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SCLC Mobility Measurements

Electron-only devices with the configuration of ITO/ZnO/active layer/PDINN/Ag and hole-
only devices with the configuration of ITO/PEDOT:PSS/active layer/MoOs/Ag were used to
evaluate charge mobilities by SCLC model. The charge mobilities were determined by fitting
the dark current according to the following equation:
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Where J is the dark current density (mA cm™2), ér is the permittivity of free space, €0 is the
dielectric constant of the blend material, V is the effective voltage and L is the thickness of
the active layer.

Color coordinates (x, y)

Color coordinates (x, y) for evaluating ST-OPVs. The CIE 1931 xyz chromaticity diagram, as
designed for human eye perception, can be used to evaluate the color property of illuminants.
The color coordinate (x, y, z) of ST-OPVs can be calculated according to the corresponding
transmitted light. The sum of color coordinate (x, y, z) is equal to 1, so that the color
coordinates can be simplified to two-dimensional coordinates (x, y). Standard daylight
illuminant AM 1.5G (0.3202, 0.3324) and D65 (0.3128, 0.3290) are commonly chosen as
reference light sources for evaluating the color property of ST-OPVs.[12 The color coordinates
of neutral color ST-OPVs are close to (0.3333, 0.3333) or that of illuminant AM 1.5G and D65,

which are generally preferred for solar widow application.

Correlative color temperature (CCT) and color rendering index (CRI)



When the spectral components of light source are the same as the spectral components
emitted by the black body at a certain absolute temperature, the temperature is defined as
correlative color temperature (CCT) of the light source. The CCT is the temperature of a black
body radiator having the closest chromaticity as the illuminant. In the CIE 1931 chromaticity
diagram, the straight black lines are constant temperature lines, and the curved black line
that crosses with constant temperature lines is defined as black body locus or Planck locus.
The color rendering index (CRI) is another important parameter to evaluate the performance
of the ST-OPVs. The value of CRI can be obtained by comparing the color rendering of a
reference light source to that of a test light source, which can quantitatively exhibit the ability
of a test light source to reveal the color of an object compared with a reference or natural
light source. The CRI value is defined as the value from 0 to 100. The higher CRI, the better
color rendering ability and the higher neutral color degree. For the ST-OPVs, the CRI can be
evaluated according to the matching degree between the transmitted light from the devices
and the illumination light.

Principle of anti-reflective film

For a single-layer reflective film, when a light beam is incident, it is reflected several times
within the film and a series of beams are emitted parallel to each other on both surfaces
(Figure S3a).

Assuming that the thickness of the film is &, the refractive index is ™, the refractive index

of the substrate is 2, and light is incident on the film from a medium with refractive index "o,



Using a similar treatment of parallel flat plate multi-beam interference, the reflection

coefficient at a single level can be obtained as follows:
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The formula "1 is the reflection coefficient on the upper surface of the film, "2 is the
reflection coefficient on the lower surface of the film, ¢ is the phase difference between two
adjacent outgoing beams,
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The reflectivity R of a single-layer film is
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When the beam is positively incident on the film, the reflection coefficients of the two

surfaces are
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Substituting this into the above equation, the reflectivity formula of single-layer film at

positive incidence can be obtained,
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Thus for a given substrate and dielectric film, "1and "2 are constants, and R can be obtained

h

from the above equation as ¢ or 1" varies.



For multi-layer reflective films, the equivalent interface and matrix methods are usually
used to calculate the optical properties of multi-layer film systems. A double-layer reflective
reduction film by the equivalent interface method is shown in Figure S3b. The first
consideration is the reflection coefficient and phase difference of a monolayer system

consisting of a second film adjacent to the substrate.
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Further, we consider the above single-layer film system as a "new substrate" with a
refractive index of " (the equivalent refractive index).
The reflectance and phase difference of a monolayer system consisting of the first film and

"new substrate" are
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The final reflectance of the double film system can be obtained as follows.
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For multi-layer antireflective film (Figure S3c), in principle, the above-mentioned
equivalent interface concept is used to calculate the reflectance.
Starting from layer k adjacent to the substrate, an equivalent interface is formed with a

reflection coefficient and phase difference of
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A further layer k-1 is added to form a new equivalent interface with a reflection coefficient

and phase difference of
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Repeating this calculation process until the first layer of film adjacent to air, the final

reflection coefficient and reflectance of the entire film system can be obtained.
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Figure S1. J-V curve of opaque OPVs using PM6:Y6 and PM6:Y6:PC,,BM as active layers.
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Figure.S2. The J%>-V curves of (a) electron-only and (b) hole-only devices.
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Figure S3. Fitted refractive indexes of different materials. The n (orange lines) and k (blue
lines) values of (a) ITO, (b) PEDOT:PSS, (c) PDINN, (d) TeO,, (e) Ag, and (f) PM6:Y6:PC;,BM
deposited on silicon wafer.
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Figure S4. Schematic diagram of antireflective films, (a) single-layer, (b) double-layer, and (c)
multi-layer antireflective film.
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Figure S5. The simulated electric field intensity profiles |E)? of opaque OPVs with 150-nm Ag
electrode from different illumination directions: (a) ITO side and (b) Ag side.The simulated
electric field intensity profiles |EI* of bifacial ST-OPVs with 11-nm Ag electrode from different
illumination directions: (c) ITO side and (d) Ag side. The simulated electric field intensity
profiles IEI* of bifacial ST-OPVs with 11-nm Ag electrode and 40-nm TeO, from different
illumination directions: (e) ITO side and (f) Ag side.
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Figure S6. J-V curves of bifacial ST-OPVs with different thickness of TeO, layers under the AM
1.5 G (1 sun) illumination through (a) ITO and (b) Ag sides.
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Table S1. The photovoltaic performance of the devices based on PM6:Y6 and PM6:Y6:PC;,;BM blend in this work.

Active Jsc Voc FF PCE He Hh He/Hn
layer (mA cm?) (V) (%) (%) (cm2 v-isl) (cm2 v-isl)
24.98 0.859 75.35 16.17 4 4
. * *
PM6:Y6 (24.80+0.15)  (0.858+0.001)  (75.11+0.20)  (15.98+0.15)  4:22*10 1.08%10 3.91

25.72 0.874 76.07 17.10

o nd wqnd
(25.67+0.03)  (0.8730.002)  (76.06+0.16)  (17.04%0.04) 7.80710 6.00%10 1.30

PM6:Y6:PC;;BM

Table S2. Photovoltaic performances of the devices based on PM6:Y6 and PM6:Y6:PC;,BM systems.

Active layer ETL Voc (V) PCE (%) Reference
PM6:Y6 PDINO-G 0.850 16.52 [3]
PM6:Y6 30 0.870 16.28 [4]
PM6:Y6 T2-CNORH 0.863 15.50 [5]
PM6:Y6 Zn0O:PBI-SO3H 0.850 15.40 [6]
PM6:Y6 PDIN 0.860 16.17 [7]
PM6:Y6 PNDIT-F3N 0.847 16.76 [8]
PM6:Y6 PDINN 0.847 17.23 [9]
PM6:Y6 PDINN 0.859 16.17 This work

PM6:Y6:PC,:BM PDINO 0.861 16.70 [10]
PM6:Y6:PC,,BM PDINO 0.850 16.67 [11]
PM6:Y6:PC;:BM OSiNDs 0.850 17.15 [12]
PM6:Y6:PC;,BM PDINO 0.858 16.40 [13]
PM6:Y6:PC;1BM PDINO 0.850 16.75 [14]
PM6:Y6:PC,:BM NDI-NI 0.860 16.86 [15]
PM6:Y6:PC,:BM TiOxNy 0.850 17.02 [16]
PM6:Y6:PC;:BM PDINN 0.874 17.10 This work
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Table S3. The photovoltaic and optical parameters of Ag (11 nm)/TeO, (20-60 nm) based bifacial ST-OPVs.

Thickness of llumination Jsc Voc FF PCE AVT Bifaciality
TeO, (mA cm™) (V) (%) (%) (%) factor
TO side 16.35 0.836 75.72 10.35
(16.26+0.07) (0.837+0.004) (75.44+0.13) (10.26+0.06)
20 nm 26.84 73.53
Ag side 12.05 0.830 76.09 7.61
g (11.94+0.09)  (0.828+0.004)  (75.98% 0.14) (7.51+0.07)
ITO side 16.13 0.835 75.80 10.21
(15.99+0.10)  (0.835:0.004)  (75.37:0.21)  (10.06%0.12)
30 nm 27.51 82.76
Ag side 13.36 0.834 75.83 8.45
g (13.2340.08) (0.828+0.004) (76.08+0.14) (8.33+0.08)
ITO side 16.04 0.843 74.99 10.14
(15.90+0.10) (0.836+0.005) (75.24+0.14) (10.00+0.11)
40 nm 27.83 90.53
Ag side 14,51 0.827 76.50 9.18
8 (14.42+0.08) (0.827+0.004) (76.31+0.09) (9.1040.07)
ITO side 16.96 0.838 75.78 10.77
(16.71+0.24)  (0.836+0.005)  (75.52+0.18) (10.54+0.21)
50 nm 22.93 83.38
Ag side 14.23 0.828 76.22 8.98
g (14.15+0.05) (0.827+0.004) (76.01+0.13) (8.90+0.06)
ITO side 17.82 0.838 75.67 11.30
(17.60+0.21) (0.836+0.005) (75.47%0.10) (11.1040.17)
60 nm 21.90 75.84
Ae side 13.58 0.832 75.85 8.57
8 (13.51+0.06) (0.828+0.004) (75.96+0.08) (8.49+0.07)
a) The average values were obtained from over devices.
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Figure S7. The statistical (a) Jsc, (b) Vo, (c) FF, and (d) PCE of Ag/Te0,(11/40 nm) based bifacial
ST-OPVs under the AM 1.5 G (1 sun) illumination through ITO and Ag sides. The statistical
results were obtained from 12 cells.
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Figure S8. T, R, and EQE curves of bifacial ST-OPVs with or without TeO,. The data were
conducted from the relative devices: bare Ag (11 nm) based ST-OPVs illuminated from (a) ITO
and (b) Ag sides, Ag/Te0, (11/40 nm) based ST-OPVs illuminated from (c) ITO and (d) Ag sides.

15



Table S4. The summarized photovoltaic and optical performance of ST-OPVs in this study.

PCE (%) LUE (%)
Number elelz(:f;de ITO side/ ?://')I’ ITO side/ CRI
Ag side ? Ag side
1 Ag (7 nm) 9.28/6.98 19.70 1.82/1.37 74.55
2 Ag (9 nm) 11.10/6.18 20.21 2.24/1.24 75.09
3 Ag (11 nm) 12.10/5.94 19.20 2.32/1.14 74.56
4 Ag (13 nm) 12.36/4.97 18.82 2.33/0.93 73.08
5 Ag (15 nm) 12.77/4.14 16.25 2.07/0.67 70.22
6 Ag/TeO, (11/20 nm) 10.35/7.61 26.84 2.78/2.04 79.51
7 Ag/TeO, (11/30 nm) 10.21/8.45 27.51 2.80/2.32  84.37
8 Ag/TeO, (11/40 nm) 10.14/9.18 27.83 2.82/2.55 88.28
9 Ag/Te0O, (11/50 nm) 10.77/8.98 22.93 2.46/2.05 89.07
10 Ag/TeO, (11/60 nm) 11.30/8.57 21.90 2.47/1.87 88.20
LUE (%)
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Figure S9. Summarized PCE vs AVT vs LUE plot of ST-OPVs in this study.
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Figure S10. J-V curve and EQE spectrum of opaque device using PTB7-Th:IEICO-4F as active

layer.
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Table S5. The photovoltaic and optical performance of PTB7-Th:IEICO-4F based devices.

WILEY-VCH

Rear illumination

Jsc

Voc

FF

PCE AVT

LUE

electrode direction (mAcm?) (V) (%) (%) %) (%) CRI - ceT
. 9.05
TOside  19.05(1824) 0.714 6650 o U 3.00
Ag (11 nm) 33.19 (0.271,0.326) 6523 9194
. 3.86
Ag side 8.00(7.68) 0691 6987 o 1.28
TOside  14.60(14.06) 0.709 66.17 6.85 3.15
Myiees 46.03 (0.292,0329) 7643 7691
. 5.53
Agside  1153(1063) 0693 69.24 . oo 2.55
. 11.40
Ag (150 nm) TOside  23.53(22.65) 0721 67.22 i i i

(11.29+0.09)

The Jsc values in brackets were integrated from EQE curves. The average values were obtained from over 6 devices.
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