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Motivation

Understand lon-related losses in Perovskite-Based Solar Cells (PSCs)

= Hysteresis effects impact the performance of PSCs [1-3]
Origin: lon migration within the perovskite absorber

Goal: Understand and mitigate ion-related performance losses

Approach: Small AC signal analysis [3,4]
Investigate frequency-dependent capacitances of PSCs

Learn about device properties, e.g., ion diffusivities, built-in potential, ...
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Bias Voltage Small AC Signal
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lon-induced Capacitances in Perovskite Solar Cells ' =
TCAD Simulation: Dark State

Perovskite

200

= Dark state, w/o DC bias, w/o ions, varied AC frequency 180 |
Geometrical capacitances in series connection
High-frequency capacitance reduced by series resistance
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lon-induced Capacitances in Perovskite Solar Cells

TCAD Simulation: Dark State

= Dark state, w/o DC bias, w/o ions, varied AC frequency
Geometrical capacitances in series connection:
High-frequency capacitance reduced by series resistance

= Mobile anions with varied concentration (immaobile cations)
Increased low-frequency response of capacitance
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lon-induced Capacitances in Perovskite Solar Cells

TCAD Simulation: Dark State

= Dark state, w/o DC bias, w/o ions, varied AC frequency
Geometrical capacitances in series connection:
High-frequency capacitance reduced by series resistance

= Mobile anions with varied concentration (immaobile cations)
Increased low-frequency response of capacitance

= Mobile anions with varied diffusivity
Characteristic frequency shifts
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lon-induced Capacitances in Perovskite Solar Cells

Experimental Evidence

= Perovskite single junction fabricated and measured at IMEC
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lon-induced Capacitances in Perovskite Solar Cells

Experimental Evidence

Ag
LiF/C60/BCP
Hybrid

NiO
ITO
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= Perovskite single junction fabricated and measured at IMEC
= What can we deduce from C-f characteristics?
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Bias Voltage Small AC Signal
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lon-induced Capacitances in Perovskite Solar Cells ' =

Perovskite
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lon-induced Capacitances in Perovskite Solar Cells O Effective area

o Experimental Evidence
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lon-induced Capacitances in Perovskite Solar Cells O Effective area
Experimental Evidence Simulated R [©-cm?]

0.0 2.0

— 2.5 3.0

200 e —— 4.0
= Perovskite single junction fabricated and measured at IMEC 180 [ [S'mulated data . e reauency[Hz
= What can we deduce from C-f characteristics? g F [~ Nanion: ©-2-107 cm " e ]
Characteristic frequency f, here around 10 Hz o 160 Danion: 6.0-10™° cm?/s 5 545 B
> lon diffusivity of 6:10-10 cm?/s S 1ok | : T ]
High-frequency regime (measured on similar sample) < - [Experimental data 3 340 G
- Series resistance of device is about 3 -cm? O 120 © IMEC Pero cel - 135S 2
Cir (for negligible capacitances of CTLs): © - - _ _30% :
- Dielectric permittivity of perovskite (for known dpero);: 100 - Dion E Rs adaption o5
Ag o 80F 20
LiF/C60/BCP o i ]
Hybrid jb) o N
Perovskite g 60 -
(1.53eV) I i
ITO g I Dark Cip S
Glass substrate G 20 3 ~€p € /d
O [ 0 *r,Pero/ “Pero
|M O - | M Q M &C 10-2 10-1 100 101 102 103 104 105 106
»JunAssELT] LI eC Frequency [H]

\

11 universitatfreiburg ZZ Fraunhofer

ISE



Experimental

lon-induced Capacitances in Perovskite Solar Cells O Effective area
o Relation to JV Hysteresis Simulated R [©-cm?]
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lon-induced Capacitances in Perovskite Solar Cells O Effective area
o Relation to JV Hysteresis Simulated Rs [@-cm?]
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lon-induced Capacitances in Perovskite Solar Cells
Relation to JV Hysteresis

= Measured JV reverse and forward scan for same sample
= Simulated JV scans with parameters from C-f analysis
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= Measured JV reverse and forward scan for same sample
= Simulated JV scans with parameters from C-f analysis

Very good agreement indicating the relation between
C-f characteristics and JV hysteresis for varied scan-times
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Relation to JV Hysteresis
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lon-induced Capacitances in Perovskite Solar Cells

Relation to JV Hysteresis

= Measured JV reverse and forward scan for same sample

= Simulated JV scans with parameters from C-f analysis
Very good agreement indicating the relation between
C-f characteristics and JV hysteresis for varied scan-times
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lon-Induced Capacitances "l
In-Depth Analysis of the Capacitance Plateau
— Perovskite
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In-Depth Analysis of the Capacitance Plateau
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Voc=0 m AC Signal: 105 Hz
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lon-Induced Capacitances '
In-Depth Analysis of the Capacitance Plateau
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lon-Induced Capacitances under lllumination
Experimental Comparison

Passivation layer leads to:
= Good qualitative agreement of = Reduced low-f capacitance - Indicates lower recombination
TCAD model and measurements = |Increased high-f capacitance -> Possibly also better ETL/Pero band alignment
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AC Signal

Conclusion i

g

= TCAD Simulation of capacitance response of PSCs:
Impact of ionic properties
Good agreement with experimental data
Insights into physical origin of ionic capacitance
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= Link C-f response to scan-time dependent JV hysteresis .l
= Investigation of C-f curves under illumination
Effect of band alignment and interface recombination
Experimental evidence

- Simulation-aided analysis of C-f curves
contributes to enhanced understanding
- Careful interpretation of data is essential
- Measurements are non-destructive and on device level
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