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A method is disclosed to fabricate a Palladium cathode that can be electrolyzed in heavy water and
stimulated with a laser at a predetermined wavelength to produce apparent excess power; the fabrication
method involves cold working, polishing, etching and annealing the Palladium prior to electrolytic loading
with Deuterium. Loading is accomplished with the cathode sitting in a magnetic field of 350 Gauss. After
loading the cathode with Deuterium, Gold is co-deposited electrolytically on the cathode. When a coating of
Gold is visible on the cathode, co-deposition is halted and the cathode is stimulated with a low-power laser
with a maximum power of 30 milliwatts. The thermal response of the cathode is typically 500 mW with
maximum output observed of approximately 1 watt. The effect is repeatable when protocols are followed
and has been demonstrated in several laboratories.

Introduction

By trial and error we have developed a method of cathode fabrication that creates a cathode capable of being
stimulated by laser light so as to produce thermal energy in excess of that provided by the laser. The ratio of laser
power to the excess power observed experimentally is typically 10 or 20 to one. This effect has been observed by
others and may lead us to a better understanding of the physics behind what has been called cold fusion.

Step 1 Cut a billet of Palladium
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Step 1 is simply to cut a billet of Palladium; we typically use 0.999 Pd from Alfa Aesar but have had results from
different Palladium sources and purity. The billet is typically 10 mm x 8 mm x .5 mm.



Step 2 Polish the Cathode

Step 2 is to polish the cathode using a Dremel tool equipped with a metal brush and a fiber brush. We have been
using a product called Nicksand as a polishing compound. Nicksand can be found on the internet and is an
Aluminum Oxide paste that provides a very fine finish.

The compound is best applied using a toothbrush and tap water, keeping the slurry thin. The metal brush is used
first to roughen the surface. The fiber brush is then used to restore the surface to a bright finish. The slurry will
change from white to grey to black. Black slurry indicates that the piece is highly polished. Rinse with tap water
to confirm that the surface is bright.

The Slurry

As mentioned above, the slurry color change is visible in this slide; water can be added to thin the slurry which
makes it easier to bring the piece to a bright finish.

Step 3 Rinse work in tap water



Rinse work in ap water; after polishing the Palladium for several minutes with the fiber brush, the surface will
become very bright and smooth.

Step 4 - Heat in furnace at 750 °C
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Place the work in a lab furnace for 3 hours at 750 °C; this step is to clean the surface by bringing the piece to red
heat for an extended period.

The Oxide Layer

By cooling the Pd slowly, an oxide layer is formed on the metal; the layer will appear blue. The oxide layer will
be removed in subsequent steps.

Step 5 - Acid Etch



The oxide layer is partially removed with a 2 minute etch in Aqua Regia, usually at room temperature. Sometimes
we etch on a hot plate, using a maximum temperature of about 100 °C.

Step 6 — Re-polish the cathode

Repeat the polishing step, beginning with the metal brush and following up with the fiber brush. Keep the slurry
thin.

Step 7 — Polish to bright

When the slurry darkens, check the surface for brightness—it should be about right after several minutes of
polishing with the fiber brush.

Step 8 — Ultrasonically clean for 5 minutes



We normally use distilled water without cleaner at this stage.

Step 9 — Anneal at 850 °C

Heating the work to 850 °C changes the crystal structure-the grain size increases; this may be important.

Step 10 — Re-Polish

When the work is polished to bright, the Pd is ready to clean thoroughly and cold-roll.



Step 11- Ultrasonically clean prior to cold-rolling

Before cold-rolling, it’s important to get the surface clean; for this step we use distilled water with either oxide or
compound remover.

Step 12 — Cold roll

We use an inexpensive cold-roller to reduce the Palladium thickness by about 50%; typically we roll the piece
from .5mm thickness to about .25mm. We make the roll in four passes-one in each direction to avoid having a
preferential stress direction.

Check the thickness

We try to finish the cold roll with a thickness of about 0.25mm because the final etch will reduce the thickness by
about 0.05mm. Cathodes less than 0.20 mm thick tend to curl from the stresses of loading.

Cathode Enlargement



After cold-rolling, the work is large enough for several cathodes; the surface needs to be re-cleaned.

The Final Polish

Using the metal brush, the surface is again buffed then polished to a mirror finish using the fiber brush.

Step 13 — Polish to Bright

The cathode material is now ready for an ultrasonic cleaning and final annealing.



Step 14 — Ultrasonically Clean

Clean for 5 minutes in distilled water and a compound remover.

Step 15 - Final Anneal at 850 °C

The work is annealed for the last time at 850 °C that further increases the grain size and relaxes the stresses
induced from cold-rolling.

Step 16 — Acid Etch

The entire piece is etched in Aqua Regia for 2 minutes at room temperature OR at elevated temperature if the
oxide layer is difficult to remove. Maximum temperature we use is about 100 °C.



Step 17 — Clean after etching

Ultrasonically clean again for 5 minutes after etching; we normally use compound remover for this step.

The finished surface

After etching, the surface is bright but has a matte-finish and the surface area has been increased.

The cathodic surface in relief view

The digital microscope camera we use can render an image showing the relief structure of the surface. This is a
typical result. The width of the entire field is 1,019 microns. Having a final cathode surface that looks like this
under the microscope appears to be important. If the surface is smooth, the laser effect is not observed.



Trim work and cut cathode
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We normally make our cathodes about 5mm wide and 10mm long, 0.20mm thick.

Clean in distilled water

You can’t be too clean—we usually clean both pieces again for about 5 minutes.
Spot weld cathode

We normally spot weld the cathode to 0.5mm Pt hook-up wire. The Pt wire is then placed in a 5mm glass tube,
epoxied on the top end and the immersed end is filled with Teflon tape to support the wire.

The anode-cathode assembly
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We use a Teflon lid with 5 pass-thru’s with the cathode in the center hole and the anode support tube is behind the
cathode support tube. To the left are the epoxied ends of the glass tubing and to the right are the Teflon-taped
ends. The Pt anode surrounds the cathode with a diameter of 10mm and at least 3 turns over the cathode.

Fill the cell with LIOD

We typically use 75 g of 1M LIOD for the electrolyte in a closed cell; recombination is accomplished by using
Platinum catalyst pellets from Alfa-Aesar. The pellets are very inexpensive yet effective. The pellets need to be
cleaned before first use.

We clean the pellets in three passes using white vinegar, then rinse in distilled water and a final rinse in Methanol.
The pellets are dried in a ceramic bowl using a heat gun. The pellets work best when the cell temperature is above
40 °C.

Ambient temperature control

Our experiments are typically conducted in an Avanti wine cooler designed by Scott Little and equipped with
multiple fans and a resistance heater to balance against the cooling compressor.

Our data acquisition system is Labview based and controls the box temperature using proportional methods. Our
typical box temperature is 25¢ +/- 0.02 °C.

11



Stirring option

We usually run with magnets around the cell, which precludes stirring magnetically; we are, however, able to stir
when required.

Although most of the time we don’t stir the cell, we do provide tight ambient temperature control and keep power

to the cell constant to within about 20 mw. We also use two thermistor probes, which should stand up to most
objections to excess power claims.

Loading the cathode

We load our bulk cathodes at a constant current of .1 amps for 120 hours; after loading cell current is raised to 1.5
amps for 24 hours. Then Gold is plated electrolytically in intervals of 10 minutes and tested for laser effect. If
protocols are followed, the following photos show typical results over the past 3 years.
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#512e — September 2000
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At point 180 two 1 mw laser pointers were switched on and triggered a 3c increase in 75 g of LIOD. Cathode
was Palladium and was prepared by the methods discussed in this paper. We estimate that it would require
about 600 mw of power delivered to the cell in order to raise the temperature of the cell by 3 degrees.

We soon acquired an ILX Lightwave laser controller, capable of powering and tuning 30 mw laser diodes. We
tested several lasers over the 660-665 nm range and the 680-685nm range. Both of these laser wavelength ranges
produced excess power when the cathodes were made according to protocol AND plated with Gold after loading
during normal electrolysis.

It has been reported that several other researchers have now reproduced this effect.
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#560a — December 2001
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At point 30, a 30 mw laser was switched on and excess power rose to 300 mw; at point 150, the laser was
switched off and the excess power signal declined. Each data point is one minute.

#587e — March 6, 2003
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The experiment was witnessed by Miley, Storms, Claytor, Little, Letts and Cravens. The cell made % watt and
demonstrated on/off/on properties in concert with a 30 mw laser.

#602 — ICCF10 demonstration
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At the ICCF10 conference we demonstrated the laser effect in real time. The 30 mw laser was on continuously
and excess power varied from 100mw to 800 mw. Ambient temperature and power were held constant.
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Ambient temperature shown above and cell power variations could not have caused the excess power variations
observed during the experiment.

After the conference, the run continued
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At point 140 the laser was switched on a 682.8 nm; excess power rose
to ¥ watt in response to the 30 mw stimulation.

What we think we know
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The surface: Although we do not speak to all cases of generating excess heat, the laser initiation seems to be at
or near the surface of the metal. It is doubtful that the laser is absorbed beyond 100 nm within our samples. The
effect has been seen with thin plating of doped Pd over base metals. The effect is affected by the deposition of Au
over the surface and the effect seems modified by plating of Pd with the additions of rare earths. All these
observations point to the fact that the surface is critical to the effect and that the laser effect is taking place near
the surface and not in the bulk of the material.

Base metals can be used: We have had some success using copper, gold or platinum over plated with doped
Pd and then plated again with gold. The use of copper as a base drastically reduces the cost of experimentation.
The key feature here as in some other experiments seems to be the co-deposition of Pd with D to form reactive
sites.

Fabrication methods: What we have presented here are steps that have given our most reliable results.
There is no doubt that other methods will work for the preparation of the Pd. There are also times where greater
excess heat has been generated. However, they have not been as reliable in seeing excess heat upon laser
stimulation.

Laser wavelength and temperature: There seems to be a relationship between the temperature of the
metal host lattice and the wavelength needed to trigger the effect. Other researchers have not yet replicated this
dependency. This may be a result of the bandwidth of the lasers used or other factors. However, there are runs
where we see no excess until the correct wavelength is reached. It is very reassuring to see excess heat response
when the wavelength of the laser is altered by only a few nm. It is also hard to conceive of a calorimetric error
that is so wavelength sensitive.

High current densities and temperatures: The current density needs to be above 1 amp per square
centimeter to see the effect. Although some experiments do yield excess heat below that level, consistent excess
needs high levels of current densities. Likewise, the cell temperature must be above 40 C before the effect is seen.
This may be due to the wavelength and temperature interdependence.

Lithium Deuteroxide: We did a series of experiments that replaced the LiOD with LiOH. It was clear that
the LiOH did not yield any excess.

Laser Polarization and magnetic fields: Our better experiments have been with cathodes that were
initially loaded in the presence of an external field. Often the excess heat is dependent on the relative angles
between the linear polarized lasers and the direction of the magnetic field applied when the metal was first loaded.
Again, it is hard to conceive of calorimetric errors that would change with the rotation of a laser outside the
controlled environment or the insertion of a quarter wave optical plate in the beam. The maximum effect
coincides with the E field of the polarized laser being perpendicular to the magnet field.

Conclusions

Since this is a workshop, we have sought to give details that will aid others seeking to replicate the laser
stimulation effect reported here. It seems there has been little exchange of exact cathode preparation techniques in
the literature and yet such information seems to often be a critical factor in producing excess power from
deuterated Palladium cathodes.

We have also included some of our raw experimental data in Excel format on a CD for those interested in the

details of our work. We hope that others will be encouraged to reproduce the laser stimulation effect in their own
laboratories in order to better understand the physics behind the effect.
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The laser effect appears to be a promising tool with which to probe the cathode surface for reactive areas capable
of producing heat in excess of that expected from the laser alone. The possibility of elemental analysis in those
active areas may be especially useful.
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