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Supplementary Discussion 1: Operational stability tests on unencapsulated ThHS BDT
trimer devices in ambient air
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Supplementary Figure 1 | Trap DOS analysis performed on an unencapsulated ThHS BDT trimer device
operating in ambient air for 500 min. a, DOS spectra evaluated during repeated transistor operation. b, The gate-
voltage dependent interface potential function. The gray shaded area highlights a subtle change in the curvature of

the plots giving rise to the peak in the corresponding DOS spectrum.

Supplementary Table 1. Model parameters used for the double exponential and Gaussian distributions employed to
model the DOS spectra of a device operated in ambient air. The spectrum at t = 500 min was modelled using only a

double exponential distribution and therefore the Gaussian parameters are not applicable.

Model Parameter t=0min t =500 min
N1 (eV!cm?®) 2.0x 102 4.8 x10%

E1 (meV) 25.0 17.5
N2 (eV!cm?) 5.2x10®  5.0x10%
E, (meV) 85.5 64.9
A (eVicm?3) N/A 7.0 x 10'8
Epeak (eV) N/A 031
o (meV) N/A 25.0
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Supplementary Figure 2 | Modeling of the trap DOS spectra of an unencapsulated TNHS BDT trimer device
operating in ambient air. Model fit (red solid lines) to experimental DOS spectrum (solid black lines) of a device
at different times during operation: a, t = 0 min and b, after t = 500 min of operation. Broken lines represent the

individual distribution functions employed for the modelling.
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Supplementary Figure 3 | Transistor characteristics of an unencapsulated TnHS BDT trimer device during
repeated measurements and after recovery. a, Saturation regime transfer characteristics (Vps =-60 V) of a device
at t = 0 min (black), t = 500 min (red) of operation, and after 6 h of device recovery (blue). The left and right axes
show the square root and the logarithm of Ip respectively. b, Trap DOS spectra evaluated at t = 0 min (black), t =

500 min (red) of operation, and after 6 h of device recovery (blue).



Supplementary Discussion 2: Operational stability tests on unencapsulated ThHS BDT
trimer devices in vacuum

Supplementary Table 2. Model parameters used for the double exponential distributions employed to model the

DOS spectra of a device operated in vacuum.

Model Parameter t=0 min t =500 min

N: (eV?1cem?) 1.5 x 10% 7.4 x 10%
E1(meV) 20.0 9.1
N2 (eV* cm™) 39x10°  1.8x10%
Ez (meV) 53.4 47.5
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Supplementary Figure 4 | Modeling of the trap DOS spectra of an unencapsulated device operating in
vacuum. Model fit (red solid lines) to experimental DOS spectrum (solid black lines) of a device at different times
during operation: a, t = 0 min and b, after t = 500 min of operation. Broken lines represent the individual distribution

functions employed for the modelling.
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Supplementary Figure 5 | Comparison of the current-voltage characteristics of an unencapsulated device
measured under different environments. Saturation regime transfer characteristics (Io vs Ves at Vps=-60 V) under

ambient air (black) and vacuum (red). The left and right axes show the square root and the logarithm of Ip

respectively.
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Supplementary Figure 6 | Time evolution of device metrics of an unencapsulated TnHS BDT trimer device
during repetitive transistor operation under different environments. Open circles and solid circles represent
measurements obtained in ambient air and vacuum, respectively. Time evolution of the mobility x normalized to the

value at t = 0 min (red), subthreshold slope S (blue) and magnitude of threshold voltage shifts |[AVw| (black) are

shown.



Supplementary Discussion 3: Environmental stability tests on unencapsulated ThnHS BDT
trimer devices
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Supplementary Figure 7 | Time evolution of device metrics and trap DOS spectrum of an unencapsulated
TnHS BDT trimer device during environmental stability tests. a, Time evolution of the mobility « normalized to
the value at t = 0 min (red), subthreshold slope S (blue) and threshold voltage shifts AV, (black) are shown. b, Trap

DOS spectra evaluated over the course of environmental stability tests performed for 38 days.



Supplementary Discussion 4: Computational details

Density functional theory (DFT) calculations were carried out on isolated molecules and bulk
crystal structures. Molecular calculations were performed at the ®B97XD/Def2SVP level of
theory as implemented in Gaussian 16>°. Bulk crystal calculations were carried out with Vienna
Ab-initio Simulation Package®®, making use of the Perdew, Burke, and Ernzerhof exchange-
correlation functional®®. The electron-ion interactions were described with the projector
augmented wave method*!. The kinetic energy cutoff for the plane-wave basis set was set to 520
eV, and a Gaussian smearing with a width of 50 meV was employed. The D3 correction was
employed with BJ-damping to describe the dispersion forces!?. The convergence criterion of the
total energy was set to 10 eV in the self-consistent field loop, and that of forces during
relaxation was set to 0.01 eV/A. Considering the large volume of the TnHS BDT trimer unit cell,
Gamma centered 2 x 2 x 1 mesh was used to sample the Brillouin zone. Unit cells are also used

for charged defects as the shortest translation vector is larger than 10 A.
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Supplementary Figure 8 | Linear relationships between AE' and log (P) for the three potential chemical
defects of TNHS BDT trimer.
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Supplementary Figure 9 | Defect formation energies as a function of Fermi level relative to the valence band

edge for Hi and OHi defects in TnHS BDT trimer at Py, = Py, = Py,0 = 10710 pa. a, Defect formation

energies without correction and b, after applying the correction scheme (FNV) proposed by Freysoldt et al.3#, as

implemented in PyCDT?. Transition levels are labeled with vertical dotted lines. Only monocation or monoanion

states are considered.



Supplementary Discussion 5: Operational stability tests on unencapsulated vs.
encapsulated TnHS BDT trimer device in air
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Supplementary Figure 10 | Comparison of threshold voltage shifts of unencapsulated and encapsulated TnHS
BDT trimer devices during repetitive transistor operation for 500 min in air. An unencapsulated device (open
circles) yielded a shift of AV =- 8 V while devices encapsulated with parylene N (solid circles) and parylene C

(open squares) yielded shifts of AV =-0.9 V and AV, = - 2.5 V respectively.



Supplementary Discussion 6: Hysteresis in current-voltage characteristics of TnHS BDT
trimer devices
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Supplementary Figure 11 | Hysteresis in current-voltage characteristics of unencapsulated and parylene N-
encapsulated TnHS BDT trimer devices. a, Hysteresis in the transfer characteristics of an unencapsulated device in
comparison to b, a device encapsulated with parylene N. ¢, Hysteresis in the transport characteristics of the

unencapsulated device in comparison to d, the encapsulated device.
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Supplementary Discussion 7: Bias stress measurements on TnHS BDT trimer devices
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Supplementary Figure 12 | Bias stress measurements on a TnHS BDT trimer device encapsulated with
parylene C compared to an unencapsulated device. a, Transfer characteristics of a device encapsulated with
parylene C acquired at Vps=-35 V prior to stressing (black) and after 500 min of stressing (red) under the
application of a continuous drain voltage and a dynamic gate bias pulsed at 10 s interval at Vps = Vgs=- 35 V. The
threshold voltage shift is AV, = - 1.3 V. b, Transfer characteristics of an unencapsulated device acquired at Vps = -
35 V prior to stressing (black) and after 500 min of stressing (red) under identical bias conditions. The threshold

voltage shiftis AVin=+ 4.9 V.
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Supplementary Discussion 8: Bilayer dielectric IDT-BT devices
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Supplementary Figure 13 | IDT-BT device geometries fabricated and tested. a, Bottom-contact, top-gate device

with Cytop dielectric. b, Bottom-contact, top-gate device with bilayer dielectric consisting of Cytop and parylene.
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Supplementary Figure 14 | Hysteresis in current-voltage characteristics of a bilayer dielectric IDT-BT device.

a, Hysteresis in the transfer characteristics. b, Hysteresis in the output characteristics.
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Supplementary Figure 15 | Time evolution of device metrics and the dependency of mobility on gate-voltage
in IDT-BT devices fabricated with different dielectrics. a, Left and right axes show the change in normalized
mobility and subthreshold slope respectively of a Cytop-only device (open circles) in comparison to a bilayer
dielectric device (solid circles). b, Gate voltage dependence of the mobility of the bilayer dielectric device with L =

100 pm, W = 200 um and an equivalent areal capacitance of Ci=1.26 nF cm™.
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