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CONTEXT: toward a tandem industry
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CONTEXT: CGSe close to be ideal

CGSe:
- record efficiency = 11.9%? (Univ. Uppsala)
- top cell required efficiency (tandem >25%) = 13.5%?2
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Top-cell: CGSe growth studies

Deposition by co-evaporation

on To/ \ c-Si

CuGaSe, (top cell) CuGaSe, (top cell)
ITO (interface

Si (bottom-cell) Si (bottom-cell)
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Deposition on c-Si
Surface roughness effects

CGSe thin film deposited on

7 |1 N\

Mirror-polished Si wafer KOH-polished wafer KOH-textured wafer

mmmw)  Analysis: SEM images
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Surface roughness effects

mirror-polished KOH-polished

- 100nm IMN - 100nm IMN
X 30,000 5.0kV LensSE SEM WD 4.6mm 4:38:36 X 40,000 5.0kV LensSE SEM WD 5.0mm 3:22:04

KOH-polished wafer or mirror-polished wafer:

OBSERVATION: good morphology:
- no cracks,
- uniform thin film,

- large grains, N
2ines - good adhesion ‘.IMN !
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Surface roughness effects

lpm Iy
5.0kV LensSE SEM WD 4.5mm 4:00:07

KOH-textured Silicon wafer

OBSERVATION:
- voids,
- non-uniformity
- small grains,

- poor adhesion
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Surface roughness effects

| lum M
KV LensSE SEM WD 4.2mm 10:03:45

lpm IM

X 20,000 5.0kV LensSE SEM WD 4.5mm 4:00:07

KOH-textured Silicon wafer

OBSERVATION:
- voids,
- non-uniformity
- small grains,

- poor adhesion N IMN
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Deposition on c-Si / ITO

s
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— lpm  IMN lpm  IMN
X 10,000 5.0kV LensSE SEM WD 4.4mm X 10,000 5.0kVv LensSE SEM WD 4.2mm

OBSERVATION: good morphology:
- no craks,
- uniform thin film,
- large grains,
- no adhesion problem N
p ines P ‘.IMN 10
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Conclusions on growth condition

With KOH-polished Si wafer

CGSe on Si
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Conclusions on growth condition

With KOH-polished Si wafer

CGSe on Si CGSeon SI/ITO
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CGSe / c-Si tandem solar cell
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Two possible routes

p-type c-Si p-type c-Si

(bottom cell absorber) (bottom cell absorber)

ITO recombination layer Si Tunnel junction
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Two possible routes

n*Si (emitter) n*Si (emitter)

p-type c-Si
(bottom cell absorber)

p-type c-Si
(bottom cell absorber)

ITO recombination layer Si Tunnel junction

@ ines - 15
s :;ggg;ggﬁ::ni . [NSTITUT DES MATERIAUX
UNIVERSITE DE NANTES JEAN ROUXEL



Two possible routes

n*Si (emitter) n*Si (emitter)

p-type c-Si p-type c-Si

(bottom cell absorber)

+«—— SiOx —

p* poly-Si (BSF) p* poly-Si (BSF)

ITO recombination layer Si Tunnel junction
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(bottom cell absorber)
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Two possible routes

Treated-ITO _ p* poly-Si o
n*Si (emitter) SIox > n*Si (emitter) Tunnel junction

p-type c-Si
(bottom cell absorber)

p-type c-Si
(bottom cell absorber)

p* poly-Si (BSF) p* poly-Si (BSF)

ITO recombination layer Si Tunnel junction

ines - IMN 17
D€ e 35cARe . INSTITUT DES MATERIAUX
UN\VERSITE DE NANTES JEAN ROUXEL



Two possible routes

Treated-ITO
n*Si (emitter)

p-type c-Si
(bottom cell absorber)

p* poly-Si (BSF)
Ag Back Contact

ITO recombination layer
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p* poly-Si }T .
n*Si (emitter) unnet junction

p-type c-Si
(bottom cell absorber)

p* poly-Si (BSF)
Ag Back Contact

Si Tunnel junction
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Two possible routes

- Treated-ITO - p* poly-Si o
n*Si (emitter) n*Si (emitter) Tunnel junction

E p-type c-Si B p-type c-Si
g — (bottom cell absorber) g — (bottom cell absorber)
o o
® ®

p* poly-Si (BSF) p* poly-Si (BSF)

Ag Back Contact Ag Back Contact

ITO recombination layer Si Tunnel junction
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Si bottom cell

— (bottom cell absorber)

Two possible routes

p-type CuGaSe,
(top-cell absorber)

Treated-ITO

n*Si (emitter)

p-type c-Si

Si bottom cell

p* poly-Si (BSF)
Ag Back Contact

ITO recombination layer
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p-type CuGaSe,
(top-cell absorber)

p* poly-Si
n*Si (emitter)

p-type c-Si
(bottom cell absorber)

p* poly-Si (BSF)
Ag Back Contact

Si Tunnel junction

I»Tunnel junction
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Two possible routes

p-type CuGaSe,
(top-cell absorber)

Treated-ITO

n*Si (emitter)

p-type c-Si
— (bottom cell absorber)

Si bottom cell
Si bottom cell

p* poly-Si (BSF)
Ag Back Contact

ITO recombination layer
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p-type CuGaSe,
(top-cell absorber)

p* poly-Si
n*Si (emitter)

p-type c-Si
(bottom cell absorber)

p* poly-Si (BSF)
Ag Back Contact

Si Tunnel junction

I»Tunnel junction
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Two possible routes

ZnO / AZO (TCO)

p-type CuGaSe,
(top-cell absorber)

Treated-ITO

n*Si (emitter)

p-type c-Si
— (bottom cell absorber)

Si bottom cell
Si bottom cell

p* poly-Si (BSF)
Ag Back Contact

ITO recombination layer
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ZnO / AZO (TCO)

p-type CuGaSe,
(top-cell absorber)

p* poly-Si
n*Si (emitter)

p-type c-Si
(bottom cell absorber)

p* poly-Si (BSF)
Ag Back Contact

Si Tunnel junction

I»Tunnel junction
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Two possible routes

= Zn0O / AZO (TCO) = Zn0O / AZO (TCO)
e e
§ p-type CuGaSe, § p-type CuGaSe,
© (top-cell absorber) © (top-cell absorber)
: Treated-ITO : p* poly-Si o
n*Si (emitter) n*Si (emitter) Tunnel junction

E p-type c-Si B p-type c-Si
§ — (bottom cell absorber) g — (bottom cell absorber)
o (@]
® ®

p* poly-Si (BSF) p* poly-Si (BSF)

Ag Back Contact Ag Back Contact

ITO recombination layer Si Tunnel junction
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TEM analysis ITO / CGSe interface
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TEM analysis ITO / CGSe interface
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TEM analysis ITO / CGSe interface
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TEM analysis ITO / CGSe interface
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TEM analysis ITO / CGSe interface
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Tandem cell with ITO degradation
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Tandem cell with ITO degradation
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Conclusions & Perspectives
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Tandem developments:

J(mA/cm?)
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- Two fonctional tandem
architectures had been made: with _
ITO and with tunnel junction 16 e
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- Tunnel: proof of concept and
higher tandem efficiency

-2 ITO: further development to avoid
GaOx formation
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attention
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Tunnel junction analysis by ECV
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