PV-Thync Lab:
From silicon heterojunction to perovskite silicon tandem solar cell

UNSW Seminar 2026, Sydney, July 2026
Kaining Ding, Head of PV-Thync Lab, IMD-3, Forschungszentrum Julich GmbH
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SILICON HETEROJUNCTION BASELINE IJ :.’,Hu':,'ﬁ!'!
For industrial sized SHJ solar cells
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= High solar cell efficiency

= Reproducible and homogeneous process
= High throughput

= Fast feed back
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Joe [MAC?] | Ve [mV]

Current density [mA/cm?]
n
3

: 374 724
. Industl_'lal scalable tools
= Established platforms 10 788 214
- Test materials and processes for n > 25% [}
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SILICON HETEROJUNCTION

Cell efficiency
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SILICON HETEROJUNCTION
Infrastructure (Industry Size up to G12 HC)

Characterization Characterization Characterization

+ Scanning Electron Microscopy » Quasi-Steady-State Photo * |-V Characterization

* Reflection Conductance + External Quantum Efficiency
+ Confocal Microscopy * Phololuminescence Imaging + Electroluminescence Imaging

+ Ellipsometry SETORRSENSCHCE RanoRg
« Conductivity Measurements

g JULICH
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SILICON THIN-FILM DEPOSITION
Material innovation example
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(i) a-Si:1l
n-type ¢-Si Lgﬂf‘ 7485 ~ 39.48 8546 2526 24453
wafer
LONGI
721.6 41.64 83.90 25.21 242 .97
(i) a-Si:H TOPCon
(p) a-Si: 1
ITO
Ag M—— SiN,
ITO ”. . .. ~~—- Al,O,
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a-Si:H(i) —3 Ol - '
c-Si (n) c-Si (n)
SHJ TOPCon
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SILICON THIN-FILM DEPOSITION
Nanocrystalline silicon oxide

electrical
conductivity

conductivity o [S/ecm]

1 Al PR P PR PR |

18 20 22 24 26

OOOOOOOOOOOOOOOO optical band gap Em [eV]

=  >0.4% absolute efficiency improvement
g » Usually double RF frequency
: * = CO, or N,O as oxygen source

*imi L PV-Thync
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SILICON THIN-FILM DEPOSITION
Nanocrystalline silicon carbide
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= Unique selling point
= Highest Jsc at the time
n  24.2% certified

conductivity ¢ [S/cm]
=
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SUSTAINABILITY
Silver-free

- S W

240 |

25| "3 o ® -
20| —§— " .
. : ‘:‘
?225 ‘ "’ -
3\—22.0 : =
<
215 F Ag savmg

100% Ag 50% Ag 40% Ag 0% Ag

210 F -
205 F -
'}

dlspensed Cu
rear
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Ag coated Cu close to reference.
Industry uses 20-30%/10% front/back.

Developed a new thermal annealing
approach at 300°C for 5s

>23% efficiency using Cu paste.
Industry R&D with up to 26.5%.
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SUSTAINABILITY
Indium-free

(n) a-Si:H (4 nm)
(i) a-Si:H (4 nm)

(i) a-Si:H (6 nm)
(p) a-Si:H (10 nm)
ITO (70 nm)

ITO:
ITO (70 nm)

(n) a-Si:H
(n) c-Si
AZO:
AZO (70 nm)
(n) a-Si:H
(n) c-Si
ITO/AZO:

AZO (60 nm)

(n) c-Si
|ITO/AZO/ITO :
ITO (10 nm)
AZO (50 nm)

ITO (10 nm)
(n) a-Si:H

(n) c-Si

Eff (%) Jsc (mA/cm?) Voc (mV) FF (%) In reduction
potential
ITO 737

24.0 39.6 82.1 0%
AZO 22,6 39.4 724 79.3 100%
ITO/AZO 23.6 39.4 733 81.9 93%
ITO/AZO/ITO 23.8 39.1 734 82.8 86%
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10%
DH
0% § -
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g -20%
§ 30% | —e-ITO
40% |- ~*AZ0
—e—AZ090nm + ITO20nm
-50%
0 500 1000 1500 2000 2500
Hours in DH

AZQO alone is not sufficient

3000

ITO/AZO/ITO seems a compromise

Also very similar results with SnO,

Later much better efficiency by company
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SHJ FUNDAMENTAL RESEARCH
It is the hydrogen, stupid!
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Sputter damage: Light soaking:
= Recoverable damage due » Heat-assisted

to energy transfer to the recombination-initiated

interface defect annihilation
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Open-circuit voltage difference
AV [MV]
3

24t

_____
-
-

28 ®
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ITO thickness d,ro [NM]
UV degradation:
| ]

UV light directly breaks
Si-H bond at interface
and migrates H
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SHJ FUNDAMENTAL RESEARCH undisturbed  ion phonon

lattice impact propagation
e © & 0 o ® [ ]
Sputter damage during TCO deposition cocece SN o.c20.
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=  Sputter damage can be categoried into "
recoverable and irrecoverable damage 3
depending on power density and material 2 ‘
= In the case of recoverable damage, direct —Loma gy Spike Annealing
Phonons dissipate Time t

causes and some secondary effects

could be excluded. Phonon propagation. PV-Thvnc P .
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SHJ FUNDAMENTAL RESEARCH

Light soaking

— —1LS
Annealing
Low-T LS
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Heat-assisted recombination-
initiated defect annihilation
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/N/
%

| DS

C-Si

= [f there is only few DB, LS will have less beneficial effect. The effect become
much more effective with mobile H under annealing and in Voc condition with
mandatory recombination.
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Loss of open-circuit voltage
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SHJ FUNDAMENTAL RESEARCH
UV degradation
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Solar spectrum
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bond
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UV degradation and light
soaking as combined effect
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SHJ FUNDAMENTAL RESEARCH
UV degradation
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Structure of the front contact
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ITO
nc-SiC:H(n) cond.
nc-SiC:H(n) pass.

1Ux

c-Si(n)

While nc-SiC:H sucessfully increased EQE in the short
wavelength range, the UV stability decreased, as
more UV light reaches the a-Si/c-Si inteface
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MODULE RESEARCH
Interconnection

n| Voo | Jsc | FF

Cell 299 1.883 20.7 76.7
Module 28.6 1.882  19.2 79.2

Direct wire bonding

Electrically conductive tape

" i
114, 208.¢
208

» Cu wires with diameter 30 um are aligned
onto finger-free SHJ solar cells

-

- — - - B ] -

= Ag-coated Cu paste pads with a diameter

of 300 ym with wire interconnection PV-Thvnc
gag)es 9)0LICH
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MODULE RESEARCH gjzz . —o~Jgagldess 1 = Lightweight solar module
Lightweight module § - '.oé" o{a:é/Aﬁ°\°.' cqnstruction with glass fiber
5 g o | reinforcement < 4 kg/m2
‘ § T Light Weight (PVF/PET)/Al-bs |
_ z0%r 1 = Developed a new easy
‘ £ 0.04 i ECO1Z1 mounting system for textile
Tosl roofs (no need to climb)

0 200 400 600 800 1000
damp heat time T (h)

__— PET frontsheet

TPO

/ | "
Solar cell strings
‘-\\ \!/

—
%% Glass fiber polypropylene (1mm)
—  GFPP woven fabrics

—— TPO

—— PET backsheet (Al interlayer)
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near-infrared
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MODULE RESEARCH i
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stokes shift
=

UV Downshifting foil &
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. . . 2
encapsulant by 0.70 mA/cm2 compared to UV irradiation (kWh/m?)
that of UV blocking encapsulant. PV-Thvnc
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PV-THYNC LAB
Perovskite-silicon-tandem

2024

» Full shift to
tandem

» 1st SHJ PhD

on tandem on tandem

I 3 Team leaders
PV‘ h n c 9 Scientific staff

13 PhD students
15 Technical staff

PV Technology Incubation Laboratory

PV-Thync :
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PV-THYNC LAB

35
T 33
Research activities i
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MgFy [ A 2 S i
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Coo - ) = R R AR R RO R R A LR RO RCIF AR S A
Pl I HTL matterlal and Calendar week in 2024-2025
perovskite / passivation
cfa-Br Il TCO material
CbzNaph [l and surface
ITO treatment
nc-SiOy
i:a-Si Nanocrystalline SiO
N S? - Nano-textured
ha-Si Il surface, tip rounded
<p>a-Si:H 1l
ITO
MgFy Wafer choice
Ag

llcm2

Rear side management

Large pyramid PV_Th nc ‘ )
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33 F
PV-THYNC LAB
- 27 - Front: flat Flat ~ Flat Nanotexture ~ Asymmetric ~ Symmetric
§-24 Rear: flat Nanotexture Micron-texture Flat nanotexture  nanotexture
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PV-THYNC LAB
ETL (1nm C60)
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Pero C60

PV'T H Y N C LA B ITO/MeO2Pacz ITO/CbzNaph
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PV-THYNC LAB
Surface treatment

Without O, plasma preconditioning

= (2 plasma treatment of the
TCO before SAM layer is
usually used for better wetting

monocrystalline

= \We observe that this treament
does more than just improving
wettability

» |t results in an oxygen rich
layer in the perovskite close to
the SAM

= This layer changes the
surface energy and hence the

crystallization kinetics PV-Thvnc P .
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PV-THYNC LAB
Perovskite

Initially: Cs0.05(FA0.77MA0.23)0.95Pb(10.77Br0.23)3 + 3% MAPDCI3

= 33.5% efficiency, but not stable. Degradation during measurement.

Now two new perovskites:

ember

V1: Cs0.05FA0.8MAOQ.15Pb(10.75Br0.25)3 + 7.5% PbX2

V2: (Cs0.07FA0.93)Pb(10.75Br0.25)3
Much more stable, but efficiency still at ~32%
Each layer must be optimized again

of the Helmholtz Association Seite 24
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PV-THYNC LAB
Machine learning

current density J [mA cm ]
s

forward
reverse

0002040608101214 161820

Ag N
MgFy
1Zo
SnOy
C., Il
perovskite
MeO-2PACz I
ITO
<n>a-SiH Il
<i>a-SiH Il
<n>cSi Wl
<i> a-SiH Il
<p>a-SiH 1l
IO
Ag

voltage V[V]

Device
characterization

Device completion
by evaporation and
ALD.

Tandem Solar Cell Architecture

Member of the Helmholtz Association
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Self-Assembled Monolayer Structures

Virtual library of SAM 1
molecules

Spacer
Descriptor Generation group
(Modred, RDKit, xtb) a .

nchoring

Synthesized dataset
of SAM molecules

descriptors, process
parameters
Target: PCE

Inpdts: Smiles, molecula
%0
yeC Proposed SAMs
(VER=EVEEED

Predictive Model
(Feature Selection
Training - Prediction

: BO) Spincoating (HTL}S;ro_\:;kite)

Device fabrication
up to film formation

Early Prediction
using PL &
TRPL

Solution and process parameters
Characterization on

SAM & perovskite
film

PV-Thync
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PV-THYNC LAB
Upscaling to G12 HC

Evaporation ALD

Sputtering

= Nickeloxid = SAM = Perovskite = C60 = SnOx
= Passivation = Gas-Quenching

PV-Thync & a iii
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