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Fig. 1. Circuit schematic of a full adder based on memris-

tor crossbar array.
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Fig. 2. Voltage selection of Vey and Vagy for full adder

carry-out operation.
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Fig. 3. Voltage selection of Vema , Vasy , and Vo for the full adder sum.

120004-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 12 (2026)

120004

1 BLg JiEfin 0.14 V HLHE, £k BL, Jitifin 0.52 V HL
JE, Mgk BL, #i4h, ik BLy 855 56 =4, 4
{72k BL,, BL, #1 BLg i fin 0.1 V H %, {14k BL,
1 BLs Jitafin 0.45 V B, 4k BLg $eHb.

3
(a)

2k
< i
T
S of
=
g —1F
5]
)
g o}

—-3r —e— Experimental data
—— Fitting data

—4 L L L L L L L
-06-04-02 0 02 04 06 08 1.0 1.2

Voltage/V
0z fii 2% fis
A% 0.78 V Vi —-0.21V
Ry, 530 2 Ry 616 kQ
Ap 79761 An 8444
Xy, 0.8 TH 0.9
ar, 5 ap 7

B 4 Cu/Cul/PtiZFHERLA  (a) H - H R Rr i 2k
(b) WA BB HK
Fig. 4. Fitting of Cu/Cul/Pt memristor: (a) Current-

voltage characteristic curves; (b) parameter fitting.

K50 1 mas T 8 B A Bl i 5
HZER HA A (530.0 Q) R RHEE Ry (2
1), WM (616.0 kQ) Fon LA Ry (2% 0).
Kl 5 IAEAEAT (R — SRR S s AR a N b,
WAL i SHENIZBHES | i R 07 co AKCAT s X6

M, My Mz My My Mg

616.0

492.8

369.6

R/kQ

246.4

123.2

a b Cin Co s

5 HETICBHAR Y LA IT A 8 Fid AME L0 m iy
B

Fig. 5. Simulation results for all 8 input cases of the mem-
ristor-based 1-bit full adder.
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Fig. 10. Encryption and decryption of the binary image.
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Fig. 11. Schematic diagram of a 1T1M-based crossbar array and its COPY logic operation implementation.
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Fig. 12. Schematic of an n-bit ripple-carry adder using a 1T1M crossbar array.
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Fig. 13. Operation schematic of a 4-bit ripple carry adder.
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Abstract

The adder is a core arithmetic component in modern microprocessors, cryptographic circuits, and other
systems. Most existing memristor-based full adders adopt the cascaded discrete basic logic gate approach, which
leads to large device overhead and long operation steps, making it difficult to meet the requirements of high-
speed data processing and real-time encryption. To address these issues, this paper first designs a low-overhead
full adder circuit based on the memristor array, which consists of input memristors, output memristors, and an
auxiliary memristor. The entire computation is performed within the memristors, using the high-resistance state
and low-resistance state to represent logic 0 and logic 1, respectively. Based on Ohm’s law, Kirchhoff’s law, and
the full adder truth table, a detailed derivation of the circuit is carried out, and the operating voltages are
determined. During computation, specific operating voltages are applied to the bit lines of involved memristors,
triggering conditional resistance switching of the output memristor determined by inputs. The proposed full
adder requires only six memristors and two operation steps to produce the sum and carry, outperforming
existing schemes in both device count and operation efficiency.

Based on the above one-bit full adder, this paper further adopts a one-transistor-one-memristor (1T1M)
array to construct an in-memory encryption-decryption circuit. The circuit uses a single-bit full adder as the
basic unit to form an encryption-decryption unit (EDU), and an m x n array of EDUs is integrated to form the
encryption-decryption array. For image encryption and decryption applications, two operating modes are
developed: 1) Semi-parallel mode: a single column of EDUs is activated at a time to process all pixels in one
column of the image in parallel, completing encryption or decryption column by column. Processing an m x n

binary image requires only 2n operation steps. 2) Fully parallel mode: by disconnecting the columns of the

* Project supported by the Natural Science Foundation of Chongging, China (Grant Nos. CSTB2024NSCQ-MSX0586,
CSTB2024NSCQ-MSX0302) and the National Natural Science Foundation of China (Grant Nos. 62576291, 62306246).
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array through switches, all columns of EDUs can simultaneously process all columns of pixels, completing the
encryption or decryption of the entire image in only 2 steps. Verification using 256 x 256 binary images shows,
by comparing the images before and after encryption and decryption, that the proposed encryption-decryption
circuit can correctly perform image encryption and decryption.

Finally, this paper proposes a COPY logic operation based on the 1T1M crossbar array, which can copy
the resistance state of one memristor to another. By integrating the proposed full adder and COPY gate, an
n-bit ripple-carry adder is designed. Specifically, the output carry ¢; of the (i —1)-th bit is calculated serially
and copied to the memristor at the ith row of the same column via COPY operation. This serial computation
and copying process is iterated until all carries c¢;11 (i=1,2,3,---) are generated. Subsequently, the odd-
indexed sums s; (i=1,3,5,---) and the even-indexed sums s; (i=2,4,6,---) are computed in parallel,
respectively. The complete operation of this n-bit ripple-carry adder requires only 2n+ 1 operation steps.
Compared with existing works, the proposed design achieves improvements of 1.37x to 12.18x in FoMjp
(equally weighted by step and device count) and 1.80x to 41.98x in FoMs (weighted toward step count),
exhibiting distinctly superior overall performance.

In-memory encryption-decryption unit
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