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Figure 1 Lumped parameter equivalent circuit model

of perovskite solar cells
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Figure 2 TImproved lumped parameter equivalent circuit

model of perovskite solar cell
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Figure 3 Comparison of the solution results of
node voltage using least square method

and partition method
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Figure 4 Effects from R on I-V characteristics
simulated by our improved lumped-parameter

circuits

N B S5 K A BK T K BH RE H It I i
JeJa S AR F TP R e R S R S
(23 7)) f i )2 0 1o O ik B8 T8 AR AL %, % Ak X
Zeid it — YRS B [ 23R T RS B A 4R
T L o ELHR 23 5 AR A @ R R A A A
Sy A BN M Ak T 19 52 A 1R R R A A Rk Ak
FxE X R AR O TR A Al R A [ R 2R
i R A 2 /3 R UK 11 N

Sk T 080 AR R R AL TR A R Y L R AR
— 7 T BN AE R 2 A S — R
e Xt [ R RS ECRE 1 o AS AR R (25 70)
5 )2 2 0] e I R 4 F#LE (LUMO) | fig 9 22
[N Sl X = T A S O 11 S AN TR ST e Al 51
X 2y S BRI 6 H PRI/ o 7 SR 1 SE 56 o
o T A B R AGEK R MR A T (55 ) R B 2
B AR S A 9 22 TR A S R ol A B2 L
et J2 1 4R 3 T F B0 2 B O RN 8 iR R R R
J1o Ren ZF i o% 2 W, R 4k o etk + 2 &
K252 AR KRR RGBT DUCR R kT2
AR AR T RE

S TR AR B AR A AT 56 U 5 A AT, SR T
Garcia-Sanchez %5 1 52 56 #i 46 HF 47 8 AL HUL A 2
Mt , [ i 5 Pozo %54 HY B R R A7 X EE L B 5
Feegs 1. E S ol LU 2, 5% FH Y 52 06 B9 76 46
— G R4 BRI HE O BT, BUR Pozo SRR Y

BRI AT LA S Ui 2k H X T8 — SR i A2 b
ML FURE 52 I 26 PR R AL, T g a2 A5 78 ) ) 52 3 %6 5
56 A AT R I

1504 Jr=0.9 mA ‘m” n,=1.7

Ju=8 A+ m” n,=3.0
Joi=1.5 mA*m” n,=3
1004 Jp=1 mA - m” n,,=4 SR H
; R,=2.16 Qm’ )
2 504 Re=100 Om’
i R,=500 Qm’
X3 6 J,=100 A~ m”
ES
w
—-504
-100489°°”
T T T T T T
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2
VIV

B5 BRI S0k K BH A R i A4 S 56 I 5 B00E Y Pozo £

TSR B R AS TR A L e
Figure 5 Comparisons of experimental solar cell mea-
surement data under lighting conditions, Pozo’s

modeland our proposed model
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Lumped Parameter Equivalent Circuit Model of S-Shaped Current Kink in
Organic/Inorganic Hybrid Perovskite Solar Cells

LIU Jingxian, CHEN Kaoming ,MA Yunhan, HUANG Junkai, DENG Wanling
(Jinan University, Department of Electronic Engineering, Guangzhou 510632, China)

Abstract: This paper proposes an improved lumped parameter equivalent circuit model of perovskite solar
cells, which can accurately fit the S-shaped curves. The improved model establishes the node voltage
explicit algorithm by using four diodes, the partitioning method, and Lambert W function. The current-
voltage explicit equation is obtained. Compared with the circuit model with multiple sub-circuits, the
improved model adds shunt resistance, and the structure is more complete. In addition, the model can
describe the S-shaped curve, which can achieve a good fit to the exponential upward bending curves under
the large forward voltages in the first quadrant of the I-V characteristics. Based on the model analytical
solution algorithm, long-time numerical iterative calculation can be avoided, and calculation results meeting the
error requirements can be obtained, which is beneficial to the simulation circuit and model parameter extraction.
Keywords: organic/inorganic hybrid perovskite solar cells; S-shaped I-V characteristics; lumped parameter

model;current kinks;analytical solution



