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S1. Fabrication and Material Characterization

Optimization of the fabricated Devices

In the bilayer devices, we used different annealing temperatures for CPE-Na layer, 50C, 90C
and 120C. The best performance was provided by annealing temperature of 90C/10min as
shown in Figure S1 for the J-V curve under 1 sun illumination and dark illumination. Based on

that, we choose 90C/10min to complete the characterization.

For the mixed layer devices, we prepared three volume ratios to optimize the best ratio of the
prepared mixture. Ratio (4:1) of PEDOT:PSS to CPE-Na shows better PCE than ratio (2:1) and
(8:1) as shown in Figure S1.

Table S1: Data used for the energy diagram of Figure 1 (main manuscript)

Material Work function (eV) Bandgap (eV)
Indium tin oxide (ITO) 4.15-4.3'; 4.4-4.5%; 4.5-

475 _
Poly(3,4- - 34

ethylenedioxythiophene)
polystyrene  sulfonate

(PEDOT:PSS)

(CesH76F20,S8)n, PBDB- - 1.9
T-2F (PM6)

CsHseClaNsO,Ss, BTP- - 1.6*
4C1(Y7)

C34H32N406 (PDINO) - 2.5%
Ag 4.14-4.46;° 4.267; 435 -
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Mixed (CPE-Na:PEDOT:PSS)

ITO/PEDOT:PSS ITO/CPE-NA ITO/CPE-Na:PEDOT:PSS ITO/CPE-Na/PEDOT:PSS

(b)
Figure S1. Morphological characterization of HTL approaches (a) scanning electron

microscopy, and (b) photography images for several sequence of layers, as indicated.



' ITO/CPE-Na/PEDOT:PSS

ITO/PEDOT:PSS

ITO/Mixture (CPE-Na:PEDOT:PSS)

Figure S2. Contact angle for a drop of PM6:Y7 on the prepared layers. The mean angles are

summarized in Table S2.

Table S2: Summary of the results from the S3 in Figure S2

Sample Mean angle (degrees)
ITO/PEDOT:PSS 16.7 £0.3
ITO/CPE-Na/PEDOT:PSS 14.2 £0.2
ITO/Mixture (CPE-Na:PEDOT:PSS) 13.3+£0.4
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Figure S3. (a) AFM topography and 3D images of the PM6:Y7 active layer on the fabricated
layers, (b) photoluminescence (PL) spectra of several sequences of layers, as indicated in
each case. (c¢) Jpn versus Vesr (d) Surface conductivity versus frequency for the different HTL

layers, as indicated. The distance between silver electrodes was of 1 mm.
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Table 3S: Summary of the PL peaks in Figure S3b

Peaks (nm) | Molecule Reference
615 PMo6 ?
670 PMo6 10
695 PMo6 i
730 PMo6 12
765 Glass 13
825 Y7 14
900 Y7 i
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S2. Device characterization

S2.0. Experimental device performance
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Figure S4. Current-voltage characterization under (a, b) solar simulator and (c-f) in dark for

(a, ¢, e) mixture and (b, d, f) bilayer samples with different blend ratios and annealing

temperature during 10 minutes, respectively. The dark DC resistances in (e¢) and (f)

correspond to (c¢) and (d), respectively.
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Figure SS. Statistical analysis of current-voltage characterization under solar simulator in
terms of the performance parameters: (a) power conversion efficiency, (b) fill factor, (c)
open-circuit voltage and (d) short-circuit current density. In (e) a photography of the

representative samples indicates the sample size and physical appearance.
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Table S4: Performance parameters for the maximum efficiency devices in Figure 3b (in the

main manuscript) measured under solar simulator illumination.

Device Ve FF Jse PCE PCE R Rsn
V) (%) (mA cm?) (%) (max) | (Q.cm?) | (Q.cm?)
bilayer-CPE- 0.86 67 30.14 17.22 17.27 1.31 261.5
Na +0.01 +0.1 +0.01 +0.05 +0.01 +2.44
(90 C)
mix-CPE- 0.86 70 28.83 17.07 17.24 1.38 496.2
Na +0.01 +2 +0.73 +0.13 +0.08 +195
ratio (1:4)
ref- 0.85 67 29.10 16.52 16.74 1.35 264.6
PEDOT:PSS +0.01 +1 +0.14 +0.33 +0.01 +14.7
bilayer-CPE- 0.85 66 29.45 16.60 16.62 1.32 272.7
Na +0.00 +1 +0.01 +0.01 +0.01 +26.6
50C
bilayer-CPE- 0.85 67 28.22 16.11 15.99 1.26 248.8
Na +0.01 +1 +0.07 +0.05 +0.01 +20.9
150C
mix-CPE-Na 0.85 67 28.74 16.46 16.52 1.20 305.1
ratio (1:2) +0.01 +0.1 +0.07 +0.04 +0.01 +49.0
mix-CPE-Na 0.86 067+ 1 28.96 16.70 16.81 1.32 299.9
ratio (1:8) +0.01 +0.14 +0.16 +0.02 + 14.8
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Figure S6. Standard AM1.5G solar spectrum, human eye photopic response (S), and white
light emitting diode (LED) used in the impedance spectroscopy and ideality factor studies.
The assistance of Dr. Laura K. Acosta for the measurement of the LED spectrum with

Fluorolog Horiba Jobin Yvon spectrofluorometer is acknowledged.
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S2.1. Analytical models for the current-voltage characteristics and derived
parameters
The basic direct current (DC) mode equivalent circuit (EC) of a solar cells combines the ideal
diode behavior, with the parasitic effects of series ohmic voltage drops (V) through the series
resistance (Ry), leakage recombination current shunt resistance (Rg,) and the photocurrent
generation as a current source. All of this is illustrated in the schemed EC in Figure S7, where

the current density J through the diode is the empirical form of Shockley’s equation!>-1¢

s (ool ] 1)

where J; is the dark reverse bias saturation current density, q is the elementary charge, kj is the
Boltzmann constant, 7 is the temperature, V is the voltage at the diode, and m is the ideality
factor. For an ideal p-n homojunction diode in the dark, m approaches 2 when trap-mediated
Shockley-Read-Hall (SRH)!7!® non-radiative recombination is the main transport mechanism
and m approaches 1 when diffusion current dominates.!” In more realistic devices, and
including the photocurrent (J,,;,) generation of charge carriers, the current can be deduced from
the EC in Figure S7 by applying Kirchhoff’s circuit laws, resulting
I (exp lq(;/1 ;:;51)] - 1) NG ;st]) o )

The transcendent Equation (S2) does not have analytic solution, but it can be either utilized
with numerical methods or reduced to simpler particular cases. Importantly, differently to its
physical meaning in Equation (S1), the voltage V in Equation (S2) is the external voltage

applied by the power source or external load.

Under illumination conditions, the ideality factor can also approach m = 1 when radiative
band-to-band recombination is the main transport mechanism?® or result in high values m > 2
due to several processes,?! including energy disorder,?? parasitic interface series resistance in
heterojunction devices,?*?” tunneling transport,?®-3* multi-trap recombination,**-32 high grain

boundary defect concentration.?

S-11



J

< O

Figure S7. Direct current mode equivalent circuit of a solar cell. Here V, = R,J. Reproduced
with permission from ref.** licenced under a Creative Commons Attribution -

NonCommercial - NoDerivatives 4.0 International (CC BY-NC-ND 4.0) licence.

More than 20 experimental methods have been suggested for determining the ideality factor.’>-

3% In the dark, the ] — V curve (J,, = 0) of the device is measured and an intermediate forward

bias voltage section of the curve can be fitted to the expression

vV
T =

] = Jesp |
which can be obtained from Equation (S2) by neglecting (i) ohmic series resistance losses (V >>
R.)); (ii) thermal generation (exp[qV/m kgT] > 1); and (iii) leakage currents (J;exp[qV/

Under different illumination intensities, the device can be set to open-circuit (OC, ] = 0 A-cm’

2), and Equation (S2) can be modified as

_ [ qVoc ] 1)+ Voc s4
Jon =Js (exp | R (s4)

Similarly, the short-circuit condition (SC, V = 0 V) can be set and the McLaurin series can be

used to write Equation (S2) in the form

Ry 4 qRgJs

Jie (14 5+ o) = o (S5)

From Equation (S5), no DC bias dependency is expected and a voltage-independent

proportionality J¢. < J,, is safe to be assumed. Moreover, assuming R; < R, and room
temperature (R;/; < m kzT/q), the absolute valued of the short-circuit and photo currents can

be fairly approached Js; = J,,. Therefore, the relation between the absolute values of Jg. and

V. can be taken as
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- qVoc ]_ ) Voc
Jre = (exp [T = 1) + 22 (S6)

Similarly, in the proper voltage range, where one can neglect thermal generation

(explqV,./m kgT] > 1) and leakage currents (Jsexp[qV /m kgT] > V,./Rgp), resulting in

Joe = Joexp [-25] (s7)

In terms of resistance, its differential definition is given as**#!

The definition of Equation (S8) can be numerically applied to any experimental /] — V data, but

also in an analytical form on the empirical Shockley’s equation in the dark, resulting in

qV
R = Rexp [—m - T] (S9)
B

where is the thermal recombination resistance is given as

o _mksT (S10
" g )

Moreover, with a more realistic approach, definition (S8) can be applied to the Equation (S2)

under the assumption of negligible ohmic series resistance voltage losses (V > R,J), resulting

n
R = Rsh
- — 11
L+ exp [L V)] (S11)

where the leakage-current voltage threshold is not only the voltage by which the resistance is

Ry, /2, but also it is defined as

mkgT Ry
Ven= L
= (812)
Notably, since Ry, > Ry, Vi, will be a multiple of the thermal voltage and the smaller the R,
the higher the V, and the lower the fill factor of the cell under illumination. Furthermore, the

ideality factor can also be extracted from the resistance by using Equation (S11).

Up to this point, the ideality factor was considered as a constant parameter characterizing a
transport regime. However, in practice, the transition between different regimes is not always
clear and a more dynamic definition should be adopted. For instance, Equation 2 can be

reordered to obtain
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R, VI
_aW =R J(U+RE) +lee+i - g

T n 7 Ron (S13)
B N
Which can be simplified to
14 + e\
e 22
B N

Another interesting property arises if the logarithm term of equations (S13) and (S14) is cleared

and both members are derived with respect to the voltage. Then,

_ql q
ka(w) Y, B (S15)

Where the resistance is that of Equation (S8) and the parasitic resistance coefficient is given by

Lty Gl v
V:<1—Rs§é)< sh - J ) sh]) 16
1+R:h—@

Note that, in dark and for Rg < Ry, it is not difficult to find a convenient voltage range where

V K RgpJ,Rs K R K Ry, and J¢ K ], reducing y = 1.
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S2.2. Theoretical background for the photocurrent density (Jpn) versus the
effective voltage (Verr)
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Figure S8: Jyi, JL and Jp as a function of voltage

The dependence of the photocurrent density (J,n) on the effective voltage (Vesr), recorded under

illumination at 100 mW.cm 2

Jon = Jiight — Jaark 42 (S17)

where Jjigns and Jqrk are the current densities under illumination and in dark, respectively.

Veff :VO—V42 (SIS)

Where V, refers to the voltage at which the photocurrent density (Jyn) is zero, meaning the rate
of light-generated current (Jiight) equals the rate of dark current (Jaak), and V is the designated
applied voltage. Evidently, J,n exhibits a linear growth with the voltage at a low effective

voltage (Vefr), and subsequently plateaus when Vg reaches a high enough value 42

_ Jsc 4
Pdiss B Jsat

(S19)

where Py;,, 1s the exciton dissociation probabilities.
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Assuming that every photogenerated exciton dissociates and contributes to the current when
the cell operates in the saturation regime (due to the sufficiently high electric field), we were
able to determine the values for the maximum exciton generation rate (Gmax) using the next

equation

]sa
Gmax = (S20)

where G, 4, 1s the maximum photon-to-charge carrier generation rate g is the electronic charge

and L is the thickness of the active layer.
Grat = Gmadeiss N (821)

where G, 1s the generation rate of the free charge carriers.

Table S5: Summary of the resulting parameters from Jpn versus Verr characteristic

Device Jse Jsat Paiss Gmax Grat
(mA/cm2) (mA/cm2) % x103m3, 5! x10" m3, 5!

bilayer-CPE-Na 30.14 30.96 97.36 2.54 2.47

mix-CPE-Na 28.83 28.84 99.94 2.36 2.33

PEDI({)e"lf"‘_:PSS 29.10 30.12 96.60 2.47 2.38
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S2.3. Photoinduced transient methods: TPV and PICE

$2.3.1. TPV and PI-CE fundamentals*?

In the transient photovoltage (TPV) technique, a small perturbation light pulse is applied to the
sample on top of a steady state illumination, also known as direct current (DC) mode
background illumination. The sample is set at open circuit, so the DC photovoltage V,. pc
experiences an abrupt increase AV,. and an exponential decay with the characteristic
recombination lifetime 7. The photovoltage increase is expected with values no larger than the
thermal voltage (AV,. =26 mV at room temperature) and the subsequent decay can be fitted to

the mono-exponential function
t
Voc = Voc,pc + AVoc€xp [— ;] (S22)

By changing the DC illumination intensity and adjusting the perturbation, a series of lifetime

values 7 as a function of the DC photovoltage V. pc can be obtained.

In the photoinduced change extraction (PICE) technique, the sample is first kept at open-circuit
under a DC illumination intensity during a charging time. During this first step the dielectric,
also known as geometrical, and chemical capacitances of the sample accumulate change carriers
at the electrodes and the energy bands, respectively. Subsequently, the DC illumination is
simultaneously switched off at the same time the sample is short-circuited. Then the capacitor
(the sample) discharge current at short circuit in the dark is measured and integrated to account
for the extracted charge. The process is repeated over different DC illumination intensities so
the behaviour of the extracted charge over the photovoltage can be obtained. Since the relevant
information to be acquired is that of the charge carrier density stored in the energy band via the

chemical capacitance C,, the dielectric capacitance-related charge Q4 = C4V,. should be

subtracted from the total integrated charge.
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S2.3.2. TPV and PI-CE data and parameterization
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Figure S9. Transient photovoltage (TPV) measurements for three representative samples, as

indicated. The top panel (a-c) presents the raw signal and the bottom panel (d-f) shows the

transients corrected with respect to the DC photovoltage.
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Figure S10. Photoinduced charge extraction (CE) for the three representative samples
studied by TPV (see Figure S9). (a-c) shows the output signal voltage and the short circuit
current versus the pulsed time while (d-f) shows the extracted charge carrier concentration
against open-circuit voltage for the Ref., Mix. and Bilayer devices, as indicated. In (a-c), the
lighter the colour the higher the illumination intensity and thus the photovoltage. In (d-f), the

geometrical capacitance is separated from the chemical contribution, as indicated (see also
Section S2.3.1)
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S2.4. Impedance characterization

S2.4.11S fundamentals

The impedance spectroscopy was measured with an Impedance analyzer (HP 4192A LF). The
samples were illuminated with a white LED (see Figure S6) at different steady-state
illumination intensities, then the open-circuit voltage (V,.) was stabilized before applying the
corresponding forward bias that cancels the direct current (DC) operation: the so-called quasi-
open-circuit condition. Upon these DC conditions the 15 mV perturbation was applied for
measuring the impedance spectroscopy (IS) as a function of the V,. for each illumination
intensity. Subsequently, the IS spectra were fitted to the equivalent circuit (EC) model of Figure
S11.

C
|_

R 'R

Figure S11. Equivalent circuit used for analytical modelling of impedance spectra and

subsequent numerical fitting. Here R is a series resistor, R; stands as a recombination resistor,
and C; is a capacitor.

The resistance values extracted from the EC model were subsequently parameterized as a

function of V., following the equation

R=R (1 + E) + S
U T e [a0ee Ve (523)
mkgT

where R, is the series resistance; R, the shunt resistance; m, the ideality factor; kg, the
Boltzmann constant; g, the elementary charge; T, the temperature; V}, is an effective series
contact barrier voltage, and the equilibrium recombination voltage is a function of the dark

reverse bias saturation current J; as*' Vi, = mkzTq 'Ln[q Js Ry, (mkgT)™1].

Similarly, the capacitance values extracted from the EC model were subsequently

parameterized as a function of V., following the equation

L] (524)

c=C <1+&)+C ex [
a\* 7y P ke T

d
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where C; is the dielectric capacitance (including the geometrical capacitance and further
depletion layer contributions), V; is an effective dielectric built-in voltage, C,, is the equilibrium
injection/diffusion/chemical capacitance, and m, is the capacitance ideality factor.
Furthermore, from the exponential increase of capacitance in p-i-n devices a minimum doping

concentration can be extracted as*

mckgTe, €,

S25
T (525)

Nd,min =27

The characteristic response times for each mechanism can be extracted via the estimation of the
corresponding peak maxima across the Bode plots of the imaginary part of the impedance,
and/or by considering the resistor-capacitor coupling (R - C product) assumed in the EC model.

Either way, the behavior of the response time is as

To
T =
q(Vpe — VT)] (526)
1+exp [ m, ky T

where 7, is the equilibrium response time constant (due to dielectric dipoles and/or trap-
mediated recombination), V; is an effective voltage threshold for radiative recombination and

m, is a lifetime ideality factor.
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S2.4.2. 1S data and parameterization
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Figure S12. Dark capacitance as a function of DC bias in (a) Mott-Schottky representation
and (b) semi-log plot for a set of representative studied samples, as indicated. The
measurements (dots) were carried out with 20 mV of AC perturbation at 100 kHz. The solid
lines in (b) are the exponential fittings to Equation (S24) whose resulting parameters are

summarized in Table S6 Table S6. Fitted capacitance parameters

Table S6. Fitted capacitance parameters to the dark capacitance in Figure S12b.

Parameter Ref. Mix. Bilayer

C4 (F-cm?) 3.3996E-8 3.23152E-8 3.3E-8

Vi (V) 15 17.75908 5.73

Cp, (F-cm™) 1.47379E-10 1.5417E-11 1.96967E-11
me (a.u.) 4.9 3.8 3.9

Ny min (cm™) 2.1el5 1.6e15 1.7e15
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Figure S13. Impedance spectra in different representations: Bode plots of (a-c) capacitance
(d-f) imaginary pary of impedance and (g-i) impedance Nyquist plots for the (a, d, g)
reference, (b, e, h) CPE&PEDOT and (c, f, i) CPE/PEDOT samples.
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Table S7. Fitted parameters for the EC simulation of IS spectra from the Reference sample.

Voe (V)  Ly(H) R (QQ) R;(Q) C: (F)
0.83 3.7822E-6 1637 1492 3.9726E-8
0.8 5.7E-6 16.55 485 1.9E-8
0.75 3.2817E-6 19.73 2999  9.259E-9
0.7 2.9E-6 175  663.5  6.46E-9
0.65 3.0625E-6 16.41 2151  5.048E-9
0.6 3.1771E-6 14.72 3614  4.328E-9

0.55 3.2542E-6 13.64 6614 3.9E-9
0.5 3.2351E-6 13.13 16747 3.675E-9
045 3.2416E-6 12.06 34743 3.564E-9
0.4 3.405E-6 11.92 72701 3.302E-9
035 3.4896E-6 11.47 155420 3.184E-9
03  3.6914E-6 10.69 327360 3.129E-9
0.25 3.5119E-6 10.76 602980 3.038E-9
0.2  4.1481E-6 10.34 698470 2.891E-9
0.1  3.6305E-6 10.28 779980 2.894E-9
0 3.6798E-6 10.03 748950 2.828E-9

Table S8. Fitted parameters for the EC simulation of IS spectra from the Mix. (CPE-

Na:PEDOT:PSS) sample.

Voo V)  Li(H) R(Q) R (Q)  Ci(F)
0.83 3.7665E-6 16.05 109 4.5217E-8
0.8 6.5E-6 165 395  2.5E-8
0.75 3.0946E-6 19.94 390.9  7.926E-9
0.7 29519E-6 18.03 644.7 6.449E-9
0.65 3.0539E-6 16.71 2817  4.888E-9
0.6 3.1587E-6 14.51 5553  4.117E-9
0.55 3.3219E-6 1321 10617  3.65E-9
0.5 3.3586E-6 12.56 28640 3.338E-9
0.4  3.5035B-6 1135 115450 3.026E-9
0.3 3.8919E-6 10.58 343880 2.812E-9
02  3.7321E-6 1029 737530 2.742E-9
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Table S9. Fitted parameters for the EC simulation of IS spectra from the Bilayer (CPE-
Na/PEDOT:PSS) sample.

Voe (V)  Li(H)  Rs(Q) R;(Q)  Ci(F)
0.83 TE-6 17.0 57.0 1.8E-8
0.80  2.9046E-6 24.58 1943 1.2E-8
0.75 2.9489E-6 2291 263.2 9.293E-9
0.70  2.6714E-6 20.23 560.5 6.198E-9
0.65 2.7355E-6 19.14 1158  4.86E-9
0.60 294E-6  17.25 1979 4.052E-9
0.50 2.8832E-6 1592 5166 3.454E-9
0.40 3.0499E-6 13.89 34413 3.121E-9
030 3.0767E-6 13.1 151240 2.892E-9

Table S10. Parameterization of photovoltage trend from the EC modelling of the Reference

sample.

Parameters R R Cy T1
Ry (Q-cm?) 0.656 — — —
Vy (V) 0.767 — — —
Ry, (Q-cm?) —  6.56E+4 — —
V. (V) — 0.260 — —
m (a.u.) — 2.30 — —
Cy (F-cm?) — — 3.50E-8 —
Vi (V) — — 2.00 —
C, (F-cm™) — — 3.46E-14 —
me (a.u.) — — 1.98 —
To (8) — — — 0.00227
V: (V) — — — 0.302
m; (a.u.) — — — 2.40
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Table S11. Parameterization of photovoltage trend from the EC modelling of the Mix. (CPE-
Na:PEDOT:PSS) sample.

Parameters R R Cy T1
Ry (Q-cm?) 0.524 — — —
Vy (V) 0.491 — — —
Ry, (Q-cm?) —  7.88E+4 — —
V. (V) — 0.266 — —
m (a.u.) — 2.4 — —
Cyq (F-cm™) — — 3.17E-8 —
Va (V) — — 1.5 —
C, (F-cm™) — — 3.84E-14 —
me (a.u.) — — 1.97 —
To (8) — — — 0.00272
V: (V) — — — 0.28
m; (a.u.) — — — 2.5

Table S12. Parameterization of photovoltage trend from the EC modelling of the Bilayer (CPE-
Na:PEDOT:PSS) sample.

Parameters R R Cy T1
Ry (Q-cm?) 0.601 — — —
Vy (V) 0.451 — — —
Ry (Q-cm?) —  1.49E+4 — —
V. (V) — 0.365 — —
m (a.u.) — 2.25 — —
Cyq (F-cm™) — — 1.36E-8 —
Vi (V) — — 0.20 —
C, (F-cm™) — — 3.26E-14 —
me (a.u.) — — 2.10 —
To (8) — — — 0.00582
v (V) — — — 0.10
m; (a.u.) — — — 3.10
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Ideality Factor measurements :

The use of different procedures for estimating the ideality factor focuses on contrasting the

limitation of each method and provide generality to the conclusions. Table S13 summarizes the

focus on recombination mechanisms, effects due to parasitic resistances, main criticisms and

further relevant advantages for the employed protocols.

Table S13: Comparison between measurement methods for the ideality factor of solar cells

Nonradiative Radiative Parasitic
Further relevant
Method recombination recombination | resistance Main criticisms
advantages
focus focus effects
The
For high ) Lack of
higher the
Dark J-V injection representativeness
For V<<Vy; . voltage ) Simplicity
curve condition (e.g. for photovoltaic
the higher o
V>>Vii) applications
the effects
Disconnection with
the fill factor and
the photovoltaic
The .
) operational
higher the »
Jse-Voc under ) ] o conditions.
High illuminati
different Low illumination Particularly, the
illumination on Simplicity
illumination intensities . » ) i photocurrent in
intensities intensity
intensities short-circuit does
the higher .
not necessarily
the effects
reflect the
recombination
mechanisms
. Several
Equivalen
IS in quasi- o recombination
. t circuit .
open circuit ) i o mechanisms can
High analyses | Physical validation
under Low illumination be discerned
illumination can of the equivalent
different intensities . . o simultaneously
intensities neglect circuit model.
illumination (e.g. two arcs in
these
intensities the Nyquist
effects
plot)
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S2.5. Stability test

(a)

The cell is set under the
solar simulator

illumination and the J-V
curve is measured

At, , delay The sample is set into
L the dark storage
in dark

S chamber
equilibrium

(b)

Initial J-V curve Aty , delay
under

illumination
at MPP

is measured
&

Vv is set

mmp,0

VmpnniAV
is tested seeking
\

mpp,n+1

Aty delay under
illumination @
open-circuit

Measure initial
J-V curve

Measure final
J-V curve

Figure S14. Device degradation test work flows for (a) dark storage and (b) maximum power
point tracking operational conditions and (c) light stability test at open-circuit. Here, Vmpp
is the voltage for the maximum power point in the current density-voltage (J-V) curve; AV,
the voltage testing range; Atq, the degradation delay time and 0, n denote the initial and n'h

iterations, respectively.
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