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Despite continued transistor scaling in accordance with Moore’s Law, conventional general-purpose computing architectures based
on the von Neumann model face significant limitations in addressing energy-intensive tasks such as artificial intelligence (Al). To
overcome these challenges, increasing attention is being directed toward specialized computing paradigms optimized for specific
problem domains. Among these, probabilistic computing has emerged as a promising alternative that lies between traditional
deterministic computing and quantum computing. This paper presents a detailed overview of the theoretical foundation of probabilistic
computing, centered on the Ising model, and describes its hardware implementation through a representative device: the stochastic
magnetic tunnel junction (s-MTJ). Furthermore, the potential application areas of this technology are discussed, along with key
research directions and technical challenges that must be addressed in future developments.
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Fig. 1. (a) Conceptual diagram of inverse computation. (b) Schematic diagram of energy minimization, avoiding local minima traps for a given

system.



K 7]&=1> Journal of the Korean Magnetics Society Vol. 35, No. 3, June 2025

(b)

— 99—

5 A~ 60

Spin State

Fig. 2. (Color online) (a) Schematics of the Ising model. (b) Hamiltonian landscape experienced by spins as a function of £. (¢) Comparison of
energy barriers between a conventional MTJ (gray dashed line) and an s-MTJ fabricated using a lowbarrier magnet (LBM, black solid line).
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Fig. 3. (Color online) (a) Schematic of a p-bit based on a 1T-IMT]J circuit configuration. (b) Revised p-bit circuit incorporating an adjusted
reference voltage (V) to mitigate output errors due to the reduced R, values. (c) Schematic of the p-computing circuit architecture.
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iz}(Mott insulator-to-metal transition, Mott IMT), OTS
(ovonic threshold switch) A~#}, H]AE Q27| o]E](nonlinear
oscillator), 2x- &2 7|9k A}, WA &3 EWA|H
(field-effect transistor), & <A@ oJEe] £ F3(phase
noise), Johnson-Nyquist @& 5°| Ao, o|s A|ZH/
A 283 B2 54o] HauE v ot WE]2H 7HE p-bit
T 3 HWE]~E(volatile memristor) = U7
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22913 A-AK(threshold switching device)?] &2 23k E4
< ol83lH, dE At niolojze wet =Y FES Al
Ho|=(sigmoid) FENZ AT 5 o] AFHoZ P5H
At FEHH FHFeMe BulrEY Q4w o]E (optical
parametric oscillator, OPO) WEHZ7} p-bite] F2F9 s
EAS B = deol AR, o o] R (Ising
model) "33 F3l FE =] 32 FHo] Theg AR
BuEdo 3 5454 AA-F S (metal-insulator-metal,
MIM) FZoME G2 Q9lo) o8] T 7He] gt e 7t
AR A o] HEHo, p-bit 78 The S HolErh
ey o]k ik FAFEL i o|R AdEe] ¢
A4, BE Ao e, == 34 334 SHA Ak
EAlgI. gl o, MIM dXlo] 2= FE Aloje] g4
b3 oiad 7l Ale] offHrhe AV Qo <F
A1 F2ks S8l Bz 3|20t Fas) 7 5ol "olA|
ZoZ HrheELh $HH, 7IE CMOS 7[Rk 43 aj=
ZE YA (linear feedback shift register, LFSR)L} ©]
X} = WA 7 (pseudorandom  bit generator) HESF p-
bit 71'5S AT 7 AT I T2/ (randomness)S
AFslA] Fah, 73 7hY ERAZE7 QT E e B33
32 o= el WA MY AR SN Bsitt

ol @

Ir

> >

Hay

ru
]

—r

VI 4

B =78 718 £ olvh oA HIFEEE ARt ¥
b iR A8 ZAE SE5S 5 s AAY At
o2 EEH 37 (probabilistic computing)®] 7l
At 53] & A= ovA aeAddt awel |
A7t 87EE ALt 7IE At GHolN FERA A
Hol zhs w2 A8 7ol T ol2ld AHFE
oplExle] sf=glo] 7S A% A AR = WY A
Bd H¥AaAK(stochastic magnetic tunnel junction, s-MTJ)
7} AMEEH, o= 71E MRAM 347Re] 3348 nige
2w 4849 34 T7FedE AlEdn HEe] s-MTi=
&2 &2, 2 W), 143 5 O =24 ol
AYaL glo] 282 g8l At s-MTI 75t 58
AR AaEe 29 HA3, dT s, wolAt F2
5 AR &4 s del andor &89 4 vk &
Aore sMTI] AT 72 2 A AFe] H#s),
R EAF Ao, A e A= 3= A4, AEg &
g N, 2Elan diete fJAs 3 AR 5 Tle
o] F2 FAE Hol k. ol&0] 4 Fhd 1 A
FEAM F AFEE Hol7ke S Y 9EE 25
1 78T 7+ S AR Vi)
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