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On the low breakdown voltage of
IBC cells
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Low breakdown voltage

= Breakdown physics
e |BC advantages over FBC architectures
e Band to band tunnelling

e Charge exchange between n+ and p+
regions

= Energy yield
* Shadow tolerant scenarios

* Experiments: 4% gain for low breakdown
voltage

= Trade off

e Breakdown voltage vs efficiency
e @Gap between n+ and p+ regions
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Ranking c-Si solar cell architectures
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Objectives

Understand charge transport mechanisms:
u High efficiency IBC poly-silicon solar cells
= Breakdown voltage (BDV)

Calculate BDV
u Ultra-high-efficiency IBC solar cells

Propose design strategies
= Achieve high conversion efficiency
= Simultaneously maintain low BDV
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Physical models

GenPro
Mobility

Tunnelling
models

Band gap
narrowing

#

Recombination
mechanisms

=  Radiative

= Auger

= SRH

Dipole layer

[1] P. Procel, et al., Prog. Photovoltaics, 25 (2017)
[2] P. Procel, et al., Sol. Energy Mater. Sol. Cells, 1

[4] P. Procel, et al., Sol. Energy Mater. Sol. Cells, 200, (2019)

[5] P. Procel, et al., IEEE J. Photovoltaics, 9 (2019)

[6] M. Pomaska, et al., Prog. Photovoltaics, 28 (2020)

Modelling method

Semiconductor equations

Poisson equation
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Working principle: Charge collection
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IBC poly-Si CSC
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Working principle: Breakdown voltage
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IBC poly-Si CSC

[1]

(n) c-Si (n) c-Si
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gap [2]
Jo V,. FF n
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Working principle: BDV

p+ poly-Si in-diffusion n in-diffusion n+ poly-Si
p
[ | T
| gap
S
©
I |5
(0]
2
S
(n) c-Si .g
[e]
[a]
I j I
> Distance
gap :
2 f °
g r------ i____‘____m E=—-@------ o — — —
wl i h+
+—E,
—_— Ev
- - -E k

Distance

%
TUDelft 13 [1] A. Calcabrini, et al., Cell Rep. Phys. Sci. 3, 101155 (2022)



—J—

<]
TUDelft 14

(n) c-Si

<+“—>

gap

BDV and n

d PolySi: 15 nm

28.0 -

27.5 -

n (%)

27.0 -

26.5 -

1 L 1

1

1

1

10

12

14

16 18

Gap (um)

20

22

24

26

-1.0

-15

-2.0

-2.5

-3.0

-3.5

-5.0

-5.5

-6.0

BDV (V)



_J—

%
TUDelft 15

(n) c-Si

<+“—>

gap

BDV and n

28.0

27.5

n (%)

27.0

26.5

d PolySi increase

N

[2]

=L
S ——10
e
IR
2 e
NS o N
LA R A“
T XK K
i N
v Q
54 V
PAN
[>
v/ A
<& O
B
< Y
V
>

1 L 1 L 1 L 1

d PolySi increase

< s =
\ >\ §
>

A

b
y d PolySi (nm)-mn - BDV

15 —/— —/— 25—"(F— —{+—
30 —O0— —O— 40— —/—
50 —/— —/— 100 —0O— —O—
150 —<}— —J— 200 —>— —P—

&I

1 L 1 L 1 L 1

8 10 12 14

18 20 22 24

Gap (um)

26

-1.0

-1.5

- -2.0
- -2.5
- -3.0
- -3.5

-4.0

-5.0
-5.5

-6.0

BDV (V)



BDV and n: polySi thickness
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Conclusions

Charge transport Calculate BDV & n Propose design strategies
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Integrated bypass diodes
Interdigitated Back Contact (IBC)

Front/Back Contacted (FBC)
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Partial shading

Bypass diodes
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