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The Cuprous Oxide Transistor

Homebrew construction of junction transistors does not appear to be feasible, at least not the fabrication of germanium devices. Unlike the case with point-contact transistors, I was unable to find any references to the homebrew fabrication of junction transistors. I fear that the nature of the tools, materials, and techniques probably lies well outside of the scope of all but the most fanatic of amateur scientists.

Just the same in researching the subject I began to daydream about alternative materials that might be used for transistor construction—materials more commonly available, or more easily created.

In the 1920's, L.O. Grondahl and P.M. Geiger introduced a diode composed of a copper plate coated with a thin layer of cuprous oxide. The plate formed the negative terminal; the coating, a positive terminal. These junctions could be manufactured in large sizes, which translated into the useful ability to handle large currents.

It occurred to me that it might be possible to arrange copper and oxide layers into the now-familiar PNP sandwich, thereby producing (I hoped) an instrument of amplification.

I read, pondered, and tinkered. In the end, my preliminary experiments didn't result in what I'd consider a practical amplifier. In fact, calling it a "transistor" may represent some artistic license on my part. On the other hand, the results were encouraging enough that they probably warrant further experimentation. Let me show you what I did.

Producing a Layer of Oxide

The first step toward testing my idea was to learn how to create the necessary oxide layer on a copper surface. The process is not overly difficult, but it was not as easy as I had first imagined.

To begin with, copper can combine with oxygen to produce two different forms of oxide. The first is cupric oxide, formula CuO. As you can see, each molecule is composed of a single copper atom combined with a single atom of oxygen. This substance is black in appearance. It's unusable for our transistor application.

Another form of copper oxide is called cuprous oxide, formula Cu20. Note that the cuprous oxide molecule contains two atoms of copper for every atom of oxygen. It has a deep salmon color. This is the material from which copper/copper oxide PN junctions can be created.

Preliminary research on the subject turned up a booklet written by Walt Noon, entitled How to Build a Solar Cell That Really Works. In it, Noon describes a process for building a cuprous oxide-based solar cell. As you may or may not know, solar cells are simply PN junctions that can produce a voltage on exposure to light

Mr. Noon's process for producing a cuprous oxide layer Es simple. He starts with a copper sheet, which is vigorously scoured to remove any visible contaminants. The copper is then etched in a nitric acid bath composed of 20 parts nitric acid to 80 parts distilled water. (Warning: Always add acid to water, not the other way around!)

The cleaned sheet is then heated over the flame of a Bunsen burner or propane torch. The copper is heated on one side only, until it's red hot. It's kept at the red-hot temperature for just under three minutes.

The plate is then removed and allowed to cool slowly. By the end of the process, the unheated side of the plate has become blackened. This black pigment is cupric oxide. Just beneath it, however, is the desired layer of cuprous oxide. To remove the cupric oxide, while leaving the cuprous layer intact, Noon immerses the plate in nitric acid once more. This eats away the black oxide. The plate is removed, rinsed, and buffed lightly.

Obviously, completing Noon's solar cell requires additional steps, but those weren't relevant to my objective. I thought I understood the oxide process well enough to attempt to build my first transistor.

A First Attempt to Create a PNP Structure

My idea for a homebrew junction transistor was a PNP device comprised of a metal copper base, coated on either side with cuprous oxide. One coating would become the emitter; the other side, the collector.

The base of my transistor was fashioned from a piece of clean, soft copper sheet with a nominal thickness of 0.025 inch. Using tin snips, 1 cut out a piece about an inch long and a half-inch wide.

While 0.025-inch copper makes for a nice, rigid substrate on which to build a transistor, the transistor's operation depends upon the migration of charge carriers through the base, Given what I'd learned about electrode spacing in the point-contact transistor, I suspected that my base material might be far too thick.

To remedy this, I hit upon the idea of dimpling the copper strip from either side to create a local region in the copper where it would be exceedingly thin.
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Figure 15.2. Dimpling the copper sheet to create a thin base region

Dimpling can be done with a hammer and a pair of chrome bad bearings. I placed the first bearing upon the surface of a piece of scrap wood, f set the copper strip on top of it, then the second bearing above that, I struck the entire stack with the swift blow of a hammer. The result is depicted In figure 15.2. The thinner the layer separating the two dimples, the better off you are. Make sure you wear eye protection in case one of those bearings zips out sideways and launches for the moon.

Next, I tried to coat both sides of the dimpled strip with cuprous oxide. I followed Moon's process as well as I could.

For testing purposes, each junction in the transistor, the emitter-to-base, and collector-to-base, can be thought of as a separate diode. With a digital multimeter, I tried to assess the condition of the coatings, measuring conductivity under forward-biased and reverse-biased conditions. To my dismay, all readings indicated a direct short circuit. The process had failed!

I repeated the procedure again and again, each time testing the end results. Only one in thirty-two attempts yielded a single PN junction on even one side of the base. I was never able to create a useable oxide later on both sides.

A Second Attempt to Create a PNP Structure

Back at the drawing board, I came upon a reference to cuprous oxide in Martin and Hill's Manual of Vacuum Practice. Without going into excruciating detail, suffice it to say that it and a great deal of subsequent trial and error resulted in a modified coating process that now works very well.

My process, Eike Mr. Noon's, begins with mechanical cleaning of the dimpled copper substrate. Scouring is okay, but avoid leaving significant scratches on the surface of the metal. My copper strips were then bathed in a strong solution of lye (drain cleaner) to remove oils and other organic residue. The strip was well rinsed in distilled water.

The strip was then etched in acid, followed by another rinse with distilled water. In my case, I used hydrochloric acid instead of Noon's nitric. I found nitric acid somewhat difficult to come by. I know of no local sources, while hydrochloric acid (commonly called muriatic acid) is available at arty hardware store or seller of pool maintenance supplies.

(Consider this too: A good reason to use locally available chemicals in lieu of more exotic substances is rooted in our nation's "war on drugs" and now the recent terrorist attacks suffered in New York City and elsewhere. You can order nitric acid and other chemicals through the mail, but for better or worse, sales to individuals have come under a great deal of scrutiny. Some supply houses won't deal with individuals at all. The danger, of course, is that the innocent purchase of chemicals or equipment by the science enthusiast may be interpreted as the purchase of raw materials for a bomb or bathtub pharmaceutical. Big Brother is watching.)

The next step in my process is to heat the copper. My technique relies on an electric hotplate or stove burner whose coils are set to a dull red glow. I stopped using propane when I realized that the products of combustion in the flame can contaminate and ruin my oxide coatings.

Using dean tweezers, the copper strips are placed on the hotplate, but only for a brief moment. The copper is quickly removed the instant that its shiny surface begins to take on a faint blueish tint or hue.
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Figure 15.3. Experimental cuprous oxide transistors.

Model I on the left, and Model II on the right

The copper is then plunged into a saturated solution of sodium tetraborate decahydrate, commonly referred to as borax. Look for it in your local grocery store among the laundry detergents. To make the necessary solution, take a clean beaker or mason jar, fill it with distilled water, and then begin adding borax. Stir the mixture to help the powder dissolve. Continue to add more borax until the solution will hold no more. At that point, crystals will remain on the floor of the jar no matter how much the mixture is stirred.

Following the borax dip, which need only last an instant, the copper strip is returned to the hot plate, and this lime heated to a dull red glow. Leave it there a minute or two, then remove it and immerse it in distilled water.

At this stage, the copper should be well coated with black cupric oxide. Using tweezers, dip the copper into a beaker of hydrochloric acid, immediately followed by immersion in distilled water. Repeat the acid dip, then the water. After two or three iterations, the black oxide wilt melt away, leaving a beautiful, dark, thick layer of cuprous oxide. Don't be too aggressive with the acid dip, as it's quite possible to etch away and damage the cuprous oxide as well.

Using my revised technique, and testing the PN junctions with my meter, I found that one in two of the processed copper strips had at least one good PN junction on it. About one in ten had useable junctions on both sides. This, of course, was the objective.

I have another trick worth mentioning. If the copper base strip is made just a little longer than necessary, the added length can be bent over to form an "L" or open "V"-shape. This offers two advantages. The foot of the "L" can be used as a handle by which to manipulate the copper during processing. This minimizes the potential for contaminating the surfaces you intend to oxidize.

Second, the foot will allow you to set the copper strip on edge when placed on the hot plate. Heating the copper on edge assures that neither face will be contaminated by direct contact with impurities on the surface of the hot plate. Later, when all of your processing is complete, the excess length of copper, the foot if you will, can be snipped off.

Building Model I

Once I had a good PNP structure fabricated, the remaining work in constructing my transistor was mostly mechanical in nature. The end result can be seen in figure 15.3.

The foundation for my transistor was a black, rubber stopper, about 7/8 inch in diameter. The stopper fit into a short glass test-tube-like vial, which had previously served as a water bottle for a hamster. The glass tube makes a suitable enclosure to protect the device from dust, moisture, and mechanical damage.

Three pieces of 1/32-inch brass rod were forced through the stopper. One passed through the approximate center of the stopper, and the other two were placed equally to either side, These rods form the terminals for the finished transistor.

To keep the brass rods locked in the rubber and free from unintended movement (particularly rotation), I fabricated some small hook-like pieces, which were inserted in the rubber near each electrode, and then soldered to them.

Figure 15,4 clarifies this detail.

The center electrode not only serves as the transistor's base connection, but also the mechanical support for the PNP structure I had created earlier, To prepare the copper strip for mounting. I used a pick to scrape away some oxide near one end. I tinned that area with a shiny dot of solder, and then soldered the strip to the center electrode.

The last step toward completing the transistor is to connect the emitter and collector electrodes to their respective P-type layers. While the method for making the connection is simple, the effort I expended to arrive at the solution was not. Before you continue reading, I challenge you to consider, for just a moment, how you might go about it.
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Figure 15.4. The transistor foundation and electrodes
Figure 15.5. A cutaway view of the completed device

In the end, I made the connections using 0.003-inch copper wire. I harvested these hair like conductors by picking individual strands from a thicker piece of flexible, stranded wire.

On the emitter side, I wrapped a few turns of the fine wire around the tip of the brass emitter electrode and then soldered the connection. I terminated the free end of the strand with a tiny loop, and then, using a toothpick, I guided that loop to a dimple in the PNP structure.

The copper strand was actually bonded to the cuprous oxide layer with a tiny drop of silver-bearing ink, applied with another toothpick. Silver-bearing ink is a conductive fluid used for repairing circuit boards. The ink is sold in a special applicator pen. My ink was manufactured by Chemtronics.

When the ink dot was dry, I repeated the process on the collector side. Finally, I inserted the transistor into its protective glass tube Figure 15.5 is an exaggerated cutaway view of the complete transistor assembly that should answer any lingering questions.

Building Model II

The mechanical construction of the Model II cuprous oxide transistor is similar to that of the Model I, including the rubber stopper, electrode wires, and vial. The Model II differs from the Model I in the form of copper used to fabricate the PNP sandwich.

In the Model I version of my cuprous oxide transistor, I dimpled a 0.025-inch copper strip as a means by which to reduce the thickness of the transistor's base region. The idea is a good one, though I discovered some problems with it.

I suspected that the results of dimpling were probably not uniform from one copper strip to the next. Put another way, it's next to impossible to ensure that every swing of the hammer is identical. Since I didn't have a convenient means by which to measure the end result, the process became inherently uncontrollable.

In addition, like many soft metals, copper hardens and becomes more brittle as it is worked. You may have observed, for example, that a soft, bendable length of paperclip wire will eventually stiffen and fracture if repeatedly bent and straightened.

Under the microscope, there's evidence of tiny cracks in the floor of the dimples, which I attribute to localized hardening as the metal is deformed under the pressure of the ball bearings, The effect of these cracks was to cause a short circuit between the emitter and collector of the transistor, thus ruining the structure.

I contemplated how I might eliminate the dimpling process. The only way, I concluded, was to find copper sheet that was already the desired thickness. This, I found in the form of copper foil, measuring 0.002 inch, Copper foil is frequently used as a shielding material to protect delicate electronics from the influence of external noise sources. It is readily available from a variety of sources.

I cut strips from the foil, and just as I'd done before, I treated the metal to the modified borax process. The strips oxidized welt, and upon testing, the apparent yield of useable PNP structures was found to be much higher.
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Figure 15.6. Details of the copper foil base and its support hoop
Figure 15.7. Cutaway of the complete Model II
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the copper is flexible, the cuprous oxide coating is not. Any deformation of the foil causes the coating to fracture and flake off. Copper-foil PNP structures require additional support.

To address this, the Modell's base electrode was lengthened and fashioned into a hoop. One face of the hoop was moistened with cyanoacrylate (commonly known as "super" glue), and allowed to dry. This is an insulating layer. Glue was applied once more, then the hoop was pressed against the copper foil. The hoop adds strength and support to the foil in much the same way as the rim of a tambourine provides a foundation for its skin.

If you think about it, there is no intrinsic electrical connection between the foil (the transistor's base) and the base electrode. This has to be established by carefully soldering a short strand of fine copper wire from a corner of the foil to the base electrode. See figure 15.6.

The emitter and collector terminals are connected using fine copper wire and silver bearing ink as before. The finished transistor is then inserted into its housing. The Model Mean be seen in figure 15.3, while figure 15.7 depicts the Model It's internals.
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End Results and Going Further

Before testing for the presence of gain, I tinkered casually with the individual PN junctions to get a feel for their qualitative nature. Using a simple crystal-radio circuit, I replaced the detector with the emitter-base junction of the Model 1 transistor I found that the cuprous oxide junction is an exceptional detector, at least for local stations. Subjectively speaking, I found that music and other program material sounded clearer with the cuprous oxide junction than it did when the radio was wired up with some of my galena or pyrite detectors. This may have something to do with the shape of the conductivity curve for this type of junction.

The collector-base junction showed similar promise, as did each of the two junctions in the Model II device. I would argue that, even if you've no interest in building transistors, you might keep cuprous oxide in mind as a substance from which to fashion a good and stable detector.

I collect data on response to stimulus with the Model II. Apparent amplifier-like behavior was even more pronounced, but quickly faded. The only record I captured can be seen in figure 15.8. Once again, further tests revealed a short-circuit failure of the collector-base junction.

What I didn't know at the time was that cuprous oxide junctions, when reverse-biased, can generally withstand no more than 6-10 volts. I had set the 575 to apply what I had thought was a conservative value of 20 volts. It appears that this excessive stress drove the collector-base PN junction to the point of destruction.

I would invite you to build a version of the cuprous oxide transistor of your very own. It seems quite possible that such a device carefully constructed and in the context of appropriate voltages, may demonstrate useable gain.

I have a few parting thoughts on the subject of homebrew transistors: Cuprous oxide seems to disintegrate on prolonged exposure to air. Moisture may play a part in this, or perhaps the cuprous oxide binds with oxygen from the air to degenerate into cupric oxide.

In either case, it pays to protect it as much as possible. One way to shield the oxide is to coat it with a barrier or film of some type. A drop of cyanoacrylate smeared across the surface of the oxide with a toothpick forms a tough, transparent skin that doesn't seem to affect the chemistry of the oxide itself. Perhaps clear nail polish or lacquer would achieve the same end, though I can't vouch for this, as I haven't tried them.

It should go without saying that any protective coating shouldn't be applied until all connections have been made to the PNP structure, and their electrical integrity verified.

A curve tracer is an extremely useful instrument to have when doing this type of work. I was fortunate enough to receive my 575 as a gift. Used curve tracers can be found at hamfests and Internet auction sites. New models are stilt in production, though they can be very expensive. One alternative is to build your own. A simple curve tracer circuit, courtesy of Kazuhiro Sunamura, appears with his permission in Appendix III.

My final thought has to do with the manner in which emitter and collector wires are anchored to the face of the oxide. The silver ink described seems to work well. As near as I can tell, there are no electrical problems with using it. On the other hand, if you'd like to try a different substance with which to bind the wires to the P surfaces, consider metallic indium.

Indium is an extremely soft, almost plastic or putty-like silver metal. Bits of it can be shaved off of an ingot with nothing more than a dull knife. A small particle of it can be mashed against the oxide surface and rubbed and burnished with a blunt tooth pick until the metal literally smears and sticks to the oxide. Additional indium can be used to stick an emitter or collector wire to this point of attachment.

Indium is used by the semiconductor industry. Indium pellets can be obtained through chemical supply houses, I purchased a small quantity, more than I will ever need, as surplus through an Internet auction.
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A Cu2O-based field effect transistor was fabricated on Cu wire. Thermal oxidation of Cu forms Cu–Cu2O core-shell structure, where the metal-semiconductor Schottky junction was used as a gate barrier with Pt Ohmic contacts for source and drain. The device was coated with polydimethylsiloxane (PDMS) to protect from contamination and demonstrated as a humidity sensor. The cylindrical structure of the Cu wire and the transistor function enable embedding of simple circuits into textile which can potentially offer smart textile for wearable computing, environmental sensing, and monitoring of human vital signs.
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