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S1. HRTEM Image of Au-NP NVMs

Figure S1. HRTEM image of the Au-NP NVMs. Distinct Au-NPs were observed on the SiO2
tunneling oxide layer. The image also confirmed the film thicknesses of the TO and BO layers,
for the further study of carrier injection.



S2. SEM Image of Au-NPs on SiO: Tunneling Oxide Layer
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Figure S2. SEM image of Au-NPs on SiO2 tunneling oxide layer. First, a 2-nm-thick Au film
was deposited by a thermal evaporator at 10° Torr with a pure Au bullet (99.99% purity).
Subsequently, all samples were subjected to the rapid thermal annealing (RTA) system at 700
°C for 30 s to form the Au-NPs. To determine the Au-NP dot size, the software of ImageJ was
used to analyze the SEM image. The statistical distribution of the Au-NP size was presented
in inset of this figure and the average particle size was found to be 8.4 nm in diameter, which
was almost the same as that obtained in HRTEM image. In addition, the corresponding
standard deviation extracted from the image was 3.85 nm and the dot density was calculated
to be 1.2x10'? cm™,



S3. Capacitance versus Voltage (C-V) Characteristics of Au-NP NVMs with
Low-Damage CF4 Plasma Treatment on BO Layer
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Figure S3. Capacitance versus voltage (C-V) characteristics of Au-NP NVMs with
low-damage CF4 plasma treatment on BO layer. The C-V curves were used to calculate the
flat-band voltage (VrB) of the samples with the low-damage CF4 plasma treatment on the BO
layer. The VB values of the samples with the low-damage CF4 plasma treatment on the BO
layer are roughly -1 V, which is larger than that obtained from the w/o sample.



S4. C-V Curves of Low-Damage CFs-Plasma-Treated Au-NP NVMs Under
Programming
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Figure S4. C-V curves of (a) w/o, (b) 20W, (c) 30W, and (d) 50W samples at the
programming voltage (Vg-VeB) of 20 V. The pulse widths were in the range of 1 us to 1 s. The
curves shift toward positive and negative directions indicate the injection of electrons from
n-type Si substrate into Au-NPs and the injection of holes from Al gate into Au-NPs,
respectively.



SS. Erasing Characteristics of Low-Damage CFs-Plasma-Treated Au-NP NVMs
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Figure S5. Erasing characteristics of (a) w/o and (b) 20W samples at the erasing voltages of
-12 to -18 V and -14 to -26 V, respectively. All samples were first programmed to obtain a

AVrs of 1 V. The change of Vs indicates the erase of electrons and holes from Au-NPs of the
w/o and 20W samples, respectively.



S6. C-V Curves of Different Thicknesses of SiO: Films with Low-Damage CF4 Plasma
Treatment
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Figure S6. C-V curves of different thicknesses of SiO2 films (a) without and with low-damage
CF4 plasma treatment of (b) 20 W, (¢) 30 W, and (d) 50 W. The SiO: films with the
thicknesses of 4.5, 6.0, and 7.5 nm were deposited by the PECVD system. These curves were
used to extract the effective work-function of Al gate on the CF4-plasma-treated SiO:2 films.



S7. C-V Characteristics of Programmed Au-NP NVMs at Retention State
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Figure S7. C-V characteristics of the w/o sample programmed at (a) 16 and (b) 20 V
respectively and the 20W sample programmed at (¢) 16 and (d) 20 V respectively at the
retention time of 10* s. All samples were first programmed to achieve a AVrs of 1 V. The
enlarged curves of each of the samples were shown in the inset figure. The C-V shifts indicate
the higher gate bias will improve the data retention characteristics of the 20W sample.



