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l 33 patents were issued; 29 patent applicatmns 
were filed: and 68 patent disclosures wcrc 
submitted. 

l 16 licenses were executed resulting in $927.ON in 
licensing income. 

. 5 R&D 100 Awards. ktween 1985 and 1996 the 
Laser Directorate has won 28 R&D 100 Awards. 
placing it seventh in overall competition for all 
organizations. 

*The Laser Dixcturate received an “outslanding” 
(highest) rating in the University of California 
Science and Technology Assessment for the third 
conseculivs year. 

l 1 Federal L&xxaxy Consortium Awards for 
Excellence in Technology Transfer. These three 
awards, representing LLNL’s tofal. rank the Lab 
among the top 1996 winners out aimore than 651) 
federal govcmment laboralories and research 
centers that comprise tix consortium. Numerous 
other individual awards. (See pages 12-20). 
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Laboratwy’s 
(LLNL) Laser Programs Directorate is a world 
leader in law and &cm-optic science, 
cnginccring, and technology. We are applying this 
expertise to meet critical need? in the divcrsc arcar 
of national security, cncrgy, the environment. and 
the econumy. We are also extending our 
collaborationr with industry and other insdtulions 
to identify technologies lhat can be developed and 
transferred to the private sector. 

The scientific and technical cxccllcncc of our 
Laser Programs slal’f is widely recognized both 
nationally ‘and internationally. Our researchers 
include 43 fellow of professimxd rcvxrch 
w&tic\. O\cr the years. Laser Programs personnel 
have received two Maxwell awards, ten Excellence 
in Plasma Physics awards. nix E. 0. Luwrcncc 
awards. four Edward Tcllcr awards, and 34 R&D 
100 Awards, among others. 

Our principal laser projects derive from the COTL‘ 
intellectual and technical capabilities developed for 
national security and involve the full complement 
of Livermore‘s multidixiplinary cxpcrtix. Many 
of the twhnicul stall’ within the diverse set of Laser 
Programs activities are matrixed from the discipline 
organizations within ILLNL including 
Computation\, Chemistry. Engineering, and 
Physics. 

The Laser Programs Directorate has two long- 
standing major programs: the Inertial Confinement 
Fusion Program (ICF Program) and the Atomic 
Vapor Laser Isotope Separation Program (AVLIS 
Program). 

l The mission of ICF is to demonstrate 
thermonuclear fusion ignition and energy 
gain in the laboratory. LLNL’s ICF Program 
has made great advances in understanding the 
scientific principles 01‘1CF. Livermore’s 
Nova laser is the main experimental tool for 
our ICF activities. We are advancing ICF 
technology in rupport (II’ national security and 
a\ an c”vir”“r”e”tal~,clean Source of energy. 
ICF research is provtdmg improved 
understanding in many arca~ of basic science 
and making contributions to meet national 

economic challenges. The next-gcncration 
ICF laser facility, the National Ignition 
Facility (NIF), is now under development at 
Livermore, in conjunction with Los Alamo!, 
National Laboratory, Sandia National 
Laboratories, and the University of 
Rochester. 

l The mission of the AVLIS Program is to 
provide the world’s lowest-cost. uranium- 
enrichment method for commercial power- 
plant fuel. With thi\ method. precisely tuned 
laser light and uranium vapor are brought 
together in a separator vacuum asvzmbly. In 
the separator, atoms oC the 215U minor 
isotope in an atomic vapor stream of natural 
isotopic composition are selectively oplically 
excited and photoionizcd by laser light. The 
selectively ionized 215U isotope is then 
collected to generate a product enriched in 
this isotope. Once enriched, the metal 
product is processed into nuclear fuel for 
power plants. 

In addition. our Directorate includes the 
Law Science and Technology Program 
(LS&T Program), the Advanced 
Microtechnology Program (AMP), and the 
Strategic Materials Applications Program 
(SMAP). 

l The LS&T Program provides technical 
innovation and leadership in promotin& 
adwncetnents in laser science and in 
developing new laser technology for 
applicalions ranging from laser drivers for 
generating fusion energy to laser surgery. 

l The AMP Program pioneers the use of laser- 
based microtechnologies such as extreme 
ultraviolet lithogmphy (EUVL) for integrated 
circuit manufacturing, micropower impulse 
radar (MIR) for a wide range of govcmment 
and commercial application\, and brighter, 
faster, and Icsq costly flat-panel displays. 

l The SMAP Program consolidates a numhcr 
of existing smaller programs in the general 
area of technologies for strategic materials 
emphasizing uranium and plutonium. 
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Besides major contributions in national 
security, havic wicnce, technology, and 
applications owr the past decade, these 
programs have provided signiCicant advances 
in: 

-Optics 
-Diagnostics and scnxx 
-Matcrials handling and processmg 
-Microfabrication, microelectronics, and 

information technologies 
-Plasma physics 
-Inertial fusion energy research 

Numerous dcrivaivc applications of our 
rcicntific base and expanding technologies 
are being assessed and pursued ar potential 
new programs in \uch areas as: 

-Extreme ultraviolet projection 
lithography 

-Magnetic sensors for high-density data 
storage 

-Laser tracking and adaplirc optics for 
astrrmomy applications 

-Diode-pumped solid-state layers 
-Short-pulse high-irradiance lasers 
-Remr)tc mawial\ handling 
-Laser and radar remote sensing 
-x-ray laser5 
-Tactical hattlefirld weapons 

Inertial Confinement Fusion (ICF) 
Program 

LLNL’s ICF Program wpportr activities in two 
major intcrrclatcd areas: target physics and 
technology (experimental, theoretical, and 
computational research); and laser v%mcr and 
optics technology dcvclopmmt. Experiments on 
LLNL’s Nova laser primarily wpport target 
ignition and weapons phy\icr rercarch. 
Expaiments <,n LLNL’s Beamlet laser support 
law science and optics technology development. 

The continuing oh.jective of the ICF Prugram is 
the demonslralion of thermonuclear fusion ignition 
and energy gain in the laboratory. The underlying 
theme of all ICF activities as a xicncc research 
and development program is the Department of 
Energy’s (DOE‘s) Defense Programs (DP) sciencc- 
based Stockpile Stewardship and Managcmrnt 
(SSM) Program. 

In addition. ICF sciences and technologies, 
developed as part of the DP mission goals. 
continue to uuppw other DOE objectives. These 
ohjcctivcs are to achieve diversity in energy 
sources through inertial fusion energy (IFE) 
research and to maintain a competitive U.S. 
economy through development of new 
technologies of interest t6r government and 
industrial USC, including those developed under the 
Laboratory Directed Research and Develnpment 
program (LDRD). 



Target Physics and Technology 
The aclivities of the Tarpet Physic? and 

Technology (TPRrT) Program xc dircclcd to enwre 
the wcccsc of achieving ignition on the NIF and 
supporting the science miwion of the DP SSM 
Program The activities fall into the following three 
main areas: !4wa tar@ physics. NlF target design 
and code development. and NIF target ilrcil 
technology development. During 1996, the TP&T 
Program focused its cffort~ on goals designed to 
enhnncc crmlidcnce in successful ignition on the 
NW and to expand support for the DP SSM 
Program. In cupport of thi\ emphasis, target 
cxpcrimcnt\ un the Nova laser and analyw 
continued in plasma physic?, hohlraum (x-ray 
radiation ca\e) physics, and high-growth-factor 
implosions. Much uf the effort win dewtcd to 
extending quantitative understanding of the physic\ 
beyond the Nova Technical Contract (NTC) and tn 
hcttcr define the limits in target performance for the 
NIF. In addition, initial indirect-drive laser fusion 
experiments wcrc done on the Omega laser at the 
IJnivcrsity 01‘Kochester (in collaboration with 
xientists from Los Alamo? National Laboratory 
and the Laboratory for Law Energetics. at the 
I!niversitv of Rochester) in order to derenninc the 
fca\ibility of using the facility for indirect drive. 

The ICF Program and rcicnlistr in LLNL’s 
A Division, B Division, V Division, and 
H Division continued to collahoratc on weapons 
physics experimentr on Nova in FY96. During thi? 
period, a collaboration between V and A Division!, 
and the ICF Program demonrtratcd that very-high- 
temperature hohlraums can be produced with 
hohlraums scaled down to i, size as small ii? l/4 01 
the Nova scale I (2.6.mm length by I .h-mm 
diameter). In collaboration with B Division. 
experimcnrs have begun on Nova that measure the 
growth of hydrodynamic iwstabiliticr and equations 
of state in the presence (11 material strength. 

In I99h. we also completed and demonstrated a 
self-contained deuterium and trilium CDT) source 
for cryogenic tar@ dc~elopment experiments 
hccause all NIF target designs require rmwth 
cyrogenic layers of DT. WC underscored the 
efficacy of heat lluxcs on smoothing of solid 
hydnlgcn in curved geometries with the wne 
radius of curvature as NIF ignition caprules. Fat 
“native” cryogenic laycrr, heated only by the beta 
decay of tritium. surface finishes required for the 
baxline ignition targets were dcmrxnlrated. We 
demonstrated the efficacy of producing heat fluxes 
in the interior of enclosed solid DT ccII\ hy 

microwave heating the free charges in the vapor /I/ 0 i,<,l~<~liP,/ ACIPI.AH 
\pacc and establishing the smoothing properties 01 dw* I h ,,,,,irm,w ,!G,I 
this heat flux. We dcmrntrated the efficacy of ‘iai,‘ir,wr ,od h d<ih 
infrared heating of bulk solid hydl-ogen for < ‘,%\C,/<~ ,<<,,ii,<9 /illl 
smwthing the surfaces. Tbew tcchniqueb resulted ,,<~iuwf,i ir. 
in enhanced rmoolhing of layers that comaill 
tritium and provide a way of smoothing layers that 
contain no tritium In addition, WC‘ designed and 
analyzed thermal characteristics of cryogenic 
huhlraums for beta-IilyerinF fuel in ignition 
capsules and are nearing completion of a cryogenic 
test system fol- devclopmcnt of cryogenic 
hnhll-aums. Conceptual code work continued on the 
NIF point design robwtness hy direct 2-D 
simulation (using I.ASNEX code) of inner surface 
and outer vurlacc perturbations. With wrfacc 
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The National Ignition Facility (NIF) is a key component within the 
proposed lacilities for DOE’s science-based Stockpile Stewardship and 
Management Program. The extension of current program experimental 
capabilities embodied in the NIF is nece%wy for the ICF Program to satisfy 
its stewardship responstbd~t~es. 

During 1996 all NIF Project management and s&f positions were filled 
to the required design levels. Major commercial contractors were chosen for 
the conventional facility architectural design, engineering services support, 
and construction mansgemem. Major contracts were placed with commercial 
vendors for optics facilitization to ensure an adequate optics production 
capnbility that meets the NIF cost goals. Work packages that reflect the 
national scope of the NIF Project were agreed to and implemented with the 
participating laboratories (Sandia National Laboratories, Los Alamos National 
Laboratory, and the Laboratory for Laser Energetics et the University of 
Rochester). 

The technical basis of the NIF design wa? updated through a formal 
Advanced Conceptual Design (ACD) technical review process. Concurmm 
with the ACD activity, the documents that provide a hierarchy of the design 
requirements were reviewed and updated including the Primary 
Criteria/Functional Requiremaw the System Design Requirements; and the 
laser system design/performance baseline. At the request of DOE, Defense 
Programs and other user requirements were included in the NIF design updates. 

Key project controls were developed, updated, and implemented 
including: the NIF Project Control Manual, the Configuration Management 
Plan, and the DOE-approved Quality Assurance Plan. Change Control boards 
were established and are functioning. Cost account plans and authorizations 
for each work breakdown stmctwe element were established. The commercial 
Sherpa Product Data Management system was selected and implemented to 
provide a project-wide centralized document, engineeling drawing, end 
configuration control capability. A detailed Title I design schedule was 
developed, and regular baseline cost and schedule reviews were implemented 
to track progress. Monthly and quarterly progress reports are prepared and 
distributed. 

Title I design, which was postponed by late release in the Project Total 
Estimated Cost funding, was completed. An independent cost waluation. 
performed by a private company contracted by DOE, agreed with the project 
office Title I estimate. 

The NIF is a part of the Stockpile Stewardship and Management &%vf) 
Programmatic Envimnmental Impact Statement (PEIS). In support of the 
PEIS, write-ups and supporting analysis were provided, and a Preliminary 
Safely Analysis Statement (PSAR) was completed and approved by DOE. 
The LLNL site was selected es part of the SSM PEIS Record of De&ion 
made by the Secretary of Energy on December 19, 1996. 
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unoothness achiewd to date in the laboratory. the 
capsules in these “everything on it” simulations 
ignited and burned giving nearly I-D yield\. 

We further confirmed NIF target design 
robustness by running simulations in 3D using the 
HYDRA code (including thermonuclear burn 
physics) that combined inner and outer wrface 
perturbations, with wrface smoothness achieved to 
date in the laboratory. These too ignited and 
burned, giving nearly I-D yields. We also 
identified a laser beam arrangement for the NIF 
lam design that mx only allows the baseline 
hohlraum target geometry, but also a tetrahedral 
hohlraum and direct-drive geometry. In support of 
this work we identiiicd. along with LLE at the 
University of Kochester, a direct-drive ignition 
target design for NIF. 

Laser Science and Optics Technology 
The Laser Science and Technology (LS&T) 

Program provides laser technology development 
and validated performance models for NIF and 
advanced ICF laser systems. LS&T laser 
development\ have spin-offs that are valuable to 
Stockpile Stewardship. other national programi, 
and U.S. industry. Many of these spin-offs, which 
have then heen advanced by other sponsors. arc 
now being applied to ICF needs 
(e.g., “spin-backs”). The ICF Program ir 
Etrengthened by this synergistic exchange of 
information between these diverse activities. 

LS&T’s primary activity in 1996 has hccn the 
laser and oplics lcchnology drwlopments for NIF. 
A four-year focused activity for law technology 
development started in I995 and is dewrihed in the 
Core Science and Tcxhnolo~,v Keporf (authored 
jointly with Sandia and Los Alamos National 
Laboratories). The objectives of rhe laser 
development\ arc to provide validated design 
packages for the laser components and detailed 
system modeling and optimization for NIF. The 
ohjectiw of the optic\ technology dcveloprncntr i\ 
to develop industrial production methods Sor the 
8000 full-xale NIF optics that meet performance 
requirement\ at the rcquircd NIF cost and schedule. 
The amplifier module prototype laboratory 
(AMPLAB) was inaugurated, and the first 
prototype 4 x 2 laxr glaa window-pane geometry 
NIF amplifier and maintenance transport vehicle 
were designed and fabricated. Work progressed in 
testing other NIF protolypcs wch a:, the multipass 
regenerative amplifier and the plasma electrode 
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Pockels cell. Re-optimization modcling of the NIF 
laser design yicldcd ii I l-O-5 configuration of 
amplifier \lab\ in each beamline and a myriad (11 
detailed system cpccific;rrion\. Ucamlct wa used to 
study the llucncc and power limits and focusability 
in a NIP-like architecture. By compxing the 
amplifier temperature with the Bwmlrt focal spot 
quality, we placed a quantitative criterion on NIF 
amplifier cooling. We also designed and hcpan 
construction of n Beamlet modilication (test 
“mule”) to validate the NIF final optics design. 

Thi\ pat year was important for NIF optic\ 
development. We demonwated the viabilily of 
conrinuou\ melting of phosphate laser glass at 
vcndw facilities by perfol-ming quarter-scale run\ 
at Hoyu and full-scale run% a Schott using 
sun-opatc glass materials. ‘The KDP rapid growth 
progrm matured to produce NIF-rire houlcs (up to 
43.~1~~ size) and to yield plates which meet all the 
NIF lo) optical rcquircments. The optics finishing 
wmpanies have all demonstrated pwcesses which 
meet NIF cost and pertormancc requirements. An 
important developmcnl in diffractive optics 
capability wah making a high-efficiency, high- 
damage-threshold color separation grating LO 
deflect 101 and 20 light from the target while 
maintaining Lhc focusing of 3w light on target. 

Inertial Fusion Energy/Petawatt Laser 
A new thrust in heavy-ion inertizil fuGon cncrgy 

(IFE) research began with the \larl of construction 
of an erperimcnrul research facility to evaluate 
recirculating induction accelerators for the 
acceleration of space~charjic-d(,minated ion beams. 
This restbed. supported by a variety of DOE 
funding wurces including LORD and I.LNL 
Engineering Thrust AI-~ initiativn will develop 
precise beam control and sensing techniques for all 
IFE accclcra~or concepts. 

The 3-D computational code, WARP3d, was 
used cxtcnsivcly in the design of the testbed. The 
recirculator architecture is a leading candidate for 
major cost reductions in high-current. induction 
ilcccIcritLl1r\ for IFE. 

Our leading candidate for an IFE laser driver is 
based on B diode-pumped, rolid-state laser 
(DPSSL). for which the gain medium (ytterbium- 
doped strontium fluompatite or Yh:SFAPI. 
developed previously at LLNL. is cooled by He 
gay. known a\ the pas-cooled slab (GCS) concept. 
In FY96, an experimental campaign to tcs~ a w~all 
subicale GCS-DPSSL wa\ completed. Results were 

encouraging cnouph to propose a 100-J. 
IO-HL GCS-DPSSL (c;dled Mercury) for 

consideration of LDRD funding in FY97. 
Since 1993, WC have been developing a pctawall 

( 101i W) laser capability on B Nova beamline 
under LDRD support. The P&watt law will 
provide LLNL with the capability to test the fa11 
igniter approach for fusion and explore other 
ultrahigh-intensity physics topics. The Petawait 
Project rcachcd its goal in May 1996 when WC 
dcmonarrated the world’s f&t pctawalt laser with 
an output of SO0 J in a pule length less than 0.5 ps. 
A major componcnl of the Petawatt Pr<+xt was 
dcvcloping the technology neces~ry to make large 
high-damage-threshold gratings, as well a~. 
developing an entirely new chirped-pulse martcl 
oxillator system for Nova with the mechanical 
hardware and optical diagnostics necessary for 
pulse compvasion. ‘The Petawntt lawr rcccivcd a 
1996 Popular Science “Best of What’s Nw” award 
and enabled the dcvclopments leading to a 1996 
R&D 100 Award in “Interference Lithography for 
Patterning Flat Panel Display\.” The P&watt 
Project has been gcncrally acknowledged to he the 
Laboratory‘s most successful LDRD project lo 
date. 
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Spin-Off Technologies 
In FY 1996. we continued to exploit ICI, 

Program expertise and tcchnolopy of interest to 
U.S. indwtrial and government marhetr in arcos 
such a: 

. Hmlrka~ t~chnl,k,~~-Applications of our 
cxpcrlisritechnolog~ applied to mcdicinc 
include t 11 modeling lascr4sue interactions, 
(2) the estahlishmcnt of a medical phoronicr 
Inhomtory for developing a hart ofncw 
medical technologier, and 13) the development 
of user-drtincd Iax diodes and diode- 
pumped. solid-state lasers for medical 
procedures (e.g., po~tmwinc r&in removal. 
tattoo re”lo\-al, and laser rtu-gery). 

. ,Milicq visodization s.wrans+Pul\cd 
microchannel x-ray imaging technologies are 
now being applied to developin& advanced 
night- and under\*,ater-vicil)ll technologies for 
the Depnrtment of Dcfcnse. 

. Adwniwi high-cnrrgy particle ncceleratw- 
Arcar h&g developed to support advanced 
accelerator technology include (I) the 
development of a high-gradient dielectric~wltll 
~~CCCICE”OT LO demonstrate tran<port 01 
electronc at I k.4 with a record gradient of 
20 MeVIm using novel insulating marerial~. 
and (2) the development of a high-currcnt 
electron-inducrioll accelerator for LLNL’s B- 
Divi’;ion Advanced Hydra-Test Facility 
proposal (a National Radiographic Fxility). 

. Femtosecw~d material proccs,Gng~Ths use of 
intenrc fcmtoaccond laser pulses for precision 
material pl-ocesing (cutting) of mctiil5 is under 
development for various government and 
commercial applications. Procesing with 
ultrahort pulse\ is qualitatively dillcrcnt from 
using longer pul\c\. The energy in an 
ultrarhort laser pulse is deposited in ii thin 
layer at the metal surface. The cncrgy is 
deposited so quickly that significant thermal 
conduction or hydrodynamic motion (\hock 
waves) do not have time to occur. Instead. the 
absorbed energy cffcctivcly removes the thin 
lay3 or mairrial. Very precise removal of 
metal has been demonshnted with no 
modification 01 adjxcnt maria1 even at high 
repetition rakes. The laser pulses remove 
material without rignificant thermal overlap 01 
bulk heating. 

Atomic Vapor Laser Isotope 
Separation 

The mission of the Atomic Vapor Laser laorope 
Separation (AVI.IS) Progriim is to provide the 
world‘r Iowcrt&cost enriched uramum for 
commercial power-plant fuel. The major building 
blocks of the AVLIS pnxxs\ include separators. 
laws and optical systems. 

The separation psocer~ user finely tuned. high- 
power lasw\ to lug the tissils isotope of uranium hy 
rcmtlving one of its electrons. The product \trc~m 
i\ formed by collecting :?jl! ions, ii\ well ar a 
portion of the ?j8L material on charged plates. Thi\ 
proccs takes place in a vacuum chamber whcrc the 
uranium is vaporized and cxporcd LO the lasers. The 
product is removed a\ vnall nuggets of solid 
uranium mclal [hat, with further chemical 
processing and fabrication, yicldh linihhcd fuel fat 
use in nuclear pcwcr rcilctors. 

The AVLIS Program is funded by the Unitcd 
StJtes Enrichment Cwporation IUSEC) and 
represent, the largc~ and most sigmficnnt 
technology transfer activity in the hiwry 01’ LLNL. 
USEC is presenrly B go~ernmcnt corporation 
‘upplying enrichmenl services to the nuclear fuel 
industry using existing gaseour diffucion plantr 
located in Kentucky and Ohio. AVLIS will offer 
USEC B lower-co\1 oplion for enriching uraniunl co 
meet ~mtonm demand with a plant rchcdulcd Ilr 
full production by 2005. 



Thir year, USEC authurixd the AVLIS tenm to 
continue t” move f~~ward with plant-scale 
enrichment cquipment verification testing and t” 
estnhlish the operation and engineering team needed 
to begin plant design and licensing. This tcarr 
includes Rcchtcl National Inc., Duke Engineering, 
Babcxk and Wilcox. AlliedSignal Corp.. and _ 
LLNL. 

Separator Activities 
Efforts in this key arca were focused on 

engineering and demonstrating separators l’or 
reliahlc “perations and enrichment performance. 
.The Separator Demonslration Facility (SDF) w> 
reactivated in Dcccmber 1995 t” progressively meet 
performance goals. These goals will culminate in 
verification of near plant~level enrichment in a 
series of integrated separator and laser 
dem”nrtrari”ns scheduled t” hcgin in early 199X. 

‘Three separator tat\ were initiated in the second 
half of this year that increased our mtal cumulative 
test time by 50% over prior testing in the 
I YY I I993 time frame. Thcie demonstrations led to 
important design and operations advance\ including 
(I) autwnaled control of the uranium vaporizer at 
ncwplant rates. (2) te\ting “f improved materials 
for reliable liquid uranium containment and Ilow, 
t3) identification of a need fol- uranium feed with 
low impurity content. and (4) closed-loop control of 
thermal \y~ms. 

Tn prepare for frequent (-2.month interval). 
long-duration separatnr testing next year, off-rhift 
operators and rciurbishment staffwcrc hired and 
trained. Significant support Ingihtics for 
procurement, planning. and parts inwzntory wa\ air” 
initiated. 

Lasers and Optics Activities 
All laser rystcms were activated thiq past year 

including the dye process lasers and copper lasers 
used to energize thcx systems. Three plant 
prototype wpper laser chains were activated. and a 
sin@-chain output of 1300 watts (86% of plant 
goali was demonrtratcd for long duration. In 
addition. the reliability growth of the high-average- 
pnwcr pulsed electrical power supply was sufficient 
to allow demonstration r~l’a mean time between 
failure at 60% of our plant goal. 

A plant prototypic dye law chain was operated 
at >80% plant power gwal\ averaged “ver the 500~ 
hour tar duratir,n. This test achieved all objectives 
including average powr. peal, power. efficiency, 
and availability in 500 hours. and indicatcr 

significant progress made loward engineering 
\ystems necessay fnr wccessful plant operation. 

In parallel with these single-chain dye laser tests. 
the numhcr of dye chains and associated optical 
systems in the Lacer Demonstration Facility ILDF) 
were douhlcd lrom tw” t” four chains to begin 
preparation for near-plant enrichment level 
demonstrations in IYYX. A new indurtrial-based 
computer c~~~r”l system WI\ also installed and 
activrurd. 

Plant Design Activities 
WC air” achieved “UT planned objective? in the 

areas of plant project efforts including completion 
of general arrangement design? for the plant 
separatw and laser buildings and completion r)f key 
design documents fr,r plant interface control and 
system design requirements. The plant computer 
cm~m~l system requirement specification\ wcrr also 
initiated nnd over one-third were completed by the 
end of the year. 
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Advanced Microtechnology 
Program (AMP) 

Extreme Ultraviolet Lithography 
The Advanced Microtechnology Program (AMP) 

continues to be one of the fasteat growing industrial 
outreach activities at LLNL. The Program’s largest 
project. extreme ultraviolet lithography (EUVL), 
has been very successful over the past eight years. 
During this period, the LLNL EUVL project has 
lransitioned from a patented concept to a 
completely indurlrially funded program. In 1996, 
Intel Corporation directly funded a 
multimillion-dollar effort in the EUVL programs at 
LLNL to form a six-monlh lransition Cooperative 
Research and Development Agreement (CRADA). 
Thih CRADA was developed to keep the world- 
class and uniquely talented LLNL technical team 
and facilities intact while the EUV Limited Liability 
Corporation (LLC) was formed with membership 
limited to U.S. semiconductor manufacturers. The 

l,W VPP< /> ,.IX~IRSD .,,5” LLC has entered into a CRADA agreement with 
,Ul,m Cktn hi Beorn three national Iaboratories~Lawrence Livermore 
f,~tmrr De,w\uion s,,rrm, National Laboratory, Lawrcncc Berkeley National 
,,qx,r;ti i,ini‘ion,~iici~,cr Laboratory, and Sandia National Laboratories+ 
dmwv ihi,, ,lh ,,,irh who. acting as a sinrrle unit. formed n “Virtual 
rinpimnz <I< wn,q National Laboratory:’ (VNL) for the sole purpose of 

developing EUVL. The VNL will provide the 
required research and development. The LLC will 
engage the industrial bax as wll a? develop 
machines designated as “steppers.” The goal of the 
project is to provide the capability of 
short-wavelength (-13 nm) projection lirhography 
for mass production of integrated circuits with 
features less than 0.10 pm. 

The multilayer deposition process to f;ibricate 
lithographic masks for the extreme ultraviolet 
spectral region (warelengtha -13 nm) must be 
defect free because there is no viable technical 
approach to repairing these mask defects. AMP 
leveraged “standard” handling and characterization 
tools for 150.mm-di,ameter Si wafers for process 
development to reduce panicle contamination by 
orders of magnitude. In cloac collaboration with 
AMP, these processes and insights have been 
incorporiitcd into the Veeco IBSD 350 system, which 
establishes a new paradigm for the production of 
precision, low-defect, thin. single, and multilayer 
film coatings. The system deposits virtually defecr- 
free films of individual atomic layers and reduces 
defect density by a factor of 10’ from Existing 
equipment. In addition to the outstanding 
improvement in defect density, excellent deposition 
control was demonstrated by reflectivity >6S’?? (at 
I3 nm) with uniformity better than 1%. This class 
of films is critical to device fahtication in the $120B 
semiconductor manufacturing industry and in the 
$1008 magnetic recording industry. 

Absolute Interferometer 
Thne Ahsolute Interferometer is a revolutionary 

new instrument that o~~~rcomes the reference wave 
limitation of classic interferometers by using 
diffraction to create a perfect spherical wavefront. 
Over a finite numerical aperture, a diffracted 
wavefront can be arbitrarily good. Thrreforc. 
diniaction can be used to create two perfect and 
independent wavefronts~one for the reference and 
one for the test wave. thus eliminating the need for 
man-made rcfcrences. Since they are generated 
independently, their relative amplitude and phase 
can be controlled yielding the contrast adjustment 
and phase-qhil’ting capability necessary for the 
highest accuracy. 



The Absolute Intcrlixometer increases prior 
accuracy 100.fclld to measure surfaces absolutely to 
atomic dimeniions. <I nm. Thih revolutionary yet 
conceptually simple. practical. and uxful metrology 
tool relies on a fundamental principle of nature. 
diffraction. to provide perfect spherical wavefronts. 

Magnetic Storage 
The dramatic increase in magnetic storage and 

retrieval capacity is directly related to the 
ever-decreasing feature size of the rcnsor heads 
used to read magnetic disc?. A!, the critical 
dimensions of rhew heads decrease. though, a 
technological barrier is encountered with the 
rt;lndard inductive head design that will not operate 
at the higher storage densities (I Gbitiin.” and 
higher) of future-generation rystcm\. liesearchers in 
AMP have been collaborating with Read-Rite 
Corporation personnel to develop new materials that 
provide an intrinsic resistance change to an applied 
magnetic field-the well-known magnetoreslstlvc 
effect. These rubmicron multilayered metcrials are 
expected LO replace the inductive configuration 
lince their performance will improve with 
decreasing feature Gzc. thus providing a 
technologically feasible roure to very high storage 
and retrieval capacity. A record response for the 
highest usable response of resistance change, a 
recognized figure of merit, was xt for the 
nickel-iron alloy and wppcr combination AMP 
fabricated. 

The collaboration between LLNL and Rend-Rite 
ha!, produced a sensor head design capable of 
reaching the ultrahigh areal density regime of 
10 Gbitiin.?. (The group has reccivcd an R&D 
Magazine R&D 100 Award for their efforts in thih 
area.) This design uses a patented shielded, biased 
configurati<m with multilayered malcrial 
combinations oprimixd hy workers in AMP. Thir 
material combination has been demonstrated to 
achicvc the necessary magnetic field sensitivity fcx 
a working device. Furthermore, a robust unique 
modeling capability has been established within 
AMP using numerical technique> adapted from 
plasma physic? particle codes to the so~callcd 
micromagnetic theory. This theory predicts the 
formation and movement of magnetic domain wallr, 
which is critically important to the optimal 
performance of these small devices. 

Adaptive Optics 
Atmosphcrlc turbulence severely limits the iiirqr ,mr,<m h, <I w,, i>u 

resolution of ground-hascd telescopes. If the cl’fccts diniP,,.si<mi ,<, mnr M.iih 
of turbulence could be fully corrected. Lhc dxoiuir (ii< uriic~l 
resolution could be improved up L~I a factor of 50. 
Adaptive optics can correct atmospheric distortions. 
hut require a nearby bright reference star, available 
in less than IO% of the sky. An artificial beacon 
was created by resonant light scattering from atomic 
sodium in the mesosphcrc, at 95 km In the Call, 
building on earlier LLNL successes, a team of 
scientists and engineers successfully demonstrated 
Ggnificant image improvement with the laser guide 
star ndaptivc optics system on the 3-m Shane 
Telescope at the Univerrity of California’c (Sanla 
Crur) Lick Observatory. located on Mt. Hamilton. 
The system included the LL,NL-constructed 
deformable mirror and sophisticated software. 
These results are the lirst significant image 
improvement CYW achieved with high-order 
adaptive optics using a wdium-layer laser guide 
star. Corrected long-exposure images rccordrd in 
the near intiarcd at a wavelength of 2.2 pm showed 
a factor of 3 increase in peak intensity and a factor 
of 2.4 dewax in Cull width ar half maximum to 
less than I13 of an arc second. This technique hold\ 
srnlng promise for the world’s largest telcrwpe 
(Keck Obwrvatory in Ilawaii) and is an excellent 
demonstration of the power ol’adaptive optics for 
ry\bms of the future. 



Lasers = - 

Micropower Impulse Radar (MIR) 
The Micropower Impulse Radar (MIR) has 

continued its impressive growth and applications 
development. The ultra-wideband receive1 
technology for MIK has its roots in development 01 
a transient digitizer fol- Nova laxr Cu\ion 
diapnostics. Based on emitting and detecting very 
low amplitude voltage impulses, MIR Iha? a 
wnsitive detection window for accuralc ranging that 
can be varied wer time to provide radar return 
inform;lti<ln at various ranges. The hardware 
package is very small (hand held), made of 
inexpensive electronics, and has extremely low 
power rcquircments. Average emission? a~-e well 
hclow 10 mW and are spread over scvcral 
gigahertz. virtually eliminating both interference 
and intcrccption. 

‘The MIR technology Ibay ovcr 10 associated 
patents. It has also won numerous awards and i? 
licenxd tu wer 20 companies. Several MIR 
products are now on the marhct. and more are 
expected in the next year. However. our main 
program Cocus has been on several new gorernmcm 
projects. Land-mine detection using MIK and 
advanced image prwxing concepts from previous 
radar projects is now being funded by the Defcnrc 
Special Weaponv Agency (DSWA) and the U.S. 

army. PA array 01 MIK devices has been 
demonstrated for finding plastic antiperwnnel .I 
mines in most soils. The Fcdcral Highway 
Adminislration and the California State Department I 
of Transportation have joined with LLNL to design 
an MIR system for High-Speed Electromagnetic 
Roadway Mapping and Evaluation Systems 
(HERMES), One portion of HERMES will prwide 
high-speed mapping of an cnlire bridge or highway 
x&on, wherear the second portion will provide 
high-detail data of flawed subsurface areas in the 
roadway. HERMES has the polcntial of 
vignilicanlly reducing inspection costs while 
improving the safety of our highway infrastructure. 
A new Navy project is takcd with developing an 
MIR-based sensor for tracking helicopter blades in 
flight, Other applications include law cnlarccmcnt. 
respiration and hear-rate measurement, speech 
processing, and security sensors for DOE ad DOD. 

Subwavelength Optics Structures 

? 

AMP continues to push the frontiers of optics. 
e Program Ins developed submicron period rc&t 

s ructures ranging from one-dimensional postc and 
holes using interference lithography and inn&e 
reversal to more complex two-dimensional anays. 
By transferring the resist patlcmr into underlying 
whstralc~. polaritation elements and 
polarization-insensiti\,e antireflection elements. 
novel and revolutionary oplical components can be 
produced. For example. in collaboration with the 
University of Minnesota. AMP fabricated an 
intra-laser-cavity fured silica device with 16 levels 
of dil’l’raclire phase elements to venerate a flat 
intensity profile (versus the standal-d bell rhapc). 
This required placing the mask wilh xlhmicron 
accuracy fr,r the four-step lithography proces‘ 
resulting in a desired pattern. 

Sh-ategic Materials Applications 
Program (SMAP) 

The Strategic Materials Applications Program 
(SMAP) was created in February I996 to 
consolidate a numhcr of cxisling projects within 
Laxr Pn~grams. SMAP aim3 to develop new 
initiatives in the area of strategic nuclear matcrialr. 

Laser Programs has a long history of research. 
devclopmcnt and demonstration of nuclear 
technologies. beginning with the Atomic Vapor 
Law Isotope Separation Program (recently 
h-anrfen-cd ~0 the United States Enrichment 



Corporalion I USECI). the Special Isr)Lopc 

I Separation Program for plutonium isotope 
ceparation, and the Inertial Confinemenr Fusion 

I Program. 
SMAP projects are engaged in developing 

technologiec for procewing. manuf;lcruring. srwing, 
and disposal of rtralegic nuclear rnalerials 
(principally uranium and plutonium) aswciated 
with the nation‘s nuclear w’eapon\ w&pile. We are 
alw developing xlvanccd lcchniqucs for \afc and 
stxure disposition of excess nuclear material5 from 
the Depwmmenr of Energy’s (DOE) inventory. 

Advanced Recovery and Integrated 
Extraction System (ARIES) 

The Program is working wilh LANL to develop 
a modular system to recover plutonium from retired 
or excess lnuclear weapons. SM.AP will biwct or cur 
apart the rrturned pi15 and recovrr the plutonium in 
a stable form for long-term storage or dirposition. 
LLNL will deuelop the prototype hardware for 
culling and rcmoring the nuclear material. LcsL Lhcx 
systems. and design the final production modules 
for installation and use at LANL. 

reduclions in nuclear 
weapons. Although 
disatmamenr offws 
hops for improving 
world security, the 

One disposition altcl-native wnsidcrcd for 
surplus plutonium is immobilization or 
encapsulation of plutonium in glasr 01. ceramic. 
I>I.NI~ will rclcctcd hy DOE as lcad liihoralory LO 
develop methods for transforming surplus 
plutonium into long-term immobilized forms that 
meet environmental. Eafety, and recurity ohjccLivc\. 
Supprx~ lahoralories include Westinghouse 
Savannah River Technology Center, Argonne 
National Laboratory, Oak Ridge National 
Laboralory. Pacific Northwest Laboratory. and the 
Australian Nuclear Science and Technology 
Ol-ganisntion. 

Laser Cutting Project 
SMAP is developing lacer cutting technology for 

Delenrr Programs lo help disawxnhlc nuclear 
weapons in a lmanner that will allow reuse of high- 
CIW components within the waponr. LJsing LLNI.- 
developed f~rrntosccnnd-~LII\L I;l\er wchnology. we 
have demonstrated an ability to make extremel 
narrow and highly precise cuts in a variety 

1 R&D 100 Award. 

Plutonium Immobiliza 
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The R&D 100 Awards 

Each year R&D Magazine wlccts the 100 most 
technologically significant products and processes 
submitted for consideration and honors them with 
an R&D 100 Award. Winners arc chosen by the 
editors of the magazine and a panel of 15 experts in 
a variety of disciplines. Corporations, government 
laboratories. private research institutes, and 
universities throughout the world vie for this 
“Oscar” of applied research. The R&D 100 judges 
look for products or processes that promise to 
change people’s lives by significantly improving the 
environment, health care, or security. In the years 
between 1985 to 1996 the Laser Directorate won 2X 

“C~:LISAT, ~iw ~u~bip R&D 100 Awards, placing it seventh in werall 
uh”i”kr so~id-sme competition for all national organizations. In total, 
Laser Produci. ” Dock row’ to date, the Laser Directorate has received 34 R&D 
from left urr /t”d> 100 Awards. 
““)rmion, John raosiano. In 1996, Stephen Payne, Christopher Marshall, 
,acl Spdz nnd wiiiiam Andy Baymmian, John Tassano, Joel Spetb, and 
Krupka. Elotrvm rvw~rutn William Krupke along with Gregory Quarles and 
i@ am Swphcn Poyz and Vida Castillo of VLOC (formerly Lightning Optical 
Chrisi”Dher ,wmdd Corporation) shared an award for the “Ce:LiSAF. 

First Tunable Ultraviolet Solid-State Laser 
Product.” The new optical crystal (Cc:LiSAF) 
makes an all-solid-state, directly tunable. ultraviolet 
(UV) laser commercially available for the first time. 
Developed jointly under the terms of a Cooperative 
Research and Development Agreement with VLOC 
Inc. (a division of II-VI Inc.) of Tarpon Springs. 
Florida, the crystal consists oflithium-strontium- 
aluminum-fluoride doped with cerium, a rare-earth 
metal. Ce:LiSAF is expected to usher in a new era 
of laser applications. It is particularly well suited to 
remote-sensing environmental applications because 
many targeted molecules, including ozone and 
somatic compounds, have characteristic absorption 
bands in the ultraviolet. Already, a cerium laser has 
been deployed to remotely detect ozone and sulfur 
dioxide in the environment. Additionally, the U.S. 
Army is considering ils use to monitor the presence 
of tryptophan, a common component of biological 
weapons. Another potential military use could be to 
secure wireless communications links between 
infantry units over short distances of approximately 
I kilometer on a battlefield. 

The power, simplicity, and reproducibility of 
Ce:LiSAF will change traditionally difficult, 
expensive, and sensitive applications into 
commercially feasible ones. Because of thia crystal, 



unable ultraviolet lasers may move rapidly from 
the domain of scientific rcscarch laboratories into 
industry. 

Tlmmas McEwan received an away-d f~lr 
developing a new micl-opowcr impulse radar (MIR) 
applicalion. the “tlectronic Dipstick.” The result 01 
a string of spin-off technology devch~pmentr in 
Laser Programs. the clcctnmic dipstick i? a device 
that nwastm~ the time it takes for an electrical 
impulse to reflect from the surface liquid in a 
container. so tluid Icvcl can be calculated. At better 
than 0. I% accuracy, extremely low power, and B 
cost of less than ten dollar\, applicatirnu include 
measuring tluid Icvcl\ in cars, oil levels in 
\upcrtankers, and even corn in grain elevators. 
Unlike ultrasound and infi-ared measurement 
devices, the electronic dipstick is not tripped up by 
foam or vapor. extreme remperarure or prca5ure. or 
corrosive marerial~. Over time, the technology 
should make olhcr fluid-level sensing devices 
obsolete. 

Michael Perry, Andres Femandez, James 
Spa&s, Nat CegIio, Jerald B&ten, Andrew 
Hawi-yluk, Hoang Nguyen, and Robxt Boyd shared 
an award for a Xithography System for Flat Panel 
Displays.‘. The development of cost-effective. Iargc 
area. laser interference lithography i\ a way LO 
precisely and uniformly produce regular arrays of 
cxtrcmcly amall cless than 100 atoms wide) 

electron-generating field-emission 
tipr. It will significantly advance 
the effon to fahricatc field-emisGon 
display (FED) flat panels. FED flat 
panels are a major improvcmcnl 
over active matrix liquid crystal 
display technology because they 
consume less power and can be 
made thinner. brighter, lighter. and 

larger. and with B wider field of view. Potential 
applicatirms range from more efficient portable 
wmputers to virtual-reality hcadxlb and wall- 
hugging TV sets. 

Charles Vann’s award-winning “Six Dcgrccs of 
Freedom Sensor.” a small. noncomact optical sensor 
will improve the manufacturing processes that 
employ rohols by eliminating the time-consuming 
and expensive proceu of “Icaching” robotic 
machinery new motions when manufacturing 
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changes are required. This FIX- 
decree\-of-freedom (called SixDOF) 
senwr cm sense its porilion relative fo 
a piece being machined. allowing Lhc 
robot to autonomously t?)llow a 
prcdescribed machining or 
manufacturing path. AF its name 
implies. the SixDOF senwr enses its 
position in all six dcgrces of freedom 
(the x, y, and I axis as well ac the 
turning m&on around those axes). 

Stephen Vemon, James spauas, 
Charles Cejan, Nat Ceglio, Andrew 
Hawryluk, Don Kmia, Benjamin Law, 
and Daniel Steams. with Robert 
Kottmayer of the Kc&Rite 
Corporalion. shared an award for 
“Ultrahigh-Denrity Magnetic 
Sensors.” The ;rdvanced mqnclic 
senwr i\ a critical conqlnent In 
magnetic storage dcrices such a~ 
cornpurer hard-disk drives. The new 

sensor offers greater rensiti>ity and 100 fimer 
greater storage dcnhilies than current commercial 
product?. Its storage density limit approaches the 
projected limit of magnetic disk drive technology ot 
100 gigabit/l in.* 16.4 cm’). Using thin-film 
technologies previously developed at LLNL, the 
wnsor is built of alternating layers of thin magnclic 
and nonmagnetic materials. 

Fellowships 

American Physical Society (Al’s) 
Bruce Hammel, Laurance Suter, George 

Ziieman, Alex Friedman, and George Capomo 
have hccn made Fellows of the American Physical 
Society, brin@g the t&d number of 4l’S 
Fellowships earned by the Inertial Conlinement 
Fusion Prt~gram since 1976 to thirty. The APS 
\clccls only one-half of one percent of it\ total 
membership for Ccllowships each year. 

Hammel received his ciration for “meawrements 
and understanding of x-ray driven implosion\, x-ray 
driven hydrodynamic instahllltlec. and x-ray drive 
nsymmcuy.” He is currently head of experimental 
rcscarch within the Livcrrnore ICF Program and is 
responsible for cxperimenrs on the Nova laser. An 
eight-year veteran of the Laboratory. Hammel is a 
graduate of the Deparlment of Physic\ at the 
University of California. Berkeley, and earned his 
M.A. and Ph.D. degrees from the Department 01 
Asuophysical, Pl;mcwry, and Atmospheric Sciences 
at the L!niver\ity of Colorado at Boulder. Some of 
his ECCIIL work include\ mcarurements and control 



Mudd College in Claremont and his 
graduate degree at UC Berkeley. He 
was honored in 1983 with the 
Department of Energy’s Ernest 0. 
Lawrence Award. 

of n-ray symmetry in laser-hcatcd bohlraums and 
investigations of high-intensity laser-matter 
Interaction. 

St&r’s citation is for “pioneering work and 
leadership in the dc\ign. modeling, and an;lly\ir 01 
cxpcriments using laser-heated hohlraurns that 
quantify and control x-ray drive, symmetry, and 
pulse shaped implosions.” A twenty-two year 
VCLCM” of the Laboratory. Suter i\ currently 
llohlraum Goup Lcadcr in the Theory and Target 
Deign (X) Division. A graduate of Union College 
in Neti York. he earned his x4.5 and Ph.D. degree? 
from Stanford LJniverrity and has previously been 
honored as a National Science Foundation Fellow, a 
Wwdrow Wilson Fellow, and a Caitlin Fellow. 
Some of his recent work rm a new type of source fcx 
producing x-ray\ with high-powered laxrs i? iit the 
heart of the effort to build nuclcx weapons effect5 
testing capability into the NIF. 

George Zimmemtm, group leader for the Inertial 
Confinement Fusion Code Dcvclopment Group in 
X Division. WBI cilcd by the APS for “his creation. 
and wbrcquent development. of the LASNEX 
rimulation code, which bar hccn wed extensively to 
guide the development of the National ICF Progriim 
from it\ inception. to thiv day.“ Zimmcrnxm has 
worked on the LASNEX cudc. whose principal use 
is for inwtial conlincment fusion and target 
simulation. since 1970. A Laboratory employee 
hx 1969. Zimmerman carnsd his B.A. at Harvey 

AlexFriedman, who i\ a project 
leader for heavy-ion fusion research, 
was cited for “innovations in computer 
modeling of fusion plamas, laser 
plasma interactiun~ and charged 
particle beams, and design of high 
space charge accelcriilor components.” 
Hejoined the Laboratory’s Physics 
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Depxtment in 1980 after completing twu years of 
po~tdocrorate research at LJC Berkeley. Friedman 
earned his undergmduatc and graduate degrees at 
:omell IJnivcrsity. 

J 

George Caporaso wa’i cited by the APS for 
riginal contributions to the design and analysir of 

high-current electron accelerators, especially for 
instability studies which have greatly extended the 
utility of induction linacs.” A project leader for lhe 
Advanced Kadiography MachinriEhperirnental Test 
Accelerator-II Prqject, Caporaso has been a 
Laboratory employee since 1911. He earned hoth 
1s graduate and undergraduate dcgrccr at MIT 

?tical Society of America 
1 ‘Gary Sommq~en was cited for hi\ 

distinguished service in the advancement of optic\. 

Acoustical Society of America 
James Candy received a fellow status from the 

Acoustical Society (II‘ America for “outstanding 
achiwemcnl in signal and image proccuing. sound 
propagation. ocean acoustu. and law ultrasonics.” 
Candy. an engineer. is serving as the Director 01 Lhc 
Center for Advanced Signal and Image Sciences 
(CASIS). He has been at lhc Laboratory for Went” 
years. working mainly in signal and image 
procesring, sound propagation. and larer 

*‘” ultrasonics. Recently his work has concentrated on 
1. 1 acoustic sound (rxean acoustics and heart valve 

clawification). Candy received hi\ B.S. in Electrical 
Engineering from the Univerrity of Cincinnati, and 
his M.S. in Engineering and his Ph.D. in Electrical 
Engineering from the Unixryity (II’ Florida. 



Other Awards 

Federal Laboratory Consortium (FLC) 
Award 

The FLC Annual Awards for Excellence in 
Technology Transfer recognize Laboratory 
employees who have accomplished outstanding 
work in the process of transferring I;ihoratory- 
developed technology. Nominations are made by 
the Laboratory representative and are judged by 
representatives from industry, state and local 
government, academia. and the laboratories. The 
nominations alone represent B high honor among 
peers and laboratory management. The three awards 
(representing all those awarded to LLNL) from the 
Laser Directorate rank the Lab among the top 1996 
winners out of more than 650 federal government 
laboratories and research centers that comprise the 
consortium. 

Laser physicists Luis Zap& and Lloyd Hack4 are ,lu”-LL” aen. Ekmh 
plus former lab technology transfer official Damon MOWS, Gicnn MCW und 
Mstteo, received an award for their work with Dill” Ci”d”. 
Intevac Inc., of Rocklin. California, on B machine to 
help manufacture tlat-panel displays. 

Electronics engineers Tom McEwan and Pat 
Welsh, with technician Greg Dallum, received a” 
award for their assistance to companies that have 
licensed McEwan’~ popular radar as an “electronic 
dipstick.” 

Physicists Booth Myers and Hao-Lin Chen, and 
mechanical engineers Glenn Meyer and Dine Ciarlo 
received ‘an award for collaborating with American 
International Technologies Inc. of Torrance. 
California, in developing a new electron beam 
system for processing materials. 

1996 Outstanding Achievement Award by 
the Fusion Energy Division of the 
American Nuclear Society 

BillHogan received the 1996 Outstanding 
Achievement Award for his pioneering work in 
inertial fusion energy. Hogan has been a key player 
in the development of the field of inertial fusion 
energy as a respected branch of fusion research. A 
Laboratory physicist rince 1966, he is well know,n 
as a spokesman for the NIF and a proponent fix 
inertial fusion energy applications beyond NIF. He 
is also an advocate of fusion energy internationally, 
and qince 1992, he has served as chairman of the 
Vienna-based Atomic Energy Agency’7 adviwry 
committee on fusion cncrgy. He was recently 
elected vice chairman/chairman elect of the IWO- 
member ANS fusion division. 



Humboldt Research Award 
The Alexander van Humhohh boundation, of 

Gcrmany, has confu~cd on Bruce W. Shore, a 
Humboldt Rcscarch Award for Senior U.S. 
Scicn!isls. He is one of X0 prominent U.S. scholars 
to win this award this year. 

Thir award will enable Dr. Short and his family 
to qend 10 months at the University of 
Kaiserslaurem. Gcmrany, where he will wnlinue a 
collabor;llion with the Physics lacully investignting 
the hchavior of atom\ and molecules exposed tu 
laser radiation. Dr. Shore is a graduate (B.S. in 
Chemi\try, class of 19%) of the College of the 
Pacicic (now part of UOP) in Stockton, Calit?)mia. 

I 
He earned I Ph.D. in Nuclear-Inorganic Chemist0 
from the Massachusetts Institulc (11‘ Technology. 
Cambridge, Mnssachuxlls, in 1960. 

Distinguished Lecturer for Associated 
Western Universities for 1996-97 
Academic Year 

Luis Da Silva has been selectcd ii\ i\ 
Dirtinguished Lecturer for Associated Western 
Universities for the 1996-97 academic year. In 
selecting Da Silva as a distingui\hcd lecrurer. AWL’ 
cited his “accomplishmen~r as a distinguished 
laboratory scientist.” adding that through his 
presentation\ hc will be able to provide a forum for 
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Industry Week Magazine Award for the 
Top 25 Technologies of the Year for 1996 

Don Kania and the AMP progrun were honored 
with this award for their wrrk (in conjunction with 
Sandia National Laboratories. Emwt 0. I.awrcnce 
Berkeley National Laboratory. and tight U.S. 
microelectronics firms) in the use of extreme 
ultraviolet light (EUVL) for manufacturing 
computer chips. 

the exchange of ideas between the Lab and 
academic communities as well a? lay communities. 
He will be giving presentations on inertial 
confinement fusion, borrowing on his work with the 
Nova laser, as well as his recent work on lasers in 
medicine. Da 51x1 has been at the Lab since 1990, 
working first as a consultant before hewming a 
career employee. He received his B.S.. MS., and 
Ph.D. in physics from the University of British 
Columbia in Vancouver. 

Academic Gold Medal of the General 
Governor for the University of Quebec 

ClaudeMontcalm, a physicist in the Advanced 
Microtechnology Program has received the 
Governor General’s academic Gold Medal in 
recognition of his “outstanding academic 
performance” at the doctorate level. Since 1873. the 
Governor General’s Medal has heen iiwarded to the 
student who graduates with the highest standing in 
his or her institution. Montcalm, a native of Quebec, 
received his undergraduate degree from the 
University of Montreal and hi\ M.S. and Ph.D. 
degrees in physics from the University of Quebec. 
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nhe Fe,nw”n he, feiim 
tirar vzrmes MAP per?. Popular Science Magazine Award for 
Bob flunun, Bmni Stun “Best of What’s New” in 1996 
Job Mdirr, WPS MikePerry and the entire Petawatt laser team 
TiriboU Mob Bud received this award for their remarkable 
lMl!e Rrginu, mcmru TUii. achievement-for one-trillionth of a second in May, 
und ./err7 Rrinen the Pctawatt laser churned out 1,300 times the 

entire electrical generating capacity of the United 
States. This represents 1.3 quadrillion watts, or 
petawatts. This record eclipsed the previous laser 
power record by more than a factor of ten. One of 
the many purposes of the Petawatt will be to study 
advanced laser fusion concepls. 

Society for Technical Communications 
Competition 

20 

Each year the intcmationally renowned Society 
for Technical Communications sponsors a 
publications contest in which scientific, technical, 
and marketing documents are judged for excellence 
in writing and design. In 1996, Jack Campbell Gail 
Glendinning, John Limll, Randall McEachm, and 
James Murray (Scientific Editors), Jason Carpenter, 
Al Miguel, Peter Murphy, Joy Perez, and Dabbie 
Schleich (Editorial Staff) and Ken Ball, Dan 
Moore, and Linda Wiseman (Design and Art Staff) 
were honored with the award l’or two Lasers 
Directorate publications, the ICF Quarterly and the 
1995 ICFAnnual. 




