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Figure S1. (a) Current-voltage characteristics of the MIM capacitors with PVP, P(VDF-TrFE), PMMA,
Cytop, PS, and P(DTDB-DB) thin films as a function of the applied voltage, (b) In(J/E?) vs. 1/E plots
of the PMMA, Cytop, PS, and P(DTDB-DB) capacitors, and (¢) Schottky and Poole-Frenkel emission
plots of the PVP capacitor.

The Jy..x of the PVP capacitor was analyzed using the following relationships:

¢, - BE
Jsecexp\ =
Schottky emission: B (D)
¢t - B PF\/E
Jpr < Eexp| - T
Poole-Frenkel emission: B 2)

where fs and fpr are constants. The Schottky and Poole-Frenkel emission plots exhibited linear
behaviours in the low and high electric field regions, respectively (Figure S1c). Accordingly, Schottky
emission is considered the dominant mechanism for the low-field conduction, while Poole-Frenkel
emission dominates the high-field conduction. The Poole-Frenkel behaviour indicates a high density of
charge traps, which is attributed to hydroxyl groups attached to the repeat units of PVP.
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Figure S2. Atomic force microscopy images of (a) PVP, (b) P(VDF-TtFE), (¢) PMMA, (d) Cytop, (e)
PS, and (f) P(DTDB-DB) thin films.

The RMS surface roughness values of the PVP, P(VDF-TrFE), PMMA, Cytop, PS, and P(DTDB-DB)
thin films were 0.2, 1.4, 0.2, 0.5, 0.3, and 0.2 nm, respectively.
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Figure S3. Conduction mechanism transition from direct tunnelling to FN tunnelling as a function of
the applied electric field in the MIM capacitor (Jp: direct tunnelling current density).
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Figure S4. H-function analyses of the TFTs with (a) PMMA, (b) Cytop, and (¢) PS as the Gls, (d) S

values (8 =1+y), and I vs. V; plots of the transfer characteristic curves of the TFTs with (¢) PMMA,
(f) Cytop, (g) PS, and (h) P(DTDB-DB) as the Gls.



Figure S5. Electrostatic potential maps of partial P(DTDB-DB), PS, and PMMA structures, i.e., a
‘DTDB-DB’ structure, ten styrene units, and ten MMA units, respectively. Red and blue colors

correspond to negative and positive electrostatic potential regions, respectively.
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Figure S6. (a) Transfer characteristic curve shifts of the CTM with P(DTDB-DB) TL after program
operations with V., =—90 V for 1, 2, 5, 10, 20, 50, and 100 ms and (b) corresponding ¥y, values as a
function of the programming time. (¢) Transfer characteristic curve shifts of the CTM with P(DTDB-
DB) TL after erase operations with light irradiation (white light) for 1, 2, 5, 10, 20, 50, and 100 s and

(d) corresponding V7, values as a function of the erasing time.
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Figure S7. (a) Initial transfer characteristic curves of the CTMs with PMMA, Cytop, PS, and P(DTDB-
DB) TLs at Vp =—=5 V. (b) AVin prog and AV, eras Values of the CTMs after a program operation with Vo,

=90 V (11 multiple pulses with a period of ~260 ms) and an erase operation with light irradiation

(white light), respectively. (¢) urg (With error bars) and (d) memory window, i.e., AVy, ¢rs Values (with

error bars) of the CTMs with PMMA, Cytop, PS, and P(DTDB-DB) TLs.

The average upg values of the CTMs with PMMA, Cytop, PS, and P(DTDB-DB) TLs were 0.065 +
0.003, 0.239 + 0.013, 0.011 + 0.001, and 0.282 + 0.019 cm?/Vs, respectively. The average memory

window, i.e., AVy, eras Values of the CTMs with PMMA, PS, and P(DTDB-DB) TLs were 9.7 + 1.4, 8.3
+2.9,and 33.2 £ 1.7 V, respectively.
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Figure S8. (a) Initial transfer characteristic curves of the CTM with a PVP layer at V', =—5 V, and
those measured after a program operation with V., = =90 V and an erase operation with light
irradiation, (b) corresponding off-state and on-state data retention curves (at Vg =-10 V and Vp =—5
V), and (c¢) off-state data retention instability due to hole detrapping.
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Figure S9. (a) Initial transfer characteristic curves of the CTM with a P(VDF-TrFE) layer, and those
measured after the application of Vg pi,s =—90 V and after light irradiation, and (b) temporal I, variations
(at Vg =5V and Vp = —5 V) after the application of Vi pi,s = =90 V and after light irradiation (white
light). (¢) Temporal /I, variations of the CTM with a Cytop layer (at Vg =—5V and V' =—5 V) after the
application of Vg pins = =90 V and after light irradiation. (d) Off-state and on-state data retention curves
of the CTM with PS TL (at V5 = =36 V and V', = =5 V) after programming with V0, = =90 V (11
multiple pulses with a period of ~260 ms) and erasing with light irradiation (white light), respectively.
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Figure S10. Initial transfer characteristic curves of the CTM with (a)n: m=2:8or(b)n: m=4:6
P(DTDB-DB) TL at V', = =5 V, and those measured after a program operation with V., = =90 V (11

multiple pulses with a period of ~270 ms) and an erase operation with light irradiation (white light), (¢

d) its data retention curves (at Vg

B

=-—10 V and Vp =—5 V), and (e) Ry.x of the on-state data retention

curve. (f) Data retention curves of the CTM with P(DTDB-DB) (n : m = 3: 7) TL (at Vo =-10 V and
Vp = =5 V) after programming with V., = =90 V (11 multiple pulses with a period of ~260 ms) and

erasing with light irradiation (white light), respectively, and (g) Rg... of the on-state data retention curve.

When P(DTDB-DB) with n : m =2 : 8 was used as the TL, the CTM exhibited memory characteristics

11



comparable to those of the CTM using P(DTDB-DB) with n : m = 3 : 7. However, the CTM using
P(DTDB-DB) with n: m =4 : 6 exhibited a slight increase in memory window, while showing relatively
poor retention characteristics. The increase in memory window may be related to a reduction in the
bandgap [1], which requires further investigation. In addition, such a trade-off relationship between

memory window and data retention stability has also been reported in a previous study [2].
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Figure S11. Radar charts displaying the &, Jicax, Jrn, Dy, and upg values obtained from PVP, P(VDF-
TrFE), PMMA, Cytop, PS, and P(DTDB-DB).

® The ¢, values (at 1 kHz) of PVP, P(VDF-TrFE), PMMA, Cytop, PS, and P(DTDB-DB) are 5.0, 10.2,
3.4,2.1,2.9, and 2.6, respectively.

® The average J., values of the PVP, P(VDF-TrFE), PMMA, Cytop, PS, and P(DTDB-DB) capacitors,
calculated over the electric-field range from 0 to 2 MV/cm, are 7.7 x 1076, 5.5 x 1076, 1.1 x 1077, 1.1 x
10°8,3.0 x 1078, and 4.1 x 10°® A/cm?, respectively.

e The average Jgy values of the PMMA, Cytop, PS, and P(DTDB-DB) capacitors, calculated over the
electric-field range from each E,, to Ey + 0.8 MV/cm, are 6.2 x 107, 1.0 x 1077, 3.2 x 107, and 2.3

x 107% A/cm?, respectively.

e The D, values for PMMA, Cytop, PS, and P(DTDB-DB), after the stress application with Vg i,s = —40
V,are 4.7 x 10", 1.8 x 10", 5.0 x 10", and 3.6 x 10'° cm2, respectively.

e The g values of the CTMs with PVP, P(VDF-TrFE), PMMA, Cytop, PS, and P(DTDB-DB) are
0.15,0.01, 0.06, 0.26, 0.01, and 0.27 cm?/Vs, respectively.
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