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overview

1. Discussion of capacitance methods commonly used to characterise perovskite
solar cells —

» Capacitance-voltage (CV) profiling

* Mott-Schottky plots and doping profiles

 Thermal admittance spectroscopy (TAS) measurements

 Time domain transients

2. Interpretation of the high or intermediate frequency (non-ionic) capacitance
response of perovskite solar cells in these methods using a multilayer capacitance
model.
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capacitance C (Fcm™)

Mott-Schottky plot and doping profile
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provides important parameters — doping/trap density, built-in voltage, Debye length
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capacitances of the selective contacts cannot be
neglected, due to their resistances




multilayer capacitance model 9 JULICH

Forschungszentrum

Rer (V) Rrec,PVK(V) Ruyr (V)
/\/\/\_I A\ AN
| | | |
11 11 11
Cg,ETL Cg,PVK Cg,HTL
-qQVy,
‘T _________________ 1L L L q(Vpi — V))
I ' R V =—f ——dx = ex —1
n(O)—nO qunO kaT
0 L
metal selective contact
o ox (CI (Vi — V))
p nIDkBT
Coon(V) 1 ( iWRgT, | IWRrecpvk | IWRygrL 1
net - - ’ ’ ’ —_— _—
{0 Z et 1+ LW 14 Lw 14 Lw Wchar = RC
WETL WpyK WHTL

#



IJ JULICH

Forschungszentrum

< & 10%° T
5 £ ()
S G R
O E 105 pero
O]
= 10”7 §
% : ] 8 100 ptaa magnitude of characteristic frequency in
E — - N . .
S - (UC e + 1C, )" a comparison to experiment frequency
@© bt . . . .
o R T - TN determines which capacitance will be
250 |- (b) - > 10 (d) expressed at a given voltage
- - 0
#E 200 L \ | = pcbm
G - 1 = 10°
Y150 | - = Oexp
S [ 1 > F- ===/
O
50 i - > Optaa ®pero
i - ()
O 1 | 1 | 1 | 1 = 10-2 N | N 1 | 1
00 03 06 09 1.2 00 03 06 09 1.2

voltage V (V) voltage V (V)




multilayer model +
chemical capacitance
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forward bias yields general
capacitance evolution of the form

qV
kaT

C(V) = Cy + Coexp

depletion capacitance can be
resolved only at reverse bias
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27mkgTe €,

Nd,min — 4q2d2

 charge injection + multilayer capacitance
transitions cause a minimum charge density
to be observed

* in this limit, thin films always show higher
apparent trap/doping densities compared to
bulk single crystals

Ravishankar, S., Unold, T. and Kirchartz, T., 2021. Comment on “Resolving spatial and energetic distributions of trap
states in metal halide perovskite solar cells”. Science, 371(6532).
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Prof. Thomas Unold, Helmholtz Zentrum, Berlin
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Capacitance measurements on devices will yield a minimum
response from the selective contacts that depends on the
resistance of the layers.

Capacitance models of PSCs should include the capacitance and
resistance of the selective contacts.
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