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Los Alamos Introduction
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. L°5 Alamos HIF Target Design

HIF Distributed Radiator

Target (Densities in
g/cm3)

(D) Au (.032)

(E) CD2Au0.03 (0.011)

(F) Fe (0.064)

(G) Fe (0.083)

(D AuGd (0.10)

(J) AuGD (0.26)

(K) AuGd (0.099)

(L) AuGd (13.5)

(M) Al (0.055)

(N) AuGd (0.099, 1.0, 0.5)

(0) D2 (0.001)

e Callahan & Tabak, Nuc. Fus. V.39 (884)



ios_A_Iamgs Low-p, High-Z Lattices

= Periodic Table of the Elements  [&

1 2

CHum | e 1999 IUPAC Values (limited to 0.001 atomic mass units) Boron | Caten | Mwogen | Ongen | Fuse | Heen

6841 | 8.012 . . 10,811 | 12.011 | 14.007 | 15.509 | 18.998 | 20.180
Complete values with errors available at B C N o] E |Ne

Li [Be www.chem.gmw.ac.uk/iupac/AtWt/
4 5 [ 7 B 3 10

(]
e Material e NS LA LN LN
22990 | 24.305 26,982 | 28,086 | 30.874 | 32.085 | 35,453 | 30548
° ° Na Mg Al Si P S C[l N
Substitutions n_liz 1 Ju s e v
Pumiiium |  Caitern | Scwncem | Tewum | Vemdes | orreewm | mesgaress I=n Cozet viicial [ = Fppenn
38.088 | 40.078 | 44.956 | 47.867 | 50.942 | 51.996 | 54.938 | 55.845 | 58.533 | 58.683 | 63546 | 8535 | 69723 | 7264 | 74522 | 7896 | 79904 | B3.80

AUGd% K|[Ca|lSc|Ti|V|[Cr|Mn|Fe|[Co| Ni|Cu|Zn|Ga|Ge| As|Se| Br | Kr

Fusidlos | Grasium | ¥elem | Dessrem s Tastrtor | uthashie Paladiuen Cadeiin Astrrary [ Takiiin ECT

Mebun Aeokie Eda: ndom Tin =)
B5. 468 | B762 | 8B.906 | 91.224 | 92806 | 95.94 {98} | 101.07 |102.806] 106.42 | 107.868|112.411|114.818| 118, 710[121,760Q 127.60 |1 26304 131 3493

e A“Oys A_B Rb| Sr| Y | Zr [Nb|Mo| Tc Eu Rh|Pd| Ag 4g:d In|Sn|Sb|Te| | | X8

a7 a8 33 40 41 42 43 45 46 47 43 50 51 52 53 54

Gatem | Gomanieml] A | Soenem | eomes

=R T D i s Flasrum =T Baruh | Pooum [ Assine Fadton

Bartsm e Thadem o
132.305|137 3271 74.05 7\ HSEEN S HONEAEIN SN 186.207| 190.23 |192.217|195.078|196.967 | 200.55 |204.383| 2072 |208.880| {208} | {=10} | {222}

High-Z (A)~> Cs|Ba [ Lu [HEPE W Re | Os | Ir | Pt [Au|Hg| T |Po| Bi | Po| At |Rn

55 56 71 i T 75 77 78 8 83 84 85 88
f {223} ;E? (262} | 1281} | {Jéhéa “loeer | {284y | 1277y | ‘t2ser | 121y | 272y | 1288y {289}
e La, Ta, Hf, W Fr|Raf Lr | Rf | Db| Sg|Bh|Hs | Mt|110[111[112] [114
a7 88 103 |wa |15 |108 |z |woe |ios |10 |11 |12 |z |14 |1s |1e |17 [1s
. e
ngh_z (B)% - 35.806]-40.115| 140.908| 144.24 | {145} | 1506 |151 964 157.25 |158.925 162 60 |164990| 167 255 |168 534 175 04 s
La|Ce| Pr|Nd|[Pm|Sm|Eu|Gd|Tb |Dy|Ho| Er [Tm|Yb
® H Pb Bi I Is7 58 58 80 61 62 83 B4 85 66 &7 68 &8 70 ]
g ’ ’ ’ {257 |232 028|231 nas|oas.oza| [2a7y | (2a4) | {e4ar | 1247 | (2a7h | 12517 | (2523 | {257 | 12se: | (5% S.O“C_is
Ac|Th|Pa| U |Np| Pu|Am|Cm| Bk| Cf | Es | Fm|Md|No J Lquids
89 50 Ell 9z aa 94 a5 a5 a7 98 a9 100 |10 102 Gﬂm




Low-p, High-Z Lattices

Additional Substitutions
CD2Au Foam~>

e High-Z metals in B lattice
Al >Boron Lattice

Fe > High-Z metals in B or Si lattice
CD2 ->Boron Lattice

Simpliies e vhree Elements
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» Los Alamos Low-Density Lattice
NATIONAL LABORATORY
| e Relative Tungsten Concentration
M e . vs. Location within Hohlraum
Ji——— i
“"-—-._._____h . Full Density Tungsten
High Conc. Tungsten
Civirid ﬁ%ﬁ Low Cone, Tungsien
~— il = Mo Tungsten

e Callahan & Tabak, -
HIF Distributed
Radiator Target >
Nuc. Fus. V.39 (884)



- Los Alamos Low-Density Lattice

T e Relative Bismuth Concentration

L/ [ vs. Location within Hohlraum
: - S ==
T ppea— —Y
5 B rui cone. Bismum
1 B medium Conc.

m Low No Cone, or Absan
2 sl = No Bismuth

e C(Callahan & Tabak,
HIF Distributed
Radiator Target
Nuc. Fus. V.39 (884)




:'!_os Alamos Low-Density Lattice

B e Relative Boron
T Concentration vs. Location

. 4 @@ within Hohlraum
\ B N R T >
m - i Hiah Conc.

Low Canc

e Callahan & Tabak, -
HIF Distributed - Wi
Radiator Target S
Nuc. Fus. V.39 (884)




ios Alamos What is LCVD?




» Los Alamqs

Engineered Materials

e Variable Spacing, Variable
. Fiber Diameter—->Variable

ezl 28KV Azf@ 188Fm WL

aa14 20KV %188 188Fn WD38
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Los Alamos Engineered Lattices

e Diffractive Optic \
Spot Array x

2-D Grid of AV AN
Gaussian Spots , }'—%
Source Oscillated i NN LN TNTL NN
During Growth to —— NA :_ﬂt:a;‘g" QYRR
Form Snake-like o — LaA e o AL ?‘g" RVA
Fibers S T ?Hi"‘ e Sl e S

. ‘ ‘ ! [ A
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aLos Alamos Engineered Lattices

e Line-Source
Diffractive Patterns
2-D grid of lines

Source Oscillated
During Growth to

Form Ribbon-like | g
Structures \ %
I'. & ac
1 ] 4 |
"'.m Yy |
'l"\.
'-,_'. o
i |
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. LosAlamos  Laser Deposition of Lattices

e Spiroidal Lattices
2-D array of Dots
Pattern Oscillates Rapidly
in2-D
Amplitude (Radius) of
Oscillation also varies

Sinusoidally at Lower
Frequency

823  ZBky A27@ 18@rm WDZ23
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Los Alamos Engineered Lattices

e Hohlraum Low-
Density Foams™”

e Create Materials that
Exhibit: T
Variable lon _
Penetration Depth Prescribed

. . Penetration @ ! @ @'
Var!able (Lf)w) Density Depth o & = = |
Variable, High-Z ¢

Doping :
Variable X-ray |
Absorption

Handling-Shock
Resistant,
Mechanically Elastic
Materials

Variable Geometries




___--""'1‘

A

Los Alamos HIF Target Design

e Final Assembly

Uses Functionally-graded
Engineered Foams to Simplify
Fabrication

e Design for Manufacture:
Builds from Inside Out

Avoids Precision Machining
Steps

Avoids Assembly Steps

Avoids Split Hohlraum
Assemblies

Auto-aligned Final Assembly
Step for Capsule Insertion

Fewest Process Steps

Uses Low-cost Materials & =
Processes Thin Film
M embranes

Functionally
Graded Lattice
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> Los Alamos Process Sequence
W H -
r| & R
End Plug

Cryo Assembly of
Capsule & Plug

3D-LCVD of

_ e Graded Materials

‘ Reactive Deposit ' ,
Injection ﬁ Hohlraum Wall
Molding of Case
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o Los Alamos Fabrication Sequence

e 3D-LCVD of Low-
p, High-Z Lattices

e Lithography-
F Defined

Membra‘ps)

r e Vacuum Mounting

I!.I'.\{\ ___.-l_:i.:l
l .n'l J o SR /]
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Los Alamos Fabrication Sequence

e Coat Hohlraum Wall
Closes Exterior of Lattice
Builds thick Overlayer for
Support & Containment

e Relevant Processes
Plasma Spray
Flame Spray
DW LCVD
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o Los Alamos Fabrication Sequence

e Reactive Injection of
Polymeric Case

e Insertion into Casing
Injection Mold Cap



> Los Alamos Fabrication Sequence

e Cryogenic Capsule
Placement

e Insertion of
Foam Lattice
Cap

Auto-aligns/Snap
Fit
Secures Capsule

Plug Oriented in
Firing Direction to
Maintain Integrity
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Los Alamos Fabrication Sequence

e Immediate
Target Injection
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> Los Alamos Process Sequence

r EE o

End Plug
Cryo Assembly of 3D-LCVD of
Capsule & Plug h BN S . - Graded Materials

Inject Target

‘ Reactive Injection Deposit J
Molding of Case h Hohlraum Wall




- Los Alamos Manufacturing Plant

Unit Processor,
/ {18}




~~

F 4

A

Los f‘_'i‘f""s Manufacturing Plant

e Important System Conponents
Pressure Vessel Compartment
Gas Inlet/Outlet

Sample Mandrel

Samples (3 in Parallel)

Archived Samples (9 on mandrel)
Focusing Optics

Diffractive Optic

Beam Expander

Beam Splitter

Steering Optics

Narrow-band Filters

Power Meter

Pockels Cell

Beam Polarizer

Precision Stages

Gaussian Beam Output 3kW

Load Lock and Transfer Systems

(14) P L
(13)| B - s
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«LosAlamos Precursors for Boron Lattice

e Boron Deposition
Halides: BCI3, BBr3, BI3
Hydrides: B2H6, etc.

2BBr,+ 3H,~>2B .+ 6HBr
2B1+ 3H,> 2B, +6HI
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Thermodynamics of Boron

e Simultaneous Use:
Boron Tribromide
Hydrogen lodide
Optional Hydrogen

e 1Atm Pressure

2BBr;+ 6HI +(H,)~>
2B+ 6HBr + 6l
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Thermodynamics of Boron

e By-Products from:

Boron TriBromide
Hydrogen

e 10 Atm Pressure

2BBr;+ 3H2
->4B,+ 6HBr
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» Los Alamgs

Thermodynamics of Boron

e Simultaneous Use:
Boron Tribromide
Hydrogen
Hydrogen lodide

4BBr,+ 3H2 + 6HI
>4B,+ 12HBr + 61
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Precursors for HfB2

e Boron Deposition
Halides: BCI3, BBr3, BI3
Hydrides: B

e HfB2 Doping

Halides: HfCl4, HfBr4, Hfl4

Hydrides: non-volatile

Organometallics: tetrakis- B2|'|6"'|'":c'49I'":BZ(S)""“'ICI'I'ZHZ
Diethylamido Hafnium:
HfIN(CH2CH3)2]14

e Combination Precursors

Hf(BH4)4 (Boron-rich
Deposits) New

2BBr,+HfCl,+5H,> HfB, . +4HCI+6HBr
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Thermodynamics: Tungsten

e Simultaneous Use:

Tungsten
Hexachloride

Hydrogen

WCI6 + 3H2 >
W(s) + 6HCI

e Tungsten Hexafluoride
begins decomposing at
about 200-250C
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Summary of Progress

e Assembled LCVD System

e Performed Thermodyanic Calculations, selecting
Optimal Precursors for High-Z Alloys

e Worked with Target Designers to Simplify
Hohlraum Materials> Alloys/Intermetallics of 3
Elements

e Developed Alternate Fabrication Processes
e Narrowed Options to a Simple Process

Kinetic Experiments with High-Z Precursors
Pulsed Deposition

High-Temperature Chamber(s)

Parallel Growth



