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Comparing Semiconductors

Inorganic
= Wannier Excitons
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Comparing Semiconductors

Inorganic Organic
= Wannier excitons = Frenkel Excitons
=  Weakly bound (~0.1eV) = Strongly bound (~1eV)
= Higher dielectric constant = Lower dielectric constant
= Better charge mobility =  Worse charge mobility
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Molecular orbitals
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Molecular states
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The Jablonski Diagram
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The Jablonski Diagram
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Singlet Fission — Organic Multiple Exciton
Generation

Fast (fs-ps)

200% vyield of long-
lived triplet excitons**

One photon yields two
electron-hole pairs!
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Singlet Fission — Organic Multiple Exciton
Generation

Fast (fs-ps)

200% vyield of long-
lived triplet excitons**

One photon yields two
electron-hole pairs!

ESl = 2 XETI




How will this help PV?

Carnot e emission
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Something-on-silicon
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= Organic

= Multiple

= Exciton

= Generation
= Augmented
= Silicon
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Advantages of QS

= No electric transport in top “cell”

= (Can use existing silicon devices, an
add only an additional top later

= No need to current/voltage match

= Minimal changes to the silicon PV
architecture
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Baldacchino, A. J.; Collins, M. I.; Nielsen,

= Radiative device can even use the M. P.; Schmidt, T. W.; McCamey, D. R
same passivation as existing Si Tayebjee, M. J. Y. Chemical Physics
technologies Reviews 2022, 3 (2), 21304.

= Materials will likely be scalable ttps://Www.py-magazine-

: g . australia.com/2022/04/28/unsw-
?:é?]?]iemgémg OLED SyntheSIS exclusive-unlocking-the-potential-of-
qu singlet-fission-for-future-pv-devices/
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So why isn’'t QSi Prevalent?

25% PERC/PERL cells (UNSW 1989/2008)
%

PV

Silicon solar cell PERC solar  PERL solar  Suntech NYSE

Martin Green starts
research at UNSW
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Singlet fission Sensitization SF efficiency SF on OPV: SF on silicon:

identified in of PV: Dexter limit : Tayebjee  Congreve Einzinger
anthracene: Singh



b Tetracene
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Hurdles

=  Stability: ~25 years!

= Parasitic decays of triplets
and triplet pairs
= Rapid singlet fission often

gives rapid triplet pair
recombination

= |nterfaces that both
passivate and allow triplet
tunneling
= Thick interfaces passivate

. Thinner interfaces allow |
tunneling |




Solving Stability

Vehicles with Basecoats
Containing Perylene Red
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Parasitic Decays
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Solving Parasitic Decays

. a) Through-space coupling of oligoacenes b) Pendant polymer
Singlet Fission Fast singlet fission PePNo(M,)

D+ ,)( %: ’2&# -Persistent multiexcitons
PePNo(M,)

@ Build Bridges 1 By
2 Singlet Fission

OBAAM

Blexcltun dissociation
and migration
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Kumarasamy, E.; Sanders, S. N.; Tayebjee, M. J. Y,; _
Asadpoordarvish, A.; Hele, J. H.; Fuemmeler, E. G.; Pun, A. B.; Yablon, L. M.; Sanders, S. N.; Li, H.; Parenti, K. R.; Kumarasamy,
E.; Fallon, K. J.; Hore, M. J. A_; Cacciuto, A.; Sfeir, M. Y.; Campos,

Yablon, L. M.; Low, J. Z.; McCamey, D. R.; Sfeir, M. Y.; Campos,
L. M. J Am Chem Soc 2017, 139 (36), 12488-12494. L. M. J Am Chem Soc 2019, 141 (24), 9564-95609.




Solving Parasitic Decays
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Coaxing Triplet Energy Into Si

Firstly, how do we know if
triplets are making it into Si?

» |f we have EQE>100%

= We can use the spin
properties of triplets!

'(T...T)

Si + So I(TT) B Ti+Ti

Ex

Image by T. W. Schmidt




Coaxing Triplet Energy Into Si

Firstly, how do we know if
triplets are making it into Si?

» |f we have EQE>100%

= We can use the spin
properties of triplets!

Photoluminescence change (%)

-4r  e————h 2 ]
a Y(T...T) -6 : : : :
0 0.1 0.2 0.3 0.4 0.5
S1 + So I(TT) B Ti+ T Magnetic field (T)

Tetracene fluorescence
- Silicon photoluminescence (passivation)

Ex
Silicon photoluminescence
Image by T W. Schmidt (passivation and energy transfer)
Einzinger, M.; Wu, T.; Kompalla, J. F.; Smith, H. L.; Perkinson, C. F.;
Nienhaus, L.; Wieghold, S.; Congreve, D. N.; Kahn, A.; Bawendi, M. G; 30

Baldo, M. A. Nature 2019, 571 (7763), 90-94.



Digression — More than PV!
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Digression — more than PV!

[

R = triisopropylsilylethynyl

. Low-J mechanism
quintet << 1 pus Stochastic

formation M
mechanisms
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Collins, M. I.; McCamey, D. R;; Tayepbjee, M.
J. Y. J Chem Phys 2019, 157 (16), 164104.

(a) Stochastic coupling fluctuations
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Campos, L. M.; McCamey, D. R. J Am Chem Soc
2023, 145 (28), 15275-15283.
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Digression — more than PV!
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Uesaka, T.; Watanabe, G.; Miyata, K.; Yanai, N. Nat Commun 2023, 74 (1), 1056.
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Results from our lab
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Results from our lab
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= QSi allows us to circumvent JinKO Leadmicrd inS
many of the challenges of D h3RAZR
conventional silicon tandems, JOLYWOOD

= But... it also introduces a few!

= We have three big hurdles ‘zt
= But... We have more than three I&J
solutions! &  Tapagmy
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