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To take advantage of superiorities brought by the reduced voltage loss and improved 245 
uniformity, we fabricate single-junction wide-bandgap (WBG) perovskite solar cells. 246 
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The statistical results also show 283 
that the significant increase in Jsc is the main factor for the improvement in efficiency 284 
(Figure 4c and Supplementary Fig. 30). 285 

with 286 
a Voc of 2.14 V, Jsc of 15.37 mA cm-2 and FF of 83.7% (Supplementary Fig. 31). This 287 
value is the highest PCE reported for  so far. The 288 
integrated Jsc values from EQE measurements for the top and bottom cells are 15.20 289 
mA cm-2 and 15.14 mA cm-2 (Fig. 4d), in good agreement with the Jsc determined from 290 
J V measurements. Notably, P2EH-1V exhibits significantly broadened near-infrared 291 
absorption and achieves a markedly higher integrated  Additionally, we also 292 
demonstrate a PCE of 26.7% Voc of 2.14 V, Jsc of 15.15 mA cm-2 and FF of 82.4% for 293 

 with an active area of 1.019 cm2 (Supplementary Fig. 32), 294 
showing great potential for scaling up. We also sent the 1 cm2 device to an accredited 295 
independent PV calibration laboratory (Shanghai Institute of Microsystem and 296 
Information Technology, SIMIT) for certification, and a certified PCE of 26.4% is 297 
obtained with no hysteresis (Figure 4e, Supplementary Fig. 33), agreeing well with the 298 
value measured in-lab. In addition, maximum point tracking efficiency is also tested 299 
within 300 s continuous tracking, the 1cm2  device can still 300 
achieve a stabilized PCE of 26.5% (Figure 4f). As displayed in Fig. 4g and 301 
Supplementary Table 9, this certified PCE surpasses all certified PCEs for centimeter-302 
scale single-junction perovskite solar cells, perovskite-CIGS tandem cells and 303 

.  304 

We also evaluate the long-term stability of  in ambient 305 

atmosphere (25 C, 85% relative humidity), which is harsher than ISOS-L-1 protocols 306 
(Fig. 4h). The encapsulated  retain 80% of its initial 307 
efficiency after 783 hours of maximum power point tracking under continuous one-sun 308 
LED illumination at a relative humidity of 85%. The T80 of the single-junction OPV is 309 
only 180 hours (Supplementary Fig. 34), demonstrating the potential of tandem 310 
structures in improving OPV stability. 311 

312 
 To achieve longer 313 

stability, strategies such as suppressing the phase segregation in wide bandgap 314 
perovskite, stabilizing the bulk heterojunction morphology and developing robust 315 
interfacial layers for organic subcells, will be pursued in the future. 316 
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. e, Champion J-V curves of 441 
single-junction organic devices. f, EQE curves of single-junction organic devices442 
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Table 1 | Summary of photovoltaic parameters of champion single junction 452 
organic solar cell. 453 

Active layer VOC / V JSC / mA cm-2 FF / % PCE / % 

PM6:P2EH 0.88 25.72 77.2 17.5 

PM6:P2EH-1V 0.82 28.60 76.5 17.9 

PM6:P2EH-2V 0.77 11.21 64.8 5.6 
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 456 

Fig. 2 | . a,b,c, Femtosecond TA spectra 457 
of (a),  (b),  (c) . d, the trace 458 
kinetic of donor GSB signal probed at 575 nm. e, Characteristics of the photocurrent 459 
density versus effective voltage (Jph Veff). f, Summary of Eloss analysis of the 460 
corresponding OSCs. g,h,i, Gaussian fits of FTPS-EQE and EL curves via Marcus 461 
equation for devices based on (f) , (g) , and (h) P462 

 blend. h, Summary of Eloss analysis of the corresponding OSCs.  463 
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 468 

Fig. 3 | Single-junction WBG perovskite solar cells. a, Molecular structure of Me-469 
4PACz and Br-Ph-4PACz. b, Energy band alignment between perovskite with 470 

. c, 471 
 d, Voc 472 

loss analysis for single-junction WBG perovskite solar cells. e, 473 
474 

f, Transient photocurrent (TPC) decays of Me-4PACz and Br-475 
Ph-4PACz perovskite solar cells. The results are fitted with a single-exponential 476 
function. g, Confocal photoluminescence mapping images of 477 

h, Confocal photoluminescence mapping images of 478 
. i, J-V scans of Me-4PACz and Br-Ph-4PACz perovskite solar cells.  479 
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Perovskite-organic tandem device fabrication. After completing the deposition of 540 
C60 layer, SnOx -layer deposition system. Then the 541 
substrates were 5542 
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