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annealing, while the shallow trap states stay deeper in the perovskite films, such as grain boundaries inside

the perovskite layer, which can only be passivated by the diffusion of PCBM into the perovskite layers

Mobilty

= PCBM, which was originally designed as electron acceptor and electron transport material in the planar

3-0 1 B 1 B 1 B 1 1-2 ' | ' | ' | ' | ' | ' |
s~ |  With PCBM layer ° 1120 | _ o . : :
g - thermal annealing for 45min Qo | = 1.0] ] heterojunction perovskite solar cells, can effectively passivate these trap states.
- 2.5 Q .
oY _ / 1100 __ 2 08 ' S ' » The mitigation of defect states is effective which can be deduced from the significant increasing of photocurrent
- = S V.or - . N
< 20} P I © — PeBMthermalannealing 45min response speed and decreasing of the tDOS.
S i Mobility 180 & S . . . o o .
E 155 oo 9 g g = The improving properties of devices with optimum PCBM thermal annealing time, including longer charger carrier
§ - Concentration {60 = S lifetime and larger mobility, contribute to the very good device performance
€ 1.0 S b
S | ° |8 N
' e ) ~
o . 4140 s 0.
205 / T~ 5 § |
S [ Q ' 0.2 -
o <
0.0 : :

. . I . I 20 1 1 1 1 1 1 1 1 1 1 1 1 . .
0 20 40 60 2 4 0 1 2 3 4 Bibliography

PCBM Thermal annealing time (min) Time (ps)
, , , — , = 1. Burschka, J.; Pellet, N.; Moon, S.-J.; Humphry-Baker, R.; Gao, P.; Nazeeruddin, M. K.; Gratzel, M., Sequential
10 L ; ; ; ; : @ o 1 * The pass.i\./ation yielded a tr?reefold increase of deposition as a route to high-performance perovskite-sensitized solar cells. Nature 2013, 499 (7458), 316-319

S ° 0 o _ Ha”.molb'“fy and a fourfold fncrease of charge = 2. Aberle, A. G., Surface passivation of crystalline silicon solar cells: a review. Progress in Photovoltaics: Research and
n > 2 : carrier Ilfe.tlme, and blue-shifted | Applications 2000, 8 (5), 473-487
.0§> o .. :)hotolumlnescence., and reduced trap density by = 3. Qi, W.; Yuchuan, S.; Qingfeng, D.; Zhengguo, X.; Yongbo, Y.; Jinsong, Huang.; Large Fill-Factor Bilayer lodine
;1} 1F ® W/O PCEM 2 ; wo orders of magnitude Perovskite Solar Cells Fabricated by Low-Temperature Solution-Process. Energy & Environmental Science, under
~ @ PCBM No thermal annealing © 8 o = These improved properties contribute to the eview.

: ﬁggm lgm:: Iﬂggz: :222::::8 > o enhancing efficiency from 7.3% to 714.9%

Qo

0.0 0.2 0.4 0.6 0.8 1.0
Voltage (V)

+ s UNIVERSITY JOF
[@° NebYaSka NEBRASKA CENTER FOR

[Lincoln | ENERGY SCIENCES RESEARCH




