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Experimental Details
1.1. General

All reagents and solvents were obtained from Sigma-Aldrich and Acros Organics and used without
further purification. 'TH NMR spectra were recorded using Bruker AVANCE-III 500 NMR
spectrometer in CDCl; (6H = 7.27 ppm). MALDI mass spectra (negative ion mode) were acquired
using a Bruker Autoflex Speed TOF/TOF device (SmartBeam Il laser, 355 nm).

1.2. Device fabrication

The lateral resistor devices were fabricated and characterized as described previously (P. M.
Kuznetsov, S. L. Nikitenko, M. V. Zhidkov, D. P. Kirukhin, E. V. Golosov, P. A. Troshin. Mendeleev
Commun., 2025, 35, 684). The OFETs were fabricated using the following procedure. Soda lime
glass substrates (15x15 mm?) were mechanically cleaned with water, acetone and toluene, and
then treated with air plasma (40 kHz, 300 W) to remove organic contaminants. Then, an
aluminum gate electrode (100 nm) was deposited in vacuum at a rate of 3-5 A/s. Next, an AlO,
dielectric layer was formed atop the Al gate surface using anodic oxidation, which was carried
out for 10 minutes in a citric acid solution (2.8 g per 50 ml of distilled water) at a voltage of 30 V
and a current <100 pA. After anodization, the samples were washed with plenty of clean water
and dried in air at a temperature of 60-80°C. Next, 80 nm thick Cgy semiconductor layer was
formed using vacuum deposition at a rate of 1...1.5 A/s. The PCs;BM film was spin-coated from
10 mg/ml solution in chlorobenzene (300 rpm for 30 s followed by 2000 rpm for 15s). The device
architecture was finalized by thermal evaporation of 100 nm thick Ag source and drain
electrodes. The channel length between the electrodes was 40 um, the width was 1 mm.

1.3.  Radiation exposure experiments

The radiation hardness of materials and devices under exposure to gamma rays was studied
under anoxic nitrogen or argon atmosphere using Gammatok-100 setup as described previously
(V.V. Ozerova, N.A. Emelianov, D.P. Kiryukhin, P.P. Kushch, G.V. Shilov, G.A. Kichigina, S.M.
Aldoshin, L.A. Frolova, P.A. Troshin, J. Phys. Chem. Lett., 2023, 14, 743). The samples were sealed
inside the glove box in glass tubes (powders) or multilayer plastic packages under a pure nitrogen
atmosphere, excluding exposure of atmospheric air and humidity. The air-tight containers with
the samples were exposed to gamma radiation at specific doses of 10, 20, 50, 100, 250, 500,
1000, 2500, etc. kGy (Si) with the dose rate of 1.3 Gy s (Si). After exposure, the container was
introduced inside the glove box and opened under anoxic conditions for sample characterization.
Thus, the contact of the samples with air was completely eliminated within the entire length of
the experiment.

1.4. Electrical measurements

The electrical characteristics of the devices were measured using Keithley 2612B 2-channel
source-measurement unit inside the glovebox with inert (nitrogen) atmosphere with O, and H,0
levels below 1 ppm. The measurements of |-V curves were performed with integration time of 1
NPLC. To perform dynamic photoresponse measurements, 10W white LED was modulated with
Advantest TR6240A instrument synchronized with the source-measurement unit collecting the I-
V data. Coherent Field Max II-TO instrument with silicon diode OP-2 was used to measure the
light intensity.
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Figure S1. 'H (a) and 13C (b) NMR spectra of PCs;BM before (red) and after (cyan) exposure to 8.0
MGy of gamma rays. Symbols “*” denote 1,2-dichlorobenzene solvent impurity.



Intensity, a.u.

©
co
1

©
®»
1

94 -

92 4

Transmittance, %

90 4

R |

—— 0 MGy
—— 8 MGy

88 4

6x10°
5x105—-
4x105—-
3x105;
2x105;

1x10° 1

2000 1500 1000 500
Wavenumber, cm’’

—— 0 MGy
——8 MGy

J L

2 4 6 8 10 12
Retention time, min

Figure S2. FTIR spectra (a) and HPLC profiles (b) NMR spectra of PC¢;BM before (black) and after
(red) exposure to 8.0 MGy of gamma rays. HPLC profiles were recorded using PERKIN-ELMER PL
GEL 5 pm (PL-GEL 5u MIX) 7.5%x300 mm column with toluene as eluent, 1 mL min™! flow rate.
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Figure S3. Transfer characteristics and Ips'/2 vs. Vg plots for OFETs with PC¢;BM semiconductor
layer after exposure to 5.4 and 7.9 MGy doses of gamma rays.
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Figure S4. Radiation hardness of Cgp-based OFETs. Evolution of the device transfer characteristics
under radiation exposure (a). Dose-dependent changes in the threshold voltage Vi, (b), charge
carrier mobility (c) and lon/log ratio (d).
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Figure S5. Transfer characteristics and Ips!/2 vs. Vgs plots for OFETs with Cgo semiconductor layer
after exposure to 1.0 and 3.7 MGy doses of gamma rays.
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Figure S6. Evolution of the transfer characteristics of PCg;:BM-based OFETs after exposure to
different fluences of high-energy electrons: 10*? (a), 103 (b), 10'* (c) and 10 (d). Statistics was
obtained from the batches of at least 20 devices in each group.
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Figure S7. Evolution of the ON (a) and OFF (b) state currents of PCs;BM-based OFETs after
exposure to different fluences of high-energy electrons. Statistics was obtained from the batches
of at least 20 devices in each group.



Table S1. Overview of the literature data on the radiation hardness of field-effect transistors based on different semiconductor materials.

Performance
. . . . Dose or Operation evolution:
Semiconductor material (Device) Radiation source fluence Dose rate ch:Itage Vo, AV, Vps AVe/V,, OF another Ref.
metric

CNTs 80Co y-rays 40 kGy (Si) 5.6 Gy s (Si) 1 0.25 0.25 0.25 1
SWCNTs 60Co y-rays 10 kGy (Si) 5.3 Gy s1 (Si) 1 0.11 1 0.1 2
EEE Eﬁzgg 60Co y-rays 50 kGy (Si) 1.0 Gy s (Si) 18 ;O i 5 é. 5 3
EEE Eizzz; Co y-rays 60kGy (Si) | 3.0 Gy s (Si) 1? 8:3 ;'5 8:23 4
Icn'jgj Efngg 6Co y-rays 30 kGy (Si) 5.6 Gy s (Si) 8:2 8:(1)8 g; 8:1 - 5
CNTs 80Co y-rays 22 kGy (Si) 5.6 Gy s (Si) 1.5 0.35 1 0.23 6
CNTs 80Co y-rays 1.5 kGy (Si) 0.5 Gy s*(Si) 20 41 1 0.205 7
CNTs 80Co y-rays 55 kGy (Si) 1 Gy s (Si) 1 0.24 0.25 0.24 8
CNTs 80Co y-rays 20 kGy (Si) 1.25 Gy s (Si) 2 0.9 0.1 0.45 9
SWCNTs 150 keV protons 10 p cm? 80 nA cm? 80 20 10 0.25 10
SWCNTs 1 MeV electrons 107 e cm? n/a 10 4 0.4 0.4 11
Graphene/hBN 10 keV X-rays 10 kGy (SiO,) 5.25 Gy st (SiO,) | 1.5 n/a n/a u/po=0.55 12
AlGaN/GaN 80Co y-rays 6 MGy (Si) 5.6 Gy s (Si) 3 0.1 0.033 13
InAIN/GaN 80Co y-rays 6 MGy (Si) 6.54 Gy s (Si) 4 0.5 0.125 14
p-GaN 60Co y-rays 10 kGy (Si) 1 Gy s (Si) 2 0.4 1 0.2 15
AlGaN/AIN/GaN 80Co y-rays 100 kGy (Si) 0.5 Gy s*(Si) 2 0.4 8 0.2 16
GaN 80Co y-rays 5 kGy (Si) 0.5 Gy s (Si) 5 0.18 100 0.036 17
p-GaN 80Co y-rays 6 kGy (Si) 0.5 Gy s*(Si) 3 1.8 0.1 0.6 18
p-GaN 80Co y-rays 10 kGy (Si) 1 Gy s (Si) 2.5 0.55 3 0.22 19
AlGaN 5 MeV protons 10 p cm? n/a 6 0.6 0.1 20
MoS, 2 MeV protons 10 p cm? n/a 100 10 0.1 21
MoS, 200 keV protons 10 p cm? n/a 20 2 0.1 0.1 22
In-Zn-0 60Co y-rays 17 kGy (Si) 0.17 Gy s (Si) |20 24 10 1.2 23
Zn-Sn-0 5 MeV protons 10% p cm? n/a 40 5 100 0.125 24




Dose or

Operation

Performance
evolution:

Semiconductor material (Device) Radiation source fluence Dose rate voltage V. AV, Vps AVe/V,, OF another Ref.
metric
Zn0O 40 30 100 0.75
In-Ga-Zn-0O 10 p cm? 40 100 100 2.5
In-Ga-Zn-0 0Co y-rays 5 kGy (Si) n/a 10 12 0.1 1.2 25
In-W-0 60Co y-rays 10 kGy (Si) n/a 20 34 10 0.17 26
5 MeV protons 10% p cm? n/a 80 5 4 0.062
Zn-In-Sn-0 o : oo 27
Co y-rays 15 kGy (Si) 4.2 Gy s (Si) 80 3.1 4 0.039
In-Ga-Sn-0 5 MeV protons 103 p cm? n/a 20 8 1 0.4 28
In-Ga-Sn-0 3.5 MeV protons 103 p cm? n/a 10 6.4 1 0.64 29
In-Ga-Zn-0 20 16 n/a 0.8
Zn-Sn-0 X-rays 7 kGy (SiO,) 1.1 Gys?t(Si0,) |20 4 n/a 0.2 30
In-Zn-Sn-O 20 2 n/a 0.1
Zn-In-Sn-0 5 MeV protons 103 p cm? n/a 20 0.5 5 0.025 31
SnO, 50 keV protons 103 p cm? n/a 25 16 1 0.64 32
gla::irjl'z(nPC())Iyera Activink) X-rays 17-19 kev 1 kGy (SI0,) 0.25 Gy s (5i02) 1510 g 60 8.125 33
Pentacene OFET X-rays 2 kGy (SiO,) n/a 25 n/a 20 K/Ho=0.78 34
OFET 6 MeV X-ray 5 Gy (SiO,) 0.6 Gy s (Si0,) | 40 8 40 0.2 35
OFET (TIPS pentacene) 3 MeV protons 103 p cm? n/a 4 >5 2 1.25 36
SiC 50Co y-rays 6 MGy (Si) 1 Gy s (Si) 5 4 10 0.8 37
Si (SOI finFET) 10 keV X-rays 5 kGy (SiO,) 5.25 Gy st (Si0,) | 1 0.06 1 0.06 38
Si p-MOSFET 20 kGy (Si) 1 4.5 n/a 4.5 (+complete failure)
Si n-MOSFET *Coy-rays 30 kGy (Si) n/a 1 3 n/a 3 (+complete failure) 39
5 MGy (Si) 10 1.5 10 0.15
PCs:BM OFET . 5 MGy (Si) 1.3 Gy s (Si) 10 0.35 10 0.035* This
Co y-rays -
7.9 MGy (Si) 10 1.2 10 0.12%* work
Ceo OFET 3.7 MGy (Si) 5 2 5 0.4

* excluding the hardening effect of the first small dose of 10 kGy

** individual devices
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