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Background: Photoluminescence Quantum Yield in MoS2
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• MoS2 monolayer shows near-unity PL QY after TFSI treatment.
• The first time recognizing the pump-dependent excitonic nature in 2D semiconductors.

Biexcitonic Recombination

τ = 8.5  ns

τ = 180  ps

Chemical Treatment: TFSI (Organic Superacid)

M. Amani, D. H. Lien, D. Kiriya, et al, Science, 350, 1065-1068, 2015
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Near Unity PL QY in MoS2 by Electrostatic Doping
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~100% PL QY is achieved in an untreated MoS2

PL QY (G, Vg) 

D. H. Lien, S. Z. Uddin, et al, Science, 364, 468-471,2019.



A Science & Technology Center

1015 1016 1017 1018 1019 1020 1021
0.01

0.1

1

10

100

 

PL
 Q

Y 
(%

)

Generation rate (cm-2s-1)

Excitons and Trions in Monolayer MoS2
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At low pump neutral exciton is entirely radiative.
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Effect of TFSI is Electron Counterdoping

Lewis acid nature of TFSI is well established in organic chemistry
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PL QY as a Function of Gate Voltage and Pump
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Conclusions and Future Directions

Recombination of neutral 
exciton is entirely 
radiative even in the 
presence of a high 
native defect density.

~ 100% PL QY
STM

Light emitting region in TMDC 
devices has to be undoped.

Future direction:
• How to suppress biexciton annihilation?
• Is it applicable to other excitonic systems?
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Supporting Slide 1: Kinetic Model
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Supporting Slide 2: Kinetic Model
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Supporting Slide 3: Why PMMA
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Supporting Slide 4: PL Peak Shift
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Supporting Slide 5: TRPL


