Lpadl) DAY e 4jme 35 L JS

U ROU R -



2 ettt ettt sttt sttt A et et he ket A e R e Rt A ek et A ek e R e At eA e A e R e At e A e R e At e R e At s e A e R e R et b e ke R e At s heRe et be s e Rt et betese et eteneneaes Gl sisal)
B ettt R Lsalll 2kl J o — J5Y1 ¢ )
B eututtetete ettt ettt a ettt h et s b e s e At e A e A e A et bR e At e s e R e Rt s R e Re Attt eseae s eRe At s b e b ene s setese et enene Al LAY alas il oS - (S 6 5a)
B ettt ettt ettt ettt et et et et et ete ettt oAt et eat et eae et eae et ete et ese et et et et ete s et et etenseteasentetene et enseteneetenseteneatens Solar Panels dxwedll #1 51Y)

7 ettt sttt bt tet et et et et et et et et et et et et et e s e s eAsasaeAeAtAe At ae At At et as b bt etetetebebebebebebetetetebetetas Ladl) 151 Jpua s

2 Z RN Charger Controllers ¢~ill cildais
L0 1ottt R SRR Ll LA alas i S - GG 6 )
10 ittt ettt ettt sttt a b b s bbb s s s bt b b e s e A e et e s e s et eA s A A e A AR A e b eb b e s e b e s b et ebebebebereteras Batteries<uly yladl)

3 OO A el e Jonps oAl aldll ciliial go pas3
1 TSSO Power InvertersusS) sal)
L ettt b ettt ae b e tet et et e ae e eaeeReeaeeteebe b entese et eneeneereeteetesbe s eneeseens Power Inverters (Sl sall & sl

17 ettt Al ial @l yial dpnal) LAY S il dauliall 4S80 a0 8 &l 5 el aila



domadd) A8UaY) Jga — J5Y) ¢ 5l
sasaiall’ Aympdal) 3)lgal) o Baciusall QD) Gl CulS g 3 yan JSE A Clgiadl G ala3) a8 saaatall A8l jalias aladia) ()
il y3ally el Ay 2l ye e g A (e Aila g 5eS) Ailally & Ll s alaiin) (e el iasall 28U aan Y ) A8kl

- sl 258 5lls Asadl) Aildally a8 ha ABlag Ll Al g 15!
e Sy (sl 8 3lsall odgn alaial) ool A sa andall Sl Jgslly andll e g)s8al) sl o538 palias) of dua
Jasll Jie LeSha Al dgglall 3yfsall 25 9 sl IS ¢l 32l Gl jalasy slaiay) 8 Load dselil) Jpall oy 38 il
IS e S a Jlaiun ) gl Y Aidas A a8 olalil) @l 8 5agasall dpaulal) Cagpall (e B2l Sl anlal) Sl

- Apadl) Z8Ual) a5 3aaaal) lElal) el

dadl) 48Ul

3

G Ayl CulS ) Adlide Bpm o SSh Lehe il b elled gy Wy ool T ud Gl (udle Sia Guedl) ) Lias il
cdelia

Ladl) ZBUAN (e 3aliiu duagidal) 48yl — Y|

sl 535 DA G sbal) wlgi Aila e Glacas 2Ll Ay dualilly cillasally sall 285 DA (e Loall GlES IS saelue Ay
sl dee e sati A clilal) e 53 il clipadl PUA g dd sla s 8 aald Ll LS Bl )5S g Sl Uyl

c oY) eSS e slall g ) a5l zpas oSl 2l JB Sl paia IS Ly ) Aaldll sl
L) A8 (e saliin dueliall Akl — Ll

ol dail 385 Bk e pale e JSE ) el DAY e alae Yl il JSa el dpuadl) Al lasin) Gpk oo

5yl Al e la a0l Wi b3Sy

¢ Solar Panels 4wl LAY & L



Clear external cover

Negative plate and front contact

Positive plate and rear contact
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Series and Parallel connacting solar pansels
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Bypass Diodes Improve System Performance and Safety
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Circuit Theory

* No cells shaded: Current passes through all
cells. No current passes through bypass
diodes.
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* One cell shaded: Current bypasses the 24-
cell series string and passes through the
bypass diode in parallel with that string.
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* One column of cells shaded: Current
bypasses the 24-cell series string and
passes through the bypass diode in
parallel with that string.
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Main Terminals

72-cell PV circuit A bypass diode is typically installed in parallel with every 24 cells.

Why are bypass diodes built into photovoltaic modules?

Bypass diodes are manufactured into solar modules for two reasons: they improve overall system performance,
and they provide an additional level of product safety and are therefore required by regulatory agencies. In
order to understand how these benefits are realized, we need to define what a diode is.

Definition. A diode is an electronic device that restricts current flow, primarily to one direction. Some diodes
are made with semiconductor materials like silicon, germanium or selenium, and others consist of metal
electrodes in an evacuated chamber filled with pure elemental gas. Simple diodes typically have two electrodes:
an anode and a cathode. The anode is the positive terminal, and the cathode is the negative terminal. Diodes are
now usually in the form of a transistor with a p-n (positive-negative) junction sandwiched between positively
and negatively charged layers of semiconductor materials. In this regard a diode is very much like a
photovoltaic cell.



Three types of diodes have historically been used in PV systems. Of these, the bypass diode is the most
common in today’s systems.

Blocking diode. The role of a blocking diode is to prevent current from backfeeding out of batteries into solar
modules at night or during cloudy conditions. These devices are found in the positive source circuit conductor
of stand-alone PV systems. Because today’s charge controllers provide this protection, blocking diodes are
generally found in legacy systems only.

Isolation diode. The isolation diode is another device most commonly found in legacy systems. This diode is
installed between two series strings to isolate a good series string from one that has failed or become shaded.
Because bypass diodes are required in today’s modules, the use of external isolation diodes is redundant and
seldom practiced.

Bypass diode. The primary reason that bypass diodes are used is to prevent the operating voltage of the module
and the series string from getting too low if a panel has any partial shading. The shaded portion of the panel is,
as the name suggests, bypassed.

A solar module is constructed of multiple photovoltaic cells that are electrically connected in series to increase
the output voltage by the number of cells in the circuit. Regardless of size, solar cells consistently produce a
maximum power voltage (Vmp), or operating voltage, of about 0.5 Vdc under standard test conditions. The
most common cell configuration for a solar module has 72 cells connected in series to produce a Vmp of
somewhere around 36 Vdc. In a 72-cell solar panel there would typically be a bypass diode installed in parallel
with every 24 cells.

Effects of partial shading. A shaded solar cell is not able to pass as much current or voltage as an unshaded
cell, causing its maximum power point to drop as a result. The more the cell is shaded, the more the power
drops. It is far worse to have one cell shaded by 75% than it is to have three cells shaded by 25%. As unshaded
cells try to pass more current than the shaded cell is capable of handling, it actually develops a negative voltage
and draws power. As the power output of a module drops, it pulls the rest of the panels in the string down as
well. The inverter will begin to derate or reduce power output, and eventually the string voltage may drop out
of the inverter’s operating window.

This is where bypass diodes come in handy. Under shaded conditions, for example, one series connected string
of cells might be producing a voltage drop of -12 Vdc. The bypass diode connected in parallel, however,
produces a voltage drop on the order of -0.7 Vdc. Electricity, much like water, will follow the path of least
resistance and flow through the diode. As electricity flows through the diode, it bypasses the shaded cells,
effectively removing that series string of cells from the circuit. This reduces the module output voltage by 12
Vdc. But if bypass diodes were not included in the circuit, the impact of the shading would be even greater.
Because the shaded string of cells draws 12 Vdc, the module’s output voltage would be reduced by 24 Vdc.

Safety first. The worst condition imaginable with a solar module that has no bypass diodes is that it causes a
fire. This is unlikely but possible under certain conditions, such as when a leaf completely covers one cell of a
series string. Under these shaded conditions, the cell will draw power rather than produce power. This means
that while the rest of the cells are trying to pass current, the shaded cell is drawing current. The byproduct, of
course, is heat. After many days of operating under these conditions, this additional heat and multiple
temperature cycles can cause soldier joints to weaken. If the joints weaken and eventually disconnect, it is
possible to produce an electrical arc. The high temperature from the arc might cause the glass to shatter, letting
oxygen into the glass laminate that holds the solar cells in the panel. When oxygen enters the laminate, the
highly flammable EVA that holds the laminate together can catch fire.

This scenario clearly needs to be avoided at all costs. As a result, bypass diodes are required in all solar electric
modules that are certified for use in the US. Despite the performance benefits of bypass diodes, this safety
function is the primary reason that regulatory agencies require them.
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