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Supplementary Tables
	Test #
	Test name
	P-value
	Result

	1
	Frequency (Monobit)
	0.011412036
	Pass

	2
	Frequency within a block
	0.550717949
	Pass

	3
	Runs
	0.532759772
	Pass

	4
	Longest run of ones in a block
	0.348025369
	Pass

	5
	Binary matrix rank
	0.015710521
	Pass

	6
	Discrete Fourier transform (Spectral)
	0.771670504
	Pass

	7
	Non-overlapping template matching
	1.00
	Pass

	8
	Maurer’s universal 
	0.988785497
	Pass

	9
	Linear complexity
	0.999995031
	Pass

	10
	Serial
	0.761854261
	Pass

	11
	Approximate entropy
	0.999520079
	Pass

	12
	Cumulative sums
	0.017345555
	Pass

	13
	Random excursions
	0.950167133
	Pass

	14
	Random excursions variant
	0.910979293
	Pass


Table S1. NIST test results for evaluating random number generation performance required for homomorphic encryption. 



Supplementary Figures
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Fig. S1. Electrical characteristics of Ru-ECM (Pt/Ta2O5/Ru) memristors. a) I-V characteristic of a Ru-ECM memristor with 5 repetitions, which shows stable and repetitive switching behavior. b) Schematic image for a vertical structure of Ru-ECM memristors. The bottom Pt electrode was deposited using E-beam evaporation with a thickness of 40 nm, followed by a deposition of 20 nm of Ta2O5 using DC reactive sputtering with a Ta target. The top Ru electrode was deposited with a thickness of 40 nm using DC sputtering.
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자동 생성된 설명]
Fig. S2. Electrical characteristics of a-Si transistor. a) Transfer characteristics and b) Output characteristics of the a-Si transistor.
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[bookmark: _Hlk158907332]Fig. S3. Device uniformity for stable SET/RESET where a programming pulse condition of 4 V and 1 μs to an HRS is applied in 20 devices.
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Fig. S4. Photograph of software interface for 3×3 1T1M array operation. a) Software schema when reading VMM (vector matrix operation) operation and programmed resistance values. b) When operating VMM, it is possible to choose and allocate wordline and bitline and set READ-WRITE voltage value.
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[bookmark: _Hlk148444714]Fig. S5. Circuit for generating inverse matrix. The design of circuit is originated from Sun, Zhong et al. The value of the inverse matrix of the matrix programmed in the memristor array appears as the voltage value (V1-3) output through the transimpedance amplifier. For the inverse matrix operation, the current values (I1-3) corresponding to the columns of the unit matrix () are sequentially entered into each row. Verification of this circuit was performed using linear technology simulation program with integrated circuit emphasis (LTSPICE) memristor library.

image5.emf
 

Memristor array 

TIA 

V

1

 

V

2

 

V

3

 


image1.tiff
(v) waund

Voltage (V)




image2.tiff
Drain Current (A)

1o -V, =0.1V| 35 10V
107} . —
10-6, Vds:5V 2 30 —g
. = 251 6
107k = — 4
108L qt; 20rL—2
109F © 15
10710F i
10l 5 1.0
1012 0.5
OHWWMWM . ool
15 -10 -5 5 10 15 0 2 4 6 8 10

Gate Voltage V) Drain Voltage (V)




image3.png
O

n o

v | —
L m

|"90

) 5
— ]

___________ 70

(%) ANjlgeqold aAne|nwng

Resistance (QQ)




image4.tiff
6085239296 Ohms 1
iz T o - -
Fead Dperarcns
S
I - .
Dtwmmansy [ ]l |5 ¢ Ty |
0 — .
Wania PO T T T ™ T ™ T Ey
=T 20
Durton 3o :
oo ER
D | &
= -0
T T & W T m 3 T |
Dtog ¥ Puise Nurber
Panels [Mulisias Ml Add Il Remove
MultBias
MultiBias
Apply WRITE or READ pulses to multple active wordiines, Read from one bitine.
Active Wordiines 123 Current on Actve Bitine
Active Bitline [ ] | [0.00230770R0759163%¢ | uA

WRITE amplitude (V) [1
WRITE pulse width (us) [100
05

READ voltage (V)

Pulsa width (me)




