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Low breakdown voltage
 Breakdown physics

• IBC advantages over FBC architectures
• Band to band tunnelling
• Charge exchange between n+ and p+ 

regions

 Energy yield
• Shadow tolerant scenarios
• Experiments: 4% gain for low breakdown 

voltage 

 Trade off
• Breakdown voltage vs efficiency
• Gap between n+ and p+ regions

A. Calcabrini, et al., Cell Rep. Phys. Sci. 3, 101155 (2022)
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Dopant diffusion and effect of varying gap

Decreasing gap width

gap

A. Calcabrini, et al., Cell Rep. Phys. Sci. 3, 101155 (2022)



4

Potential of CSPCs in c-Si solar cell architectures

 Carrier-selective passivating contacts
• Transport mechanisms
• Strike trade-off between JSC and FF

 Theoretical η peaks depend on
• Contacts patterning
• Wafer thickness
• Wafer resistivity

 IBC architectures
• Maximum potential for η close to theoretical 

limits

P. Procel Moya, et al., Sol. Energ. Mater. Sol. Cells, 285, 113504 (2025) 
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Ranking c-Si solar cell architectures

26,47

27,17 27,22 27,4

28

28,53 28,54 28,64

26

26,5

27

27,5

28

28,5

29

29,5
Ef

fic
ie

nc
y 

[%
]

TCO with 
buried

junctions

TCO
selective

PERFECT
RJ

Dopants
free

IBC
poly-Si

IBC
hybrid

IBC
SHJ

Localized
contacts

P = 800 μm
dbulk = 160 μm
Wfinger = 10 μm

P = 800 μm
dbulk = 70 μm

Wfinger = 10 μm

P = 800 μm
dbulk = 60 μm

Wfinger = 10 μm

P = 400 μm
dbulk = 60 μm
%HTL = 90%

P = 400 μm
dbulk = 50 μm
%HTL = 70%

P = 400 μm
dbulk = 70 μm
%HTL = 90%

P = 600 μm
dbulk = 70 μm

Wfinger = 10 μm

P = 800 μm
dbulk = 190 μm
Wfinger = 10 μm

ρbulk = 10 Ω·cm

P. Procel Moya, et al., Sol. Energ. Mater. Sol. Cells, 285, 113504 (2025) 
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 Understand charge transport mechanisms:
 High efficiency IBC poly-silicon solar cells
 Breakdown voltage (BDV)

 Calculate BDV 
 Ultra-high-efficiency IBC solar cells

 Propose design strategies
 Achieve high conversion efficiency
 Simultaneously maintain low BDV

Objectives
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Modelling method

 Geometry
 ε
 T
 μ
 χ0
 Eg
 mt(·)
 N(·)
 DOS
 …

Input 
parameters Physical models

𝑓𝑓(𝐸𝐸) =
1

1 + 𝑒𝑒𝑒𝑒𝑒𝑒 𝐸𝐸 − 𝐸𝐸𝐹𝐹
𝑘𝑘𝐵𝐵𝑇𝑇

Fermi-Dirac statistics

Poisson equation
 ϵ∇2ϕ = −q p − n + ND − 𝑁𝑁𝐴𝐴 − 𝜌𝜌𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

Continuity equation
 ∇ ⋅ 𝐽𝐽 � = q(𝑅𝑅 − 𝐺𝐺) + q 𝜕𝜕(�)

𝜕𝜕𝑡𝑡

Semiconductor equations
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Recombination
mechanisms
 Radiative
 Auger
 SRH

Dipole layer
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IBC poly-Si CSC

Metal Metal

SiOx
p+ poly-Si n+ poly-Si

SiOx

(n) c-Si (n) c-Si

[1] P. Procel Moya, et al., Sol. Energ. Mater. Sol. Cells, 285, 113504 (2025)
[2] A. Calcabrini, et al., Cell Rep. Phys. Sci. 3, 101155 (2022)

gap gap

[1]

[2]

DARC

Low breakdown voltage
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Working principle: Breakdown voltage

(n) c-Si

[1] A. Calcabrini, et al., Cell Rep. Phys. Sci. 3, 101155 (2022)
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IBC poly-Si CSC
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[1] P. Procel Moya, et al., Sol. Energ. Mater. Sol. Cells, 285, 113504 (2025)
[2] A. Calcabrini, et al., Cell Rep. Phys. Sci. 3, 101155 (2022)

[3] L. Black, et al., Sol. Energ. Mater. Sol. Cells, 295, 113985 (2026)
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BDV vs η (n) c-Si
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Working principle: BDV

(n) c-Si

[1] A. Calcabrini, et al., Cell Rep. Phys. Sci. 3, 101155 (2022)
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BDV and η
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BDV and η: polySi thickness
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BDV and η: polySi thickness
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BDV and η: Gap
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BDV and η: Gap
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Charge transport

Conclusions
Propose design strategiesCalculate BDV & η

η: 27.68 % & BDV: -1.77 V
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Integrated bypass diodes
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Partial shading
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