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When we chose a new fresh device with a larger Icc (10−4 A), it is clearly shown that the current abruptly increased 

from a very small current (10−9 A) to the Icc at 3.25 V, meaning that the electroforming process also exited in Fig. S1(c). 

After this electroforming process, a bipolar typical resistance switching phenomena is found and shown in Fig. S1(d), 

where these arrows indicate the 0 → 2.5 V→ 0 → −2.5 V → 0 voltage sweeping directions. In the bipolar resistive 

switching characters, the memristor retains HRS in the initial state (from 0 to 2.15 V). Then, the resistance state was 

abruptly transformed from the HRS to LRS at a voltage of 2.15 V. And then, with the reverse directions, the device 

was switched from LRS to HRS at the voltage of −2.1 V. 
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Fig. S1 (a) The electroforming process with the Icc of 10-5 A. (b) The I–V cycle presents the threshold switching with 

the Icc of 10-5 A. (c) The electroforming process with the Icc of 10-4 A. (d) The I–V cycle presents the bipolar resistive 

switching characters with the Icc of 10-4 A. 

 

Figure S2(a) shows a schematic diagram of the Ag conductive filament formation and fracture process, in the 

absence of a voltage applied, almost no Ag+ ionized from the silver electrode to the SiNx layer, the device is still in 

HRS, when a positive voltage is applied to the top electrode of the device, the Ag atoms in the top electrode will be 

ionized into Ag+ at the Ag/SiNx interface, these Ag + drift to the Si electrode and diffuse into the SiNx film, as shown 

in Fig. S2(b), because the Ag CFs have not yet formed, so the device is still in HRS. As the positive bias voltage of the 

device increases greater than Vth, Ag CFs are fully formed, as shown in Fig. S2(c), the formation of CFs significantly 

reduces the resistance of the device, and the device changes from HRS to LRS [1-3]. Due to the smaller size of the 

conductive filaments formed at lower currents and fewer metal bonds, the insufficient binding force of the metal atoms 

leads to the formation of Ag+ that form CFs when the applied voltage is less than Vh [4], which may move through the 

defect site in the SiNx layer by diffusion, resulting in the rupture of the Ag CFs allowing the device to return to HRS, 

as shown in Fig. S2(d). Due to the high diffusion rate of metal atoms in the electrolyte, rapid dissolution of conductive 

filaments may occur, thus exhibiting threshold switching behavior [5]. 

 

Fig. S2 (a-d) Diagram of switching dynamics in Ag/SiNx/n-Si device. 

 
 



 
 

 

 

Fig. S3 (a-d) The relaxation and retention stimulated by voltage pulses (4 V, 5 V, 6 V, 7 V). 

 

An exponential decay equation is used to describe the relaxation time of TS device: 

M(t)= Me + (M0-Me) exp (t/τ). 

 
 



 
 

Here, M0 is the initial memory state, Me is the steady state of memory, and τ is the time constant of the relaxation 

process [6]. It can be observed from Fig. S4(a) that the relaxation time of the device is 38 ns. In order to further explore 

the factors affecting the relaxation time, it is found that the relaxation time will increase with the increase of voltage 

or pulse width from a statistical point of view when testing according to different voltages and pulse widths as shown 

in the Figs. S4(b) and (c). Higher voltage amplitude or longer pulse duration time could contribute to the formation of 

conductive filaments which became more difficult to rupture, leading to a longer relaxation time [7]. 

 
Fig. S4 (a) The relaxation time of Ag/SiNx/n-Si. (b) The relationship of relaxation time and pulse width of Ag/SiNx/n-

Si. (c) The relationship of relaxation time and voltage amplitude of Ag/SiNx/n-Si.  

 
Fig. S5 A statistical diagram of different voltages (3 V, 3.5 V, 4 V, 4.5 V, 5.5 V and 6 V) and delay times at pulses with 

a frequency of 100 kHz. 

 
 



 
 

 
Fig. S6 A statistical diagram of different frequency (800 Hz, 1 kHz, 2 kHz, 60 kHz, 80 kHz, 100 kHz, 120 kHz, 140 

kHz, 200 kHz) and delay times at pulses with a voltage of 5 V. 

 
Fig. S7 n-bit LFSR. 

 
 



 
 

 

Fig. S8 Four types of NFSR designs. (a) n-bit Fibonacci NFSR. (b) Geffe generator. (c) Massey-Rueppel multispeed 

generator. (d) Beth-Piper generator. 

 
Fig. S9 Implementation of the TRNG of the right circuit. (a, b) Voltage test results of each test node. (c) Measured 

 
 



 
 

output results of two continuous periods of TRNG. (d) TRNG output demonstration process. 

 

Fig. S10 Schematic diagram of circuit working principle. 

 

Table S1 Analog operating truth table. 

D1 D2 D3 D4 f1(D1,D2,D3,D4) Memristor f2(D1,D2,D3,D4) 

1 0 0 0 0 1 0 

0 1 0 0 0 1 0 

0 0 1 0 1 1 1 

1 0 0 1 0 0 1 

1 1 0 0 0 0 1 

1 1 1 0 1 0 0 

0 1 1 1 0 1 0 

...... 

 

   
Fig. S11 PCB layout. 
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