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Instrumentation

Absorption spectra were measured on an Avantes AvaSpec-2048 optical fiber spectrometer. 1H
NMR spectra were obtained using a Bruker AVANCE 500 instrument. The transistor characteristics
were measured using a Keithley 2612A dual-channel voltage and current source-meter. The
devices were irradiated with a semiconductor laser modulated using an Advantest R6240A single-
channel source-meter. Scanning electron microscopy images were obtained on a Zeiss SUPRA 25
instrument (Carl Zeiss Industrielle Messtechnik GmbH, Oberkochen, Germany). The capacitance
of the dielectrics was measured by Aktakom AM-3125 RLC meter at frequency 100 kHz.

Fabrication and characterization of the memory device

Glass substrates (cover slips 1.5x1.5 cm in size) were cleaned for 5 min under the action of air
plasma. Aluminum electrodes (gate) 100 nm thick were deposited onto the cleaned glass
substrates by thermal evaporating in high vacuum (10 mbar) using a shadow mask.
Electrochemical oxidation of aluminum gates for 360 s at a voltage of 30 V in a solution of citric
acid (in a concentration of 2.8 g of citric acid per 50 mL of distilled water) was used to form the
oxide layer of the dielectric. Thin films of photoactive spiropyran salt SP/MC were deposited over
the dielectric inside the MBraun glove box under nitrogen (H,0, O, < 0.1 ppm) by spin-coating
from solutions in dimethylacetamide (10 mg mL™?) at a substrate rotation speed of 750 rpm. Thus,
the hybrid dielectric layer in the memory devices was an aluminum oxide film (20 nm) coated with
SP/MC (20 nm). Next, a layer of the n-type semiconductor material (fullerene Cgy) was deposited
on the hybrid dielectric layer by resistive thermal evaporation in high vacuum (10° mbar) using a
shadow mask (50 nm). The manufacture of the devices was completed by sputtering electrodes
(drain and source) from silver under similar conditions. The transistor channel length (L) was 50
pum, and the width (W) was 2 mm. The capacitance of AlOy and AlOy/SP/MC layers were 4.53x108
and 5.45x10° F cm™?, respectively.

The memory devices were programmed by applying a voltage (Vp) between the source and gate
and simultaneously irradiating the transistor channel with a diode laser light pulse (A= 405 nm,
light intensity ~ 60 mW cm™). Also, a green diode laser (A= 532 nm, light intensity ~ 60 mW cm2)
was used for optical programming of the devices. The transistor characteristics were measured
using a Keithley 2612A dual-channel voltage and current source-meter. The devices were
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irradiated with a semiconductor laser modulated using an Advantest R6240A single-channel
source-meter.

DFT calculations

Our spin-polarized DFT calculations were performed using the GAUSSIAN 09 suite of programs [S1]. Initial
relaxations were performed with the Gaussian 3-21G* basis set and the B3PW91 functional then the basis
sets were improved to the triple—( quality 6-311+G* basis set and a single point calculation was done with
the B3LYP functional. Where convergence was difficult, Gaussian’s orbital shifting option was applied until
convergence was achieved. The RMS force threshold was set to 3x10* eV/A and the total energy

threshold to 107° a.u, Excited state properties were calculated with TDDFT. Local total spin magnetic
moments on atoms were obtained using the natural atomic orbital populations (NAO) from the NBO
analysis [S2]. Spin states were considered by optimizing the 25+1=4 quartet state for each configuration
and then using the optimized MO coefficients and geometry as the guess configurations for 2S+1=2 (spin
flip down) and 2S+1=6 (spin flip up). The calculated T, states shown in Figure S11 are adiabatic. Also, to
ensure the Figure S11 results are consistent with experiment, we also calculated spiropyran and
merocyanine as they are in the crystal (Figure 5) but with a CI- group to charge balance the pyridine ligand
(Figure S12). In this case, we found that the adiabatic T, energies are essentially the same & thus the
pyridine group does not appear to affect this aspect of the chemistry.

2| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



ARTICLE

Please do not adjust margins

Journal Name

Table S1. An overview of the previously published results obtained using different types of molecules as optical switchers in OFETs.

Entry | Photochromic Operating | Switching | Switching Switching Ref.
material voltage, V | time coefficient conditions
KSW=|D5(Statel)/
Ips(state2)
0 _ -7-+4 20-40s | 65 UV (F) This work
O VIS (B)
od Vo
[(31”(0204)3];'3 * /:N \:
1 -1-43 ~1 min ~20 UV (F) [S3]
VIS (B)
2 ~30 ~30 min ~1.2 UV (F) [S4]
VIS (B)
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3 — ~50 ~30min | ~1.8 UV (F) [S5]
O VIS (B)
e
4 — ~60 ~200s | ~1.002 UV (F) [S6]
O VIS (B)
N\ o) Q NO,
5 — ~50 10-1200 | ~1.03-3.0 uv (F) [57]
O s VIS (B)
o o
6 — 5-30 ~10-40s | ~1.3 uv (F) 58]
O ~200- | ~2.0 VIS (B)
o o oo
7 — ~100 ~200s | ~1.06 v (F) [59]
O VIS (B)
(Sa
8 o _ ~8 ~800s | ~2.6 uv (F) [510]
VIS (B)
\ © Q N,
1 R=CypH,s
2R=
()
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11 ~30 ~5-10 |~6-13 UV (F) [S11]
min VIS (B)

12 ~80 ~15min | ~3 UV (F) [S12]
VIS (B)

13 -40-4+40 | 2-12 min | 1.2-10 UV (F) [S13]
VIS (B)

14 +40--60 |5-10min | ~2.8 UV (F) [S14]
VIS (B)

15 ~100 ~5s ~1.2 uv (F) [S15]
VIS (B)

1R= CH3

17 50-80 10s 5-10 UV (F) [S16]

VIS (B)
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18 -30-+430 16-30s | ~2.5 UV (F) [S17]
VIS (B)

19 80-120 |[30s-10 |~2 UV (F) [S18]
min VIS (B)

22 ~90 ~60s ~6 UV (F) [S19]
VIS (B)

20 80-120 |[30s-10 |~0.2 UV (F) [S20]
min VIS (B)

10 -60 - +60 10-50s | ~450 UV (F) [S21]
VIS (B)
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9 +60--60 | 10 min-1 | ~10%-10° UV (F) [S22]
h VIS (B)
16 +50--60 |30s-5 ~10%-103 UV (F) [S23]
min VIS (B)
21 -20--100 | 2-3 min | ~10? UV (F) [S24]
VIS (B)
F - corresponds to forward switching
B - corresponds to the backward transition
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Fig. S1 - Absorption spectra of a methanolic solution of SP/MC in the pristine (initial) state and

after heating at 60 °C for 1 min.
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Fig. S2 - Absorption spectra of a methanolic solution of SP/MC after heating at 60 °C for 1 min:
initial state, after illumination with the green light (A= 532 nm) for 5 min.
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Fig. S3 - Cross-sectional SEM image of the OFET
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Fig. S4 - Initial transfer (a) and output (b) characteristics of memory elements based on OFETs with
spiropyran salt SP/MC.
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Fig. S5 - Evolution of the transfer characteristics of the devices comprising SP/MC under violet light (A=
405 nm) as a function of the programming time.
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Fig. S6 - The evolution of the transfer characteristics of the OFET without spiropyran SP/MC interlayer
upon exposure to violet or green light (405 nm or 532 nm).

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 9

Please do not adjust margins




Please do not adjust margins

ARTICLE Journal Name
b Al/AIO,/SP/IMC/C12-PDI/Ag ON
a CqoH _
r12M125 1 Cycle
O N O — =2 Cycle
1E-64 writing ——3 Cycle
OO light 405 nm, t=5 s ——4 Cycle
— = = 5Cycle
<
‘ = 1E-7{ Vps=6V o
w0 =1 Cycle
OO o == =2 Cycle
=3 Cycle
1E-8 5 w4 Cycle
O~ N O - = 5Cycle
12H25 Erasing
1E-9 4 . light 532 nm, t=40 s
C12-PDI "
-8 -6 -4 -2 0 2 4
Vgs (V)

Fig. S7 — Molecular structure of C12-PDI semiconductor material (a) and optical switching of the OFET-
based memory devices with spiropyran SP/MC interlayer and C12-PDI semiconductor under exposure to
violet or green light (405 nm or 532 nm) (b)
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Fig. S8 - Evolution of the transfer characteristics of the devices comprising SP/MC under a positive
applied voltage (Vp= 6 V) (a) and negative applied voltage (Vp= -6 V) (b) and violet light (A= 405
nm) as a function of the programming time.
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Fig. S9 - Evolution of the OFET threshold voltage as a function of the programming voltage for
devices comprising SP-1 (a) and transfer characteristics of the devices obtained under different

programming voltages (b).
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Fig. S10 - Forty-five manually recorded write—read—erase cycles for one of the devices (a) and
retention characteristics of the device in ““HC”” and “LC"’ states (b). In both cases, the devices were
programmed by simultaneous applying of electric bias Vp and violet light.
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Fig. S11 - The HOMO, LUMO and T; energies of a. spiropyran (top row) and b. merocyanine (bottom row).

Fig. S12 - The a. spiropyran and b. merocyanine with a charge balanced pyridine-Cl group attached.
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