Nerd Girls Solar Group 11/25/02 12/12
                                                                     Stephanie Chin, Jeanell Gadson, Katie Nordstrom


1. Technologies

a. Monocrystalline

b. Polycrystalline

c. Thin Film

d. Max Power Point Trackers

e. How Solar Cells Work

2. How To

a. Laminating Solar Cells onto a Slanted, Sloped, or Non-Flat Surface

Additional Information…..Version 2

PHOTON TECHNOLOGIES, INC.

P.O. Box 790

Severna Park, MD 21146

Phone: 410-544-0911

Fax: 410-544-4075


Crystalline Cells

Overview:

Below are technical design comments about our "Crystalline" type solar panels. We offer both Plastic Coated and Glass Front Solar Panel formats. They use individual Crystalline solar cells which are cut into small segments and then resoldered back together to make the "series" connnections to increase the voltage. 

The advantage of "Crystalline" solar panels is that the Crystalline type solar cell has a very high power output for its size so if you have a limited amount of space available on your product, a Crystalline solar panel will have the highest output current. 

The limitations of a Crystalline solar panel is that because the master solar cell is cut into smaller segments and then resoldered back together to form the series, increased voltage array, they cost more than an Amorphous Thin-Film solar panel. Also, if the solar panel application is used in an inside or low-light area, Crystalline solar panels do not react well to lower light levels. 

A good analogy is that Crystaline solar cells are like a Chevy "454" engine. You need a very powerful starter motor (in the case of Crystalline solar panels-high light levels) to get it started. Once it starts, the horsepower is very high. Likewise, a Crystalline solar panel requires a lot of light energy to "start" the power generation. Once it "kicks-in" the current output is about twice as high as an Amorphous Thin-Film solar panel. A lower light level, such as inside a home, generally does not have enough "photon" output from light sources to "power-up" a Crystalline solar panel so for these lower-light uses, consider one of our Amorphous Thin-Film type solar panels. 

Call us for more information on the proper selection for your particular recharging application. 



PHOTON TECHNOLOGIES "Crystalline" Mini-Solar Panels:


Go to PHOTON TECHNOLOGIES PT-127 Crystalline Solar Panel Page...
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The Design: 

We designed our solar panels specifically for small battery recharging and constant consumer handling. The backing is strong PCB fiberglass with a clear, UV resistant polymer thick-film plastic over the solar cells. This package creates a solar panel product that will withstand far more abuse than a glass faced solar panel. It is rigid and very lightweight to allow the user to carry it while backpacking, camping, sailing, flying or any other use needing a compact, powerful and lightweight battery recharger. 

We can also "pot" our solar panel directly into or onto your existing product for a self-charging, integral recharger as well as offer you Glass Front Solar Panels. 
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Color: 

Our Glass Front Solar Panels have a White backing and our Plastic Front Solar Panels have a Black backing that shows through the front of the panel to highlight the dark blue Solar Cells. 

[image: image4.png]


Voltage: 

We can produce solar panels to meet your exact voltage or battery recharging requirements. The number of solar cells connected together in series determines the output voltage of the solar panel. Each solar cell, regardless of its size, has an output voltage of about .46 volts. The top of the solar cell is negative and the bottom is positive. By connecting the top of one solar cell to the bottom of the next solar cell we boost the voltage of the "solar panel" by another .46 volts. One solar cell = .46 volts. Two = .92 volts, three = 1.38 volts, etc. 36 solar cells (as in our 12 volt lead-acid battery solar panel chargers), provide about 16.5 volts of charging voltage. We can provide solar panels for recharging wet-cell lead-acid, gell-cell lead-acid, NiCad and Nickel Metal Hydride rechargeable batteries in any voltage or size combination. 


More Technical Information on How a Solar Cell and Solar Panel Produces Voltage
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Current: 

The size of the solar cell determines the current output. By varying the size of the solar cell, we can vary the output current. A typical full size solar cell measuring about 4" x 4" (100 mm x 100 mm) has a current output of about 3.2 amps. Since this is too high for most small battery charging applications, we laser cut the solar cell into smaller segments. A full-size, 3.2 amp solar cell cut in half will provide two, 1.6 amp solar cells. Cut into 8 segments, it will give you 0.4 amps or 400 mA. Cut into 50 segments, each segment will have an approximate current output of 64 mA. We can build solar panels in any current output size. Our specialty, however, is producing solar panels that recharge small battery applications or as direct replacements for AC/DC 110 volt wall transformer/rechargers. 


More Technical Information on How a Solar Cell and Solar Panel Produces Current
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Format: 

We can provide you with solar panels long and rectangular or square to fit your design and packaging requirements. 
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Full Power/Small Size: 

We can provide you with solar panels that fold into a smaller package size. For example, if you want the power of our 5.0 watt solar panel but in a smaller size, we can fit two of our 2.5 watt solar panels together into a folding package where the solar panels plug into one another to provide the power of our 5.0 watt solar panel. 

[image: image10.png]


Mounting Holes: 

We can fit the solar panel with mounting holes in the corners, or not. Some of our customers prefer the cleaner appearance of our "non-hole" solar panel while other like the opportunity to "hang" the solar panel or semi-permanently mount it using the corner holes. Our PT-127 Solar Panels can be ordered with a Black Plastic Frame that has Mounting Holes molded in the center of the top and bottom of the frame. (See our PT-127 Solar Panel link listed above). 
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Square or Rounded Corners: 

Some of our customers prefer square corners and others prefer rounded; your choice. 
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Wire Leads or Back Mounted Terminal Box: 

Our standard solar panel is equipped with two wire leads on the back. This is perfect for permanently mounted solar panels used in consumer (sailboats, RV's, car-chargers, etc.) and for industrial applications (telemetry, lighting, security devices, etc.). We can also build our solar panels with a back mounted sealed terminal box to allow a variety of optional accessory items to be used such as a Blocking Diode, LED Charge Indicator, DC Power Cable and Jack, Input Jacks for Additional Solar Panels, etc. 
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Charging Indicator: 

We can install a red LED on the back mounted terminal box to indicate charging. We have found that consumers like to be reassured that the solar panel is charging and the red LED provides this. 
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Blocking Diode: 

A Blocking Diode installed in the terminal box or in your product will prevent the solar panel from draining power from the battery at night or in a darkened condition. For example, if your customer keeps one of our small solar panels onboard his boat plugged into a handheld radio, the battery could discharge if the solar panel is covered. A Blocking Diode prevents this. You may also build a Blocking Diode into your own charging circuit or, in the case of a charging stand for a handheld radio, laptop computer or other removable, rechargeable battery charger product, it may be built into your product. 
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Output DC Power Cable and Jack: 

We can provide a wide choice of DC power cable and jack types. If you have your own proprietary plug to match your rechargeable product, we can source them or you can send them to our factory for assembly with our solar panels to provide a "factory" finished appearance. 
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Additional Terminal Box Input Jacks: 

To increase the charging capacity of the solar panel system, we can provide input jacks on the solar panel to allow you to plug in additional solar panels. Our "Dual-Voltage" solar panels may also be equipped with a plug to allow you to switch the voltage depending on the charging application. 
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Custom Designs: 

Once you decide on your power needs, we can quickly design a solar panel that will fit your voltage, power and size needs and fax you a hard copy within 24 hours for your evaluation. 
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Production Samples: 

When we have decided on a semi-final design, we can provide factory, production solar panels for your evaluation within 30 to 45 days of your order. These are ordered by your firm in quantities of five to twenty units and are priced based on a custom order. Most of our customers order a minimum of ten units so that your Engineering, Marketing and Sales all have an opportunity to review the new product. 
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Production of Your Exact Solar Panel: 

Our Far East production facility can produce upwards of 1,000 solar panels per day and is set up to rapidly expand its capabilities when needed. Our solar cells are U.S. made, first quality cells. The clear UV resistant polymer used over the solar cells is also U.S. formulated. The acrylic backsheet is of Japanese origin. Because automated equipment has not been developed in the photovoltaic industry to handle, solder and assemble the delicate solar cells on a dependable basis, our factory is located in a region of the world that provides very high-quality yet lower cost hand-assembled labor. As you will see in your examination of our solar panel, each panel is hand-made and is inspected during each step of the manufacturing process. We produce a first-class solar recharging product that was designed specifically for the small battery recharging marketplace. 
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Fast Production: We can begin shipping your production order within 30 to 45 days of your order. 

THIN FILM:  Two types  Glass, Thin-Film vs. Plastic
1)  Glass, Thin-Film:  The Design: 
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Color: 

The color of our "Glass, Thin-Film" solar panels is a dark, brownish grey color. Many OEM's like the "neutral color of our "Glass, Thin-Film" solar panels because there are no solder joints or electrical connections that show in the finished, applied produce. The individual solar cells are replicated from cell to cell so for a product that does not want to highlight the "solar" recharging aspect, our "Glass, Thin-Film" solar panels are a very good choice. 
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Voltage: 

We can produce solar panels to meet your exact voltage or battery recharging requirements. However, we produce standard solar panels that are designed for recharging NiCads in a 1.2, 2.4 + voltage design format. 

We can provide solar panels for recharging wet-cell lead-acid, gell-cell lead-acid, NiCad and Nickel Metal Hydride rechargeable batteries in any voltage or size combination. 

Typically, the width of the solar panel in the Thin-Film format will determine thevoltage output. 
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Current: The size of the solar cell determines the current output. By varying the size of the solar cell, we can vary the output current. 

Typically, the length of the solar panel in the Thin-Film format will determine the current output. 

Thin-Film type solar panels provide a dependable recharging source for your battery powered product but require a larger surface area than do our "Crystalline" type solar panels to provide the same amount of current output. Typically our "Glass, Thin-Film" solar panels will need about twice the surface area on your product than our "Crystalline" solar panels. We can design and produce either type for you and can assist you with you choice. 
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Format: PHOTON TECHNOLOGIES "Glass, Thin-Film" solar panels about 2.0 to 3.0 mm thick. The solderable, copper +/- contacts are located on the panel back, at each end. 
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Full Power/Small Size: 

We can provide higher power solar panels to you with solar panels that fold into a smaller package size. For example, if you want the power of a 5.0 watt solar panel but in a smaller size, we can fit two of our 2.5 watt solar panels together into a folding package where the solar panels plug into one another to provide the power of our 5.0 watt solar panel. 
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Mounting: 

We can work with your designers to produce a solar panel product that will meet your exact Market handling needs. 

Our "Glass, Thin-Film" solar panels lend themselves to many types of mounting methods. Glass, Thin-Film solar panels, because they are somewhat delicate because they are made from standard, plate, non-tempered glass, need to be protected from handling damage, especially if your product will be used by children or in other rough environments. 

[image: image28.png][Boat RV & Electronics Enclosure Yents

A

Solar S
Pane!

Our Thin-Fiim Solar Panels are deal for
DC Wotor Drive Applications where the
solar panel can be Installed behinda clear|
Iensand potied with Two-Part silicone for
rnarine and corrosive environments.





Typically, a "Glass, Thin-Film" solar panel is installed behind a frame from the back of the frame so that the sharp edges of the solar panel are protected from handling and breakage. 

Also, in many forms of our "Glass, Thin-Film" solar panels, the edges of the panel back need to be protected from moisture and corrosive materials that might damage the delicated Thin-Film silicon layers that are located on the back of the solar panel. 

Shown is a solar powered light fixture where our "Glass, Thin-Film" solar panel is installed behind a plastic "lens". In most applications, this type of protection will be sufficient for the panel to offer many years of use. If your product will be used in very moist or corrosive environments, the panel may be potted from the back with a two-part silicone encapsulant to protect it from the environment. Call us for details for installation design. 
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We can also encapsulate them directly into your product plastic housing with our clear polymer or can produce a separate, plug-in solar panel to replicate the charging characteristics of your present AC Wall Charger. 

Call us for lots more information on how to mount this solar panel on your product. 
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Blocking Diode: 

A Blocking Diode is always installed between the solar panel and the battery on the positive wire lead and will prevent the solar panel from draining power from the battery at night or in a darkened condition. For example, if your customer keeps one of our small solar panels onboard his boat plugged into a handheld radio, the battery could discharge if the solar panel is covered. A Blocking Diode prevents this. 
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Custom Designs: 

Once you decide on your power needs, we can quickly design a solar panel that will fit your voltage, power and size needs and fax you a hard copy within 24 hours for your evaluation. 
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We stock many sizes of our "Glass, Thin-Film" solar panels and if your particular voltage or current is not available in a standard size, our standard panels are easy to attach together to replicate your exact voltage and current needs. 
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Production of Your Exact Solar Panel: 

You should try to design your product around one of our standard solar panel formats so that the panel is always available, without a delay in supply, espcially when your product is first introduced. 

We can, however, design and produce custom solar panels to meet you exact power, voltage and current needs. Because these solar panels are produced in high volume by automated equipment (unlike our "Crystalline" solar panels that are made by hand, individually), they require a "set-up" charge and a minimum production run for any custom production run. Please let us know your requirements and we will advise you of the best panel design for your specific application. 
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Fast Production: 

We can begin shipping your production orde rusually within 30 to 45 days of your order or faster if the solar panel is "standard" and is in stock. Please inquire...

2)  
PHOTON TECHNOLOGIES "Plastic, Flexible" THIN-FILM Solar Panels
 

PHOTON TECHNOLOGIES Thin-Film, Flexible Plastic Mini-Solar Panels can be used in many products that require a dependable recharging source, but in a format that needs a curved or flexible solar panel design. Our "ITF" solar panels can conform to many types of product surfaces and are especially useful for existing products that are being adapted over to solar recharging at a low cost. 

See our new Links within this ITF Flexible, Plastic section for information on our Mini-Solar Panels for FLASHLIGHT, LANTERNS and RADIOS, and lots of other recharging applications. 

PHOTON TECHNOLOGIES Custom, High Performance Photovoltaic Products 
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PHOTON TECHNOLOGIES produces High Performance Mini-Solar Panels for recharging NiCad, Nickel Metal Hydride and Gell-Cell Batteries. We also produce small, powerful, unbreakable solar panels for your DC motor powered toys and motorized equipment. 

These two pages describe our unique ITF Flexible Plastic Solar Panel. This solar panel can be easily adapted to most any product, especially Flashlights and Radios. Our standard ITF Solar Panel measures just 114 mm (4.5") x 37 mm (1.46") and has an output of 3.0 volts/40 to 50 mA). 

In production quantities, the price can be as low as $2.75/each. Unlike cutting and hand soldering 8 segments of a delicate Crystalline Solar Panel together for the same voltage/current output, this solar panel only requires that the wire leads be soldered to the copper end contacts and it's ready to install. 

It can be covered with clear tape or a thin, clear acrylic plastic cover plate. Very inexpensive and Very easy to adapt to your product!. 

More thin film info:

Thin Film Solar Cells

Key Centre for Photovoltaic Engineering UNSW


Solar cells are a clean and reliable method of generating electricity. For many applications, however, the high cost of solar cells makes them uncompetitive with grid supplied electricity from conventional sources such as coal fired power stations. Solar cells have therefore been limited primarily to remote applications such as for telecommunications and marine navigation systems, where low maintenance and high reliability are required. Much solar cell research has concentrated on reducing costs, thus making solar cells commercially viable for other applications. One possibility for significantly reducing costs is the development of thin film solar cell technologies. 
Most commercially available solar cells are made from wafers of very pure monocrystalline or polycrystalline silicon. Such solar cells can attain efficiencies of up to 18% in commercial manufacture and over 20% in the laboratory. However, the silicon wafers used to make them are relatively expensive, making up 20-40% of the final module cost. Although silicon is highly abundant (comprising one quarter of the earth's crust), making a very pure wafer suitable for solar cell manufacture requires much energy and is therefore relatively costly. Moreover, a solar cell made using a 300-400 micrometre thick wafer generates 90% of its energy from the top 15-20 micrometres. The rest of the wafer is required simply to hold the cell together. 

The alternative to these "bulk silicon" technologies is to deposit a thin layer of semiconductor onto a supporting material such as glass. Various materials can be used such as cadmium telluride, copper-indium-diselenide and silicon. Thin film solar cells made from cadmium telluride or copper indium diselenide have yet to be fully commercialised, but offer some promise of achieving low costs with reasonably good performance. 

Thin film silicon solar cells have been commercially available for many years and are the most common technology employed in solar powered calculators and watches. These cells employ amorphous silicon, which is of much lower quality than the material used for bulk silicon solar cells. Because of this lower material quality, the efficiencies of amorphous solar cells are significantly lower than those of bulk silicon cells-less than 8 % for the best commercial devices. High efficiency is not critical for applications such as small consumer products, but is important for large scale applications such as supply of grid-connected electricity. Furthermore, amorphous cells tend to degrade when exposed to sunlight. Despite these problems, significant improvements have recently been made in improving and stabilising the performance of amorphous solar cells. Continued improvements could make this technology more economically viable. 

The Photovoltaics Special Research Centre at the University of New South Wales has been researching silicon thin film solar cells since 1986. Much of this research is related to crystalline silicon structures, such as methods of crystallising amorphous thin films and maintaining the efficiency of cells made using low quality material. 

The Centre's work has led to development of the multilayer solar cell. This innovative cell structure has the potential to overcome the efficiency limits of amorphous solar cells while maintaining low processing costs. Such a development could make solar cells far more cost competitive with conventional generators such as coal-fired power stations. 
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Figure 1: Relative thicknesses 

A conventional solar cell consists of just one layer of p-type silicon and one layer of n-type silicon sandwiched together to form a pn junction. A multilayer solar cell, however, consists of up to 10 very thin alternate layers of p- and n-type silicon deposited onto glass to give several pn-junctions. It is this multilayer structure that enables moderate efficiencies to be achieved with low quality material, since each light generated charge carrier does not have very far to travel to reach a pn junction. The next stage involves forming a set of grooves of one type of polarity (say n-type) using a laser. After grooving and cleaning, the edge of this groove is doped with impurities to give the desired polarity. This connects all the n-type layers within the stack in parallel. A second set of grooves is then formed with the edges doped p-type to connect all the p-type layers in parallel. Some of the n- and p-type grooves are also overlapped. Metal is then deposited into the grooves to allow current to flow through the module. The metallisation scheme also connects adjacent sections (or "cells") in series. 

Steps in processing of the multilayer solar cell: 

1. Glass superstrate 

2. Multilayer deposition 

3. First polarity groove 

4. Second polarity groove 

5. Metallisation 

The multilayer cell combines existing technology, such as the buried contact solar cell developed at the Centre, with new silicon deposition and recrystallisation techniques. It offers efficiencies comparable to those of conventional solar cells, with laboratory grade multilayer test structures having already demonstrated efficiencies of over 17%. More importantly, it offers greatly reduced processing costs. Only small quantities of low grade silicon are required and module manufacture can be highly automated, whereas conventional modules are assembled largely by hand. 

A large amount of interest has been generated since the initial announcement of this breakthrough. In February 1995, Pacific Power, the main electricity generator for New South Wales, and Unisearch, the commercial arm of the University, came together in a $64 million joint venture to establish Pacific Solar. Over the five years from its inception, Pacific Solar is developing the multilayer solar cell into a commercially viable product with an efficiency of 15% and at a cost of $A2 per peak watt-cheap enough to allow solar cells to be installed across the rooftops of the world. 
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The Key Centre for Photovoltaic Engineering is established and supported
under the Australian Research Council's Centres Scheme 
