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Introduction: Back-Contact cells don’t just improve performance —the structural
difference change electrical behaviour in the shade

1. The structural difference:

1. Conventional front-contact vs back-contact cells
2. Difference in electrical behaviour in the shade

2. “Anti-Hotspot”

1. The need to address hotspot and the defects they create in conventional
front-contact cells.

2. The difference in back-contact cells
3. How to apply this in PVSYST models, and the current challenges.

3. “Anti-Shade”

1. The problem with bypass diode protection on conventional front-contact
modules.

2. The difference with back-contact cells
3. How to apply this in PVSYST models, and the current challenges.




The Difference: A significant change in structure

Front Contact Cell Structure Back Contact Cell Structure

Positive Side

Wafer Bulk

/

Negative Side Positive Side

Negative Side

FRONT CONTACT VS BACK CONTACT




The Difference: Electrical behaviour without sunlight

Front Contact Cell Structure Back Contact Cell Structure

Positive Side

Wafer @ Bulk J
Negative Side Positive Side I

Negative Side

Red arrows shows path of current,
front contact lower dopant concentration and higher distances,
back contact higher dopant concentration and lower distances




“Anti-Hotspot”: Hotspot damage is a major failure mode in conventional modules

* It happens in real systems

* It's tied to reliability and lifetime

Installation

Hotspot/Shading/Soiling

41.32%

Module failure
causes

Glass breakage

PID

Snail track

Others

Defective backsheet Delaminating

Hotspot is the primary cause of conventional
module failure

Hotspot phenomenon under real application scenarios



“Anti-hotspot”: Hotspot formation on conventional front-contact cells risk thermal
concentration

Anode (+)

Thermal
P breakdown

Cathode (-)

Image: Electrical concept cross section of a conventional front contact solar cell. Highlighting that in the shade, the
concentration of current path leads to thermal break down at the weakest point.




“Anti-hotspot”: BC cells distribute current across the entire cell under shade

Positive (+)

Negative (-)

Instead of concentrating thermal stress in one weak point,
back-contact cells spread current across the entire structure




“Anti-Hotspot”: Improved Hotspot risk should reduce mismatch and dispersion
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the chosen year, corresponding to these model
parameters,

Simulation for year no @
Modules degradation 5.9%

Na it Gedrataion - /0
Global degradation 14.6%

~Model-
~PV module ageing parameters-

Aver. degradation factor () %%fyear
Imp / Vmp contributions [80 | %
Imp RMS dispersion m % fyear

¥mp RMS dispersion % fyear

llIl|lIllIlllllll[l'll|||||||

0 ]

s in simulation
Loss = 145% J

£
'}
E — fgsic degradation
B BT e \ih ahncel ncresing mismath
== |loduk warranty
1] AP EPESN IS I IR

0 : 10 {5 2 5 %
Year
Conventional Front Contact

PVSYST Dispersion Defaults in Blue Tick

7,

e

Same average,
But different dispersion?

Deggndat o [Ma]

Back-Contact PVSYST

Ageing
Degradation values in simulations-

Show which values will be used in the simulation for
the chosen year, corresponding to these model
parameters,

Simulation for year no @
Modules degradation 5.9%

MISIM SN gearacis iion ’ (0
Global degradation 9.0%

—Model

—PV module ageing parameters

Aver. degradation factor (] %/fyear

/

— Basic degradaton
[ = 1\ih annual increasing misnatch

= [loduk warranly
70AAAIIAAAAlkk:klkkkk‘hlhklllll

0 5 10 1§ il % 0
Year

Back Contact
Better dispersion?




“Anti-hotspot”: Summary

Conventional Front Contact Cells Back-Contact Cells

Cell structure forces higher-voltage “breakdown”  Cell structure enables low-voltage “tunnelling” to

to conduct in shade conduct in shade
Cell structure forces current through bulk - Cell structure guides current through doped
current looks for weak-points regions - more conductive paths

Concentrated avalanche breakdown at weak . :
Distributed, low-stress conduction across the cell

points
Localised heating - hotspot formation Distributed heating - hotspot risk reduced
Localised degradation - higher mismatch Uniform behaviour - tighter module population
Hotspot formation remains an inherent, Reduced hotspot conditions improve reliability

dominant risk in long-term reliability and increase lifetime energy




“Anti-Shade”: Traditional protection (bypass diodes) sacrifices up to 30% power

Image of a conventional 66 cell half-cut module showing internal current
direction, locations of sub-modules and by-pass diodes




“Anti-shade”: Traditional protection (bypass diodes) sacrifices up to 30% power
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“Anti-shade” : BC modules reduce reliance on bypass diodes and preserve output

Conventional
front-contact:

Just one

shaded Cell
Activates the

bypass diode

Back-Contact:
Up to 4 four
shaded cells

In one sub-string
activates the
bypass diode

Bypass diode
Turns on \

~ Bypass diode
Turns on

FRONT CONTACT VS BACK CONTACT




“Anti-shade”: Back-Contact modules sustain higher energy production under shading

Back-Contact Power vs Front Contact Power
Against number of cells shaded. Simulation validated with internal test results

100%
B Front Contact (PVSYST)

95% M Back Contact (PVSYST)

¥ Front Contact (LONGi internal)
90% .
& Back Contact (LONGi Internal)
85%
80%
75%
70%
65%
60%
55%
50%

No Shading One Cell Shaded Two Cell Shaded Three Cell Shaded Four Cell Shaded
Number of cells shaded in one module substring (PVSYST shading 90%, LONGi internal shading 100%)

Module Power (rel. name plate at STC)




“Anti-Shade”: PVSYST's Arev and PV module 1/V characteristics tool, almost valuable.
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“Anti-Shade”: PVSYST over simplifies soiling loss
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“Anti-Shade”: Summary

Conventional Front Contact Cells Back-Contact Cells

Relies on bypass diode activation under shading  Delays bypass diode activation through improved

to self protect conduction structure
Low AREV (37.8mA/V) = diode activates with Higher AREV (1134mA/V) = diode activates
minimal shading (=1 cell) under heavier shading (=4 cells)

Early bypass = step-change power loss (¥30%) Sustains conduction - gradual power reduction

Low tolerance to shading - small shading causes Higher tolerance to shading - more shading
large losses before major loss

Applying the same soiling factors despite
different electrical behaviour under estimates
back-contact’s performance in the shade

PVSYST soiling model’s simple % loss is fine for
conventional versus conventional comparisons




Closing: BC Technology is a change in cell structure, with real system value, but
modellers still face challengers

e Fundamentally different cell architecture
e Different current behaviour under non-ideal conditions
e - Lower hotspot risk & better shade performance

e System Implications:
e Improved reliability > more lifetime energy
e Improved shading response - higher retained output

e But current technology comparisons omit these from yield analysis
e Should this continue?
e Should mismatch losses be assumed the same?
e Should soiling losses be assumed the same?

e Application Engineering Challenge:
e Technically validated at module level
e Not yet fully reflected in system yield models

e Further recearch is needed help modellers quantify these effects in looks
like PVSYST




