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Equivalent circuit model

The performance of the OPVs is often described with a single-diode equivalent circuit model, and

including one current source and two parasitic resistances, a shunt resistance (R) and a series
resistance (Rs) under illumination. The A; is related to the leakage current, recombination, etc, and
the A is originated from the resistive components of the device such as resistance of electrodes

and bulk resistance of photoactive layers.

By using the Shockley Eq. 2, the circuit model under illumination can be formulated, the %c and

the loc can be expressed as follows,
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, Wwhere J, is the photo-current density, 4 is the reverse saturation current density, 7 is the
ideality factor, g is the elementary charge number (1.602 x 107" C), kis the Boltzmann constant
(8.617 x 107> eV/K), T'is temperature, and A is the area of the photoactive region. Also, when &>
~ Hln [1 +]Lh}
»? Rsand fn = Ac, Eq. (2) can be written as Voc q Jo , which seems to be independent
of Rs and R». The AA and R»A values were extracted from the inverse slope of the J-V/
characteristics under illumination in the range of 0.96 — 1.0 V and near 0 V (close to the Jc point),
respectively. The FF (Unax* Vimax/Jscx Voc) can be shown as a function of the normalized Voc (voc =
elVoc/nkT), normalized Rs (s = Rs/Rcn), and normalized R (5 = Re/Rch), where the characteristic
resistance (Rcy) is defined as Rcy = Voc/(kcA). The equation for the ideal FFy of the OPVs is

expressed as follows:
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where, Rs = 0 and R> = co. However, owing to the parasitic
resistance effects, the real FF value should deviate from the ideal FFy, and thus, semi-empirical
expressions with the parasitic effects are shown below:
FFg=FFy(1-1.1r5) + 0.1972, (0 <r <04, 1/rp = 0) -4
and,
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where Eg,, is the energy difference between the HOMO-donor and LUMO-acceptor, q is the

elementary charge, k is the Boltzmann constant, T is temperature in Kelvin, A is the dissociation
2



probability of the electron (e)-hole (h) pairs, y is the Langevin recombination constant, At is the

effective density of states, and G is the generation rate of bound e-h pairs.

Fig. S1. Parasitic resistance effects based on the single-diode equivalent circuit model.
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Fig. S2. The presence of PTQ10 is verified based on the top-down view of each SEM image.
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Fig. S3. Photovoltaic performance of the PTQ10-based OPV with different concentration.



Grain count : 230

¢ g = g =o

Grain count : 128

750

750

nm
500

250

0 1000 1000
nm nm

Fig. S4. 2D AFM grain-count drawings (a) PTQ10:Y6 and (b) PTQ10:Y6/PTQ10
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Fig. S5. Complex refractive index (n, k) of PTQ10 transport layers used for the finite-difference
time-domain simulations.
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Fig. S6. Power-absorption profile of multicomponent photoactive blends obtained by the finite-
difference time-domain method.
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Fig. S7. Photovoltaic performance of Reference and Control devices under indoor (LED 1000 Ix; FL

1000 Ix) luminance.
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Fig. S8. Device stability of Reference and Control devices.

a b
15 5 100

& ~@— AM1.5 of

£ o LED 1000Ix P13 e -

2 °[—9FL 1000k 3 52-’ T

—@ HL 1000Ix 1

£ LR e < oo

42‘ 151 *) I "? oS

0 y w

% mﬁ# ) . 1k ac: CLIZJl 404 Q

8 20 r 2 0 ‘g

= 0 ‘q&)’ 209  —o—PTQI0:Y6/FTAZ

g 45 ) . g o. %\m
3 0 200 400 600 800 'S) 400 600 800 1000

Voltage (mV) Wavelength (nm)

Fig. S9. (a) Photovoltaic performance of FTAZ-based device under outdoor and indoor (LED 1000
Ix; FL 1000 Ix; HL 1000 Ix) luminance, (b) EQE spectra.



Table S1. Photovoltaic performance parameter of the PTQ10-based OPV with different

concentration.

PTQ10 Jsc
: . Voc FF PCE
Light source concentration (1-sun: mA/cm?)
(mV) (%) (%)
(mg/ml) (Indoor: pA/cm?)
1 841 + 11 269 + 1.2 66.8 + 1.1 15.1 £ 0.5
1-sun
3 740 £ 8 19.7 £ 0.3 451 + 15 6.6 £+ 04
(100mW/cm?)
5 774 + 18 158 £+ 2.7 417 £ 1.7 51038
1 698 + 2 1195 £ 0.3 72.8 + 0.1 264 + 0.1
LED 1000 Ix
3 651 £ 3 113.9 £ 0.1 548 + 0.1 17.7 £ 0.1
(0.23mW/cm?)
5 516 £ 5 110.2 £ 0.1 349 + 04 8.6 + 0.1
1 703 + 2 126.0 £ 3.1 729 + 0.3 239 + 06
FL 1000 Ix
3 649 + 2 114.1 £ 0.9 540 £ 0.1 148 + 0.2
(0.27mW/cm?)
5 60 +7 1049 + 0.7 238 + 0.6 0.6 + 0.1
1 785 + 8 6852 + 25 740 + 0.3 57 +02
HL 1000 Ix
726 £ 2 5075 £ 0.2 614 + 0.1 32 0.1
(7.0mW/cm?)
5 191 + 4 5386 + 3.2 265 + 05 04 + 0.1

Table S2. In finite-difference time-domain (FDTD) simulation, the ideal current density of

Reference and Control devices under halogen (HL) lighting.

-jph,ldeal
Sample name HL 500Ix HL 1000Ix
(MA/cm?) (MA/cm?)
Reference device 659.114 973.944
Control device 647.352 956.809

Table S3. Photovoltaic performance parameter of the PTQ10-based OPV under indoor (LED
1000Ix; FL 1000Ix) luminance.

Light source Structure Voc Jsc FF PCE




(mV) (LA/cm?) (%) (%)
Reference 675 + 2 1234 + 0.1 68.3 + 0.3 23.7 + 0.1
+ 4 +0. 3+0. 7 0.
LED 1000 Ix device
(0.23mW/cm?) .
Control device 698 + 2 1195 + 0.3 72.8 + 0.1 264 + 0.1
Reference 680 + 2 1242 + 2.0 675 + 04 211 + 04
+ 2+ 2. 5+ 0. 1 +£0.
FL 1000 [x device
(0.27mW/cm?) .
Control device 703 + 2 126.0 + 3.1 729 £ 0.3 239 £ 06

Table S4. Photovoltaic performance parameter of the FTAZ-based OPV under outdoor and indoor

(LED 1000 Ix; FL 1000 Ix; HL 1000 Ix) luminance.

J
. Voc > FF PCE
Light source (1-sun: mA/cm?)
(mV) (%) (%)
(Indoor: pA/cm?)
1-sun 66.6
833 =2 27.1 + 0.1 15.0 £ 0.1
(100 mW/cm?) 0.2
LED 1000 Ix 69.0 =
688 + 4 120.7 + 4.3 249 + 0.3
(0.23 mW/cm?) 0.8
FL 1000 Ix 68.5 +
692 + 2 1254 + 2.2 220+ 0.2
(0.27 mW/cm?) 0.9
HL 1000 Ix 67.6 *
756 + 3 650.5 + 154 47 + 0.1
(7.0 mW/cm?) 0.1
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