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Fig. 1. Voltage comparator based on MTJ.
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Table 1. Material parameters!!?.
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Fig. 2. Variation with time of the y-direction magnetiza-

tion component of a bicomponent nanomagnet.
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Fig. 3. Curve of critical voltage as function of piezoelectric
layer thickness.
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Fig. 4. 3-bit magneto-elastic analog-to-digital converter consisting of 8 voltage comparators.
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Fig. 5. Control signal time diagram of magneto-elastic

analog-to-digital converter.
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Fig. 6. Simulation waveforms of MEADC including conversion, read, and reset: (a) Vi < Ve < Ves; (B) Vo < Virie < Veis

(C) ‘/(:6 < ‘/write < ‘/(:7‘
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A, LA Vaergoa > Viets Souos B N IZ 5 <17, 1
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{REAR B SR HEE TVATA, H Vs < Ve BT
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TIfEIERTE.
%2  MEADC #i A
Table 2. MEADC input/output.

Viite/ MV Sout7-0 Binary
0—_8.53 00000000 000
8.53—9.38 00000001 001
9.38—10.24 00000011 010
10.24—11.09 00000111 011
11.09—11.95 00001111 100
11.95—12.80 00011111 101
12.80—13.66 00111111 110
13.66—14.51 01111111 111
14.51— 11111111 —

4.2 BANTFEMHEIEMY

BT P AR SR TR MEADC )5 AR,
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1T 500 55K B REAAL LUIR 5T A KU 5340
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e P LRSI 802 0 ] S8, BEAILBGD 3h IR 5 3
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B 2akT f
h(t) = \/ WG(O,I)(t)a (8)

Hr T =300 K 2%, k= 1.38x1072J/K &
BURIESTHL, [RAEFE WRGIE, G, () &
ARBIER 0. J7 20 1 B oA R gL BTEs

WEL 7 FR, o SRERIAT 55 B BALLS R 45
NGRS R BEAE y I B 36,y AR XS XL

T RN L S R IRAEL, m,, 5eZ/NTF-0.8 1L
HH B A B 191, ] 6 1T DL MR A AN [ L
MY HEFL)Z R AUAL S G G A A I S 2 vl PR P iR
ZEMAE 1% (0.01 mV) LAY, FHAB XA 4 9h A4 i)
F B (A 22 0.85 mV, A AR XU 43 4R g AR Y
B A AR R TE, A ES, iR
UE T A 35 S 55 80 4 R 0 WU o AR G AR A 2
RAREREDH. B 6 25 WA T AFEER
XU A3 2 A A 7 A A KT s (R B A
SRMERERARSYH, X RIERIRSAM T MEADC
M5 AR LR E] 100%.

hpyxpT/nm 100 ° 110 120 130

16
15k +140 =150 =160 = 170
————————————————————— T DTy T T T
14F
A -
-

13

12

V/mV

11

10

-1.0 -08 —-06 —-04 -—-0.2 0 0.2

My
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Fig. 7. Results of 500 Monte Carlo simulations of NO-N7 at

room temperature.
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Ultra-low power magneto-elastic analog-to-digital converter
based on magnetic tunnel junctions and bicomponent
multiferroic nanomagnet”

Xia Yong-Shun  Yang Xiao-Kuo!® Dou Shu-Qing  Cui Huan-Qing
Wei Bo Liang Bu-Jia  Yan Xu

(Basic Department, Air Force Engineering University, Xi’an 710051, China)

( Received 18 January 2024; revised manuscript received 16 May 2024 )

Abstract

In recent years, the utilization of artificial intelligence and big data has led to the rise of compute-in-
memory signal processing as the primary method for ADC design. Spintronic memory devices, which have non-
volatile and low static power consumption characteristics, are particularly suitable for the design of low-power,
high-bandwidth compute-in-memory ADCs.

In this paper, a 3-bit magneto-elastic analog-to-digital converter (MEADC) is proposed, which comprises
eight magnetic tunnel junctions (MTJs), where the MTJ free layer is a bicomponent multiferroic nanomagnet.
The bicomponent multiferroic nanomagnet can attain deterministic magnetization switching under zero-field
condition by regulating the strain-mediated voltage. It has been discovered that there is a linear correlation
between the thickness of the piezoelectric layer and the critical flip voltage in a bicomponent multiferroic
nanomagnet of a given size and material. Using this principle, the thickness of the piezoelectric layer is adjusted
to allow the MEADC to have eight different voltage switching thresholds. This can make the analog signal
converted into a combination of different magnetization states of eight multiferroic MTJ. A latch comparator
and an independent read circuit are designed to detect the MTJ’s resistance state output a digital signal. Monte
Carlo simulations indicate that the MEADC can achieve a 100% success rate of writing at room temperature.
Additionally, the read circuit and write circuit are separated from each other, thus the same reference voltage
can be set for each MTJ and result in higher readability. Micromagnetic simulation and numerical analysis
demonstrate that the MEADC can operate at a maximum frequency of 250 MHz, and the energy consumption
of a single conversion is only 20 aJ. Compared with the magnetic analog-to-digital converter based on the
Racetrack technology, the energy consumption is reduced by 1000 times, and the sampling rate is increased by
10 times. The MEADC proposed in this paper offers an essential technical support for the spintronics-based

compute-in-memory integrated circuit architecture.
Keywords: magnetoelastic analog-to-digital converters, magnetic tunnel junctions, spintronics, nanomagnets

PACS: 75.78.-n, 85.70.Kh, 85.80.Jm DOI: 10.7498 /aps.73.20240129
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