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' that can further improve the utilisation rate of solar energy. Compared to I | We propose a universal passivation sirategy: co-interface \
single-junction perovskite solar cells (PSCs), the performance of tandem | collaborative passivation. By introducing PEAI, the quality of the
[ g j p u - ° ° ° ° ° u
,  cells depends on the performance of the top and bottom solar cells. Here, | I perovskite film was improved, and the bulk nonradiative |
. we use a co-modification strategy to intfroduce PEAI to the top and bottom ., || ° .recomblnqhon of.ihe film was reduced. At the same time, the |
| interfaces of the perovskite film at the same time to improve the |[ | interface connection of the film was strengthened through sirong |
. performance of the top solar cell. Experimental and theoretical results .|| , chemical interaction, and the surface defects of the film were .
| show that PEAI can not only improve the quality of the perovskite film ||| | Passivated, thereby further reducing the interface nonradiative
. through the chemical interaction but also reduce the nonradiative -|| . recombination of the device. The DFT results further prove the .
| recombination in the device. Ultimately, the efficiency of the wide I]| | experimental conclusions. Finally, the efficiency of PSCs based on the |
i bqndgqp (]77 eV) PSCs based on Niox reaches 16.5%. At the same time, ° 2 CO-mOd.IfICCI'l'IOn strategy reached 16.5 %, while the eff|C|enCY of all- -
| the performance of the all-perovskite tandem solar cells also reached !|l | perovskite tandem solar cells reached 26.81 %. '
N 26.81% and showed excellent stability. v/ < v/
o Results and Discussion
’T- | | | | | | | | | | | | | | | | \ ’ - - ) - ] - ] - ] - ] - ] - ] - ] \ 4
’ | | | | | | | | | | | | | | | | | \ . . . L \
‘ / AR o) .
/a) . s >\100 =
. PEA,,,PA PEAIIIPA “ I 2 g0 90 1 [5 500 5.10% 317% ‘
‘ ‘ K oc FFo Voc o 8.25% ]
' ' . u E 80 - FFPB g 30 A 11.73% I
n . b) | I I % 70 - % § . 22.78%
I I | .9 60 o : .
0 [%] " . I % 50 A Vet - . FF I
| Spin coating process : | I . & 40 T = = Resistance losses (aFFn | ®
™~ —— n ] M : N I I C) conltrol bot’lcom bolth d) conltrol bot’lcom bolth I
I b) 5 le3 C) le3 I I ] o 1.36 - g gg:;om' L Both )
: Ni 2p ITO/NiOx 31 Pb 4f .PEAI/PVK o O | | 0.3 7 — I
o ITO/NiOx/PEAI = ..PEAI/PVK/PEAI [ _ < © 1.34 1.335 . .
I ) 4 . 8 2 . I . 5 0.2 / / ‘L._I’E 1.322 1.323/33
o > ’ > _ C) d) le3 I [ 2 / / O 1.32 / // I
I % 3 ' | % | I I ch Z:cl);s ) . 0.1 / / > | 1302 / "
] E /R ’ ; ~ . ad : E 1 n —~ 4 - W=2° I I / / 1.30 é/ 1.291// I
) r:l; w=3° / / } , -
I 2 T T T T 0 T T T T T T I I ;3‘ w=4° n - o0 Conltrol Bot’lcom Bolth 128 bLII|k interlface :
. 845 850 855 860 865 870 150 152 154 156 158 160 162 " = W=5° I [
Binding energy (eV) Binding energy (eV) | g2 | I _ (a) Visualization of potential improvement for our devices =
: d) e) : = ) relative to the ideal DB model, using partitioning of the |
. m 1 1 _ e ‘ Saa y
| | ; Jeese 022 00  Sgeo20008 | I different losses as introduced in a previous report. (b) The .
) . 195 200 205 210 | detailed fill factor losses of control and optimized devices. |
| ) f) 26 (°) I ~ (c) Vo™ of the device with or without PEAI modification.
] . 5_163 438 _ . (d) QFLS test to uncover the nonradiative occurrences in I
I | 05" f — | | \' buk  (glass/(PEAIPVK/(PEAI)  and interface
) N 2 [ - —o—8—¢ : '\(ITO/NiOx/(PEAI)/PVK/(PEAI)/CGO. /
f) g) I "o 3 7 ~ : o f I . o
I ; I B = E 437 \ | | | | | | | | | | | | | | | | | ,
v 4.50 . = _co S .
: ; : PVK - GC) 2— 4 % | | | | | | | | | | | | | | |
| S 4237 e PVK/PEAI [ | c . \ S J . [ " F <
& 4.00 - . ——— 8L o . . . R
o c ] _ 4— ../PEAI/PVK / \
I S 375 . [ Ly _/\ """""" 4.36 . I ) b) . |
£ 350 . - 195 200 205  21.0 1 2 3 4 5 g -
n é b o 4 o o _ 20 (°) w (°) ! E 15 - 0.8 ‘
+ 3.25 I I g ;
I $ 3.00 . L . S B-STS w O
g & | defect Br defect I . I ; 'g g 0al I
| . . o LI 3 B g '
. o - ~ SEM image of the film with the structure of (a) 1 - = "prAufpv K;-F;EAV 0.2 "prAufpv KfEEAu/ I
| (@ Schematic diagram of PEAI co-modification strategy. | ITONIOXWPVK, (b) ITO/ NiOx /PEAUPVK, and (c) ITO/ | 1 © ol O], [ T ]
. XPS spectra of the PEAI with (b) NiOx Ni 2p and (c) . ' NiOx /PEAI/PVK/PEAI. GIXRD patterns of the perovskite . 00 02 o4 o5 dB Lo 1: d 00 40 500 G0 7 |
I pderc:\:jskflte Pb 4f|-3Tgefsurface§ f?r thef perOVka'te with the | ; films based on ¢) ITO/ NiOx /PVK and d) ITO/ NiOx | : % ) 20 :
. (d) I-defect, (e) Br-defect, and (f) perfect surface contact , I pEA|/PVK. d) d-spacing values obtained from (c) and (d) T rmwmenRacy | )
\ with the PEAI. (g) Defect (I-defect and Br-defect) | " as a function of incidence angle. ] - S 151 ) _
formation energy of the perovskite film with or without | \ . | ace “E’: !
" PEAI modfication. AN 7 - £ 10- 1
’ ~ I B B ESS & ESS & B 5 BB F B F Em F Em = - ’ ) TR R T I R / ! WBjOiVK / E i = RS lk I
Py | | | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I [} \ I i IFS | | | | ll -
00 03 06 09 12 15 1.8 I
n Voltage (V)
i Control 40.66 5186 65.90 76.54 89.63 100 ] I (a) J-V curves and (b) EQE spectra of the devic_e with or |
| Bottom 54.22 62.89 73.10 31.34 91.09 100 | | without PEAI modification. (_C) Sphematlc illustration of the .
h —— p—— B—— p— g = _ tandem solar cell structure in this work. (D) J-V curves of I
| =0k ' ' ' ' ' ) * the all-perovskite tandem solar cells with PEAI co-,
] The parameter values of the figures of merit for control device and optimized device \ [modification. /
N\ ¢ .

u L | L | L | L | L | L | L | L | L | L | L | L | L | L | L | L | L | \

| beviee  ue Ve R R

Control
Bottom
Both

16.12
17.22
17.35

1.085
1.165
1.192

61.3 10.72 |
77.1 15.46 |
79.2 16.37 :

N s e f e s mm s Em s Em s Em o Em s Em o Em o Em o mm o mm s omm s omm o= o= 7

~

-

N\
( This work was supported by the NEDO project, the New Energy and Industrial .

= Technology Development (JPNP20015).

| 2. Bi, H., Liu, J., Shen, Q., Hayase, S., ACS Energy Lett. 2023, 8,
. 3. Bi, H., Liu, J Shen, Q., Hayase S., Adv. Sci. 2023, 2304790.

1. Bi, H., Fujiwara, S., Shen, Q., Hayase, S., Adv. Funct. Mater. 2023, 33, 2300089.

3852.

| _ | | | | | | | | | | | | | | | | | ’



	幻灯片 1

