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Supplementary Note 
Supplementary Note 1. Device Structure analysis.
The fabricated SRM devices are based on the vertical via-hole structure, as shown in Supplementary Figure 1. The EDS mapping result indicates that the devices are composed of Pt / HfO2 / TaOx / Ta.  Further EDS line scan of the cross-sectional indicates that the thickness of the TaOx film is 8.8 nm and the thickness of HfO2 film is 7.6 nm (Supplementary Figures 2). The thickness of the Pt TE and Ta BE is 100 nm. The XPS image of Ta-4p, Hf-4f, and O-1s inside the HfO2 and TaOx films is shown in Supplementary Figures 3a and b, respectively, from which the Ta / O ratio can be estimated to be approximately 2.43. This approaches the standard stoichiometric ratio of Ta2O5 and indicates the low oxygen vacancy concentration in the TaOx RS layer. This defect deficiency results in an ultra-high initial resistance state (~100 TΩ).
[image: ]
Supplementary Figure 1. Cross-sectional TEM image of the fabricated SRM cell, also with EDS mapping of the cross-section.


Supplementary Figure 2.[image: ] Cross-sectional energy dispersive spectroscopy (EDS) line scan of the fabricated SRM device
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Supplementary Figure 3 (a), (b). The X-ray XPS analysis of the TaOx and HfO2 layers.


Supplementary Note 2. Device electrical performance measurement.
We first fabricated the SRM cells with 400 nm, 250 nm and 100 nm feature sizes to analyze the resistive switching performance under different feature sizes (Supplementary Figure 4a). It turns out that, the SRMs with 250 nm feature size exhibit the best uniform resistive switching behaviour in terms of overall resistive switching uniformity and rectification characteristics. Then we analyse the resistive switching performance of the 250 nm size device under different compliance currents (Supplementary Figure 4b) from 1 µA to ultra-low 10 pA. The result indicates that the optimal overall performance of both RR and NL is achieved under ICC = 100 nA with a 2 V read voltage. Moreover, the NL and RR can even reach 114 and 21.8 under ICC = 10 pA, respectively, confirming that our SRM can still demonstrate outstanding self-rectifying resistive switching performance under the ultra-low operating current of 10 pA (Supplementary Figure 4c). Notably, the different compliance currents can program the device to different stable LRS (Supplementary Figure 4d). Besides that, our SRM devices still maintain stable switching performance after half and a year of fabrication (Supplementary Figure 5). Notably, the SRM cell in the crossbar array is addressed through the half-biasing reading scheme as shown in Supplementary Figure 6.

In addition, the switching power consumption of the device set process is estimated by:

And the reset process is estimated by:

Where, the average RHRS and RLRS is obtained from Figure 2e.

[image: ]
Supplementary Figure 4. Resistance programming by compliance current and direct current (DC) I-V characteristic of different feature size devices. (a) DC-IV curves under ICC = 100 nA are obtained from SRMs with different feature sizes, 100 nm, 250 nm, 400 nm, respectively. The SRMs with 250 nm feature size exhibit the best uniform resistive switching behaviour. (b) I-V curves under a series of compliance currents (ICC) from 1 µA to ultra-low 10 pA. (c) The nonlinearity (NL) and rectification ratio (RR) obtain from the DC I-V curves under different compliance currents. (d) Retention test over 103 s for stable 2-bit compliance resistance programming result. 



Supplementary Figure 5[image: ]. DC I-V curves under ICC = 100 nA obtained from (a) 5 SRM devices (10 curves for each) after seven months of fabrication. (b) 5 SRM devices (10 curves for each) after twelve months of fabrication.



[image: ]Supplementary Figure 6. Half-biasing read-out scheme of the SRM passive array.



Supplementary Note 3. Resistive switching mechanism analysis and switching power consumption calculation.
At present, we will carry on a detailed analysis of the physical mechanism of the SRM to explain its extraordinary rectifying and nonlinear resistive switching (RS) characteristics. Supplementary Figure 7 exhibits the fitted I-V curves under ICC = 100 nA and the corresponding linear fitting results, in which curves of (1) to (4) represent the fitting curves in the Set process and curves of (5) to (7) represent the fitting curves in the Reset process. Generally, the Poole-Frenkel (P-F) transport proceeded through shallow energy level defects inside the materials, and the Schottky emission proceeds through the Schottky barrier in the interface between materials [S1]. Opportunely, the RS TaOx layer (Ta / O ratio ≈ 2.43), which is close to the standard stoichiometric ratio of Ta2O5, provides abundant shallow energy level defects required for electron conduction in P-F emission rather than the deep energy level defects. During the Set process (Figure 2j), when the positive voltage applied to the TEs (Pt) gradually increases from 0 V to + 6 V, the electrons from the BEs (Ta) will first be trapped by part of the shallow energy level defects in TaOx layer (curve (1) in Supplementary Figure 7, and then conduct via these shallow energy level defects (curve (2) in Supplementary Figure 7) during the transportation to the TEs, which are all described by P-F Transport. Noticeably, there exists an intrinsic high Schottky barrier (~ 1.0 eV) at the interface of the TaOx layer and the HfO2 layer. When this positive voltage starts to decrease gradually but is still relatively large (> 1 V), the electrons transferred from the TaOx layer still have considerable energy, enabling them to cross the Schottky barrier at the TaOx / HfO2 interface (curve (3) in Supplementary Figure 7). When the positive voltage applied to TEs decreases to a certain value (~ 1 V), the electron energy is insufficient to cross this high Schottky barrier. Hence, the SRM will return to HRS before the positive voltage drops to zero and exhibit high nonlinearity (curve (4) in Supplementary Figure 7). Both curve (3) and curve (4) in Supplementary Figure 7 are described by the Schottky Emission mechanism. During the Reset process (Figure 2k), when a small negative voltage is applied on TEs, the electrons first de-trap from the shallow energy level defects in the TaOx layer, which is described by the P-F emission (curve (5) in Supplementary Figure 7). As the voltage amplitude increases, the de-trapping process gradually finishes. After that, due to the ~ 2.85 eV Schottky barrier between Pt and the rectifying layer HfO2, the conduction of electrons between the electrodes will be blocked. A typical Schottky emission process occurs, which leads to the rectification effect that the device exhibits (curve (6) and (7) in Supplementary Figure 7).
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Supplementary Figure 7. Part of I-V fitting curves of Pt / HfO2 / TaOx / Ta SRM under ICC = 100 nA. Black curve experimentally measured I-V cycle under ICC = 100 nA; curves of (1) to (4), fitting curves in the Set process; curves of (5) to (7), fitting curves in the Reset process.
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Supplementary Figure 8. Corresponding linear fitting results in the Set process. (a ln(I/V) versus V1/2. Curve (1) in Supplementary Figure 5 Poole-Frenkel Transport, slope: -1.899, intercept: -27.94. (b) ln(I/V) versus V1/2. Curve (2) in Supplementary Figure 5 Poole-Frenkel Transport, slope: 6.187, intercept -39.26. (c) ln(I) versus V1/2. Curve (3) in Supplementary Figure 5 Schottky Emission, slope: 4.464, intercept: -24.53. (d) ln(I) versus V1/2. Curve (4) in Supplementary Figure 5 Schottky Emission, slope: 0.2264, intercept: -30.17.
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Supplementary Figure 9. Corresponding linear fitting results in the Reset process. (a) ln(I/V) versus V1/2. Curve (5) in Supplementary Figure 11 Poole-Frenkel Transport, slope: -2.996, intercept: -26.90. (b) ln(I) versus V1/2. Curve (6) in Supplementary Figure 5 Schottky Emission, slope: 0.6560, intercept: -30.49. (c) ln(I) versus V1/2. Curve (7) in Supplementary Figure 5 Schottky Emission, slope: -0.1726, intercept: -29.78.



Supplementary note 4. Compression of the stencil grid matrix and complementary code computation.
In this work, the three-point stencil and the five-point stencil are used for the central second derivate of the one-dimensional (1-D) system and two-dimensional (2-D) system [S2], respectively. We consider a 9 × 9 grid for a 1-D system and a 3 × 3 grid for a 2-D system as the matrix compress example (Supplementary Figure 10a, b). By compressing the sparse row of the matrix, the 1-D stencil matrix is compressed to a 3 × 9 submatrix, and the 2-D stencil matrix is compressed to a 9 × 5 submatrix (Supplementary Figure 10c, d).


[image: ]
Supplementary Figure 10. (a) The coefficient matrix for a 9 × 9 grid of the 1-D system. (b) The coefficient matrix for a 3 × 3 grid of the 2-D system. (c) The compression submatrix for the 1-D system. (d) The compression submatrix for the 2-D system.

The details about matrix multiplication based on complementary binary code are also illustrated here. We first convert the matrix and vector element to binary complementary code. For instance, the 3-bit complement code for - 2 is 110, in which the highest bit of the complement code represents the sign of data, and the remainders are significant bits. Then, the multiplication and accumulation are performed as the example shown in Supplementary Figure 11a. The computation is performed as a sequential binary operation based on the bit-slice technology, which is a widely used method in digital computers to improve computation precision [S3, S4]. Notably, to perform the complement code computation, the multiplication result between the sign bit and the significant bit should be reversed. Since the calculation of the complement does not involve multiplication for negative data, the complement can be used to perform matrix multiplication in the SRM array. Supplementary Figure 11b illustrates the framework of performing the complementary code based SpMV in the SRM array. The binary partial product is delivered by the SRM array, and the peripheral circuit will determine whether the multiplication results should be reversed. By combing the partial product in the peripheral circuit, the final SpMV result can be obtained


[image: ]
Supplementary Figure 11. (a) An example of using complementary code to perform multiplication and accumulation. (b) The framework of using complementary code to perform SpMV in SRM array.


Supplementary Note 5. Solving heat equation.
To solve the 1-D heat equation, the forward difference was applied to the time tn, and the three-point stencils was used for the space derivative at position xj. Here, we obtain the recurrence equation as follows:

where u represents the temperature value, i is the x-axis grid index, h is the distance between two neighbouring grid points along the x-axis, t is the time index, and Δt is the numerical time step. 
We can subsequently obtain ujn+1 from the other values as follows:

where r = Δt / h2. Because this recurrence uses the known values at time n to obtain the corresponding values at time n + 1, it is known as the explicit form. Notably, u0t and uIt must be replaced by the boundary value; in Equation (1), they are zero. Moreover, the explicit difference scheme should satisfy the condition

For equation (3), k = 1; if this condition is not satisfied, the solution becomes unstable and starts to wildly oscillate.
Equation (4) can be translated into a matrix form as follows (a 9 -grid is used as an example):

The maximum number of non-zero elements in each row equals the stencil size, and the row length equals the total number of grid points. This discretized operation results in a sparse coefficient matrix (Supplementary Figure 10a).
The solution of the heat equation relies on the iterative sparse matrix multiplication. Therefore, the precision of the array input and output vector will affect the solution result dramatically. To find the required precision of the vector that allows the correct evolution of the time-dependent solution, we first solved the heat equation with 64-bit digital precision (Supplementary Figure 12a). Then, we solved the heat equation with 4-bit and 8-bit precision input vectors in a digital processor while the coefficient matrix is encoded to 3-bit (Supplementary Figure 12b, c). The result indicates that the 4-bit precision vector cannot reduce the error propagation in the time-evolving iterations. For comparison, the solution obtained with 8-bit precision vector is capable of matching the 64-bit FP solution. Therefore, we encoded the array input and output vector to 8-bit
[image: ]
Supplementary Figure 12. 3D reconstruction of the one-dimensional heat equation solution in-digital processor under different precision. (a) Solving with 8-bit precision SpMV vectors. (b) Solving with 4-bit precision SpMV vectors. (c) Solving with 64-bit floating-point precision.

a
Supplementary Note 6. Hardware structure and the timing diagram of the sensing circuit.
Based on the designed sensing circuit, we proposed a feasible hardware structure for in-memory sparse matrix multiplication (Supplementary Figure 13a). To support the parallel computation, each word-line of the crossbar array is connected to a sensing circuit. The analogue computation result will be obtained by the designed sensing circuit, which will be converted to the digital value by the comparator and then delivered to the shift and add network. Supplementary Figure 13b displays the timing diagram of the sensing circuit in computation. The control (CTRL) maintains the high voltage level (HVL, 1 V) during the multiplication process. Specifically, the IN terminal remains low voltage level (LVL, 0 V) within the pre-discharge period, while the input data are applied to the IN terminal along with the sensing process. The readout current of the SRM represents the multiplication result, which charges Cp, and is exhibited by the voltage change of the word-line (ΔVWL) within 1 μs. Moreover, based on the half-biasing reading scheme, a selected voltage (SEL, − 1 V) is attached to the selected bit-line (B)L, and the HVL is attached to the unselected BLs.
[image: ]
Supplementary Figure 13. (a) A feasible hardware structure for in-memory SpMV. (b) The timing diagram of the sensing circuit to read out the device at LRS. The circuit is constructed using 180 nm CMOS technology, and the parasitic capacitance of the transistor is 2 pF.


Supplementary Note 7. Solving Poisson’s equation.
The Poisson’s equation is discretized by using five-point stencil. which can be described as

where i is the x-axis grid index, j is the y-axis grid index, and h is the distance between two neighbouring grid points along the x- or y-axes. Here, we consider a 3 × 3 2-D grid as an example (excluding the boundary point), and the matrix form of Poisson equation is expressed as

where, and vector BC represents the boundary conditions of the system. The form of coefficient matrix is shown in Supplementary 10b
The analytical solution of the Poisson’s equation used for demonstration is u(x, y) = ex sin(πy) and the 3-D reconstruction of the analytical solution is shown in Supplementary Figure 14a. The boundary condition of the problem is shown in Supplementary Figure 14 b, which are indispensable for determining the target vector b of the matrix equation form.
[image: ]
Supplementary Figure 14. (a) Analytical solution of the Poisson’s equation example, where u(x, y) = ex sin(πy). (b) Boundary value of Poisson’s equation example.


For the obtained matrix equation, the sparsity of the coefficient matrix A will increase dramatically as the grid precision increased (Supplementary Figure 15a). And the precision of the quantized vector for SpMV operation will significantly affect the convergence of the solution (Supplementary Figure 15b). Therefore, the vectors for SpMV operation are encoded to 16-bit. Furthermore, we analysis the solution time-complexity of our hybrid solver. Supplementary Figure 15c displays that the curve-fitting between the matrix dimension and the overall SpMV cost is Iter = 6.762 × D0.574, where D is the matrix dimension. Consider the matrix multiplication is performed in-situ in the SRM array with high parallelism, this result indicates that the hat the solution-time complexity of our hybrid architecture is approximately O(n1/2) where n is the scale of the problem. For the obtained in-memory solution, Supplementary Figure 15d displays the absolute error of the in-memory solution and the 64-bit FP solution while the matrix dimensional is 1176. The maximum absolute error is less than 5 × 10-10, which indicates the precisely match between the in-memory solution with the digital one.  
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Supplementary Figure 15. (a) The relationship between the dimensional of the coefficient matrix and the matrix sparsity with the spatial step h. (b) Convergence of the solution residual under different precision of the array input vector for the Poisson’s equation example, where matrix dimensional is 1176. (c) Curve fitting analysis about the relationship of the overall SpMV cost and the matrix dimensional. (d) Absolute error for the solution obtained from the SRM based in-memory solver with the 64-bit FP, where matrix dimensional is 1176.



Supplementary Note 8.  SRM array Scalability Analysis.
To quantitatively evaluate the synergistic effect of the RR and NL on array scalability, the commonly adopted one-bit line pull-up (OBPU) approach was used to equivalently simplify the circuit model of the crossbar array [S5 - S8]. And to ensure the accuracy of the calculation, we repeated 100 readings for the HRS and LRS of the device under four different read voltage conditions (1, 2, - 1, and - 2 V) respectively and obtained eight sets of data as shown in Supplementary Figure 16a. Supplementary Figure 17a shows the circuit schematic illustration of an N × N (N ≥ 2) crossbar array, in which the red arrow and the purple arrow represented the selected current path and the sneak current path respectively. The pull-up resistance (Rpu) is connected in series with the selected word line, to which pull-up voltage (Vpu) is applied. Simultaneously, the selected bit line is grounded and the unselected lines are floating.
Supplementary Figure 17b exhibits the equivalent simplified circuit of the N × N crossbar array. Rsel represents the selected cell between the selected word line and the selected bit line. The 2 × (N - 1) Rhalf represents half-selected devices between the selected word lines and the floating bit lines or between the floating word lines and the selected bit lines. The (N - 1)2 Run-sel represents un-selected devices between the floating word lines and the floating bit lines. The Run represents both all Rhalf and all Run-sel, which is given by equation (1). Vpu is twice the read voltage (Vread = 2 V), and Rpu is equal to the LRS (~ 26 GΩ). Read margin (RM) is given by equation (2) below to measure the scalability of the crossbar array considering the sneak path influence. Vout_LRS and Vout_HRS in equation (2) are given by equations (3) and (4), respectively. Run_LRS in equation (3) and Run_HRS in equation (4) are given by equations (5) and (6), respectively.
Through calculation by the equations above, based on considering the influence of both RR and NL, the trend of the read margin with array size is exhibited in Supplementary Figure 16b. The curve results reveal that, on the premise of a 10 % RM, the maximum array size can reach 95 Mbit (10027 × 10027) in the worst-case scenario [S5, S6]. To our knowledge, this rivals the maximum passive integration size reported in the literature, which implies that our device has a salient potential for high-density integration.
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             (12)
             (13)
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Supplementary Figure 16. (a) Resistance distribution of 8 read patterns for 100 read times each. (b) The calculation result of reading margin with array size using one-bit line pull-up approach.


[image: ]
Supplementary Figure 17. (a) Circuit schematic illustration of an N × N (N ≥ 2) crossbar array. Red arrow: selected path; purple arrow: sneak path. (b) Equivalent simplified circuit of the N × N crossbar array.


Supplementary Note 9. Impact of line resistance.
The effect of the line resistance to output currents in an N × N memristor array is considered under the “worst” condition. Here, all of the devices are set to the LRS and the current is read from the device in a corner, which is the furthest away from the input line and the output line sensing circuit. To simplify this model for SPICE simulation, all word lines and bit lines are grounded, while the read currents are obtained from the N-th word line, as shown in S[9]. Several device types have been simulated while the relationship between the relative error of the read current and the crossbar size N is shown in Supplementary Figure 18. The parasitic line resistance was estimated at 0.2 Ω while considering a prospected implementation in 65 nm technology [S10]. The relative error of the output current is defined as:

Where IR is the expected current in the case with no line resistance, IN is the simulated read current of the simulation set described above. Our SRM outperform other previous reported memristive devices due to the ultra-high resistance value. Hence, our SRM device is capable to support the large-scale SpMV. 
[image: ]
Supplementary Figure 18. Relative read current error for different types of devices showing the ultra-low read current error of our SRM device, which makes the large scale SpMV using the WLPC model feasible. The memristive device model correspond to: ReRAM [S11], PCM [S12], FTJ [S9], SRM1[S13].


Supplementary Note 10. Energy efficiency estimation 
Our SRM based in-memory computing hardware is constructed by the SRM array and peripheral CMOS circuit, where the CMOS circuit contains sensing circuits, comparator and shift and add unit. Here, we proposed a two-step workflow to estimate the energy efficiency of this work, in which the n × n scale three-point stencil grid matrix is used for estimation. We first estimated the performance for bit operation in the SRM array. We consider the peripheral circuit is implemented by 180 nm CMOS technology and the duration of the pre-discharge process relative to the charging process can be ignored. Given that the SRM array is capable of providing (3n - 2) effective operations (only considered the multiply operation) in 3 μs (1μs for each row), where n is the matrix dimensional. The energy consumption to read the LRS and HRS of a single device is estimated by:

and

Where the HRS and LRS value is obtained by averaging the measured result of 128 devices. The average operating current of the sensing circuit is confirmed to be 5.85 nA under 2 V operating voltage by SPICE simulation, and the energy consumption of the 180 nm CMOS comparator is 2.42 pJ [S14].
The matrix dimensional for estimation is increasing from 512 to 4096, with the computational throughput is increasing from 0.51 GOPS to 4.1 GOPS. The power consumption for computation is increasing from 5.4 μW to 42.9 μW, and the computational energy efficiency is increasing from 95.4 TOPS/W to 95.5 TOPS/W (Supplementary Figure 19a).
For the next step, we estimated the energy efficiency of the SRM array for multi-bit computation. Here, we considered the 512 × 512 scale matrix while the element precision is increasing from 2-bit to 8-bit. According to our sparse computation scheme, the scale of the SRM array for computation is increasing from 1024 to 4096, while the computational throughput of the effective operation is 0.852 GOPS (considering both multiplication and accumulation) for each input bit. The energy consumption of the 8-bit digital shift and adder is 1.92 pJ (180 nm), which is operated at 10 MHz [S15]. Therefore, the overall power consumption of the in-memory computing hardware is increasing from 11.4 μW to 43.5 μW, while the computational energy efficiency is decreasing from 74.9 TOPS / W to 19.6 TOPS / W (Supplementary Figure 19b, Figure 5b). For comparison, the energy efficiency of the Google Tensor Processing Unit (TPU) for INT 8 computation is 2.43 TOPS / W, this work provides over 8 × performance improvement [S16]. 





[image: ]
Supplementary Figure 19. (a) The computational throughput and the energy efficiency of the bit operation in the SRM array. (b) The relationship between the computation precision and the overall power consumption of the fabricated SRM based in-memory computing hardware.



Supplementary Note 11. Energy efficiency estimation of the matrix-slice implementation using the previous-reported memristive devices.
To further demonstrate the advances of our work, we benchmarked the performance of the prior matrix-slice based in-memory SpMV approaches proposed by Zidan, A. M. et al, using previously reported memristive devices [S3]. We first consider estimating the performance of the mIMC core using different devices. The proposed mIMC cores are constructed by the 32 × 32 scale crossbar array, digital-to-analogue converters (DACs), analogue-to-digital converters (ADCs) and trans-impedance amplifiers (TIAs). The peripheral circuit is expected to be fabricated using 22 nm CMOS technology, which rivals the state-of-the-art mIMC macros [S17]. Each input line of the array is connected to a DAC to activate the whole array, while the power consumption of DAC is 0.38 pJ and the conversion time is 6.02 ns [S3]. The utilized TIAs has fGBW = 28.6 MHz and consumes 36 μW, and each output line of the array is connected to a TIA [S9]. The output of the crossbar array is digitized using ADCs, which can potentially become the performance bottleneck of the mIMC systems. As the power consumption of ADCs is related to the sampling frequency, we simulated the energy efficiency of mIMC cores under different ADC sampling frequencies (only considered the column type ADC) for each device (Supplementary Figure 20a) [ADC models are obtained from S3]. Based on the single-core performance, we further estimated the energy efficiency of different matrix-slice implementations to perform the bit-operation for the tasks used in Supplementary Note 10[S3]. And the result is shown in Supplementary Figure 20b, which confirmed that our work achieved at least 36 × performance improvement for bit-operation.
Based on the bit-operation performance, we further estimated the energy efficiency to execute the multi-bit SpMV tasks in Supplementary Note 5. The effective operations for each input bit are 2556 (considering both multiplication and accumulation). And the computing power consumption is increasing from twice the bit-operations to eight times while the computing precision increased from 2-bit to 8-bit. The increment of the computing power consumption led to a significant decrease in performance. For instance, the energy efficiency of the PCM type device for multi-bit SpMV is decreasing from 1.31 TOPS / W to 0.32 TOS / W (Supplementary Figure 20c). Mentioned that, the operational frequency of mIMC cores will dramatically influence the SpMV performance. Although the SRM device and the FTJ device has lower power consumption, they cannot outperform the PCM based matrix-slice implementation. This is caused by the long RC time to read the high devices resistance value, which significantly reduces the operating frequency and ultimately lead to a decrease in computing throughput. Notably, the parameters of the devices involved in the estimation are shown in Supplementary Table 1.
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[bookmark: _Hlk88758658]Supplementary Figure 21. Energy efficiency estimation for matrix-slice paradigm based on different devices to perform SpMV. (a) The energy efficiency of the mIMC cores is based on different devices with the ADC sampling frequency increasing from 1 kHz to 1 GHz. (b) The performance of the mIMC cores is based on different devices to perform the binary SpMV using the matrix-slice approach. (c) The performance of these mIMC cores for multi-bit SpMV. The memristive device model correspond to: ReRAM [S11], PCM [S12], FTJ [S9], SRM1[S13].



Supplementary Table 1: Comparison to pervious-reported memristors for mIMC implementation.

	Parameter
	ReRAM[S11]
	PCM[S12]
	FTJ[S9]
	SRM1[S13]
	This work

	Structure
(Functional layer)
	Ge2Sb2Te5
	HfO2
	HfSiO/SiO2
	Hf0.8Si0.2O2/Al2O3
/Hf0.5Si0.5O2
	HfO2/TaOx

	Conductance
	100 μS - 900 μS
	1 μS - 50 μS
	1 nS - 10 nS
	0.2 nS - 1 nS
	37.9 pS - 0.03 pS

	Average conductance
	500 μS
	25 μS
	5.5 nS
	0.6 nS
	18.9 pS

	Read voltage
	0.25 V
	0.5 V
	3 V
	2 V
	2 V

	Read time*
	0.1 μs
	0.1 μs
	0.5 μs
	10 μs
	1 μs


* Considering the sampling frequency of the readout circuit
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