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Thursday, 9/21/23 

 

PV Modules and Arrays, Typical Construction 

Consider the figure below: 

 

 

a. Rigid Crystalline Si PV Cells 

The PV cells are cushioned by airtight encapsulation in a layer of transparent ethyl 
vinyl acetate (EVA): 

 So that the cell survives handling, 

 Airtight to keep moisture out. 

The top cover is a layer of “tempered glass.” 

 Tempered glass is strengthened compared to normal glass. 

This top cover glass layer might have an antireflection coating (ARC) 
applied to it. 

The Tedlar layer serves as a barrier to moisture and chemical attack. 

 Tedlar is a lightweight synthetic polymer. 
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 The Tedlar layer is under the backside EVA layer. 

The glass-EVA-PV-EVA-Tedlar assembly is fitted into a slotted aluminum frame 
and fixed in place with a sealant. 

 

b. Rigid Thin Film PV Cells 

Rigid thin film PV cells are deposited directly onto glass. 

 

c. Flexible Thin Film PV Cells 

For flexible PV cells, many module/array options exist. 

Including fabrication on a roll of plastic film. 

Consider the figure below: 
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Electrically Connecting PV Cells and Modules 

For typical large power applications, two connection architectures are used: 

(1) PV powered DC systems with battery storage 

Typically, 12 V rechargeable batteries are used. 

Approximately 18 V is suitable for charging 12 V rechargeable batteries. 

Connecting 36 PV cells in series is often used for this: 

 Voc: approximately 20 V 

 Vmpp: approximately 17 V 

(2) AC grid connected PV systems: 

A higher DC voltage is desired to achieve higher DC-AC conversion 
efficiency. 

72 SC Si PV cells in series yields a Vmpp of approximately 35 V.  

72 SC Si PV cells take about 1.5m2 of real estate: 

 Yields up to about 200 Wp. 

Consider this: 

 

 So, 1.5 m2 is about 16 ft2: 

  Yielding 12.5 W/ft2 peak. 

 Consider a standard 2000 ft2 roof with 1000 ft2 facing south: 

  This could yield about 12.5 kW peak. 
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 If, on average, peak performance is achieved 6 hours per day: 

  This yields 75 kWH of energy per day. 

Let’s assume we get this much energy out of the system for an 
average of 200 days per year, yielding 15,000 kWH per year. 

With Alabama Power, residential users pay $14.50 plus $0.124384 per kWH 
for the first 1000 kWh per month.  Above 1000 kWH, the fee is $0.126913 
per kWH (June-September) or $0.112384 per kWH (October-May).  So, 
15,000 kWH would cost you $1915.67 in the summer or $1712.26 in the 
winter, if you purchased this amount of electricity from Alabama Power at 
these rates. 

However, if you sold all of this energy back to Alabama Power at their 
stated rate of $0.0744 per kWH (peak hours, June through September, Time 
of Day Rate Option, and minus the $0.97 monthly fee): 

Alabama Power would pay you $1115.03. 

 

Electrically Connecting “Real” PV Cells into a Module 

a. Connecting cells to form a module 

“Real” PV cells are NOT identical! 

This is due to manufacturing differences, localized damage, partial shading 
of the module/array, etc. 

Therefore, the module’s output is limited by the PV cell with the lowest output: 

 i.e. the “weakest link in the chain.” 

This resulting power loss is called Mismatch Loss: 

(1) Mismatch loss from manufacturing tolerances: usually small and of little 
concern. 

(2) Mismatch loss from partial shading: potentially problematic and should be 
avoided. 

(3) Mismatch loss from a bad PV cell: very bad! 
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A bad PV cell acts as a load if it cannot produce current (the reverse 
biased pn junction is in reverse breakdown). 

This cell now consumes power and dissipates it as heat, which can 
further damage the array (solder joint melting, etc.).  This is known as 
Hot-Spot Formation. 

Consider the drawing below: 

 

In (a) above: with the series chain of connected PV cells, the full voltage of the 
series connected good cells is across the reverse biased bad cell. 

This leads to reverse breakdown of the bad cell’s pn junction, leading to hot 
spot formation. 

 In (b) above, the circuit model for the series chain in (a) is shown. 

In (c) above, bypass diodes have been added to small groups of PV cells to prevent 
hot spots from occurring due to bad cells.  If a cell is bad, the current is shunted 
around that group of PV cells through the bypass diode. 

There is a tradeoff though: the bypass diode will take out all good cells in 
the group with one bad cell. 
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Typically, one bypass diode is used for every 10 or fewer PV cells. 

 

b. Modules as Units 

PV modules are also characterized by Voc, Isc, and Pmpp. 

Modules can be connected in series and parallel too, as shown below: 

 

 

Bypass diodes are also added to module assemblies: one per module. 

Diodes in series with modules are called Blocking Diodes: 

 These diodes ensure that current only flows out of the modules. 

They are typically used with battery charging PV systems to prevent 
batteries from discharging through the modules at night. 

They will introduce a small voltage drop due to their turn-on voltage: 

 ~ 0.2 V – Schottky diodes 

 ~ 0.7 V – Si pn junction diodes 

Bypass and blocking diodes might be included in the PV module. 

PV modules have specifications similar to PV cells.   

Typical PV module specification from the textbook, p. 86: 
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The textbook lists some “average module efficiencies: under standard conditions 
on p. 85: 

 SC Si: 18% 

 MC Si: 17% 
 CIS: 15% 

 CdTe: 16.5% 

 a-Si: <10% 

Note: SC Si and MC Si PV tend to lose their efficiency advantage in weak or 
diffuse light, or in high temperatures. 

PV modules also perform similarly to PV cells when the insolation varies: 

 

Here is a comparison of various PV technology modules, from the textbook p. 88. 
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Here is an example commercial PV module specification: 

 

 

Consider an actual PV module data sheet, on the next two pages. 
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