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DISLOCATION SITE FORMATION 

TECHNIQUES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims the bene?t of US. Provi 
sional Patent Application No. 60/920,659; ?led Mar. 29, 
2007, Which is hereby incorporated by reference in its 
entirety. 

BACKGROUND 

The present invention relates to dislocation site formation 
techniques, and more particularly, but not exclusively, relates 
to dislocation site formation along an interface betWeen lay 
ers of a multilayer thin ?lm structure. 
A variety of experiments indicate desirable properties 

resulting from dislocation site formation in certain materials. 
Unfortunately, standard techniques provide a relatively loW 
density of such sites, Which hampers the ability to prepare 
commercially viable products. Thus, there is an ongoing need 
for further advancements in this area of technology. 

SUMMARY 

One embodiment of the present invention is a unique dis 
location core formation technique. Other embodiments 
include unique methods, processes, apparatus, devices, and 
systems involving dislocation core formation to provide for 
clusters of one or more isotopes of hydrogen therein. Further 

embodiments, forms, features, aspects, bene?ts, and advan 
tages of the present application shall become apparent from 
the description and ?gures provided hereWith. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial schematic vieW of a multilayer thin ?lm 
structure. 

FIG. 2 is a schematic vieW of a dislocation core formed in 
a lattice of the device of FIG. 1. 

FIG. 3 is a schematic partial vieW of an interface betWeen 
layers of the FIG. 1 device along Which dislocation cores have 
been formed. 

FIG. 4 is a How chart describing one procedure for forming 
dislocation cores along the interface illustrated in FIG. 4. 

FIG. 5 is a partial schematic vieW of a multilayer thin ?lm 
device including a void-inducing material structured to form 
dislocation cores along an interface betWeen different layers. 

FIG. 6 is a computer-generated image of a micro-nickel 
mesh utiliZed as the void-inducing material for the device of 
FIG. 5. 

FIG. 7 is a schematic vieW of a multilayer thin ?lm device 
including channels formed in one of the layers along the 
interface betWeen the layers to form dislocation cores. 

FIG. 8 is a partial schematic sectional vieW of a device for 
a poWer system incorporating a multilayer thin ?lm electrode. 

FIG. 9 is a further vieW of the device taken along section 
line 9-9 in FIG. 8. 

FIG. 10 is partial schematic vieW of a multilayer thin ?lm 
device structured as an inertial con?nement fusion target. 

DESCRIPTION OF REPRESENTATIVE 
EMBODIMENTS 

For the purposes of promoting an understanding of the 
principles of the invention, reference Will noW be made to the 
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2 
embodiments illustrated in the draWings and speci?c lan 
guage Will be used to describe the same. It Will nevertheless 
be understood that no limitation of the scope of the invention 
is thereby intended. Any alterations and further modi?cations 
in the described embodiments, and any further applications of 
the principles of the invention as described herein are con 
templated as Would normally occur to one skilled in the art to 
Which the invention relates. 
One embodiment of the present application relates to gen 

eration of a high density of clusters of one or more isotopes of 
hydrogen at interfaces of multi-layer thin ?lm structures. In 
one form, stress-created dislocation voids suitable for the 
formation of such clusters are created at the interfaces 
betWeen thin ?lms by cyclic loading and deloading of hydro 
gen. Alternatively or additionally, a further form employs 
placement of nanoscale particles or ?bers betWeen the inter 
faces to cause suitable void sites during manufacture of the 
?lms. Other embodiments include a con?guration of the 
structures as electrodes, superconductors, charged particle 
and/or x-ray sources, and/ or for use in poWer systems. 
A further embodiment is illustrated as multilayer thin ?lm 

device 20. Device 20 includes tWo multilayer thin ?lm stacks 
26 on opposite sides of base/ substrate 24. Each stack 26 
includes alternating inner layers 28 of different types of met 
als designated as palladium (Pd) and nickel (Ni), respectively. 
BetWeen each inner layer 28 of Pd and Ni, a Pd/Ni interface 
30 is formed, only a feW ofWhich are speci?cally designated 
to preserve clarity. In one form, the base 24 is fabricated from 
stainless steel or aluminum; hoWever, other materials may be 
used in different embodiments. 

In one alternative embodiment, the alternating inner layers 
28 are of tWo dissimilar metallic materials. In a further 
embodiment, the alternating layers 28 are a metal and an 
oxide of metal, such as alternating inner layers of Pd and PdO. 
In another form, one layer 28 for each interface 30 is com 
prised of a material that readily forms a hydride and the other 
layer 28 for such interface 30 is comprised of material in 
Which isotopes of hydrogen are readily accepted. By Way of 
nonlimiting example, Pd and Ti readily form hydrides and Ni 
readily accepts hydrogen loading. In still another form, one of 
the alternating inner layers 28 includes one of the group 
consisting of Pd, Ti, Ni, Li, Au, Ag, U, and alloys thereof, and 
the other of the alternating inner layers 28 includes a different 
one of this group. This form is intended to include alternating 
layers each comprised of a different alloy of Pd, Ti, Ni, Li, Au, 
Ag, and/ or U. 

Referring to FIG. 2, schematically shoWn is an atomic 
lattice 40 With a representative dislocation core 42 formed 
along interface 30 in a portion 44 of tWo internal layers 28 of 
device 20 (not to scale). A number of hydrogen atoms com 
prise cluster 46 in core 42, Which may be comprised of one or 
more hydrogen isotopes (1H, 2H or D(euterium), 3H or T(ri 
tium)). In one form, dislocation core 42 is structured to 
receive a cluster 46 of at least 5 hydrogen atoms or isotopes 
thereof. In a more preferred form, dislocation core 42 is 
structured to receive a cluster 46 of at least 50 hydrogen atoms 
or isotopes thereof. In an even more preferred form, the dis 
location core 42 is structured to receive a cluster 46 of at least 
500 hydrogen atoms or isotopes thereof. 

Referring additionally to FIG. 3, a number of dislocation 
cores 42 are shoWn schematically along interface 30 formed 
betWeen inner layer 28 of Pd and inner layer 28 of Ni for 
device 20. In FIG. 3, the Pd layer is more speci?cally desig 
nated by reference numeral 62 and the Ni layer is more 
speci?cally designated by reference numeral 64. It should be 
understood that the nature of Pd as a more favorable hydride 
forming substance than Ni likely results in the formation of 
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dislocation cores 42 in layer 62 at interface 30. The disloca 
tion cores 42 contain mismatched atomic structures due to the 
different materials on each side of the interface 30imaking 
it susceptible to stress-created dislocations, such that a large 
density of dislocation sites for cluster formation can be 
obtained With some degree of uniformity along the surface 
area of interface 30. The use of multiple thin ?lm layers With 
many interfaces 30 approximates a nearly uniform three 
dimensional volume for dislocation (and correspondingly 
cluster) sites to form. 

In one embodiment, a technique to increase formation of 
dislocation cores involves preparing the thin ?lm layer inter 
face 30 using one or more different procedures. In one non 
limiting form, a prede?ned target representative of a desired 
dislocation site density of a multilayer thin ?lm device design 
is established, and a multilayer thin ?lm device is formed 
according to the design. This device formation includes pro 
viding a ?rst layer of a ?rst type of material and a second layer 
of a second type of material dissimilar from the ?rst type of 
material and preparing an interface betWeen the ?rst layer and 
the second layer to increase a quantity of dislocation sites 
therealong in correspondence With the prede?ned target. 
After forming, the multilayer thin ?lm device is supplied With 
one or more isotopes of hydrogen to form hydrogen clusters 
in the dislocation sites to facilitate application as a supercon 
ductor, an X-ray source, a charged particle source, as a poWer 
supply component, or the like. 

FIG. 4 provides a ?owchart of one nonlimiting procedure 
220 of the present application to promote dislocation core 
formation. Procedure 220 begins With providing a thin ?lm 
structure, such as device 20 in operation 222. Procedure 220 
continues With operation 224 in Which the thin ?lm structure 
is loaded With one or more isotopes of hydrogen using any of 
several techniques. These techniques include: electrolysis 
hydrogen loading, pulsed plasma bombardment hydrogen 
loading, and gas pressure hydrogen loading. During loading, 
the metal lattice is expanded by the entering hydrogen atoms, 
creating stress Which causes dislocation core formation. In 
one implementation, loading occurs at several atmospheres 
for several hours. After loading, the structure is deloaded in 
operation 224. Deloading of the loaded hydrogen alloWs rep 
etition of the loading stresses and progressively forms added 
dislocation cores. In one nonlimiting form, deloading occurs 
for about tWo hours by pumping a chamber containing the 
structure doWn to hard vacuum. 

From the loading/deloading of operation 224, procedure 
220 continues With conditional 226. Conditional 226 tests 
Whether a desired level of dislocation core formation has 
taken place. If the test outcome is false (no), then the loading/ 
deloading cycle of operation 224 is repeated until the test is 
true (yes). The cycle may be repeated for several days up to a 
Week or more, and such cycles may be timed and or With other 
salient parameters that are uniform/periodic from one to the 
next or nonuniform/aperiodic in nature. In one form, at least 
5 cycles are performed. In a more preferred form, at least 10 
cycles are preformed. In an even more preferred form, at least 
25 cycles are preformed. 

The test may be satis?ed simply When a predetermined 
number of loading/deloading cycles of operation 224 are 
completed. Alternatively or additionally, the test of condi 
tional 226 may be satis?ed by direct observation and/or by 
indirect measurement. In one example, the test is satis?ed by 
gas pressure measurements to determine ?oWs in and out of 
the sample during loading and deloading. The process is 
continued until these pressure measurements indicate that a 
saturation amount of retained gas is achieved, i.e. the a target 
dislocation site/cluster level has been formed. From condi 
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4 
tional 226, procedure 220 continues With operation 228. In 
operation 228, hydrogen is supplied to the structure to pro 
vide clustering in the dislocation cores formed by the repeti 
tive loading/deloading cycles and applied as desired as a 
superconductor, anX-ray source, a chargedparticle source, as 
a poWer supply component, or the like. Depending on the 
application, a continuous How of one or more hydrogen iso 
topes may be provided in operation 228 and/ or an intermittent 
supply provided. 
A further procedure for forming dislocation sites at the thin 

?lm interfaces involves placing microscale and/ or nanoscale 
material betWeen the layers. This material is in the form of 
particles, Wires, ?bers, meshes, a porous ?lm/ layer, or a com 
bination of these. FIG. 5 schematically illustrates thin ?lm 
device 320. Device 320 includes thin ?lm layer 322 and thin 
?lm layer 326 With a dislocation site-inducing structure 324 
positioned therebetWeen along the resulting thin ?lm layer 
interface 330. Structure 324 can be a microscale and/or 
nanoscale material that causes voids and discontinuities to 
form along the interface in the nanoscale range. It should be 
appreciated that microscale materials frequently are struc 
tured to form nanoscale voids betWeen its constituents and/or 
With one or more of layers 324 and 326, from Which disloca 
tion cores result. Speci?cally, the thickness of the structure 
involved is desirably selected to obtain the dislocation site 
density. Generally, dislocation sites form around the intersec 
tions of the microscale/nanoscale structures Where a void 
occurs betWeen layers. Note that With preformed nanoscale 
voids in the structure 324, loading Without cycling can 
achieve a higher dislocation site and corresponding hydrogen 
isotope cluster density. 

FIG. 6 illustrates a computer-generated image of a micro 
nickel ?ber (MNF) mesh 424. Mesh 424 is one nonlimiting 
form of structure 324. Mesh 424 has dimensions in the 
microscale range as can be observed in the image of FIG. 7, 
Which includes a reference distance of 100 micrometers (100 
pm) in the bottom center portion. In one process that used 
MNF, a Pd ?lm is sputtered onto a ceramic substrate, and the 
MNF is then placed on top of the Pd ?lm. This arrangement is 
then heated and maintained at several hundred degrees C. in a 
vacuum chamber for ~2 hours for out-gassing and annealing. 
Next, a second thin ?lm is sputtered onto the top of the MNF. 
The process is then repeated to build-up the desired layering 
for the multilayer device. 

FIG. 7 illustrates multilayer thin ?lm device 520 that incor 
porates another technique to provide for the formation of 
nanoscale voids that induce dislocation site formation. 
Device 520 is partially shoWn, including thin ?lm layer 524 
and thin ?lm layer 526 that form interface 530 therebetWeen. 
Along interface 530, a number of microscale and/or or nanos 
cale channels 528 are formed in the face of layer 524 to 
provide for the formation of dislocation sites. In one form, 
micro-grooving is used to create a “scratch” pattern on the 
thin-?lm prior to deposition of the subsequent layer. While 
sputtering Was used in these preparations, in other embodi 
ments alternate techniques can be used, such as plasma depo 
sition, electroplating could be used, chemical vapor deposi 
tion, and/or or physical vapor deposition could be used. 

While only shoWn With tWo layers, it should be understood 
that device 320 or 520 can each include a greater number of 
alternating thin ?lm layers to provide a number of interfaces 
330 or 530 betWeen each alternating layer pair. It should be 
appreciated that the alternate layer compositions described in 
connection With device 20 can also be utiliZed With device 
320 and/or device 520. Likewise, it should appreciated that 
any of the dislocation core formation techniques (and corre 
spondingly the cluster formation techniques) described With 
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any embodiment of these devices can be used in combination 
or as alternatives to one another in other embodiments. 
A number of different implementations of the thin ?lm 

structures of the present application are envisioned. For 
instance, FIGS. 8 and 9 depict a hydride-loaded, thin-?lm 
multilayer electrode poWer system 620. FIG. 9 is taken along 
section line 9-9 of FIG. 8, illustrating an approximately cylin 
drical pro?le. System 620 includes a multilayer thin ?lm 
electrode structure 624 inside a cylindrical housing 622. 
Structure 624 includes alternating inner layers of Pt and Ni, 
With an outer barrier layer and inner platinum (Pt) block (see 
inset of FIG. 8). Inside structure 624 is a hydride donor layer 
626 structured to donate protons, such as (LaNiHx) for cluster 
formation in dislocation sites of structure 624. Inside layer 
626 is a semitransparent oxide layer 628. A standard-type 
thermoelectric converter 625 is included outside of structure 
624 to concert thermal energy from the electrode to electrical 
energy. Radial ?ns 630 provide for thermal dissipation in 
concert With coolant ?oW (such as ambient air) represented by 
arroW 640. US. Pat. No. 7,244,887 (issued Jul. 17, 2007) 
provides additional background information regarding this 
type of poWer system arrangement, and is hereby incorpo 
rated by reference. 

The Pt and Ni ?lms of structure 624 are prepared on a 
cylindrically shaped Pt substrate block using one or more of 
the techniques to prepare enhanced dislocation site density 
and corresponding cluster formation, as described in connec 
tion With FIGS. 1-7. Structure 624 could use different thin 
?lm compositions, layer quantities, and the like of any of the 
embodiments previously described in connection With FIGS. 
1-7. 

Another application of any of these embodiments is to 
provide superconducting structures. Such structures could be 
in the form of thin plates or in the form of Wires. In one 
nonlimiting superconductor implementation, a thin ?lm 
structure geometry is selected to form dislocation cores that 
provide a corresponding hydrogen cluster density With a large 
cross sectional area. As previously described, still other 
embodiments utiliZe the inventive aspects of the present 
application to prepare multilayer thin ?lm structures for 
X-ray and/or charged particle sources. 

FIG. 10 depicts inertial con?nement fusion target 700 of 
yet a further embodiment of the present application in a 
partial schematic, cutaWay form. In one nonlimiting form, 
target 700 is an approximately spherical, ultra-high density 
inertial con?nement fusion fuel (ICF) target and is provided 
in the micron to millimeter siZe range. A conventional abla 
tor-tamper 701 (such as described in S. AtZeni and T. Meyer 
TerVehn, The Physics oflnerlial Fusion, Oxford University 
Press, 2004, Which is hereby incorporated by reference), sur 
rounds a multi-layer device 702. Device 702 includes alter 
nating layers of different materials With interfaces suitably 
forming a region of dislocation cores prepared according to 
one or more of the previously described embodiments of the 
present application. The dislocation cores of this region are 
loaded With hydrogen isotopes such as deuterium and/or tri 
tium. When exposed to a pulsed laser beam or ion beam of 
suf?cient intensity (such as available at the ICF facility at the 
LaWrence Livermore National Laboratory (U SA)), ablation 
of the ablation-tamper 701 material results in compression of 
the core region 702isuch compression may be by a factor of 
100 to 1000 in terms of volume. Because the hydrogen iso 
tope clusters in dislocation sites start at densities typically 
Well above that of gaseous or cryogenic deuterium-tritium 
generally employed, the compressed density of the isotopes 
in the clusters Will be correspondingly higher, Which in turn 
can result in higher fusion rates (proportioned to the square of 
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6 
the isotope density) and an increased bum-up fraction (frac 
tion of the original isotope burned in the imploded target). 
This improved performance is of interest for fusion poWer 
studies and applications thereof (such as poWer systems), 
particle/radiation generation, and the like. Additionally or 
alternatively, target 700 can be adapted to other types of 
targets currently employed in ICF studies such as indirect 
drive holrahm targets as further described by AtZeni and 
Meyer-TerVehn in The Physics oflnerlial Fusion, Oxford 
University Press, 2004, (previously incorporated by refer 
ence). 

EXPERIMENTAL OBSERVATIONS 

The folloWing experimental observations are intended to 
enhance clarity and understanding of the inventive aspects of 
the present application and are not meant to be restrictive in 
character. 

Studies have been performed in Which hydrogen isotopes 
(1H, deuterium (D or 2H), and/or tritium (T or 3H)) have been 
loaded into thin-?lm electrodes comprised of selected metals 
such as palladium (Pd), titanium (Ti), and nickel (Ni). These 
studies indicate creation of dislocation cores in the metallic 
lattice that are capable fostering hydrogen cluster formation. 
Evidence of such formation includes: localiZed loW energy 
nuclear reaction products observed in electrodes after thin 
?lm electrolysis, localiZed energetic charged particle tracks 
in CR-39 detectors located on surface of electrodes during 
thin-?lm electrolysis, X-ray “beamlet” formation from local 
iZed sites during pulsed plasma bombardment of thin ?lm 
electrode targets, and measurement of near-superconductiv 
ity in dislocation sites. These sites are believed to host reac 
tion clusters of hydrogen. 
More speci?cally, a variety of thin ?lm electrode electroly 

sis experiments demonstrate local reaction sites. Early studies 
used a multilayer thin-?lm electrode With alternating layers 
of materials such as Pd and Ni that have a Fermi energy level 
difference such as to cause a high electron density (term the 
“sWimming electron layer”) at the interface betWeen thin 
?lms. Later studies used either thin ?lms coated on micro 
siZed plastic beads or a unique thin-?lm cathode-anode com 
bination coated onto a substrate (typically a silica or ceramic 
sheet). In this con?guration, the electric ?eld during elec 
trolysis is parallel to the substrate, hence along the surface 
direction of the thin ?lms. It is observed from broad area 
SIMNs analysis of these electrodes that the reaction products 
tend to occur in localiZed areas distributed across the elec 
trode. In addition, localiZed areas of heating have been 
observed. Both the localiZation of products and the hot spot 
damage areas are indicative that reactions take place at micro 
siZed sites. 
CR-39 is a Well knoWn method for detection of energetic 

charged particles. Cr-39 is a plastic Which is damaged by 
passage of a charged particle. Subsequent etching in a NaOH 
solution exposes a visible track. Measurement of the diameter 
and length of the track using a microscope then gives de?ni 
tive data about the particle involved. CR-39 detectors Were 
placed next to thin ?lm electrodes during electrolysis. CR-39 
detectors (manufactured by “Landauer Co .”) rad-track chips; 
S:2.0><l .0 cm2 Were attached to Pd/Ni thin ?lm cathode; to 
the substrate side and/ or immersed in electrolyte in the cell 
near the electrode. The detectors Were annealed to have a loW 
initial Background before electrolysis: N(Bg)<40 track/cm2. 
Some of the CR-39 Was covered With a 25 um Cu-?lm to 
identify the type of emitted particle by its ability to penetrate 
this ?lm. Several tracks from the CR-39 ?lm after etching 
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Were observed. Analysis of the track sizes correspond to 1.7 
MeV protons and 14.7 MeV alpha particles. 

Various plasma discharge experiments Were performed in 
Which a deuterium gas based discharge bombards a thin-?lm 
Palladium target (cathode) in a pulsed discharge. Anomalous 
soft x-ray emission from the target is observed Which is 
attributed to formation of an ion cluster type formation in the 
target during the pulsed loading. An experimental GloW Dis 
charge (GD) setup Was used for these studies. A positive 
voltage is applied at the anode. The cathode and vessel Were 
grounded. Plasma is produced betWeen this and the Water 
cooled cathode. The cathode is mounted on a movable mount 
to vary electrode spacing While the GD plasma region is 
surrounded by a glass cylinder to prevent arcing. An AXUV 
photodiode detector used for x-ray detection employed a thin 
Be ?lter to block visible light from the detector. This ?lter cuts 
off x-rays<600-eV. A typical result from this detector indi 
cates peak X-ray emission at p:500 mTorrV:250V I:2 A for 
a thin ?lm Pd cathode. The delay time on the order of ~msec 
before onset of x-rays is associated With D diffusion time into 
the target starting at the beginning of the pulsed discharge. 
Due to the ?lter X-rays are >600 eV While the discharge 
voltage is 250 V, this suggests x-ray generation is due to 
collective effects occurring in the cluster Where the x-rays 
originate. A reference experiment Where a thin copper foil cu 
foil Was placed in front of the Be ?lter causes the trailing spike 
(i.e. the x-rays) to disappear, Which con?rms that the x-ray 
signal is not due to extraneous noise pick-up. Further evi 
dence that x-ray emission is from localiZed sites comes from 
related experiments byA. Karabut Who placed a plastic “Win 
doW” in the path of the x-ray beam and observed a damage 
pattern on it. In summary, these x-ray studies support the 
existence of reactive clusters in a metal target such as Pd using 
a plasma bombardment of thin electrodes. In this case, the 
pulsed bombardment causes a strong inWard hydrogen iso 
tope transport Which can stress the metal late causing dislo 
cation void formation Which in turn provides the site for 
cluster formation. In this sense, pulsed plasma loading of 
hydrogen is an alternate technique to electrolytic loading 
described earlier. 

The superconductivity of cluster-type states formed in dis 
location sites in Pd has been studied. These experiments used 
a special cyclic “loading4deloading” technique to create 
stress induced dislocation sites fostering cluster formation. 
TWo separate techniques Were used in the study: (1) H2 gas 
pressure loading-deloading cycles Were applied to a single 
crystal thin ?lm Pd electrode With the deloading taking place 
for 2 hours. Altemately, electrochemical cycling (cathode 
loading-anodic deloading) With a current of 5.0 mA/cm2 in 
lMLi2SO4/H2O Was used With a Pd/PdO cold-Worked elec 
trode. Both electrodes Were initially prepared by annealing 
for 2 hours at about 580 K. The electrodes Were subsequently 
examined for ferromagnetic properties associated With super 
conductivity using a “Quantum Design” lT-SQUID type 
instrument operating in both DC and AC modes. The results 
from the SQUID measurements are summariZed as folloWs. 
After repeated H-cycling, both the PdzH,C and Pd/PdOzHx 
samples contained an ultra-high density condensed hydrogen 
phase inside the dislocation sites or “cores.” While the aver 
age loading ratio (atoms H/Pd) of the electrodes Was only 
(3.8-5.5)><l0_4 With respect to the gross sample volume, local 
ratios as high as ~5-l000 occurred inside the clusters formed 
in the small dislocation cores. The loading ratio in the cluster 
region depends on the core siZe relative to the lattice spacing. 
In the present case loading ratios varied over a large range due 
to a random distribution of core siZes. The SQUID measure 
ments of the electrodes demonstrated a Weak type II super 
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8 
conductivity, involving a condensed hydrogen phase in the 
dislocation sites (i.e. “cores”) beloW ~30 Kelvin (K). Both 
magnetic and transport measurements of the electrodes indi 
cate a superconducting transition beloW 70 K. A reproducible 
Meissner-effect Was obtained in 1 kHz AC ?eld at H; 1.0 Oe. 
In summary, these results shoW that the localiZed clusters are 
in a condensed mode giving metallic-like properties With loW 
temperature superconductivity properties in the loaded dislo 
cation cores corresponding to hydrogen clusters. 

Pyconuclear reactions in astrophysical objects address 
behavior of a high density of hydrogen isotopes, and corre 
spondingly provide a basis for considering hydrogen cluster 
behavior in dislocation cores. Such reactions are believed to 
take place even at “Zero temperature” in condensed matter 
due to ions ?uctuating about their lattice sites in coherence 
With the Zero-point energy Eo#hu)o. Due to close spacing and 
this ?uctuation, these ions may penetrate the Coulomb barrier 
of a neighboring ion causing nuclear reactions. 

In hydrogen-loaded dislocation cores, cluster ions have a 
close spacing and a higher ?uctuation frequency because they 
have a ?nite temperature. Pyconuclear principles can be 
applied With a temperature correction. Further, hydrogen 
loaded cluster behavior is also enhanced by the strong diffu 
sion (sometimes called “hopping”) of the hydrogen isotope 
(such as H or D) during loading (or deloading). The diffusing 
ions ?oW through the cluster sites, undergoing collisions With 
the cluster atoms, thus transmitting momentum to them. This 
enhances the oscillations of the cluster atoms and can be 
roughly account for the added collisional energy. Calcula 
tions based on this theory, shoW that the higher reaction rates 
such as observed in the loW energy reaction experiments 
correspond to this ?oW, but the loW rate radiation emission 
experiments have a much loWer ?oW correction While super 
conducting structures do not involve ?oW. 

Reaction rate calculations Without ?oW based on conven 
tional Pyconuclear reaction theory are presented as folloWs 
along With calculations Where the ?oW is included through 
use of an effective temperature: 
NoW turn to reactions in a crystal lattice. The reaction rate 

per ion pair is 

W = (inc. ?ux) x T x 4711253, 

T505) 

Where We have to calculate llpiml2 and T using the lattice 
potential for r>Rn. The measured nuclear factor S(E) remains 
the same as before. 

With 

y:3.90><1046, €:2.638, 

Results using these equations con?rm that the reaction rate 
strongly depends on dislocation core loading and on ?oW rate. 
For example, in the cyclic loading-deloading a loW rate of 
charge particle emission Was seen from CR-39. Much higher 
reaction rates Were obtained in thin ?lm reactions. The cluster 
loading (atoms of D/atoms Pd) along With the ?oW rate Were 
varied in the folloWing calculations to match the experimen 
tally observed reaction rates (rx/cm3-sec): (a) for loW rates of 
~1 reaction/cm3 -sec, as in the Cr-39 tracks during unloading 
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(How), a loading of ~8 D/Pd matches Without How and for 
How matching of the deloading value, only ~2 D/Pd are 
required; and (b) for high reaction rates, eg 1014 reactions/ 
cc-s, a loading of ~12 D/Pd matches With an estimated ?oW 
5x the deloading value used above. Consequently, develop 
ments in pyconuclear astrophysics are consistent With hydro 
gen cluster behavior in dislocation sites. Because of its non 
linearity, it is expected that reaction rate increases rapidly 
With higher hydrogen isotope loading and How rate. Further, 
With little or no How rate, a viable superconducting state 
results in correspondence to the degree of loading. 
Many further embodiments of the present application are 

envisioned. For example, one further embodiment comprises: 
establishing a prede?ned target representative of a desired 
dislocation core density of a multilayer thin ?lm device 
design; forming a multilayer thin ?lm device according to the 
design; and after forming it, loading the multilayer thin ?lm 
device With an amount of one or more isotopes of hydrogen to 
form hydrogen clusters in the dislocation cores. In one form, 
the formation of the multilayer thin ?lm device includes 
providing a ?rst layer of a ?rst type of metal and a second 
layer of a second type of metal dissimilar from the ?rst type of 
metal, and preparing an interface betWeen the ?rst layer and 
the second layer to increase a quantity of the dislocation cores 
therealong and in correspondence With the prede?ned target. 

Another example includes preparing a multilayer thin ?lm 
device including a ?rst layer of a ?rst type of metal and a 
second layer of a second type of metal dissimilar from the ?rst 
type of metal; repetitively loading it and deloading the device 
With one or more isotopes of hydrogen at least ten times 
during the preparing thereof; and supplying a How of at least 
one isotope of hydrogen to operate the device. 

Still another example comprises: a multilayer thin ?lm 
device including a ?rst layer of a ?rst type of metal and a 
second layer of a second type of metal dissimilar from the ?rst 
type of metal, means for repetitively loading and deloading 
the device With one or more isotopes of hydrogen during the 
preparation thereof, and means for supplying a How of at least 
one isotope of hydrogen to the device. 

Yet another embodiment comprises: preparing a multilayer 
thin ?lm device including a ?rst layer of a ?rst type of metal 
and a second layer of a second type of metal dissimilar from 
the ?rst type of metal; providing nanoscale voids along an 
interface betWeen the ?rst layer and the second layer during 
the preparing of the multilayer thin ?lm device, Which 
includes at least one of (a) placing nanoscale material along 
the interface and (b) forming one or more of a plurality of 
channels, pores, holes, or voids in one or more of the ?rst 
layer and the second layer, and supplying one or more iso 
topes of hydrogen to the device to form hydrogen clusters 
therein. 
A further example includes: a source of one or more iso 

topes of hydrogen, a multilayer thin ?lm device in commu 
nication With the source to receive the one or more isotopes of 
hydrogen therefrom, the multilayer thin ?lm device including 
a ?rst layer and a second layer of a different material than the 
?rst layer, the ?rst layer being of a metallic type effective to 
form a hydride With the one or more isotopes of hydrogen, an 
interface betWeen the ?rst layer and the second layer and a 
material positioned along the interface to form a plurality of 
nanoscale voids to increase a quantity of dislocation cores 
formed along the interface and correspondingly increases 
loading of the one or more isotopes of hydrogen from the 
source. In one form, the material includes one or more of 

micro-scale particles, ?bers, Wires, and mesh. Alternatively 
or additionally, the material includes a porous metallic sub 
stance. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
Still a further embodiment comprises a multilayer thin ?lm 

device including a ?rst layer With means for forming a 
hydride With one or more isotopes of hydrogen and a second 
layer of a material different than the ?rst layer; means for 
increasing dislocation core formation along an interface 
betWeen the ?rst layer and the second layer; and means for 
supplying the multilayer thin ?lm device With at least one 
isotope of hydrogen. 
As used herein, “nanoscale” refers to a dimension of 100 

nanometers or less, and microscale refers to a dimension of 
100 micrometers or less. Any theory, mechanism of opera 
tion, proof, or ?nding stated herein is meant to further 
enhance understanding of the present invention and is not 
intended to make the present invention in any Way dependent 
upon such theory, mechanism of operation, proof, or ?nding. 
It should be understood that While the use of the Word pref 
erable, preferably or preferred in the description above indi 
cates that the feature so described may be more desirable, it 
nonetheless may not be necessary and embodiments lacking 
the same may be contemplated as Within the scope of the 
invention, that scope being de?ned by the claims that folloW. 
In reading the claims it is intended that When Words such as 
“a,” “an,” “at least one,” “at least a portion” are used there is 
no intention to limit the claim to only one item unless spe 
ci?cally stated to the contrary in the claim. Further, When the 
language “at least a portion” and/or “a portion” is used the 
item may include a portion and/or the entire item unless 
speci?cally stated to the contrary. The present application 
hereby incorporates by reference all publications, patents and 
patent applications set forth herein, including but not limited 
to: G. H. Miley, and J. A. Patterson, “Nuclear Transmutation 
in Thin-?lm Coatings Undergoing Electrolysis,” Journal New 
Energy, Vol. 1, 1993. pp. 11-15; G. H. Miley, G. Name, T. 
Woo, “Use of Combined NAA and SIMS Analyses for Impu 
rity Level Isotope Detection”, Journal ofRadioanalyZical and 
Nuclear Chemistry, Vol. 263, No. 3, (2005). pp. 691-696; G. 
H. Miley and P. J. Shrestha, “Review of Transmutation Reac 
tions in Solids”, Condensed Matter Nuclear Science, P. 
Hagelstein and S. Chubb, eds., World Scienti?c Press, NeW 
Jersey, 2006. pp 364-378; A. G. Lipson, G. H. Miley, A. S. 
Roussetski, and E. I. Saunin, “Phenomenon of Energetic 
Charged Particle Emission from the Hydrogen/Deuterium 
Loaded Metals”, Condensed Matter Nuclear Science, P. 
Hagelstein and S. Chubb eds., World Scienti?c Press, NeW 
Jersey, 2006. Pp 539-575; G. H. Miley and A. G. Lipson, 
“Intense X-ray emission from highly loaded hydrides”, Proc. 
ofSPIE, vol 5197, p 35 (2004); A. Lipson, G. H. Miley, et al., 
“Emergence of a High-Temperature Superconductivity in 
Hydrogen Cycled Pd compounds suggest localiZed Supersto 
chiometric H/D Sites”, Proceedings, ICCF-12, 2005, 
Nagoya, Japan; Lispon, B. Heuser, C. Castano, G. Miley, B. 
Lyakhov, and A. Mitin “Transport and Magnetic Anomalies 
beloW 70 K in a Hydrogen-cycled Pd Foil With a Thermally 
GroWn Oxide”, Physical Review B 72, 212507, Dec. 13, 
(2005); S. Ichimaru and H Kitamura, “Pyconuclear reactions 
in dense astrophysical and fusion plasmas”, Phys. Plasmas, 
Vol. 6, No. 7, 1999. pp 2649-2671; and TBD. While the 
invention has been illustrated and described in detail in the 
draWings and foregoing description, the same is to be consid 
ered as illustrative and not restrictive in character, it being 
understood that only the selected embodiments have been 
shoWn and described and that all changes, modi?cations and 
equivalents that come Within the spirit of the invention as 
de?ned herein or by any of the folloWing claims are desired to 
be protected. 
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What is claimed is: 
1. A method, comprising: 
establishing a prede?ned target representative of a desired 

dislocation site density of a multilayer thin ?lm device 
design; 

forming a multilayer thin ?lm device according to the 
design, Which includes: 
providing a ?rst layer of a ?rst type of metal and a second 

layer of a second type of metal dissimilar from the ?rst 
type of metal; 

preparing an interface betWeen the ?rst layer and the 
second layer to increase a quantity of dislocation sites 
there along in correspondence With the target; and 

after the forming, loading the multilayer thin ?lm device 
With an amount of one or more isotopes of hydrogen 
to form hydrogen clusters in the dislocation sites. 

2. The method of claim 1, Wherein the ?rst type of metal is 
selected from a group consisting of Pd, U, Ti, Li, Au, Ag, Ni, 
and alloys thereof. 

3. The method of claim 1, Which includes forming a 
hydride With the ?rst type of metal. 

4. The method of claim 1, Wherein the preparing of the 
interface includes repetitively loading and deloading the 
device With at least one isotope of hydrogen ?ve or more 
times. 

5. The method of claim 1, Wherein the preparing of the 
interface includes providing a material With a microscale 
thickness betWeen the ?rst layer and the second layer, the 
material being in the form of one or more of: particles, ?bers, 
Wires, mesh, and a porous layer. 

6. The method of claim 1, Wherein the preparing of the 
interface includes forming a number of channels in at least 
one of the ?rst layer and the second layer. 

7. The method of claim 1, Which includes at least one of: 
operating the multilayer thin ?lm device to provide at least 

one of charged particles and x-rays; 
operating the multilayer thin ?lm device in a poWer system; 
providing superconductivity With the multilayer thin ?lm 

device; and 
providing the multilayer thin ?lm device as an inertial 

con?nement fusion target. 
8. A method, comprising: 
preparing a device including a ?rst layer of a ?rst type of 

metal and a second layer of a second type of metal 
dissimilar from the ?rst type of metal to provide an 
interface therebetWeen; 

repetitively loading and deloading the device With one or 
more isotopes of hydrogen at least 10 times during the 
preparing thereof to increase a quantity of dislocation 
sites along the interface; and 

supplying at least one isotope of hydrogen to operate the 
device. 
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9. The method of claim 8, Wherein the ?rst type of metal is 

selected from a group consisting of Pd, U, Ti, Li, Au, Ag, Ni, 
and alloys thereof. 

10. The method of claim 8, Which includes at least one of: 
providing a material With a microscale thickness along an 

interface betWeen the ?rst layer and the second layer; 
and 

forming a number of channels in at least one of the ?rst 
layer and the second layer. 

11. The method of claim 8, Which includes at least one of: 
operating the device to provide at least one of charged par 
ticles and X-rays and operating the device in a poWer system. 

12. The method of claim 8, Which includes providing 
superconductivity With the device. 

13. A method, comprising: 
preparing a multilayer thin ?lm device including a ?rst 

layer and a second layer of a material dissimilar from the 
?rst layer; 

providing a plurality of nanoscale voids betWeen the ?rst 
layer and the second layer during the preparing of the 
multilayer thin ?lm device, Which includes at least one 
of: (a) placing a material With a microscale thickness 
along the interface and (b) forming a plurality of one or 
more of channels, pores, holes, and voids in one or more 
of the ?rst layer and the second layer; and 

supplying one or more isotopes of hydrogen to the device 
to form hydrogen clusters therein. 

14. The method of claim 13, Wherein the ?rst layer is 
comprised of a metallic substance selected from a group 
consisting of Pd, U, Ti, Li, Au, Ag, Ni, and alloys thereof. 

15. The method of claim 13, Wherein the ?rst layer is 
comprised of Pd and the second layer is comprised of PdO. 

16. The method of claim 13, Which includes repetitively 
loading and deloading the device With at least one isotope of 
hydrogen ?ve or more times. 

17. The method of claim 13, Wherein the providing of the 
nanoscale voids includes the placing of the material along the 
interface and the material includes one or more of particles, 
?bers, Wires, mesh and a porous layer. 

18. The method of claim 17, Wherein the nanoscale voids 
each have a minimum dimension of no more than 50 nanom 
eters. 

19. The method of claim 13, Wherein the providing of the 
nanoscale voids includes the forming of one or more of the 
channels, pores, holes, and voids. 

20. The method of claim 13, Which includes at least one of: 
operating the multilayer thin ?lm device to provide at least 
one of charged particles and X-rays and operating the multi 
layer thin ?lm device in a poWer system. 

21. The method of claim 13, Which includes providing 
superconductivity With the multilayer thin ?lm device. 

* * * * * 


