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 Analytics/Simulation
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TANDEM DEPARTMENT
PV-Thync Lab
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PV Technology Incubation Laboratory

3 Team leaders
9 Scientific staff
13 PhD students
15 Technical staff



TANDEM DEVELOPMENT JÜLICH
Research plan
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Rear side management
Large pyramid

Nano-textured
surface, tip rounded

Nanocrystalline SiO

TCO material 
and surface
treatment

HTL material and 
passivation

Process tuning
and addtives Front side management

ETL material and 
passivation

Wafer choice

SHJ bottom cells: 
 280 µm FZ wafer
 1 x 1 cm² cell on 2 x 2 cm² wafer
 Bottom cell efficiency average ~23%
 Voc average ~730mV



TANDEM DEVELOPMENT JÜLICH
Efficiency evolution
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THE CHALLENGE: SCALING
No clear technology roadmap yet, but limited resource
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Bottom 
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Sputter
NiOx

Slot-Die
SAM

 One step/two step, wet/dry
 Wet: slot-die, blade, inkjet
 Dry: PVD, CSS, PVD
 Quenching: AS, Gas, Vacuum

Furnace
Curing

Slot-Die
Passivation

Evaporation
C60

ALD
SnO2

Sputter
TCO

SP
Metall

Evaporation
ARC

Reliability/Cost

Mandatory?
Alternative?
Only method?

Reliability/Cost

Mandatory?
Alternative?
Only method?

Material choice
Process choice

Material choice
Process choice

Material choice
Process choice

Perovskite



THE CHALLENGE: SCALING
No clear technology roadmap yet, but limited resource
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Main IssueApproach

Cell area coverage, wafer textureWet
One-Step

Perovskite
Crystal qualityDry

Composition controlDry + Wet
Two-Step

Composition control, crystal qualityDry + Dry

Wet: Slot-Die, Blade-Coating, Inkjet-Printing…
Dry: Evaporation, CSS, CVD…



PEROVSKITE SILICON TANDEM IN CHINA
Company R&D
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 LONGi Green Energy: Achieved world-record conversion efficiencies of 34.85% (1 cm²) and 33% (260.9 cm²).
 Trina Solar: Laboratory tandem module efficiency 30.6% for 1185 cm², 2384 mm × 1303 mm tandem solar cell module 841 W
 JinkoSolar: TOPCon + perovskite tandem cell efficiency reached 34.22%.
 Tongwei: perovskite silicon heterojunction tandem solar cell efficiency exceeds 34,37%. G12 format 27,46%.
 Chint New Energy (Astronergy): TopCon + perovskite tandem solar cell efficiency exceeds 33%.
 JA Solar: Perovskite–silicon tandem modules with ≥30% device efficiency under 210 half-cell configuration. 

 Huasun Energy: Developing tandem solar cells and modules with cell R&D efficiency exceeding 29%.
 Leadscend (LPV-HJT): Collaborating with universities, achieving laboratory efficiencies over 33%.
 Jinergy: M6-size perovskite–silicon tandem solar cells with device efficiency of 26.1%.
 Sany Silicon Energy: Perovskite tandem modules with module efficiency of 24.91% and module power of 800 W.
 IHeng PV: Tandem cell efficiency of 33.55% (1 cm², CPVT certified), showcasing two-terminal tandem large modules.

 SPIC, Hiking PV, Auner, Risen, Boamax…



PEROVSKITE SILICON TANDEM IN CHINA
Industrialization
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Industrialization Activities of Chinese Companies

has set up a laboratory capable of producing 0.2 m² tandem modules (production capacity not disclosed). No mass production plan. LONGi

completed the construction of a 5 MW pilot line. Work both on TOPCon and SHJ as bottom cell. Plan for 100MW line in 2026.Tongwei

completed a 1 MW small pilot line for SHJ-PVK tandem modules in 2024. A 100 MW pilot line was put into operation in 2025Huasun

by the end of June 2024, upgraded its laboratory to have MW-level experimental capabilities.Astronergy

established the company JXMN and, by May 2025, completed the first batch of cells from a 1 MW pilot line.JA Solar 

in early 2023, built a 2 MW pilot base in Beijing for developing M6–G12 size tandem cell processesAuner

MW-level pilot line construction. Laboratory tandem module efficiency 30.6% for 1185 cm², 2384 mm × 1303 mm module 841 WTrina Solar 

has established a 4 MW perovskite–heterojunction tandem cell experimental line and developed a 200 MW full-line process solution.Maxwell

launched a 100 MW production line in January 2025, aiming at achieving capacity utilization of 80%Boamax



EXAMPLE METHODOLOGY
Test SnO thickness on single junction
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semi-transparent perovskite solar cellsSputter damage only?        

Yang, Q. et al.: Toward the working mechanisms of tin oxide as 
buffer layer in perovskite/silicon tandem solar cells (2025, Applied 
Physics Reviews, 12(2), 021403), 



EXAMPLE METHODOLOGY
Test SnO thickness on single junction
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EXAMPLE METHODOLOGY
Steady-State Photoluminescence (ssPL)
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 PL intensity, ΔEF, and Qe,lum
increase as the SnOX film 
thickness increase 

 Thicker SnOX, higher fraction 
of radiative recombination.

 Thick SnOx films might have 
reduced nonradiative 
recombination in perovskite
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EXAMPLE METHODOLOGY
External Quantum Efficiency (EQE) upon dual-side illumination
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 Thick SnOX improved the interface passivation quality at ETL side



EXAMPLE METHODOLOGY
Space-charge-limited current (SCLC) measurement: electron-only device
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EXAMPLE METHODOLOGY
Built-in voltage (VBI) & Work function
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 The ratio of forward to reverse current density (Jf/Jr) has a linear relationship with VBI
 VBI increases with increasing SnOX thickness: the thicker the SnOX, the closer it is to vacuum



EXAMPLE METHODOLOGY
SCAPS simulation
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 The work function change affects passivation at the 
Perovskite/C60 interface (Voc, Jsc, FF)

SCAPS Simulation



EXAMPLE MATERIAL DISCOVERY WORKFLOW
HTL for perovskite single junction solar cell



EXAMPLE MATERIAL DISCOVERY WORKFLOW
HTL for perovskite single junction solar cell

 Create a database (starting DB) of all possible products using simulation tool RDKit (1.000.000)
 Random selection to down select molecules for DFT simulation assuming sufficiently large statistic (10.000)
 Run quantum-chemical calculation DFT simulations to have molecule property data base
 Kennard-Stone method to select representative molecules based on DFT results to make synthesis (Initial(100))
 High-throughput material synthesis and characterization as well as device fabrication 
 Run Bayersian optimization to recommend new molecules, then selection to make device (Iteration(10))  
 Run Bayersian optimization again for better recommendations of molecules (Iteration(10))



EXAMPLE MATERIAL DISCOVERY WORKFLOW
HTL for perovskite single junction solar cell

 Run quantum-chemical 
calculation DFT simulations 
to have molecule property 
data base

 Calculating power intensive 
step, maybe require 
supercomputer (available in 
JÜLICH) 



EXAMPLE MATERIAL DISCOVERY WORKFLOW
HTL for perovskite single junction solar cell

 High-throughput material 
synthesis and 
characterization (PLQY)

 Requires automated  
processing to ensure 
reproducibility 



EXAMPLE MATERIAL DISCOVERY WORKFLOW
HTL for perovskite single junction solar cell

 Device fabrication (in 
this case perovskite 
single junction)

 Requires that every 
other material except 
for the objective is not 
limiting the device 
performance



EXAMPLE MATERIAL DISCOVERY WORKFLOW
HTL for perovskite single junction solar cell

 Bayersian optimization 
based on device 
performance

 Calculated DFT results 
set the boundary, within 
Bayersian is searching



EXAMPLE MATERIAL DISCOVERY WORKFLOW
HTL for perovskite single junction solar cell

 J. Wu et al., An integrated system built for small-molecule semiconductors via high-throughput approaches, JACS 2023
 J. Wu et al., An Inverse design workflow discovers HTL tailored for perovskite solar cells, Science 2024;
 A. Bornschlegl et al, An Automated Workflow to Discover the Structure–Stability Relations for Radiation Hard Molecular Semiconductors, JACS 2025



EXAMPLE MATERIAL DISCOVERY WORKFLOW
Find the correlations



SHJ/PST WORKSHOP
December, South Korea
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https://www.shjworkshop.com/



Thanks for your attention!



PEROVSKITE IN CHINA
Producers
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IndustrializationTechnology progressCompanya

09.2021 100MW line; 
06.2025 2GW PST production 
line announced.

Perovskite SJ: 01.2025, 2048cm² module efficiency 22.97%
Perovskite silicon 4T: 01.2025, 2048cm² module efficiency 29.51%

GCL-
Perovskite

01.2024 150MW line; 
02.2025 1GW production line 
announced. 

Perovskite SJ: 11.2024, 0.72m² full area module efficiency 19.27%
Perovskite perovskite 2T: 01.2025, 1200cm² module efficiency 26.12%

Renshine

12.2022 150MW line;
02.2025 1GW production line in 
operation.

Perovskite SJ: 05.2025, 2.82m² stabilized efficiency 17.04%Utmolight

Q1 2022 100MW line;
Announcement of 1GW 
production line

Perovskite SJ: 01.2025, 810cm² module efficiency 21.86%
Perovskite silicon 4T: 11.2024, 150W commercial 4T tandem module

Microquanta

11.2024 100MW line; 
Announcement of 1GW
production line

Perovskite SJ: 02.2025, 1.92m² full area module efficiency 18.16%
Perovskite silicon 4T: 02.2025, 1.92m² module efficiency 24.68%

Mellow



PEROVSKITE IN CHINA
Value Chain
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 Many more on 100MW level (operating or planned): 
SolaEon, LiYuan, PhotonCrystal, Infi-Solar, WonderSolar… 

 Turnkey equipment provider: ChinaSC, Maxwell, 
Leadmicro, CETC, Phenioxlar, Perovs, JSMachinery…

 Trend lightweight: DaZheng, Sunflex, Fab Solar, Renshine, 
GCL-Perovskite, Utmolight, Mellow…

 Estabilished tier 1 companies have positioned themselves
with knowhow: Trina, Jinko, Longi, JA… 

 Also competitive newcomers (big chinese companies): 
CATL, BYD, Gree, BOE…


