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Fig. S1. Process flow of the synaptic IGZO TFT fabrication.



Fig. S2. (a) Schematic of the capacitor structure for C-V measurement. CVH and CVL are two 

probers for C-V measurement. (b) Result of the C-V measurement at 100k Hz of the TaOx layer 

with the thickness of 160 nm and effective area of 104 μm2.

Fig. S3. 2D AFM image of the TaOx layer deposited by RF magnetron sputtering. The root mean 

square (RMS) of the roughness is 1.49 nm.



Fig. S4. Drain current IDS and gate current IG of the TaOx-based IGZO TFT under DC sweep of the 

gate voltage from -5 V to 5V. The drain voltage was fixed at 0.5 V.

Table S1. Characteristics of the IGZO TFT

Forward Backward

Subthreshold swing (S.S.) 50 mV dec-1 150 mV dec-1

Threshold voltage (VTH) 1.98 V -1.25 V

Ion/Ioff ratio 2.4 × 107 2.8 × 106



Fig. S5. (a) Schematic of the configuration of CGS measurement. (b). Result of the CGS measurement 

in the dual VGS sweeps in the range of -5 ~ 5 V. The VFB shift was around 3 V, which could originate 

from the electrical charging inside the TaOx layer.[35] Meanwhile, the slope of the C-V curve 

changed between the downward and upward VGS sweep. The slope change could be attributed to 

the change of density of states (DOS) in the IGZO film.[36]

Table S2. Atomic concentration (%) of each species and O/Ta ratio in the TaOx layer

Cycle OL OV/C-O Ta4+ Ta3+ O/Ta ratio

0 58.02 10.19 31.79 - 1.825

1 64.66 3.71 31.34 0.29 2.162

2 64.27 4.14 29.73 1.86 2.166

3 63.95 4.33 29.52 2.21 2.152

4 63.42 4.71 29.00 2.87 2.138

5 62.23 5.86 28.86 3.05 2.134

6 62.08 6.13 28.06 3.73 2.146

7 60.78 6.57 27.71 4.94 2.063



Fig. S6. (a) Ta 4f spectra and (b) O 1s spectra of the surface region of the TaOx layer obtained after 

various etching cycles. The C-O peak at the ‘cycle 0’ of O 1s spectra could be due to some organic 

bonding at the surface.



Fig. S7. EPSC of the TFT under stimulation of 5 consecutive voltage pulses with pulse width of 30 

ms, amplitude of 5 V and base level of 0.5V. The inset is the zoom-in region of the EPSC under 5 

voltage pulses.

Fig. S8. Fittings to the experimental data of (a) the potentiation under 50 consecutive positive pulses 

with amplitude of 1.8 V, pulse width of 30 ms, and base level of 0.1 V, (b) the depression under 50 

consecutive negative pulses with amplitude of -1 V, pulse width of 30 ms, and base level of 0.1 V, 

and (c) the depression under 50 consecutive negative pulses with step-increasing amplitudes (0.05 

V ~ 1.2 V), pulse width of 30 ms, and base level of 0.1 V. 



Fig. S9. Fitting results of the non-linearity of (a) the potentiation under 25 consecutive UV light 

pulses and the base level of 0.1 V; (b) the depression under 25 consecutive negative voltage pulses 

with increasing amplitudes (0.5 V ~ 1.2 V) and base level of 0.1 V; (c) the potentiation under 25 

consecutive blue light pulses and the base level of 0.1 V; (d) the depression under 25 consecutive 

negative voltage pulses with increasing amplitudes (0.05 V ~ 1 V) and base level of 0.1 V; (e) the 

potentiation under 25 consecutive green light pulses and the base level of 0.1 V; (f) the depression 

under 25 consecutive negative voltage pulses with increasing amplitudes (0.05 V~1 V) and base 

level of 0.1 V.



Fig. S10. Photos of the experimental setup under the illumination of blue light (a), green light (b) 

and red light (c). The wavelengths of the blue light, green light and red light were 470 nm, 525 nm, 

and 633 nm, respectively.

Table S3. Comparison of P/D characteristics among different stimulation schemes

External pulse # Gmax/Gmin αP αD |𝛼𝑝 ‒ 𝛼𝐷| Endurance

Electronic 50 24.9 3.56 10-2× 0.1501 0.1145 Good 

UV-photoelectric 25 55 8.251 10×

-4

0.1803 0.1795 Good 

Blue-photoelectric 25 36.6 2.002 10×

-4

0.2308 0.2306 Fair 

Green-photoelectric 25 31.6 3.218 10×

-4

0.2916 0.2913 Poor 

Note: # refers to the pulse number; refers to the asymmetry.|𝛼𝑝 ‒ 𝛼𝐷|

Results of the IGZO TFTs based on SiOx

The oxygen vacancies can be provided from other oxide dielectric layer such as SiOx, AlOx, 

HfOx, etc. Among these oxides, we choose SiOx for the study of comparison. The reasons are as 

follows: 1). HfOx concurrently owns different characteristics, including ferroelectricity, charge-



trapping effects, and ion-conductivity. The present study is on the synaptic behaviors of the TFT 

resulting from ion-conductivity. Therefore, HfOx is not considered here to exclude the influence of 

those non-ion-conductivity characteristics. 2). AlOx can be deposited by RF sputtering with Al2O3 

ceramic target. However, the deposition rate is ultra-slow. It is time consuming and thus not ideal 

to choose AlOx as the dielectric layer for synaptic TFT. 3). SiOx is feasible by sputtering with SiO2 

ceramic target with a reasonable deposition rate. SiOx doesn’t have significant interfering variables. 

The SiOx-based IGZO TFT had nearly the same fabrication process as the TaOx-based IGZO TFT.

  The SiOx-based TFT showed much inferior electrical characteristics compared with the TaOx-

based TFT. Fig. S11 shows the transfer curves of the SiOx-based IGZO TFT.  The S.S. was much 

deteriorated compared with that of the TaOx-based IGZO TFT.   The deteriorated S.S. could be 

attributed to smaller oxide capacitance as a result of much lower dielectric constant and poor 

interface quality (i.e., more trap states). The on-current of the SiOx-based IGZO TFT was much 

lower as compared with the TaOx-based IGZO TFT, which could be originated from the low 

dielectric constant of the SiOx layer. Fig. S12 shows the EPSC of the SiOx-based IGZO TFT under 

the stimulation of 5 consecutive gate voltage pulses with the base level of 0.1 V, pulse width of 30 

ms and amplitudes increasing from 5 to 8 V. Only when the pulse amplitude exceeded 7 V, could 

the EPSC behavior be stimulated. Still, the EPSC decayed fast in 10 seconds even under the pulses 

with the amplitude of 8 V. Obviously, the SiOx-based IGZO TFT showed weaker synaptic behaviors 

as compared with the TaOx-based IGZO TFT.



Fig. S11. Transfer curves of the SiOx-based IGZO TFT under the drain voltage of 0.5 V.

Fig. S12. EPSC of the SiOx-based IGZO TFT under the stimulation of 5 consecutive gate voltage 

pulses with the base level of 0.1 V, pulse width of 30 ms and amplitudes increasing from 5 to 8 V. 


