Electrochemical Impedance Spectroscopy Study

b8 on Degradation of Bulk-heterojunction Solar Cell

- Rui WANG?*, Zhi Ming KAM?, Wei CHEN
INational University of Singapore, Singapore, “Chemistry, National University of Singapore, Singapore

Introduction Results and Discussion
Post Annealing for Normal Structure Solar Cell

i Si i € . .
Depletion Layer p type Si Highly doped n type E&'r'r‘lglnet; AC measunng deplet|0n 4= = ot I — MSS@ w post anneal
~— region shows a ] | -
O . . .
> \ polarization effect leading
- | .
. - to an impedance element : :
3 / with complex £ L
g capacitances and
Basic Dielectric Structure Crystalline Silicon on Glass COnd UCtan CeS . - = 47
of Photovoltaic Cell Cell -6 -
-
o
10x10 > — m=— 8107 =
Burn-in Linear Decay u
Voltage (V) oltage
3 Typical lifetime behavior (a) PEDOT:PSS (b) MoO3
s in polymer solar cell. e e ——— T T | e NN
-G “Burn |n Decay” fOl' f”'St jj: Large Curve: Post anneal Large Curve: Post anneal S ® ®
E LZ_O% loss few hours, nonlinear ) _ ¥0.= 560 o
w _____ I: s f_ i . - -- === > d e Cay ;; y”___”% PED Ogrq;iggler}t (F:)imltjit | 285 3 Equivalent Circuit
“r ” i _ ‘7= WI0 post annea MoO3 w/o post anneal
- ITetime Linear decay": for S Nl p
5 lifetime measurement Y AN AN Sl VAVLC
Q oF [\ Bl ] @ R = 596 k0
e i 2 -2 O o Oy 2 O ) L ] R=74810 (&) )
e ] ¥0 = 198 nMho
t=0 DEVice Aging Time - =T | Equivalent Circuit - _ Equivalent Circuit
- - = RE= = e PEDOT:PSS w post anneal T o L o — L L MoO3 w post anneal
(©) (@)
- No. Rs Rpl CPE1 Rp2 CPE2 Voc Jsc FF ECE
EX p er I I I l e n t MoO3 72.7 183K | 5.60nS/0.98 0.528 |7.99 60.6% | 2.55%
MoO3 with Annl [ 74.8  [596K | 1.98n5/0.994 0.580 [8.83 [66.1% |3.38%
Pedot 62.7 556K [ 3.96nS/0.955 0.551 |9.13 57.1% | 2.87%
: Pedot with Annl [56.2  [4.53M [4.46n5/0.974 | [19.6M [6.60n5/0.975 | [0.587 [8.83 [62.8% |3.26%
A | Qi AuTOLAB ~3o0] 605 (e)
. Fig. 1. (a) and (b) IV curve of the PEDOT:PSS and MoO3 solar cell
. (c) And (d) Nyquist plot of the PEDOT:PSS and MoO3 solar cell with equivalent circuit
P3HT:PCBM ..e“e‘e.‘ RO (e) Table of the comparison of the 4 different solar cell
all= '/ Degradation for Normal Structure Solar Cell

FRA2 impedance analyzer module Analog PGSTAT with USB .
with 1 MHz — 10 yHz range PEDOTPSS HTL SOIar Ce”

connection to Windows software

5000 E
4500 £

Device Structure

0.4 = 4000 |

3500 E
3000 E

b 1.5E+7 - T ¥0 = 348 nMhao ¥0 = 531 nvha
2500 - N 3 - 1 M = 0,980 M = 0372

0.0 2000 F
1500 £ @
iy 1000 | ¢
3 500 £
-0.4 — b .‘
A
06 -500 F
-1000 £

Equivalent Circuit
PEDOT:PSS at 0 hour illumination
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1. Electrochemical impedance spectroscopy (EIS) (a) SR > ©
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Fig. 2. (a) Nyquist plot of the degradation of PEDOT:.PSS solar cell.
(b) equivalent circuit of Oh and 8h illumination. (c) IV curve with different illumination time.

2. EIS study on the post annealing effect on the two (d) Table of the different illumination time.
different HTL normal structure OPV system shows the

. . . . MoO3 HTL Solar Cell
different in the electrical properties.
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changes in equivalent circuit during the illumination
and thermal recovery. Further analyze the interface
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