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Types of PV cells 4uaill DA ¢ )5

Monocrystalline Silicon Cells 5,51 4pala ¢ gSulud) LA

Monocrystalline Silicon Cells )5l dalal o &lud) DA

Made using cells saw-cut from a single cylindrical
crystal of silicon, this is the most efficient of the
(PV) technologies. The principle
advantage of monocrystalline cells are their high
efficiencies, typically around 15%, although the
manufacturing  process required to  produce
monocrystalline silicon is complicated, resulting in
slightly higher costs than other technologies.

photovoltaic
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Made from cells cut from an ingot of melted and
the
process, molten silicon is cast into ingots of

recrystallised silicon. In manufacturing
polycrystalline silicon, these ingots are then saw-
cut into very thin wafers and assembled into
complete cells. Multicrystalline cells are cheaper
to produce than monocrystalline ones, due to the
simpler manufacturing process. However, they
tend to be slightly less efficient, with average
efficiencies of around 12%, creating a granular

texture.
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The maximum efficiency achieved by polycrystalline | oy {7 G e sl saamie WAL (gguaill 35S
cells is 17%, while monocrystalline cells can achieve " . ) )
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Bypass Blocking Diodes

If the battery is connected directly to the solar panel, a
small leakage current will flow through the solar panel
when it is not illuminated. The can be prevented by
adding a blocking diode to the circuit (see the
schematic). Many portable solar modules have a built-
in  blocking diode (check the manufacturer’s
specifications).

Practical Matters

When positioning a solar panel, you should ensure that
no part of the panel is in the shade, as otherwise the
voltage will decrease markedly, with a good chance
that no current will flow into the connected battery.

Most modules have integrated bypass diodes
connected in reverse parallel with the solar cells.
These diodes prevent reverse polarization of any cells
that are not exposed to sunlight, so the current from
the other cells flows through the diodes, which can
cause overheating and damage to the cells. To reduce
costs, it is common practice to fit only one diode to a
group of cells instead of providing a separate diode for
each cell.
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Bypass Diode Protection aill aglay dleall

Bypass Diodes

Cell 2

Cell 1

Cutput
Woltage

The presence of the bypass diode limits the voltage
across the bad cell in its reverse bias to pass a certain
current. The bypass diode conducts, thereby allowing
the current from the good solar cells to flow in the
external circuit. The maximum reverse over voltage
across the bad cell is reduced to about a single diode
drop so that larger voltage differences cannot arise in
the reverse-current direction across the cell, thus
limiting the current and preventing over heating due to
less power being dissipated. Ideally, we would have a
bypass diode for each individual PV cell, but in
practice there would be one bypass diode for a number
of cells.

Cell3
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Mismatch Effects in Arrays

In a larger PV array, individual PV modules are connected in both series and parallel. A series-connected set of
solar cells or modules is called a "string". The combination of series and parallel connections may lead to
several problems in PV arrays. One potential problem arises from an open-circuit in one of the series strings.
The current from the parallel connected string (often called a "block") will then have a lower current than the
remaining blocks in the module. This is electrically identical to the case of one shaded solar cell in series with
several good cells, and the power from the entire block of solar cells is lost. The figure below shows this effect.

«— open circuit

current from parallel
combination is
reduced by 1/4

The array at the left is
electrically equivalent to the
circuit at the right, with each
solar cell having a voltage of
72 times a single solar cell
and a current 4 times a single
solar cell.

Potential mismatch effects in larger PV arrays. Although all modules may be identical and the array does not
experience any shading, mismatch and hot spot effects may still occur.

Parallel connections in combination with mismatch effects may also lead to problems if the by-pass diodes are
not rated to handle the current of the entire parallel connected array. For example, in parallel strings with series
connected modules, the by-pass diodes of the series connected modules become connected in parallel, as shown
in the figure below. A mismatch in the series connected modules will cause current to flow in a by-pass diode,
thereby heating this diode. However, heating the by-pass diode reduces the effective resistance. Most of the
current will now flow through the slightly hotter set of by-pass diodes. These by-pass diodes then become even
hotter, further reducing their resistance and increasing the current flow. Eventually almost all the current may
flow through one set of by-pass diodes. If the diodes are not rated to handle the current from the parallel
combination of modules, they will burn out and allows damage to the PV modules to occur.
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Bypass diodes in paralleled modules. There are typically two bypass diodes in each 36 cell module.

In addition to the use of by-pass diodes to prevent mismatch losses, an additional diode, called a blocking
diode, may be used to minimize mismatch losses. A blocking diode, shown in the figure below, is typically
used to prevent the module from loading the battery at night by preventing current flow from the battery
through the PV array. With parallel connected modules, each string to be connected in parallel should have its
own blocking diode. This not only reduces the required current carrying capability of the blocking diode, but
also prevents current flowing from one parallel string into a lower-current string and therefore helps to
minimize mismatch losses arising in parallel connected arrays.
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The blocking diode on shaded
module prevents current flow
into shaded module from the

parallel module.
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Bypass diodes reduce the impact
of mismatch losses from modules
connected in series.

Impact of blocking diodes in parallel connected modules.
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Reverse Current Protection
Ever stick a battery in the wrong way? Or switch up the red and black power wires? If so, a diode might be to
thank for your circuit still being alive. A diode placed in series with the positive side of the power supply is

called a reverse protection diode. It ensures that current can only flow in the positive direction, and the power
supply only applies a positive voltage to your circuit.

FUSE

E— >F 7: o

2% | g

This diode application is useful when a power supply connector isn’t polarized, making it easy to mess up and
accidentally connect the negative supply to the positive of the input circuit.

The drawbackof a reverse protection diode is that it’ll induce some voltage loss because of the forward voltage
drop. This makes Schottky diodes an excellent choice for reverse protection diodes.
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Cutting Solar Cells 4xuadd) LAY ks

http://lasertechatlanta.com/images/photo—cell.jpg

You might ask why would you cut solar cells? The . L& el dags )~ 13l s
main reasons are S s “; < J
o Increase packing density (area cell/total area of () Aslise/WIAY dalise) Aianl) 23S 30l @
panel)
e Increase voltage (voltage becomes higher with ) L ) )
more cells) (DAY 2ae 3l deal) a5) deall 3ol @
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Cut between thick and thin regions

http://www.blueskysolar.utoronto.ca/wordpress/wp—content/uploads/2014/06/Cell_cutting—279x300.png
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Table Saw yald jLiiay audaiil)

http://cdn.instructables.com/FZE/BSID/H7ANSRLX/FZEBSIDH7ANSRLX.LARGE.jpg

http://www.steampunkworkshop.com/wp-content/uploads/Mini-Table-Saw%20(2).JPG
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http://eburn.scripts.mit.edu/pened/doku.php/lessons/solar/03cuttingsolarcells/2.draft :‘).A.a.a.d\

Unlike glass, solar cells are crystalline,
rather than amorphous. This means that
they are more brittle and also have an
orientation, whereas glass is non-
directional. They'll tend to break “along
the grain” (if you imagine the boundaries
between crystals to be like the grain in a
piece of wood) so if you attempt to make
cuts in this direction, they'll be less likely to
break in a direction you're not intending.

Each solar cell is a wafer of silicon, with a network of
white traces on top to collect the electrons. The
contacts are spread out so as to collect electrons from
all over the cell. Therefore, when you cut the cell into
pieces you should be sure all the traces are connected,
so all the electrons can be delivered through the
circuit.

The entire back of the cell is connected, but there are
six (usually) small white rectangles that are easier to
solder to than the surrounding silvery area, so
although it's not necessary, it's a good idea to have at
least one on each piece that you cut, in order to make
soldering them together easier.
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http://ppp.abstractdynamics.org/archives/PVWork(5-03-thumb.JPG
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http://ppp.abstractdynamics.org/archives/PVWork(05-12-thumb.JPG
How to cut solar cells : 5 Sall Loaf 7 iy Ul gpal

http://youtube.com/watch?v=zi6AAHEpL2Y
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The packing density of solar cells in a PV module
refers to the area of the module that is covered with
solar cells compared to that which is blank. The
packing density affects the output power of the
module as well as its operating temperature. The
packing density depends on the shape of the solar

cells used.

For example, single crystalline solar cells are round
or semi-square, while multicrystalline silicon wafers
are usually square. Therefore, if single—crystalline
solar cells are not cut squarely, the packing density of
a single crystalline module will be lower than that of a
multicrystalline module. The relative packing density

possible with round verses square cells is illustrated

below.

++
++

Sparsely packed cells in a module with a white
rear surface can also provide marginal increases
in output via the "zero depth concentrator"
effect, light
striking regions of the module between cells and

illustrated below. Some of the

cell contacts is scattered and channelled to active
regions of the module.
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If you decide to install photovoltaic modules and worry about hail damage, there are a couple of things to
consider. One of the most important concerns the size of the modules. If the region you live in is subject to
frequent or serious hail storms, smaller modules are easier and less costly to replace. Also if a large module
sustains damage, it will seriously reduce the power output, or even cause the system to fail completely. The
drawback with using smaller modules is that they are often more expensive to install.

But of course there is not much that would withstand very large size hail but then your home insurance should
cover the damage (just like the damage that would happen to your car and/or house during one of those hail
storms). I do not think it is very expensive to get your solar panels added onto your home insurance policy (if
they are not covered already)

**k%*
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https: //www.facebook.com/pages/%D8%A7%D9%84%D8%AC%D8%AF %D9%8A%DE %AF -

%D9%81%D9%8A-%D8%A7%D9%84%D8%A3%D8%AC%D9%87%D8%B2%D8%A9—-

Instruments—%D8%A7%D9%84%D9%88%D8%B7%D9%86—

%D8%A7%D9%84%D8%B9%D8%B1%D8%A8%D9%8A—

%D8%AT7%D8%B4%D8%AA%DE%B1%D9%83-

%D9%85%D8%B9%D9%86%D8%A7/669926539691233
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https: //www.facebook.com/AnimationSimulation
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