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Dramatic advances in PCEs achieved in these five years

Research status
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A big lifetime issue: 

   Current active layer systems can not meet the 

requirements for long-term operation

PCE
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Key point: How to precisely regulate the metastable 

phase and suppress the phase evolution?

Key scientific issues

Device Structure

Bottom electrode

Interface layer

Interface layer
Top electrode

Small molecular 

acceptor

Polymer donor
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Dynamic evolution of metastable 

phases (schematic video)



4
Metastable phase evolution mechanisms

Research idea: Understanding the destabilizing behaviors of ALs;

                           Guiding molecular design and morphology control

Aggregation regulation

(material properties)
Metastable phase modification

(mixed-phase domain)
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Research content

Degradation 

behaviors

The instability 

mechanism of high-

efficiency metastable 

active layer

Acceptor molecular 

design to modify the 

A/A and D/A 

interactions in blends

Phase reconstruction to 

improve the practicability of 

OPV materials

Process 

control

Materials 

design



Intrinsic factors: molecular structure and intermolecular interactions
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Morphological instability of mixed phase domain

Bi-continue  

interpenetrating 

network structure

✓ Over-purified 

phase domain

✓ Large phase 

separation size
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Tg:       Phase transition 

         temperature

Morphology evolution 

under operating 

conditions
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J. Min* et. al. Adv. Mater., 2023, 35, 2302592.
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1. Amorphous mixed
phase demixing

2. Small isolated domain 
formation

3. Donor/acceptor crystal 

phase separation

Destabilization mechanism of PD:SMA

Device efficiency 

degradation

Acceptor phase crystal 

nucleus growth Metastable phase evolution 

Recorded by optical 

microscope 
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Explore the evolution mechanisms of blend phase

The analysis focused on the Tg of various acceptor materials
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Joule 2021, 5, 1209 Adv. Mater. 2022, 34, 2110147 Adv. Mater. 2023, 35, 2302592 Nature 2009, 457, 679 Angew. 2017, 56, 13503



High Mw→Viscoelastic effect 

enhancing Tg values, mechanical and operational stability
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Design and synthesis of PSMAs

First group to introduce Y-series acceptor into polymer acceptors

PYT

Stille 

polycondensation 

Y5-C20

J. Min* et. al. Joule 2020, 4, 1086; Sci. China Chem., 2020, 63, 1449.

Initial PCE 9.4% → 13.4%
PM6:PYTPM6:Y5-C20

Photo stability 
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illumination)
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Efficient and stable all-polymer systems

PYT:PY2F-TPYT
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PCE (11.7%→19.0%) and operational stability (T80=35,000 
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J. Min* et. al. Chem 2023, 9, 1702; Joule 2021, 5, 1548; EES 2024, Under Review.

Multiple strategies: increasing the Tg of A materials 

                                  optimizing the metastable morphology



Degree of polymerization → Intermolecular interactions

J. Min* et. al. Adv. Energy Mater., 2020, 10, 2002709.
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DP control: modify D/D and D/A interactions

                 control active layer morphology
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Mw: modify D/A miscibility, determine device efficiency and stability

one sun (N2)

J. Min* et. al. Joule, 2020, 4, 1070；J. Mater. Chem. C., 2022, 10, 1850. 

85℃ (N2)

Influence of Mws on 

device performance

DPs of PYT

PYT
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Precision synthesis (Fronting phase regulation)

J. Min* et. al. Joule 2020, 4, 1086; Sci. China Chem., 2020, 63, 1449.
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Methods: Combined in-situ FTIR and PL spectroscopy (process control)

Development of a real-time polymerization detection system
14
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Development of a real-time polymerization detection system
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Method: Automatic polymerization monitoring technology
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Development of a real-time polymerization detection system
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Technical verification: PYT precision synthesis 

J. Min* et. al. Nat. Commun., 2024,15, 1248
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Technical verification: oligomer precision synthesis 

J. Min* et. al. Nat. Commun., 2024,15, 1248
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Materials

Mechanism 

Conclusions 

Shed light on the destabilization mechanisms in 

relation to molecular diffusion coefficients and Tg 

values

Developed the PSMA strategy and fabricated

efficient and stable all-polymer systems with 

enhanced phase change temperature

Precision synthesis of low and medium MW  

polymers to eliminate batch-to-batch variations 

and keep device performance

Multi-type strategies to achieve highly 

stable active layer system
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