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Figure S1. Device architectures of ITO (a) and planar microcavity (MC) OSCs (b) 

with PBDB-T-SF:ITIC-Th:IT-4F BHJ. (c) the dependence of TeO2 thickness on the 

photocurrent of planar MC device. (d) and (e) are refractive index n and k of materials 

used in this work.  

 

Figure S2. (a, b) AFM images of binary PBDB-T-SF:IT-4F (1:1) and (c, d) ternary 

PBDB-T-SF:ITIC-Th:IT-4F (1:0.2:0.8) BHJ layers.  
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Figure S3. Light distribution of |E|2 in the PBDB-T-SF:ITIC-Th:IT-4F (1:0.2:0.8) 

BHJ with (a) ITO and (b)microcavity devices. 
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Figure S4. Difference of exciton generation rate (G) (a) G2,MC – G3,MC and (b) G3,MC – 

G2,MC of planar MC devices. The G3 is exciton generation rate of ternary device, G2 is 

exciton generation rate of binary device. 
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Figure S5. Improvement difference of exciton generation rate (G) (a) G2-G3 and 

(b) G3-G2. G2= G2,MC-G2,ITO is the G improvement of binary planar MC and ITO 

device. G3=G3,MC-G3,ITO is the G improvement of ternary planar MC and ITO 

device. 



 

Figure S6. Light intensity comparation of OSCs based on PBDB-T-SF:IT-4F BHJs 

with different vertical morphology models. 

 

 

Figure S7. UPS of ZnO and ZnO-NP with and without SAM modification on ITO 

and Ag/FPI-PEIE electrodes. 

 



 

( f )

IT4F: ITIC-Th MC w/ SAM

( g )

IT4F: ITIC-Th PMC w/ SAMCPM

 

Figure S8. Fittings of J-V curves for extracting equivalent circuit parameters of ITO 

and microcavity devices. 
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Figure S9. (a) EQE spectra and (b) enhancement ratios (by comparing with the 

corresponding ITO devices) of OSCs with different optical absorption enhance 

architectures. (c) The Jsc versus PCE comparison of this work and reported OSCs 

based on PM6:Y6 and IT-4F BHJs. 
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Figure S10. First nanopattern on PDMS templet film and second nanopattern on BHJ 

film by aligning the cross marks on PDMS and Si mold.  

 

Table S1. The work function and contact angle characteristics of ITO/ZnO, 

ITO/ZnO/SAM-ID, Ag/FPI-PEIE/ZnO-NP, Ag/FPI-PEIE/ZnO-NP/SAM-ID films.  

Film Work function (eV) Contact angle (o) 

ITO/ZnO 3.75 54.9 

ITO/ZnO/SAM-ID 3.48 75.8 

Ag/FPI-PEIE/ZnO-NP 3.86 49.3 

Ag/FPI-PEIE/ZnO-NP/SAM-ID 3.52 72.5 



 

Table S2. Photovoltaic parameters of OSCs with an ITO configuration and 

microcavity configuration. 

BHJ of OSC 

(86  3 nm) 

J0  

(mA/cm2) 

Js  

(mA/cm2) 

n Rs 

(cm2) 

Rp 

(cm2) 

PBDB-T-SF:IT-4F  

(1:1, ITO)a 
19.75 3.89×10-7 1.93 0.23 347 

PBDB-T-SF:IT-4F  

(1:1, planar MC)a 
21.92 2.82×10-7 1.89 0.33 340 

PBDB-T-SF:ITIC-Th:IT-4F 

(1:0.2:0.8, ITO) 
19.24 4.15×10-8 1.81 1.08 386 

PBDB-T-SF:ITIC-Th:IT-4F  

(1:0.2:0.8, planar MC) 
21.89 1.49×10-7 1.93 0.61 328 

PBDB-T-SF:ITIC-Th:IT-4F 

(1:0.2:0.8, planar MC w/ SAM) 
22.81 1.56×10-8 1.70 0.72 267 

PBDB-T-SF:ITIC-Th:IT-4F 

(1:0.2:0.8, CPM w/ SAM ) 
23.49 6.86×10-7 2.07 0.13 367 

 



Table S3. Photovoltaic parameters of OSCs with an ITO configuration and microcavity 

configuration. 

Structure of OSC Voc  

(V) 

Jsc  

(mA/cm2) 

FF 

(%) 

PCE 

(%)a) 

Ref 

PM6:Y6 (ITO) 0.85 24.9 73.7 15.5 This work 

PM6:Y6 (CPM w/ SAM) 0.85 27.8 74.5 17.5 This work 

PM6:Y6 0.82 25.2 76.1 15.7 [1] 

PM6:Y6 0.83 24.9 75.3 15.6 [2] 

PM6:Y6 0.84 25.5 74.0 15.9 [3] 

PM6:Y6 (WS2) 0.84 25.9 73.0 15.8 [4] 

PM6:Y6:PC71BM (WS2) 0.84 26.0 78.0 17.0 [4] 

PM6:Y6 (CN) 0.844 25.1 73.66 15.61 [5] 

PM6:Y6 (GCL) 0.84 26.09 79.05 17.32 [5] 

PM6:Y6 (SD) 0.844 25.8 76.7 16.7 [6] 

PM6:Y6 0.839 25.37 73.0 15.5 [7] 

PM6:Y6 0.86 25.5 72.0 15.8 [8] 

PM6:Y6 0.84 25.19 77.3 16.37 [9] 

AgNWs/PBDB-T-2F:Y6 0.83 25.4 71.0 15.03 [10] 

PBDB-T-SF:IT-4F: 0.87 19.8 71.9 12.4 This work 

PBDB-T-SF:ITIC-Th:IT-4F 

(1:0.2:0.8, CPM w/ SAM) 
0.93 22.9 72.7 15.5 This work 

PBDB-T-SF:IT-4F (WS2) 0.88 20.6 74.0 13.5 [4] 

IT-4F (SD) 0.867 20.4 75.4 13.3 [6] 

AgNWs/PBDB-T-2F:IT-4F 0.82 21.0 75.0 12.9 [10] 

PBDB-T-2F:IT-4F 0.82 20.5 73.0 12.3 [11] 

PBDB-T-2Cl:IT-4F 0.88 19.9 76.4 13.47 [12] 

PBDB-TF:IT-4F 0.87 20.4 77.0 13.7 [13] 

PM6:IT-4F 0.86 20.4 74.0 13.0 [14] 
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