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Supplementary Figure 1 | Ink particle size distribution. a-b Dynamic light scattering (DLS)
analysis of BBL:PElLin (a) and BBL:PEIbur (b) ethanol-based ink.
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Supplementary Figure 2 | 2D GIWAXS analysis. 2D grazing incidence wide angle X-ray
scattering (GIWAXS) patterns of pristine BBL, PEliin, PEIbra, and BBL:PEI with 5, 20, and 50

wt-% PEI content.
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Supplementary Figure 3 | GIWAXS line-cuts analysis. a-b Out-of-plane (a) and in-plane (b)
GIWAXS line-cuts of BBL, PElwra, and BBL:PElwra films with different PEI content. A clear
shift of the (100) and (010) peaks are observed towards smaller molecular packings.
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Supplementary Figure 4 | n-n stacking (010) diffraction analysis of BBL:PElin. a-d Pristine
BBL (a), and BBL:PElin with 5 wt-% (b), 20 wt-% (c), and 50 wt-% (d) PEI content.
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Supplementary Figure 5 | n-nt stacking (010) diffraction analysis of BBL:PElpra. a-d
Pristine BBL (a), and BBL:PElwra With 5 wt-% (b), 20 wt-% (c), and 50 wt-% (d) PEI content.
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Supplementary Figure 6 | Summary of the (010) diffraction analysis. a Schematic of the
effect of PEI on the BBL n-x stacking. b-d Evolution of the n-7 stacking distance (b), coherence
length (c), and paracrystalline disorder (d) of BBL when blended with various PElin or PElbra
content.
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Supplementary Figure 7 | Lamellar (100) peak diffraction of BBL:PEl,in. a-d Pristine BBL
(a), and BBL:PEliin with 5 wt-% (b), 20 wt-% (c), and 50 wt-% (d) PEI content. For BBL:PEliin
50 wt-%, a new (100)' peak appears.
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Supplementary Figure 8 | Lamellar (100) diffraction analysis of BBL:PElbra. a-d Pristine
BBL (a), and BBL:PElwa with 5 wt-% (b), 20 wt-% (c) and 50 wt-% (d) PEI content. For
BBL:PElwra 50 Wt-%, the appearance of a shoulder is visible, attributed to the (100)' peak.
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Supplementary Figure 9 | Summary of the (100) diffraction analysis. a Schematic of the
effect of PEI on the BBL lamellar packing. b-d Evolution of the lamellar distance (b), coherence
length (c), and paracrystalline disorder (d) of BBL when blended with various PElin or PElbra

content.
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Supplementary Figure 10 | AFM and C-AFM analysis. a-b Atomic force microscope (AFM)

analysis and corresponding conductive AFM (C-AFM) analysis of BBL:PElin (a, height image;
b, current image).
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Supplementary Figure 11 | XPS analysis. a-d N(1s) XPS spectra of BBL (a), PElin (b),
unannealed BBL:PEin (50 wt-% PEI, c), and annealed BBL:PEliin (d). Pure BBL show two
peaks at 389.9 eV and 401.0 eV relative to the two different nitrogen sites in BBL, whereas
pure PElin has a main peak at 399.8 eV. For not annealed BBL:PEliin blend, the low binding
energy peak consists of partially overlapping peaks from neutral BBL and PEliin, with an
additional small component from negatively charged BBL. The high binding energy peak is
dominated by the neutral BBL with additional small components originating from charged BBL
and PElin. After annealing, a shift in the binding energy and a change in the relative intensity
of the two peaks occur, as the charged BBL and PEliin contributions increase whereas the neutral
PElin and BBL decrease in relative intensity, suggesting significantly increased doping of the
BBL chains.
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Supplementary Figure 12 | Effect of thermal treatment on the electrical conductivity. a
Thermal annealing time vs annealing temperature for a BBL:PEin film (50 wt-% PEI content).
While an electrical conductivity of 1 S cm™ can be reached for low temperature or short
annealing time (typically 100 <C for 10 min or 150 <C for 5 min), the maximum conductivity
of almost 8 S cm™ is achieved for longer annealing times (i.e., 150 <C for 120 min or 200 T
for 90 min). b Comparison of the conductivity of pristine BBL and BBL:PEliin before and after
annealing. Error bars indicate the SD of ten experimental replicates.

12



OH

¢

—
=
-

—

o
o
I

10" 3

102

Electrical conductivity, o (S cm™)

4 —e— BBL:PEI,,
1075 o BBL:PEI,,
OH L] —=— BBL:PEIE
10_ T T T T T T T T T T T T T T T T T
PEIE 0 10 20 30 40 50 60 70 80 90

PEI or PEIE (wt%)

Supplementary Figure 13 | Electrical conductivity. a Chemical structure of PEIE
(polyethylenimine ethoxylated). b Electrical conductivity of BBL:PElin, BBL:PElwa and
BBL:PEIE films for different blend ratios. Error bars indicate the SD of ten experimental
replicates. We attribute the decrease in conductivity at high PEIE content to the large
concentration of hydroxyl (-OH) groups in the branched structure of PEIE, that could act as
trapping sites for electrons®2,
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Supplementary Figure 14 | Pre-annealing stability test. a-b Electrical conductivity of
BBL:PEliin (50 wt-% PEI content) films stored in nitrogen atmosphere (a) or in air directly after
the spray-coating (b) before thermal annealing. Error bars indicate the SD of ten experimental
replicates. These results show that BBL:PEI can be stored either in air or under inert atmosphere
prior to the thermal annealing. While the conductivity of pristine BBL:PEliin is slightly affected
by the ambient conditions, an equal conductivity level with samples stored in nitrogen is

reached after annealing.
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Supplementary Figure 15 | In-plane and out-of-plane conductivity. a-b Thickness-
dependence of the in-plane conductivity of BBL:PEhin (a) and BBL:PElsra (b) with 50 wt-%
PEI content. ¢ Out-of-plane conductivity measured on a 10-pm-thick BBL:PElin film with
different area gold electrodes. Error bars indicate the SD of ten experimental replicates. An
average out-of-plane conductivity of 0.1 S cm™ is measured, which is less than 2 orders of
magnitude smaller than the in-plane conductivity for the same sample.
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Supplementary Figure 16 | Ohmic contact measurements. Current-voltage characteristics of
BBL:PElin (50 wt-% PEI content) films sandwiched between Au and various metal electrodes
with work functions spanning from 5.1 eV (PEDOT:PSS) to 2.8 eV (Ca/Al). The BBL:PEliin
shows excellent ohmic contact with electrode having various work functions.
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Supplementary Figure 17 | Stability over time. a-b Evolution of the conductivity of
BBL:PElin (a) and BBL:PElwra (b) with 50-wt% PEI content when subjected to thermal cycling
between 20 <C and 100 <C, showing that the conductivity remains stable even after 10 cycles
with no degradation for both blends. The temperatures were held for at least 10 min. ¢ Evolution
of the electrical conductivity over time for 100-nm-thick BBL:PEliin films stored in nitrogen or
in air. While the samples stored in nitrogen show a very good stability over more than 100 days,
the electrical conductivity of the thin samples stored in air drops to 0.1 S cm™ after ten days.
The use of encapsulation layers could extend the shelf stability of these thin films3. d Evolution
of the electrical conductivity of BBL:PElin (50 wt-%) annealed at 350 <C in nitrogen. After 80
min the conductivity drops by less than 30 %. Error bars indicate the SD of ten experimental
replicates.
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Supplementary Figure 18 | Thermal stability of the Seebeck coefficient. a-b Thermoelectric
plots of BBL:PEliin films before (a) and after (b) annealing at 200 <C for 24 hours (obefore annealing
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Supplementary Figure 19 | Solvent stability of other doped polymeric systems. a-b Stability
tests for FBDPPV*® polymer doped with triaminomethane (TAM, a) and 1,3-dimethyl-2-
phenylbenzimidazoline (N-DMBI, b) when exposed to common organic solvents, showing a
strong decrease in their electrical conductivity. ¢ The same solvent test on BBL films doped
with TDAE. While BBL:TDAE is more resistant to organic solvents than FBDPPV, it is still
less stable than BBL:PEI. Error bars indicate the SD of ten experimental replicates.
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Supplementary Figure 20 | BBL:PElyra stability. a Air and thermal (200 <C in N2) stability
of 10 um thick BBL:PElwr films evaluated by measuring electrical conductivity over 24 hours.
b Stability of BBL:PElwra exposed to common organic solvents, showing changes in electrical
conductivity. Error bars indicate the SD of ten experimental replicates.
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Supplementary Figure 21 | Work functions. a-b Ultraviolet photoelectron spectroscopy (UPS)
analysis of BBL:PElin (a) and BBL:PElwa (b) for different PEI content, recorded on gold
substrates. The work-function shifts to lower values when compared to pristine BBL regardless
of the type of PEI used.
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Supplementary Figure 22 | Spin density. a-b Electron paramagnetic resonance (EPR) spectra
of BBL:PEliin (a) and BBL:PElwra (b), showing an increase in intensity upon increasing the PEI
content. Note that the EPR intensity of BBL:PElwra are stronger than for BBL:PEin with similar
PEI content by weight. We attribute the asymmetry in the lineshape of the polaron EPR spectra
to a g-factor anisotropy®, which is commonly observed in conductive polymers’#.
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Supplementary Figure 23 | UV-Vis spectroscopy. a-c Normalized UV-Vis absorption spectra
of BBL:PEliin (a), BBL:PElwa (b) and pristine BBL, PElin, and PElwra alone (PEI spectra are
not normalized, ¢). The majority of the absorption is coming from BBL, while both PEI variants
are almost transparent in the 300 nm to 1200 nm range. d Difference UV-Vis absorption spectra
of 50 wt-% BBL:PEin, BBL:PElwa and BBL: TDAE calculated by subtracting the normalized
pristine BBL absorbance, showing the appearance of polaronic peaks induced by the presence
of PEI. Even though the polaronic absorption intensity is different due to different doping levels,
the positions of the peaks are identical.
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Supplementary Figure 24 | UV-Vis and FTIR absorbance of BBL:PEl,in before and after
annealing. a Raw unnormalized UV-Vis absorption spectra illustrating how a polaronic
absorption is visible already in the as-prepared BBL:PEliin with 67 wt-% PEI before annealing.
After annealing the same sample, the ground state absorption of BBL is decreased further,
accompanied by an increase of the polaronic absorption. The pristine BBL absorption spectrum
is a scaled spectrum for reference. b Raw unnormalized FTIR absorption spectra of the same
sample before and after annealing. The strong polaronic IR absorptions at 1640 and 1535 cm™
are clearly visible in the sample before annealing, and grow much more intense after annealing.
For 67 wt-% PEI, the C=0 vibration of pristine BBL at 1700 cm™ disappears completely after

annealing.
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Supplementary Figure 25 | Fourier Transform Infrared spectroscopy (FTIR). a-c Raw
unnormalized FTIR absorption spectra of BBL:PElin (a) and BBL:PElwra (b) with different PEI
content, and PElin and PElwa alone (c). d-e Baseline corrected and normalized difference
Fourier-transformed infrared (FTIR) absorption spectra of BBL:PElin (d) and BBL:PElbra (€)
for different PEI contents. The difference spectra were calculated by subtracting the baseline
corrected absorption spectrum of BBL normalized at 1370 cm™, since the vibrations of PEI are
relatively much weaker. The corresponding baseline corrected and scaled BBL and PEI spectra
in d and e are shown for reference. f Comparison of the FTIR polaron absorption in 50 wt-%
BBL:PElin, BBL:PElwra, and BBL:TDAE.
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Supplementary Figure 26 | Spectroscopic confirmation of doping in BBL:PElpra films. a
Evolution of the work function measured by UPS and the spin density measured by EPR for
BBL:PElwa films with different PEI content. b Difference UV-Vis absorption spectra of
BBL:PElura (50 wt-%) showing the evolution of polaron absorption induced by the increase in
PEI content. ¢ The corresponding difference FTIR absorption spectra of the same samples. The
difference absorption spectra in (b) and (c) were obtained by subtracting the BBL spectrum
from the BBL:PElwra Spectra after normalization at 575 nm and 1370 cm™ for UV-Vis and FTIR,
respectively.
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Supplementary Figure 27 | Thermoelectric performance. a-b Seebeck coefficients (a) and
power factor (b) of BBL:PElin and BBL:PElwa. While both Seebeck coefficient curves are
similar, a maximum power factor of 12 .\ m! K2 is obtained with BBL:PEliin due to its higher
conductivity compared to BBL:PElwra. Error bars indicate the SD of ten experimental replicates.
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Supplementary Figure 28 | Thermoelectric performance. a-b Temperature difference
dependent thermal voltage of BBL:PEliin (a) and BBL:PElwra (b).
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Supplementary Figure 29 | Thermoelectric generator characteristics. a-b Characterization
of the double Peltier setup used for the thermoelectric module measurement with the calibration
curve of the temperature gradient versus the voltage applied (a) and the corresponding absolute
temperatures of the heating and cooling sides (b). ¢ Voltage output (Voutput) Of the thermoelectric
module as a function of the load current (loutput). d-f Open circuit voltage and short circuit current
(d), internal resistance (e) and output power (f) of a planar thermoelectric module integrating
one PEDOT:PSS p-leg and one BBL:PElin n-leg with gold contacts for different temperature
gradients.
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Supplementary Figure 30 | Thermoelectric generator characteristics. a-f Current of a
planar thermoelectric module integrating one PEDOT:PSS p-leg and one BBL.:PEliin n-leg with
gold contacts vs. time for different load resistances between 1 Q and 0.3 MQ recorded with
thermal gradients of 5 K (a), 10 K (b), 20 K (c), 30 K (d), 40 K (e), and 50 K (f), showing a
stable, immediately responding and fully reversible behaviour.
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Supplementary Figure 31 | Thermoelectric generator characteristics. a Voltage output
(Voutput) Of the thermoelectric module (integrating one PEDOT:PSS p-leg and one BBL:PEliin
n-leg as active material with painted silver contacts) as a function of the load current (loutput),
recorded for different temperature gradients. b Output power versus load resistance of the
thermoelectric module. ¢ Summary of the output power recorded at different thermal gradients
and comparison with thermoelectric modules featuring similar geometries in literature®>°*2, d-f
Open circuit voltage and short circuit current (d), internal resistance (e), and output power
versus different thermal gradients (f).
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Supplementary Figure 32 | Thermoelectric generator characteristics. a-c Output current
for different load resistances between 1 Q and 3 MQ recorded with a temperature gradient of

19.2 K (a), 37.9 K (b), and 56.5 K (c), showing a stable, immediately responding and fully
reversible behaviour.
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Supplementary Figure 33 | Depletion-mode organic electrochemical transistors. a-b
Transfer curve (a) and output curve (b) of a BBL:PElin-based organic electrochemical
transistor (OECT) operating in air with 0.1 M NaCl aqueous electrolyte, showing a clear n-type
conduction in the depletion-mode regime. c-d Transfer curve (c) and output curve (d) of a
PEDOT:PSS-based OECT operating in air with 0.1 M NaCl aqueous electrolyte, showing a p-
type depletion-mode behaviour.
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Supplementary Figure 34 | Temporal response of the n-type depletion mode OECTSs. a
Temporal response of BBL:PElin based OECTs to an applied square Ve. b-c Square gate
voltage input displaying ton and totf for 90% of the signal of 27 ms and 413 ms, respectively (b),
and exponential fits of the signal displaying ton and tosf that are 11 and 167 ms, respectively (c).
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Supplementary Figure 35 | Ternary inverters. a Schematic of the ternary inverter integrating
PEDOT:PSS and BBL:PElinas p-type and n-type depletion-mode OECTSs, respectively. b Input
and output given by the ternary inverter showing the three states “-1”, “0” and “1”. ¢ Truth table

of the ternary NOT gate.
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Supplementary Figure 36 | SPICE simulation models. a-b The symbols of n-type depletion-
mode OECTs (BBL:PElin, a) and p-type depletion-mode OECTs (PEDOT:PSS, b). ¢ The
SPICE models of both types are built as an equivalent sub-circuit, consisting of four resistors
(R1, R2, Rs, Ra4), one capacitor (C1), one diode (D1), and one depletion-mode MOS transistor
(MOSdep, level = 1, either n-type or p-type). R1 = 300 kQ, R2 = 100 kQ, C1 = 0.5 pF, and D1
are employed to model the asymmetric and slow switching of OECTs while Rz = Rs = 4 MQ
are used to model the leakage current from the gate. The device-to-device variation of both
OECTs is modelled by the shift of the threshold voltage in the MOS transistor model.
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Supplementary Figure 37 | Comparison with silicon-based ternary inverters. a-b Transfer
curve (a) and voltage gain (b) of a silicon-based tunnelling ternary inverter. Output voltage vs
input voltage curves of silicon-based ternary inverter and corresponding gain reaching a
maximum of 3. The transfer curves are extracted from Ref. [13], and the relative voltage gain
is calculated by the first order differential. Data in (a) adapted with permission from Ref. [13].
Copyright 2019, The Author(s), under exclusive licence to Springer Nature Limited.
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Supplementary Figure 38 | Resistance measurement method. a-b Resistance (a) and
electrical conductivity (b) of BBL:PElin measured by 4-probe and 2-probe method on the same
film (channel width = 5 mm, channel length = 0.1 mm, gold electrode line-width of 80 um, and
film thickness of 103 nm). The resistance obtained with the 2-probe method is only 2.7 % higher
than that obtained with the 4-probe method.
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Supplementary Tables 1-6

Supplementary Table 1. Reported solution-processed n-type conducting polymers, electrical
conductivity (o), thermoelectric power factor (PF), and processing solvents. Regarding the
solvent abbreviations, TCE = trichloroethylene, CB = chlorobenzene, ODCB = 1,2-

dichlorobenzene, CF = chloroform, MSA = methanesulfonic acid, and Tol = toluene.

Materials Year (s c(:n") (prrfl K2) Solvent Reference

BBL:PEI 2020 7.7 11 Ethanol This work
FBDPPV. TAM 2020 21 51 TCE/ODCB [5]
PCICITVT:N-DMBI 2020 38.3 22.7 ODCB [14]
PFCITVT:N-DMBI 2020 16.1 7.6 ODCB [14]
PCICITVT:CoCp2 2020 12.4 39.5 ODCB [14]
PFCITVT:CoCp; 2020 2.4 8.0 ODCB [14]
BBL:P(g42T-T) 2020 2 2.2 MSA [15]
P(NDI2OD-T2):PEI 2020 2x107 N.A. CF [16]
UFBDPPV.TAM 2020 22.5 80 ODCB [17]
UFBDPPV:N-DMBI 2020 16.0 11.6 ODCB [17]
LPPV-1:TAM 2020 3.7 339 ODCB [17]
LPPV-1:N-DMBI 2020 0.9 1.7 ODCB [17]
P(PzDPP-CT2):N-DMBI 2019 8.4 57.3 ODCB [18]
FBDPPV:(RuCp*mes), 2019 1.6 1 Tol [19]
FBDPPV:N-DMBI 2019 7.1 4.8 Tol [19]
FBDPPV:(N-DMBI), 2019 7.9 7 Tol [19]
LPPV-1:N-DMBI 2019 1.10 1.96 ODCB/TCE [20]
LPPV-2:N-DMBI 2019 0.07 0.25 ODCB/TCE [20]
PDTZTI:TDAE 2019 4.6 7.6 CB [21]
PDPF:N-DMBI 2018 1.3 4.65 ODCB [22]
P(NDI2OD-Tz2):TDAE 2018 0.1 1.5 CF [23]
P(NDI-alt-[T27¢-co-TPT30] 2018  4x107* N.A. CB [24]
2Strans-PNDIT2:N-DPBI 2018  6x107° 4.9x1072 Tol [25]
PNDI2TEG-2Tz:N-DMBI 2018 1.8 4.6 CF [26]
TEG-N2200:N-DMBI 2018 0.17 0.4 CF [27]
p(gNDI-gT2):N-DMBI 2018 0.3 0.4 CF [28]
CIBDPPV:TBAF 2017 0.62 0.63 CB [29]
PNDTI-BBT-DT:N-DMBI 2017 0.18 0.6 CF [30]
PNDTI-BBT-DP:N-DMBI 2017 5 14 CF [30]
P(BTP-DPP): (RuCp*mes), 2017 0.45 N.A. CB/ODCB/Tol [31]
P(PDI20OD-A):(2-Cyc-DMBI), 2016 0.27 N.A. CB [32]
P(PDI20OD-DEBT):(2-Cyc-DMBI), 2016 0.06 N.A. CB [32]
P(PDI20D-T2):(2-Cyc-DMBI), 2016  0.0006 N.A. CB [32]
P(PDI2OD-E):(2-Cyc-DMBI), 2016 0.002 N.A. CB [32]
P(NDI20OD-T2):(2-Cyc-DMBI)» 2016 0.003 N.A. CB [32]
BDPPV:N-DMBI 2015 0.26 2.5 ODCB [4]
CIBDPPV:N-DMBI 2015 4 14 ODCB [4]
FBDPPV:N-DMBI 2015 14 28 ODCB [4]
P(NDIOD-T2):N-DMBI 2014  8x107° 0.6 ODCB [33]
P(NDIOD-T2):N-DPBI 2014  4x107° 0.2 ODCB [33]
P(NDI2OD-T2):2-Cyc-DMBI-H 2014 3.4x107* N.A. ODCB [34]
P(NDI2OD-T2):(2-Cyc-DMBI), 2014 2.8x107° N.A. ODCB [34]
P(NDI20OD-T2):(2-Fc-DMBI), 2014  7.6x107° N.A. ODCB [34]
P(NDI20OD-T?2):(2-Rc-DMBI), 2014  3.0x1073 N.A. ODCB [34]
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Supplementary Table 2. Permissible Exposure Limit (PEL) and Immediately Dangerous to
Life or Health (IDLH) for ethanol and aromatic/halogenated solvents typically used to process
n-doped conducting polymers in Supplementary Table 1. Solvent abbreviation: Tol = toluene,
CF = chloroform, TCE = trichloroethylene, CB = chlorobenzene, and ODCB = 1,2-
dichlorobenzene. Data from the US National Institute for Occupational Safety and Health
(NIOSH, www.cdc.gov/niosh/).

Permissible exposure limit Immediately dangerous to life or health
Solvents
(ppm) (ppm)
Ethanol 1000 3300
Tol 200 500
CF 50 500
TCE 100 1000
CB 75 1000
ODCB 50 200
MSA N.A. N.A.

Supplementary Table 3. Thickness of BBL:PEliin (50% PEI) films before and after wash with
solvent in N2 (unless specified otherwise). Solvent abbreviation: CB = chlorobenzene, CF =
chloroform, DIO = 1,8-diiodooctane, DMF = dimethylformamide, DMSO = dimethylsulfoxide.

Solvents Thickness before washing (nm) Thickness after washing (nm)
CB 103.442.9 106.5+5.6
CF 102.245.4 107.3£3.5
DIO 99.1£2.6 102.1+4.7
DMF 107.3+4.3 104.2+2 .4
DMSO 100.8+5.8 90.9+4.2
H>0 (air) 97.34+4.1 69.1£3.0

Supplementary Table 4. Absolute spin counts and spin densities in BBL and BBL:PEI films
from EPR measurements.

. Abs. spin Volume Spin density
Films 13 -3 -3 19 . -3
(x10°° counts) (10~ mm™) (10”7 cm™)
BBL 0.168 1.79 0.0941
BBL:PEln, 5% PEI 2.11 2.11 1.00
BBL:PEl;in, 20% PEI 10.7 2.24 4.77
BBL:PEl;in, 50% PEI 19.4 2.56 7.58
BBL:PElps, 5% PEI 2.06 2.15 0.958
BBL:PElr, 20% PEI 19.0 2.25 8.46
BBL:PElp, 50% PEI 105 3.58 29.3
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Supplementary Table 5. Comparison of in-plane geometry polymer thermoelectric generator:
thermoelectric leg materials, thermo module units (one unit = a pair of p and n legs), working
temperature difference (47), power output (Pouput), and power output per p-n pair.

-le n-le -n AT Pouput Poutput
mzter%al materz;gal §air (K) (nV&p/) (per p-n pl;ir, nW) Reference
5 0.51 0.51
10 2.08 2.08
PEDOT:PSS BBL:PEl;, 1 20 8.26 8.26 This work
(gold electrodes) 30 18.71 18.71
40 33.88 33.88
50 55.34 55.34
192 533 5.33
(Sﬂi F;Ir) gi‘tlz (S)jes) BBLPELin 1 379 2231 2231 This work
56.5 54.76 54.76
2.5 0.18 0.06
43 0.51 0.17
PEDOT:PSS FBDPPV:-TAM 3 9.8 2.75 0.92 (5]
(gold electrodes) 17.5 9.24 3.08
27.8 24.75 8.25
46.5 77.02 25.67
PEDOT:PSS silver connection 1 65 0.057 0.057 [9]
PEDOT:PSS silver connection 5 752  12.29 2.46 [10]
. . 385 50 4000 10.39
PEDOT:PSS silver connection 1650 100 50000 30.30 [11]
10 2.6 0.26
PEDOT:PSS gold connection 10 20 11 1.10 [12]
30 25 2.50
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Supplementary Table 6. List of materials developed for OECTs and their characteristics from
literature. Carrier type, operation mode, transconductance (gm) and typical working voltages
(Vo and Vg) of state-of-the-art OECT materials.

) Carrier Operation gm Vb Vg

Materials type mode (mS) V) V) Reference
PEDOT:PSS P depletion 2.5 -0.6 1.1 [35]
PEDOT:Tos P depletion 0.768 -0.2 0.5 [36]
PEDOT: PSTFSILi100 p depletion 3.41 -0.8 0.8 [37]
PEDOT-S p depletion 15 -1.0 1.0 [38]
PEDOT-S:(Nonyl)NH3 p depletion 6.4 -0.4 0.4 [38]
PEDOT-S:(Oct),NH, p depletion 8.3 -0.4 0.4 [38]
PPy p accumulation N.A. -0.2 -0.6 [39]
PANI P accumulation 0.45 -0.2 -0.3 [40]
Polycarbazole p accumulation N.A. -1.0 -0.9 [41]
P3MT p accumulation 6 -0.2 -1 [42]
P3HT p accumulation 0.04 -0.5 -1.2 [43]
P3MEEMT p accumulation 4.5 -0.7 -0.7 [44]
PTHS p accumulation 2.0 -0.6 -0.8 [45]
PTEB-S p accumulation 0.7 -0.25 -0.6 [46]
22T-T P accumulation 7.9 -0.4 -0.7 [47]
gBDT-g2T p accumulation 0.47 -0.4 -0.75 [47]
gBDT p accumulation 1.2x10* -0.4 -0.75 [47]
gBDT-T p accumulation 5.5x10* -0.4 -0.7 [47]
gBDT-2T p accumulation 6.0x1072 -0.4 -0.7 [47]
gBDT-MeOT2 p accumulation 1.82 -0.6 -0.6 [48]
¢gBDT-TT p accumulation 0.09 -0.4 -0.7 [48]
gBDT-T2 p accumulation 0.06 -0.4 -0.65 [48]
p(a2T-TT) p accumulation N.A. -0.6 -0.6 [49]
p(g2T-TT) p accumulation 27 -0.6 -0.6 [49]
ProDOT(OE)-DMP p accumulation 0.622 -0.5 -0.8 [50]
PIBET-AO p accumulation 12.4 -0.6 -0.8 [51]
PIBET-O p accumulation 10.6 -0.6 -0.8 [51]
PIBET-BO p accumulation 5.1 -0.6 -0.9 [51]
PIBT-BO p accumulation 11.7 -0.6 -1 [51]
PIBET-A p accumulation 3.8 -0.6 -1 [51]
P3CPT p accumulation 26 -0.6 -1 [52]
p(gNDI-gT2) n accumulation 0.0217 0.6 0.55 [53]
P-100 n accumulation 0.014 0.6 0.6 [54]
P-90 n accumulation 0.047 0.6 0.6 [54]
P-75 n accumulation 0.014 0.6 0.6 [54]
P-50 n accumulation 0.005 0.6 0.6 [54]
BBL n accumulation 9.7 0.8 0.7 [55]

BBL:PEI n depletion 0.38 0.3 -0.7 This work
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