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Supporting Table S1

Table S1 Energy levels and triplet energies of the used organic functional materials

Abbreviation HOMO (eV) LUMO (eV) Ti(eV) T2 (eV)

m-MTDATA! -5.1 -2.0 2.70 -
mCP23 -5.8 -2.3 2.93 -
BCP45 -6.7 -3.2 2.6 -
Rubrenes,7,8 -5.4 -3.2 1.14 2.40
Supporting Text S1

Generally speaking, the simplified kinetic scheme for the SF process’ in rubrene can be
described as Si+So = (TT) 2T+T: because Si and 2T are nearly resonant in energy, where
I(TT) represents an intermediate triplet pair. The !(TT) includes nine substates with equal
probability, but the rate (ksiss) of singlet fission is only determined by the number (Ns) of !(TT)
carrying singlet character. When the applied field B equals to zero, three of the nine substates
for !(TT) states possess singlet character (i.e., Ns=3). Within low magnetic field range (|B|<20

mT), the Zeeman energy induced by the magnetic field (=gOgB) is less than zero-field splitting

energy, and Ns rises with increasing B. Thus, kfiss increases gradually and the MEL reduces

slightly with B. When the field B has the same energy as the zero-field splitting, Ns increases to
nine (i.e., Ns=9) and the MEL reaches to a minimum. At 20 mTO |B|041 mT, Ns starts to
decrease and the MEL increases and reaches to the zero-field value at 41 mT. When B is

markedly larger than the zero-field splitting, Ns finally reduces to 2 and ksss decreases

pronouncedly, leading to tremendously enhanced MEL in our rubrene-based OLEDs.
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Fig. S1 (a) Energy level alignments of device A. (b) The fingerprint MEL curves corresponding
different microscopic mechanisms. (¢) Current-dependent MC responses for device Al at room
temperature.

HTL L Doped layer

Extra FRET FRET

} S1,m e—

Extra DET DET
Tim | . T1,mcp
1 1S1,rub # m mmn T2, rub
HL-RISC
hv IC
e e l
hv S_F’ -

T1,rub T1,rub

| So,m ‘So,rub So,mcp
S — T

e
m-MTDATA / rubrene mCP

Fig. S2 The schematic of energy transfer and microscopic mechanism in device Al.
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Fig. S3 Current-dependent EL spectra of device A2.
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Fig. S4 Current-dependent MEL responses of device A1 at low temperatures. (a) 100 K. (b) 20

K.
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Fig. S5 Temperature-dependent EL spectra for device Al at 100 OA.

Device B1
§ 0.3
i
_I_I
HEJ 0.2 Device B2
B=9mT
0.1t - 4 -
0 100 200 300
Current (pA)

Fig. S6 MEL_rg values as a function of injection current for devices B1 and B2.



(a) Device C1 (with filter)
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(b) Device C2 (with filter)
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Fig. S7 Current-dependent MEL curves for devices measured by adding filter with 520 nm.

(a) Device C1. (b) Device C2.
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Fig. S8 Normalized EL spectra for devices C1 and C2 measured by adding filter with 520 nm.

References

I N. T. Tierce, C. H. Chen, T. L. Chiu, C. F. Lin, C. J. Bardeen and J. H. Lee, Phys. Chem.
Chem. Phys., 2018, 20, 27449—-27455.
2 C. Wu, Y. X. Zhang, D. G. Ma and Q. Wang, Dyes Pigments, 2020, 173, 107895.

3 3J.H. Lee, S. H. Cheng, S. J. Yoo, H. Shin, J. H. Chang, C. Wu, K. T. Wong and J. J. Kim,

Adv. Funct. Mater., 2015, 25, 361-366.

4G.R. Fu, L. Liu, W. T. Li, Y. N. He, T. Z. Miao, X. Q. Lii and H. S. He, Adv. Opt. Mater.,
2019, 7, 1900776.



5S.1.Yoo,J. A. Yoon, N. H. Kim, J. W. Kim, H. W. Lee, Y. K. Kim, G. F. Heand W. Y. Kim,
Opt. Mater., 2014, 39, 21-25.

6 D. W. Di, L. Yang, J. M. Richter, L. Meraldi, R. M. Altamimi, A. Y. Alyamani, D.
Credgington, K. P. Musselman, J. L. MacManus-Driscoll and R. H. Friend, Adv. Mater.,
2017, 29, 1605987.

7 V. Jankus, E. W. Snedden, D. W. Bright, E. Arac and A. P. Monkman, Phys. Rev. B, 2013,
87, 224202.

8 F. Lewitzka and H. G. Lomannsroben, Z. Phys. Chem., 1986, 150, 69—86.

9 M. B. Smith and J. Michl, Chem. Rev., 2010, 110, 6891—6936.



