical ideas are explored on a working system,
rather than in isolation.

Table | summarizes some of the principal parameters of the
Mercury system in Phase I (current) and Phasell (planned).
Extensive documentation of Phase | is available in reference [4].

pulse width 200 ps - Sny 200 ps - 5 ny
cnergy on target 120 joules 800 joules

laser spot size 200 microns 200 microns
laser beam count 24 48

Arcas of technica: development are summarized in Table 2. The
KrF laser is a promising inertial fusion energy (IFE) driver, since it
incorporates short wavelength (248 nm), broad bandwidth (100
wave numbers). high dynamic range pulse-shaping. high energy
efficiency, and the capability for high-repetition-rate operation.
Mercury will address muny ol these parameters,
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Los Alamos has developed a suite of codes to model the gas
excitation, laser extraction, and amplified spontancous emission
processes. The codes are essential for accurate scaling predictions.
We have developed on-site optical fabrication methods, which
romise to reduce optics costs. An integrated diagnostics system is

ing installed to monitor and track laser beam properties
throughout the system. We are exploring amplifier efficiency and
reliability, particularly with regard to the pulsed power systems
and clectron beam transport from diode to laser medium.

The Mercury facility explores KrF technology issues on a working
system, indicating a path for scaling to higher energy systems to
meet IFE objectives [5,6,7].

lifier Modificat

Mercury Phase I uses two electron-beam pumped laser arnplifiers
to achieve greater than 100 ) on target. Aurora's first and fourth
amplifiers have been modified to meet Phase I objectives.
Aurora’s second and third amplifiers were decommissioned. The
cost and time for reconfiguration have besn reduced compared to
building new amplifiers.  Reliability has been increased by
modification of proven designs to reduce the parts count and to
reduce the electrical stresses.

Mercury Amplifier | (Al or Charon) achieves an increase in pump
wer over Its previous incamnation, the Aurora Small Aperture
odule (SAM), by incorporating a magnetic guide field and a

diode-foii structure that protrudes into the laser cavity. Electron
pumping is intensified in the extracted volume. The Marx
generator capacitance is reduced, achieving a great enhancement in
reliability, particularly foil lifetime, with no degradation in
pumping.

Mercury Amplifier 2 (A2 or Pluto) is a downsized version of the
Aurora Large Aperture Module (LAM). The laser-cavity aperture
1§ reduced from 100 ¢m to 40 cmi. The laser is pumped from only
one side, reducing the pulsed power parts count by twa. In
addition, the pulse length is reduced by 25%, and the voltage is
reduced by 20%. Improved reliability is anticipated through parts-
count reduction and electrical-stress reduction. A new foil-suppont
structure is designed to reduce mechanical stress on the foil.

Modifications 1o CI lifier |

The first amplifier, Charon, was constructed by modifying
Aurory's first amplifier, Small Aperture Midule (SAM).

Pulsed Power Reduction

The SAM amplifier started life as a Muxwell Excitron. pressed into
service on Aurora to boost the laser energy from a Lumanics
amplifier. It was nnminally a run-down Marx with a peaker. ‘The
Marx generator was 229 nF (twa BOO-nE capaciturs in euch of
seven stages) in series with 600 ntl amt 2 562 The peuker is
9.5 nk in sernies with SOnll. A self breaking outpnt switch
connects ta an K-£2 dinde through 300 nll. A tngatronliverts the
tail vf the pulse through 120 nt and 3 £2. The pulsed power’s task
is to pump the taser mnplifier far a 60 ns laver extractinm perid,

Figure 1 shows the diode vnltage Tram the pitseil pawer cironit
maodel (70 kV per stuget. inclnding aperation al the thvertar - the
darker tritce of Fyaure T shaws the Marx genemtar as it is ta by,



reducea to one capacitor per stage. The divertor cuts off the RC
decay of the pulse, leaving the peaker signature. The useful pulse
is essentially the same for both circuits, but the energy absorbed by
the divertor is significantly reduced with the modification.

In actual operation, the new circuit has proven far superior to the
original. In the past, when the divertor failed to operate. the
pressure foil was destroyed by heating from the long, unclipped
il of the pulse. Now the pressure foit survives. Reliability has
been greatly enhanced.
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Figure |. The capacitors are reduced from two per stage on SAM
Marx gencrator to one per stage on Charon. There is little effect on
the diode waveform. Reducing the stored energy puls less stress
on the divertor and increases foil lifetime.

Pump Power Increase

Figure 2 shows the small-signal gain in SAM and in Charon,
Smuall-signal gain is an indicator of the pump pawer in the laser
ga:. The Phase I Mercury design calls for 4.5% cm 1,

Initially the laser-extracted volume of SAM started approxiniately
6 cm from the pressure foil. A 50% improvenent in laser pumping
was predicted by extending the foil forward by 4.5 cmi inta the
laser chanixer. This assumes no extra electrun beam losses in the
increased dnft space from anode to foil.  Additionally, the
pumping would be more uniform across the extracted valume.

There wus no numgnetic guide field on SAM. A Monte-Carlo
clectron beam energy cdeposition calculation (DEP3D) indicated
that the pumping would be doubled by adiding a |-kG magnetic
%ulde field and leaving the extructed voluime in the same location.

he decrease in electran scattenng out af the extructed vahine
(upward and ilownward) increnses the punping.
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We niodified the foil support structure and added a guide magnetic
field to SAM. The upper curve of Figure 2 indicates considerably
higher small-signal gain, by a factor of two to four times, and only
20% variation across the extracted region. The small-signal gain is
everywhere ahove the 4.5% ¢! required.

Modificati P lifier 2

The second amplifier. Pluto, was constructed by modifying
Aurora's fourth amplifier, Large Aperture Module (LAM) |&].
Figure 3 shows the modified LAM diode.

LAM's pulsed power architecture was a set of two Marx generatars
that each charged two PFLs in parallel. The PFLs were discharged
into two opposing diodes by trigatron switches  Divertors were
provided to discharge the PFLs into matched resistors when the
output switches failed to fire.
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Figure 3. The diode of Plata has w40 ¢ high by 200-cm kg
emitter, ratated twa degrees to caunterter electiam bemn iwisting
‘The tnser chmmber has 8 40 cm sgaure apettme  The stuched g
||ig|l~vull||§:c bushing is nit fillerh. One af two gide fiekl magnets
is shawn The sdvanced design forl snppare stenetnne iy depneted

Apcrture Reduction

‘The laser apertire was redueed trom HXtem spnare 10 Hem
qulr ‘The enntter height way also redaced o 10 cm o
40 em The rednced npertme size reguires cansiderahly st
ninl rlwnsm tnsedd sihea wandows on the laser chiomber md ablows
simgle sided mmpng taee belowt



The fabricaton of the Pluto laser chamber was facilitated by the
existence of a 40-cm aperture laser chamber from the Aurora
Intermediate  Amplifier (third amplifier). The chamber was
designed for a 3-m electron beam. We cut out the center of the
swainless steel chamber and rewelded it for use with the 2-m
electron beam of Pluto.

A 10-cm thick adapter plate was used on LAM to attach the laser
chamber to the diode chamber. A thinner 4.cm adapter plate is
used on Pluto, reducing the drift region in the diode by 6 cm.

Pulsed Power Reduction

Calculation of laser pumping and extraction indicate that 35%
higher small-signal gain is expecied at 600 torr than at 900 torr.
[105 kW/ce specific pump power and 10%/90% krypton/argon
mixture were used in the calculations.] Operation at 600 torr

allows single-sided pumping with good spatial uniformity across
the 40-cm laser extraction region.

Single-sided pumping on Pluto. compared with double-sided
pumping on LAM, reduces the major pulsed power components by
a factor of two and improves diagnostic and maintenance access to
the diode and laser chambers. Only one Marx generator, one pair
of pulse forming lines (PFLs). and one diode are required for
Mercury. The reduction of components increases reliability.

Electrical stress parameters were also reduced. with the exception
of diode current denrity. The water-filled. stainless steel PFLs
were reduced in length by 25%. from 108 m to 8.0m. The
decisian to use a 240-ns laser pulse train on the Mercury system,
rather than the 480-ns pulse train of Aurora led to the reduction in
PFL length. (One meter of PFL equals 60 ns of diode operation.)
The required dicle voltage is 5508V on Pluto. versus 700 kV on
LAM. a reduction ol 20% . The shorter pulse dnration, coupled
with lower voltage. promises 1o increase reliability through stress
reduction, particularly on bushings and switches. These were the
high failure rawe components of the Aurora pulsed power systern.
Charge transfer thraugh the Pluto switches is only 60% of LAM.

Further impravements in rehability conld be achieved by reducing
the risetime of the diode. which wonhi altaw further PIL.
reducthon, and by diverting energy from the PELS ta a resistive
load after the pulse. which woukd prevent alterpulse nnging.

Liede Muoditication

Diache current density 18 increased by a facior of twa, fram 25 A
cm < on LAM'S 100 cm by 200-cm emitter ta 50 A cim 2 on Plnto's
40-cin by 200tcm emitter. ‘The anode-cathode gap was reduced
fram 8 cimon LAM ta S cinan Plata to maintam 1.5-£2 nmpedance.
For cald-cahode dnxdes, impecdtance varies hke A 'V ¥3D 2 (Area,
Volage, a-h gap Distance) |9).

A thin fuil was mstatled an the back af the foil sn(ppnrt structine.
Thiy Toil serves as anode wmnl as an absarber far low-energy
clectrons i the electron bean alterpnise. We have nsed such o
prefait an SAM ek Chanon and formd thatat pralongs the lite al
the pressare tol I adiition, we have seen evadence than wire
anodes are nnaged itnongh the pressare tonk ancd mta the tuser gas
| 1A “FThe prefol nvords this mhamageneity amb may mdnce less
trmsverse heatng af the bean

The electran bemn o distarted when travelng from cathode
laser chamber, becanse the electranys fullaw the twisted mugnetic
fiekl lines cremtest hy the combimmtion at gmde held nad selt hiekl
The beum suflers shem mal ratanan, ns nuhentedt hy imaging on

fibm | ) We canstineted the cathodde ta atlow comter atanan of

the eleenan enmtec werd mstalledd 11 ramed by two degiees
mgaing the bemn on PERM film axhiemed that the techmgne
worked

Eoil Support

Figure 4 shows the predicted performance of Pluto with 40% and
60% clectron transmission from the diode through the foil suppon
structure to the pressure foil. Figure S shows transmission data for
a conventional planar structure [11] that incorporates a |-mil
titanium anode/prefoil. The rib structure blocks 12% of the
clectron beam in this design. The non-normal passage of the
clectron beam through the structure produces shadows, causing
enhanced losses.

This experiment, without pressure foil, indicates that Pluto
pumping will be adequate.
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Figure 4. Model predictions indicate that 120 ) to target will be
achieved. The cnrrgy produced is sensitive ta the clectron
sransmission of the Pluto foil support structure.
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A igh-trunspart fail suppeat strucmre has been designed tar Phno
This snppon stnetnre is based on ncnrved gewaneny far tonl
surrnn. which takes whvantage ol the stength af taits mxd suppart
cahles when nsail in pure tension. 1as n depurtare ham the
trachhangtl suppart structmes, designed with ek ribs o nanmtaas
a plimm profile - A tall deseripnan ol the desqen was piesentedd at
this comtberence |12

Om gaalb st merense the enerpy nnnspon tros diode 1 fiser pas
bram present valnes al W5 o the Sty tmpe  The merease m
trmspant ethoeney wall imake fmme Kol amphitiens cheaper
mare ctticient “the 1HE nnsaon, m prtientnn, s very senative to
the encrgy ethiciency ol the Kils laser systetn



Conclysion
Modifications to Charon are complete and the amplifier is
operational. The pump power exceeds requirements and spatial

uniformity has been improved. Foil lifetime has been greatly
enhanced. with foils now surviving undiverted shots.

Modifications to Pluto are complete and the amplifier is
undergoing qualification. The pulsed power system is operational.
Diode tests indicate that it will meet requirements. Laser tests are
imminent.
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