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Probabilistic computers (p-computers) with probabilistic bits are expected to address some computation-
ally hard problems for conventional deterministic computers, and stochastic magnetic tunnel junctions (s-
MTIJs) show promise as the crucial constituent of the p-bits [1,2]. Here, we study the computational accuracy
as a function of the statistical properties of random telegraph noise (RTN) from s-MT]Js [3-8].

We investigate the computing results based on the Ising model in terms of the difference in the appearance
frequency of the lowest energy (E) states (correct solutions) compared to the higher E states (incorrect ones)
in the statistics. We simulate the NAND-gate operation [9] (3-bits), full adder operation (5-bits) using exper-
imentally obtained RTN of s-MTJs [8] with various statistical properties (amplitude, distribution, etc.). We
also test software-generated continuous random numbers as an extreme case. The interaction between bits is
implemented by sending a signal given by -Io0E/Ox; to the ith bit, where Iy corresponds to the inverse tem-
perature and x; is the binary state of the ith bit. It takes longer to get the solution distribution for too high /o,
whereas the contrast becomes small for the too low /o, giving upper and lower bounds of 7y. We observe that
various kinds of RTNs can be used in p-computers by only tuning /y even if they have a binary-like distribu-
tion [Fig. 1]. We also discuss the factors determining the contrast, providing a guideline to design the s-MTJs
and operate the p-computer.

This work is supported in part by JST-CREST JPMJCR19K3, JST-PRESTO JPMJPR21B2, JST-ASPIRE,
JPMIJAP2322, and JST-SPRING JPMJSP2114.
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[3] S. Kanai e al., Phys. Rev. B 103, 094423 (2021).
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[8] R. Ota et al., arXiv 2405, 20665 (2024). Fig. 1 (a) Histogram of the random telegraph noise

[9]N. A. Aadit et al., Nat. Electron. 5,460 (2022). (RTN) and binary/continuous random number. (b) lo*
’ ’ for each amplitude of RTN and binary/ continuous ran-

dom numbers.
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Magnetic  tunnel junctions (MTJs) exhibit tunnel
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magnetoresistance (TMR), which are applied for HDD reading
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heads, memories, and sensors. Current standard materials are
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FeCoB and MgO, whereas various materials are being

Magnetoresistance (%)
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explored for advanced MTlJs [1-4]. One of the demands is new

=}
T

L

resistance, and good candidates would be cubic wide-bandgap -icc0 -500 0 500 1000
H(Oe)

o
T

barrier materials exhibiting both large TMR and low

oxide semiconductors crystallizing on a (001) plane of Fig. 1 The TMR curves in the MTJs with
magnetic electrode [3,4]. In this study, we explored a the 0.9-mm-thick GaN fayer in the barrier
metastable cubic nitride wide-bandgap semiconductor c-GaN (001) with a bandgap of approximately 3 eV
for a tunnel barrier in MTJs. Films were deposited on MgO (001) single crystal substrates using an ultra-high
vacuum magnetron sputtering. Multilayer stacking structure was Cr(40)/ CoMnFe(10)/ Mg(0.5)/ MgO(0.6)/
GaN(d=0.4-1.2)/ Mg0O(0.6)/ CoMnFe(8)/ IrMn(10)/ Ru(10) (thickness in nm). MTJs were annealed in a
vacuum furnace, and the film structures were analyzed by X-ray diffraction (XRD). TMR effects were
evaluated using the current-in-plane tunneling (CIPT) measurements and a standard four probe method in
patterned MTJs. The XRD measurements confirmed the epitaxial relationship of the buffer
Cr(001)||CoMnFe(001)||IrMn(001). Notably, the texture of the IrMn (001) indicates the formation of the
metastable cubic GaN (001) which is promoted by MgO(001). Fig. 1 shows the TMR curve for the MTJ with
the 0.9-nm-thick GaN layer annealed at 300°C, we observed the relatively high TMR ratio of about 75%. We
will present the GaN thickness dependence of the TMR ratio and the resistance area product in the
presentation and discuss the effect of GaN layer in detail. This work was supported by JST CREST
(JPMIJCR17J5), KAKENHI (21H05000), and X-NICS of MEXT (JPJ011438). S.M and M.S thank Spin-RNJ.
H.K thanks GP-Spin at Tohoku Univ.
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Co,MnGa(CMG) & B4 )& Pd % f& )= L 72 PA/ICMG T E LI IZ 35\ TR T OB H S #) 2
BUHI L7223, ZOMHEIZH S TR - 72[3]. PA/ICMG (2B W TIE, UALVRICKENT S hRe
PAIVER—)L RV (THT), AE#E hL 27 (SOT), M OWE kL2 (OT) BRI 2hEE & L
TYERT 5 Z LRI S, 26 OFDES O K E SITEEFR OB T mIckFT 5. £ 2T,
AWFETIE, PAICMG (2317 % Eiftah RER B O 2 B 52T 5720, WS 2 Fn L
CHRERE T OREAL 5 1) % 2840 S W T R IS RERE I VE R 9 2 B aA A 2 ise s & R~ 7=

MgO (001) 34k EIZ ki L 7= Pd (3.0 nm) / CMG (1.8 nm) % 1§ 2 pm O F v x /b & 1 %fDHR—/L 7
0—7 ZROR— A NA—BIREFICNT L. £ LT, F v XV NICHEE L2 OIRE L=k, &
¥ VAN © T2 NS He £7213 He L EART 2 NS Hy T C—EO®ER | 23 L, TEE
Wl admn| L7 s O RERERB BN LB 7R RS T 2 3RO 7o, PRI Hy SO Hy FTIN I 38\ C AR
WZxh L CRIBICZ L LT, 2, BRI X o IR TERE T 10 O A 5 S BEE I ER L= 2 &
Zas L TCWA. =200 pA ZEININ L 72 RED B 20855 Hetr 13 HoHx = 10 mT T K & 720, £ D He >
LEfILDICON T LTz, 22 T WITEZDOEMHETHD. —F T, Herld loHy = 0 THRA L
720, |Hy|OHEME & BT Lz, 20D X 5 78 Hett @ Hy A7 SOT KO OT 122K L 7= B %)
W D Hy A7 & —B3 5. L L, Her @ HIKFMEIZ DWW TIE SOT LY OT 721) Tl T
X722, THT 2 EDOZEDOMO v 7 BEEEEI/ER LTV D Z L AVRIBENS.

2 3k
[1] M. Yamanouchi, et al., Science Advances 8, 15 (2022). [2] Q. Wang, et al., Nature Electronics 6, 119 (2023).
[3] T. Koyama, et al., FZ=Ii HA#E43, 15p-PA01-8 (2023)
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Strain induced reversible sign change of the anomalous Hall effect in transition metal
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The anomalous Hall effect (AHE) is a fundamental physics related to spin-dependent transport. In certain
materials, the sign of the AHE can change depenging on the temperature, the composition and the layer
structure[1-3]. Recently, flexible spintronics utilizing the inverse magnetostriction effect has attracted
attention[4]. The magnetostriction effect is a well-known phenomenon that combines strain and magnetism,
but the modulation of magnetism by strain is still not fully understood. In this study, we observed strain
induced reversible sign change of the AHE in transition metal multilayered films.

We deposited a few types of multilayers on flexible substrates by magnetron sputtering. Hall
measurement was conducted without (w/0) and with (w/) application of a uniaxial strain in various
temperatures. The small tensile jig was used to apply a strain. The results of Hall measurement for [Co/Pd],
multilayer are shown in Figure 1. Red and blue plots represent the results w/o and w/ strain, respectively. In
w/o strain, the sign of the AHE is positive; Hall resistance is positive under positive magnetic field. In contrast,
in w/ strain, the sign of the AHE reverses to negative. When the strain is removed, the sign of the AHE returns
to positive (dashed orange plot). The same results were observed in other multilayers. We will discuss the

origin of the results with additional data.

20 —r—r—————— W/0 strain (1st)
The authors thank S. Ota for technical support. This i —— W/ strain

work is supported by Program for Leading Graduate 10+ wio strain (2nd)
School:  “Interactive Materials Science Cadet % 0

~ L
Program”, JSPS KAKENHI (Grant No. 24KJ1613 o ™\ Strain ON
and  23H00183), JST A-Step (Grant No. 101 Lo
JPMIJTR233A), JST CREST (Grant No. -20 ———

-120 -60 0 60 120
JPMJCR20C6), MEXT X-NICS, and the Spintronics
HoH (MT)

R h Network of J .
eocatell Tetwork of Japat Figure 1: The results of Hall measurement. Blue

[1] Z.B. Guo et al., Phys. Rev, B 86, 104433 (2012).[2]  and red plots represent the result w/o and w/
V. Keskin et al., Appl. Phys. Lett. 102, 022416 (2013).  strain, respectively.

[3] T. Golod et al., Phys. Rev. B 87, 104407 (2013). [4]

S. Ota et al., Nat. Electron. 1, 124 (2018).

© 2025%F [CRAYEER 100000001-092 T22



14p-P10-8 B72ERANESAESSIHES BETHE 2025 HRENAS HEFvY/K28AV5(Y)

7350V Fe-Ni-B7EILIT 7 AMHFD
e S HREEICRET 5 PR

Study on magnetic properties and magnetic domain structure
of submicron-sized Fe-Ni-B amorphous particles
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[# 5 Introduction] # 7 X 7 v A XORBEMERRL 1%, 28 L7 iEs & iy ammg e Heng ) i 4
T EnD, WHAREFT A AZBT 2R F 2T D88 L L CoEHnEfF STy
5. ¥lo, ZORBXHEGEIIRFNEOBRA U7z AREHNE & 720, %7 I 7 o RBP4
BOWKREA T ITANEND ZEDNRBEINTWBUE, LieRNoT, 737 m A XD
KB D BERAE G & R E OBEMEIC O W TRETT 2 L ERH D, ABFETIE, HilicAmkL
77 I 7 vy Fe-Ni-B b - OMKEFHE L, v A /e~ IR T 4 7 AV I 2 b—a VTR VT L
T R XA 1 D BB L2 DWW TR 5.

[3£B2)71% Experimental] Fe-Ni-B #hi 118, KIEHGETLINEEZ AWCTER L. G L7k 7o
KRR, FREs L OMEIEIZBI LTI, ICP, SEM-EDX 35X ' TEM & AW TRl L7z, BESUHRFAEICEI L
T, MRk 72 RBE R IC S CER L7 2 VR Y v M E VSM 38 X OVE#EA MSL & v 7= 156
BEARPNEVEIS X0 3 L7, BEKREEREATICRE LT, OOMMF B X Mumax® Ik b~ A 7 v~
TRTF AV AV I alb— g &iTo7-.

[F5 3 Results] X 1124k L7z Fe-Ni-B fokbi 712 331F 5 SEM 4D Z7~x9~. HriH L 7= Fe-Ni-B ki
TITEERIGE VIR TH 0, Mk FRERFESET, DM LB TONRER I . RS M H 7 A
SRS AT & 720, Diold 179 nm, Dso i3 201 nm, Dgg 1% 226 nm & 35— D @& Wik T db o 72

21~ A 70U~ TRT 47 AV 2 b—1 3 T &0 IRIT L7 O JEERIRBE 2R T, x 1)
MRS 2 +5 kOe 725 0 Oe & THeg| L7z & & OREXAEE 2 JLECIRAE & U CHRMT L 7=, REXAETE 1T,
R oo x il A RIS ESRIR 2 T AL, EOE D ISR A TERL LTz 3D ORERIMIEE & 7r o 7z

LLEDORERIE, G L7cH 7 X 7 v Fe-Ni-B ki 113 3D OREKUMME 2 A L, BKURMSERA O
BERFFEDS BN D ATREMER S D Z L 2 RIB LTV 5.
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[Introduction]

Racetrack memory is one of the non-volatile magnetic memories which can realize fast operation and high

data density. The magnetic domain is used as data bits and domain wall (DW), which is in between domains,

can be controlled by a spin orbit torque (SOT) generated from an electric current. In this study, we investigate

the DW operation in racetrack memory using Co/Ni multilayer wire with SOT.

[Experiment]

A Ta (2nm)/Pt (2nm)/Co (0.3nm)/Ni (0.7nm)/Co (0.15nm)/Ta (3.5nm) multilayered film was fabricated on a

thermally oxidized silicon substrate using DC magnetron sputtering. The T-shaped wire was fabricated using

photolithography and Ar ion milling. The motion of magnetic domain induced by a SOT was observed by a

polar Kerr microscope.

[Result]

The writing and bit shift operation were observed in two
steps, 1) writing process and 2) shifting process. 1) To
generate DW, the 1s-width pulse current was applied to T-
shaped wire under an in-plane magnetic field Hx = 1 kOe.
2) The DW was shifted by 100-ns width pulse current.
Thus, the writing and bit shift operation were successfully
observed. Fig. 1 shows the DW velocity as a function of
100ns pulse current density of magnetic thin wires. The
DW velocity is proportional to 100ns pulse current density
of magnetic thin wires and its critical current density
leading magnetization switch is 9.7 X 10'° A/m?. The
details of the operation will be shown in our presentation.

[Acknowledgement]

DW velocity (m/s)

-4 -3 -2 -1 0 1 2 3 4
100 ns pulse current density J (101 A/cm?)

Fig. 1 DW velocity dependence on 100-ns pulse

current density.
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A hr=7 AT, [HFHRAFICB W TETOBEMICMZ TAE B HREEFHT 2 HMN
HEHINTEY, AV POAER - SN EZERREE 72> T D, FRZ, ROREMERIZIIT 5
PV T SGEEINREFM LIe A © AR, £ DOEIEIGEME & A U HnEM AR & 2 &
LZRWREIZ Z D VR &4, MEREROIEZ LT T\ 5,

ZOROEELBIL LT, FRIET VS BR(CPGE)S T b D, T OZWRITFHZDOT 1L
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Figure: Energy band diagrams and quantization of the trace of the conductivity tensor 8 in

antiferromagnets (top) and altermagnets (bottom)
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Design and Measurement of a Receiver for a Spin-wave Detection System
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Over the last decades, Moore’s law has guided the semiconductor industry to integrate more transistors and
build more powerful computers. However, in contrast to the increasing computing performance, energy
saving through the technological innovation of semiconductors has remained stagnant for about a decade.
Thus, researchers and engineers are trying to develop energy-efficient computers based on entirely new
concepts, such as in-memory computing and computers based on spintronics devices [1]. The computers
based on spintronics utilize spin waves to transmit and control information, which could decrease the
unavoidable heat generation induced by the actual transportation of electrons in electronic computers.
However, to achieve spintronic computers with better performance, an accurate detection of spin waves is
crucial. In previous research, the detection of spin waves was primarily done by external Vector Network
Analyzer (VNA) systems, which are bulky, expensive, and, most importantly, unable to be integrated into a
single chip. Thus, a small, single-chip spin-wave detection system is required for the next-generation
spintronic computers. Besides, the magnet field is necessary for spin wave adjustment [2], meaning that
inductors are not suitable to be used in the detection system. To tackle the challenges above, in this
presentation, a novel spin-wave detection system is proposed, as Fig. 1 shows. The detection system
includes a PLL, phase interpolator (PI), LNA, lock-in amplifier (LIA), and ADCs. The PLL and PI generate
two phase-controlled signals for ports 1 and 3 of the spintronic device. The LNA and LIA amplify and
down-convert the weak DUT output for noise filtering and ADC-based detection. The feasibility of the
proposed system has been demonstrated based on the actual spin-wave device measurement result, which
exhibits a similar frequency response compared to the results obtained by Keysight N5222B VNA. This is a
first step towards the integration of spin wave devices.

Acknowledgment: This work was supported in part by the Institute for Al and Beyond, the University of Tokyo.
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Fig. 1 The proposed spin wave detection system
[1] Mahmoud, A. et al., J. Applied Physics. 128, 161101 (2020).
[2] Sarker, M.S. et al., Scientific Report, 13, 4872 (2023).
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1. Introduction

Recent artificial intelligence (AlI) technologies make mobile devices more and more intelligent. However, the tremendous amount of data and frequent data transfer
between memories and processing elements during processing bring high power consumption to Al chips. Using the Computing in Memory (CiM) architecture to
design Al chips is an effective way to reduce power consumption. Spin-Transfer Torque Magnetoresistive Random Access Memory (STT-MRAM) is one of the
most promising emerging verified technologies because of its non-volatile, high-speed, high-density, and high-reliability characteristics compared to conventional
non-volatile memories. However, most designs of STT-MRAM-based CiM architecture are suffering from the limited accuracy and access speed due to the limited
TMR. The goal of this research is to design a differential type STT-MRAM-based CiM cell that can avoid these problems for Al chips.

2. Computing-in-Memory (CiM)

The application of AI chips makes mobile devices more intelligent, but they also
consume more power. In particular, the rate of increase in power consumption is faster
than the rate of increase in battery capacity of mobile devices, and this has already
become a limitation to the development of mobile devices. Therefore, low power
consumption of Al chips, which is a very important part of power consumption of mobile
devices, needs to be researched.

One of the reasons for the high-power consumption of AI chips is the traditional von
Neumann architecture. In this architecture, memory and processing elements are
separated, and data must constantly move between the two parts during the process of
computation. This data transfer consumed a large amount of power. To solve this problem,
one solution is the Computing-in-Memory (CiM) architecture.

CiM is a new chip architecture in which operations proceed in memory. This architecture

can save power consumption for data transfer. Now CiM has become a very hot research
topic in the hardware design for Al chips.
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3. STT-MRAM
CiM research can utilize a variety of memory types, but recently, non-volatile
memory-based CiM research has gained significant attention. Among non-volatile
memories, STT-MRAM is considered the most promising new type of memory
because of its advantages, such as high speed, high density, low power consumption,
and high reliability. We can achieve more low-power goals if we combine STT-
MRAM and CiM technology. APtoP P 1o AP
WL | t
| free layer |
| tunnel barrier |
W"'el pinned layer | e
BL SL Parallel State Anti-parallel State
P . . . (AP)
AThe structure of 1TIM cell and its basic device MTJ
Existing Emerging
) NAND STT-
Memories SRAM DRAM Flash ReRAM | PCRAM MRAM
Cell size (F?) 50-120 6-10 5 6-10 4-19 6-20
Read time (ns) <2 30 10° 1-20 ~2 1-20
Write time (ns) <2 50 10° 50 10? =10
Read energy (fJ) 1-5 100 10° 1000 10 10-20
Write energy (fJ) 1 1000 10° 1000 100 100-200
Endurance (cycles) 10" 10" 10° 10° 10'° 10"
Non-volatility NO NO YES YES YES YES

A Benchmark of STT-MRAM and other mainstrem memories

4. Proposed STT-MRAM-based
DCiM architecture

To design a high speed and high accuracy CiM cell, it is important to ensure stable data
storage within the cell. One way to realize this is by making the cell bistable structure
to form a latch, like that of SRAM. STT-MRAM based CiM cell with a bistable
structure is called differential type STT-MRAM. One common way to realize the logic
computing is by putting the logic gate into the cell. We write the weights of deep neural
networks into the cell and store them in the MTJ in advance. When the cell receives the
input data, it restores the weight from the MTJ to the storage nodes, multiplies it with
the inputs, and outputs the results outside.

WL

BL

A The structure of SRAM

5
L ! L] "
(Dweight written —>|@)stored in MTJ Grestored from MTJ
@input written MemOW part
and e XNOR part

multiplication

A Structure and working steps of proposed
differential type STT-MRAM based CiM cell.

This brief proposes a differential type STT-MRAM based CiM cells to solve the limited accuracy and access speed due to the limited TMR.
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1. Introduction

Wearable Al-10T devices have become essential in areas such as health monitoring, environmental
sensing, and activity tracking. These applications require processors that operate efficiently under strict
constraints of power, area, and cost. Conventional FPGA-based solutions, though flexible, are
energy-inefficient and unsuitable for continuous operation. On the other hand, task-specific ASICs, while
optimized for performance, incur high manufacturing costs due to their application-specific design,
requiring another full set of masks. To address these limitations, we propose a via-programmable neuron
array (VPNA) architecture (Fig. 1). This design offers a low-cost and energy-efficient solution for diverse
Al-loT tasks.

2. Proposed Methods

The VPNA consists of a 64 x 64 tile-based array  Via programable neuron array (VPNA)  ¢. convolution, P: Pooling, M: Median
optimized for one-dimensional neural networks,
commonly used in time-series data analysis. To
support diverse applications, each VPNA tile is
configurable into various types of 1D neural network
layers, including 1D convolution, max pooling, and
median filter. By concatenating multiple tiles, the
architecture enables the implementation of complex
DNN models. Each tile processes 16-bit data and Single VIA layer manufacturing for DNN implementation
supports ternary weights (+1, 0, -1), which are Fig. 1 Via-programming DNN processor fabrication
implemented as programmable vias. These vias allow
specific DNN models to be hardwired by customizing their locations based on DNN training results. As a
result, customized DNN processors can be fabricated with the same mask set, except for a single via mask
for programming.

The technical challenge for VPNA is the large number of signal wires. The bit- and neuron-serial circuit
(BNSC) reduces wiring complexity by a factor of 1,024, leveraging bit-serial communication and a
multi-drop bus configuration. Additionally, the function-selective non-linear neural network (FS-NNN)
simplifies the implementation of non-linear activation functions by limiting them to four specific types:
ReLU, inverse ReL U, linear, and inverse functions. This simplification reduces the hardware resources
needed. Together, these techniques enhance the scalability and practicality of the VPNA for diverse use
cases.

3. Results

We fabricated a test chip with VPNA tiles using a 40nm CMOS process. To evaluate its performance, the
VPNA was configured as a 1D convolution layer with 50% weight sparsity. The results demonstrated that
the VPNA achieves comparable or superior energy efficiency across various applications while utilizing the
same base chip. When compared with an FPGA-based KWS recognition processor [1], the VPNA achieved
28.3 times higher energy efficiency. Furthermore, despite being implemented in an older 40nm process, the
VPNA reduced the area by a factor of 2.3 compared to the 14nm analog reconfigurable CiM [2], which has
a similar tile structure and reconfigurable wiring. These improvements highlight the effectiveness of the
VPNA's design, particularly the contributions of BNSC and FS-NNN, in optimizing both energy efficiency
and area utilization.

References
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1. Introduction
With the proliferation of 10T applications, there is a growing demand for real-time object detection on edge
devices. Traditional cloud computing models face challenges such as high latency, bandwidth limitations,
and privacy concerns. Edge computing addresses these challenges by moving computational tasks to end
devices, significantly reducing system latency while enhancing data privacy protection.
Among various edge computing platforms, FPGA-based DPU solutions emerge as an ideal choice for
deploying deep learning models due to their low power consumption, high performance, and
reconfigurability.
2. Network
YOLOv3-tiny, as a lightweight version of YOLOv3, maintains reasonable detection accuracy while
significantly reducing model parameters and computational complexity. Its single-stage detection
architecture and streamlined network structure make it particularly suitable for edge deployment, meeting
real-time requirements.
3. Implementation Details
Leveraging Xilinx's Vitis-Al development toolkit, we implemented a systematic model conversion
workflow for YOLOv3-tiny. Vitis-Al provides comprehensive tools for deep learning model optimization
and deployment on DPU platforms.
Quantization: Using Vitis-Al's quantizer, the model is optimized through calibration-based quantization,
converting FP32 weights to INT8 format while maintaining accuracy.
DPU Compilation: The compiler from Vitis-Al toolchain transforms the quantized model into an
optimized xmodel format, specifically tailored for DPU acceleration with architecture-aware optimizations.
4. Results and Analysis
The final result is that the FPS is about 70 and the mAP is 25.1%. If we reduce the frequency of real-time
display, the FPS will continue to increase.
5. Conclusion
This approach proves particularly valuable for edge computing scenarios where both computational
efficiency and detection performance are crucial. While current DPU implementations show promising
results, they face limitations in supported operators, which restricts the acceleration of certain neural
network architectures. However, this challenge is expected to be addressed with the continuous evolution of

DPU technology.
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Object detection is essential across various fields, yet achieving real-time performance on
hardware-accelerated platforms remains challenging. During the Al and Semiconductor Design Hackathon
2024 at the University of Tokyo, we explored FPGA-based acceleration for object detector inference. By
accepting minor accuracy tradeoffs, our approach achieved 5x to 39x speed improvements, enabling
real-time processing.

We implemented a YOLOV3 [1] object detection system on the Xilinx KV260 FPGA development board,
utilizing the Vitis-Al framework and DPU (Deep Learning Processor Unit) for hardware acceleration. The
workflow included training the YOLOvV3 mode, converting and quantizing the model, and deploying it to
the FPGA board's programmable logic (PL). To enhance efficiency, we adopted the slighter YOLOv3-tiny
[2] architecture, reduced input image size, and utilized multiple DPU instances via multi-threading.
Inference programs were developed in C++ to run on the processing system (PS).

Performance was evaluated using static images and video inputs, measuring FPS (Frames Per Second)
and mAP (mean Average Precision). Table 1 summarizes five configurations balancing mAP and FPS. The
baseline YOLOV3 achieved 45% mAP but low FPS, unsuitable for real-time applications. In contrast,
optimized configurations demonstrated significant improvements. Configuration #1 achieved 47% mAP at
9 FPS, while configuration #5 prioritized speed, reaching 101 FPS with lower mAP. Intermediate setups
offered versatile tradeoffs.

Efforts to fine-tune the model to recover accuracy post-resizing and quantization, along with experiments
on newer architectures like YOLOv10-n [3], were initiated but not fully completed due to time constraints.
These directions hold the potential for further enhancing the balance between accuracy and efficiency in

future work.

REFERENCES

[1] A. Farhadi et al., Proc. CVPR., vol. 1804, pp. 1-6, 2018.
[2] P. Adarshe et al., Proc. ICACCS, pp. 687-694, 2020.
[3] A. Wang et al., arXiv preprint arXiv.: 2405.14458, 2024.

Table 1 Experimental results.

i Proposed
Index Baseline
#1 #2 #3 #4 #5
Model | YOLOv3 | YOLOv3 | YoLova | YOLOvV3- | YOLOV3- | YOLOVS-
tiny tiny tiny
Input Size | 608x608 608x608 320x320 416x416 224x320 224 x224
mAP 45% 47% 38% 24% 14% 12%
FPS 2.6 9 18 50 82 101
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Over the last decades, the annual global Internet Protocol (IP) traffic has surged dramatically and is
expected to continue growing. By 2023, the number of devices connected to IP networks is projected to
exceed three times the global population. The number of networked devices has a 50% increase from 2018
to 2023. The network speed is expected to more than triple by 2023. By that time, 5G connection speeds
will be approximately 13 times faster than the average mobile connection, reaching 575 Mbps on
average [1]. One of the most critical blocks in the communication system is the digital-to-analog converter
(DAC), which is a circuit that converts digital signals to analog signals. Recent high-speed DAC designs
often utilize the interleaving technique, particularly time-interleaving (TI), to extend the bandwidth and
overall sampling rate without increasing the sampling rate of a single-channel DAC (sDAC). However,
since the development speed of communication systems has become faster and faster, 2-channel
interleaving DACs can hardly meet the higher sampling rate and bandwidth demands, such as beyond 5G
and 6G. Although massive time interleaving is widely applied to analog-to-digital converters (ADCs), only
limited publications discuss TI architectures with four or more channels in current-steering DACs [2][3]. In
this poster, we proposed a hybrid segment architecture of 4-channel TI-DAC, as Fig. 1 shows. This
structure incorporates a pre-filter, a single-stage analog multiplexer, and an output combiner, enabling
improved performance and compromising bandwidth and usable output swing. The simulation result
highlights the effectiveness of the hybrid architecture in achieving superior SNR with sufficient bandwidth
and overcoming the challenges of channel number extension when compared to other 4-channel

architectures.
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Fig. 1 TI-DAC with hybrid segmentation.
[1] Cisco System. Inc. Cisco Annual Internet Report (2018-2023), 2023.

[2] W.-C. Kim et al., IEEE Symp. VLSI 2019.
[3] H. Chandrakumar et al., IEEE SSC-L, 2022.
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[1] Yimeng Chen and Shuguo Li. A high-throughput hardware implementation of sha-256 algorithm. In
2020 IEEE international symposium on circuits and systems (ISCAS), pp. 1-4. IEEE, 2020.

[2] Markku-Juhani O Saarinen. Accelerating slh-dsa by two orders of magnitude with a single hash unit.

In Annual International Cryptology Conference, pp. 276—-304. Springer, 2024.

7% 1: Logic Synthesis Results

Platform clk [ns] area [KGE] cycles cycles/hash latency [us]
SLotH™! Nangate45 4 105 9,127,150 87.0 36,509
This work (2-core) | TSMC28nm 0.26 740 3,240,000 30.9 842
This work (14-core) | TSMC28nm 0.27 1,972 497,000 4.7 134

© 2025%F ISRYEE S 100000001-103 T22



14p-P10-19 B2 ERANESAES LIRS HETHE 2025 RRERAS BEFv/ X284V 5(Y)

RT7IVVIBEDREMS LUN—FU T 7REIX FOBERREFTFEIC
& % RiEH D
Estimating Pairing Security and Hardware Implementation Cost by Design Automation
Technique
RAI', OfEMAF ', o
The Univ. of Tokyo.!, ©°Momoko Fukuda', Makoto Ikeda®

E-mail: fukuda@silicon.t.u-tokyo.ac.jp

(EL®HIC)] =7V > IBEEE, BRI S % FE S B 72N
WEEEDO—ETHD, RSA kb dE#IrOEMKEEREE ST
Y, MEFHEEDTWS. LrL, 7YY IHED 7LD
Y X LFBEMSGR g D, ¥ oMz v 3 0 58] 7%
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[1] The Sage Developers, ”SageMath, the Sage Mathematics Software System (Version 10.0)”, 2024, https://www.sagemath.org.
[2] T. Nonner, "pyschedule”, 2021, https://github.com/timnon/pyschedule.

sssssss

(@)

100
120 140 160 18 200 220 240 260
(C) security [bit]

© 2025%F ISRYEE S 100000001-104 T22



14p-P10-20 B2ESAYRELESLIMRE WETFHE (2025 REEHAS BEFv>/SR&FVS(Y)

GAAF/ o—FREISIi FXRIICEITS Sy TERFIEOERES
Current variation in gate-all-around nanosheet channel
induced by trapped charges at oxide/Si interface
ELT EnrBEmRtE 4 OmE KX FMA Eih: #A &
SFRC, AIST !, °Takefumi Kamioka?, Naoya Okada?, Koichi Fukuda*
E-mail: kamioka-take@aist.go.jp

{’ﬁ“% B#] kit b7 o A X OFIMEME LTF 7 >— b (NS) MOSFET OHFFERH%E A3k
IZHED BTV D, EROWH FET & [FERIC, NS FET (23817 2 8RR & 5 Z 1T O
%WEKE&D%WE?-~‘)?/1&T®JE Y @i%ﬁfiﬁnﬂ%f%é N, FEr e vIal—vare
HIZIZE A EREN 2V, T DX OEHRK & LTH — Mk, M o K alcmsk Lz
7w TEMIZKLDEREBNZT 6D, WHITF v 2V TIE N7 v 7EMITE R DILORRES
LIMEIELRWE, 2 b— a3 VBT —HE0A LIZIRE & L CTiE7e < Bl
#7722 b7 v T & L*ﬁ& IWMEND D, I TAMFETIE, WEERZ2 Si B FRIREE D SOl FET
LU, NS FET IZBIT D N7 v 7EMICL 2 EMEBOFEL TCAD I alb— a3

2 &0 Rt Lf:ﬁ%%i&%ﬂ“éo

(Y2 alL—3a k] ERMFMEBI% L7 3%t TCAD (impulse TCAD) [1]Z AW T2
alb—varEfTolz, AENEHEMZR Y 7 MEBET LVEZHWTEY . &P R
B LT-ET MTHAIAA TR, NSEBLUSOI O SiJBEX &K %72 FET 27 /3 AET )L
LT, N7y EMAEAEMNE LT — MEEE/Si RElciE Lz, N7 v 7EMITSiEo
B e FESRIEICAS LT O 2 EARCE L (~2x101 cm2AHY) . A FEWNICR T HEILT o
FLIb 0L LTI00 K2R LT, ZOLEH{ONLERME (1) & FT7 v TDRWEEDE
WfE (lo) EDFESAl=1-1p& LT, BIREAEHE (Alll) ZiHi L7,

[#53R - FE] SOI & NS FET (28T 2 EMAT R Allly (100 > 7 /D)) % Fig. 112R7,
W73 2L BT SRS 725 & Al SFERT 2 23 [RIFREE D Si J8JE TiX NS FET @ 573 SOI
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Fig. 1 Averaged current variation ratio as a function of Vg for (a) Fig. 2 Relation between Al/lp and
SOI FET and (b) NS FET. trapped charge distributions
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Figure 1: Schematic diagrams of (a) SVA and (b) cold
wall H2S anneal chambers respectively.
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Figure 2: XPS spectra of S 2p orbitals for PVD-MoS:
films before and after annealing treatment.
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Fabrication of FeFET with ferroelectric AIScN film and In203 channel
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Introduction

Artificial intelligence (Al) and the Internet
of Things (IoT) have become popular topics.
To process and store large amounts of data,
low-power consumption memory devices are
required. Ferroelectric field-effect transistor
(FeFET), featuring fast read/write speed, is
one of the most promising candidates [1].
AIScN, a recently demonstrated [1I-N
ferroelectric  material, typically exhibits
extremely high remnant polarization (P;) along
with low dielectric permittivity [2, 3]. Besides,
In,Os has drawn attention for thin film
transistors (TFT) owing to its high mobility
and wide bandgap [4]. Both AIScN and In.Os
can be processed below 400°C, and are
compatible with the back-end-of-line (BEOL)
process [3, 5]. In this work, we fabricated and
characterized FeFETs with a ferroelectric
AIScN layer and In203 channel.

Experimental methods

The FeFET device structure is shown in Fig.
1. A 20-nm-thick AIScN layer is deposited on
top of the 10-nm-thick TiN gate electrode by
sputtering. A 4-nm-thick Al>Osz layer is grown
by atomic layer deposition (ALD), followed
by a 3 nm In;Os3 channel layer deposition by
ALD. A TiN/W stack is deposited for Ohmic
contact to the In,Os layer.

Results and discussion

Fig. 2 delineates double sweep I4-Vy
characteristic curves of the fabricated FeFET.
A clear counterclockwise hysteresis was
obtained with a memory window of 1.1 V,
indicating the FeFET operation. An on/off
ratio of 10° was achieved, owing to the
bandgap of In,0s. The voltage needed for the
operation was 5 V. Note that a MOSFET with
a 10-nm-thick Al,Os layer without an AIScN
layer, also shown in Fig. 2, exhibited a limited
clockwise hysteresis, suggesting a decent
interface property of Al,O3/In20s.

Fig.

Fig.

Conclusion

A FeFET with AIScN/AIO3/In,03 structure
is fabricated. Along with low operation voltage
capabilities, a large memory window with a
high on/off ratio was achieved. Compatibility
with the CMOS process, this device holds
great  potential for  development in
next-generation memory technologies.
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Abstract

This paper presents a cost-effective die-level
TSV process for rapid prototyping of 3D-ICs from
commercially available 2D-ICs called shuttle dies
that are manufactured in foundry services. The 3D
integration process employs advanced via-last TSV
formation with temporary bonding/debonding and
magnetron  sputtering for  high-aspect-ratio
barrier/seed metal deposition without long-through
ionized PVD. In this work, we successfully
demonstrate heterogeneous 3D integration of a
micro-LED array that is stacked on a 40-pm-thin
3D-IC with Cu-TSVs.

Introduction

The rapid prototyping of 3D-ICs is highly
required for post-5G generation. More recently, 3D-
ICs such as High-Bandwidth Memory (HBM) and
3D V-Cache have been widely wused for
supercomputers and generative Al applications.
However, verification of new proof-of-concept with
3D-ICs is very limited. This is because there are
very few chances that 3D-ICs will be readily
available at low cost. This study presents a short
turn-around time (TAT) 3D-IC fabrication scheme
using via-last TSV and room-temperature Cu-Au
bonding.

Method, Results and Discussion

As shown in Fig. 1, the fabrication process
began with an enhanced temporary bonding
technique to adhere a 2D-IC die to a glass wafer. An
0:-RIE process then precisely removed excess
adhesive surrounding the die. This crucial step
enhanced the bond strength and reduced warpage
during subsequent CVD processes. Backside
grinding and CMP were employed for thinning and
planarization of 2D-ICs, reducing the die thickness
to approximately 40 um. A backside SiO: layer was
then deposited with plasma-TEOS CVD.

The subsequent Cu-TSV fabrication utilized
spray coating to ensure uniform photoresist
thickness. Deep Si holes with an aspect ratio of
within 4 were etched using the Bosch process,
followed by liner (SiO:2) deposition via the plasma

CVD technique. Next, a standard magnetron
sputtering deposited the barrier/seed layer for the Si
holes, followed by specialized bottom-up Cu
electroplating to form Cu-TSVs. The void-free Cu-
TSV is shown in Fig. 2 (a). Cu redistribution
layers (RDL) are then formed. Finally, as shown in
Fig. 2(b), 0.I-mm-cubed micro-LED are three-
dimensionally stacked on the thin 3D-IC by using
high-throughput pick-and-place and SAP (Semi-
Additive Plating) D bonding to join the Cu-TSVs
and Au electrodes of the micro-LEDs at room
temperature.

Conclusion

This paper introduced a die-level via-last TSV
fabrication process for 3D-ICs designed for rapid
prototyping and cost-effectiveness.  Utilizing
readily available 2D-IC chips enhanced temporary
bonding and controlled magnetron sputtering,
enabling void-free TSV formation. Successful
heterogeneous 3D integration was demonstrated
with micro-LEDs and a thin 3D-IC fabricated at the
die level from the shuttle 2D-IC die.

Ref.1) Y. Susumago & T. Fukushima, EDL, 44, 500 (2023).
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Figure 1. Via-last die-level TSV Process

Figure 2. a) A cross-section of a Cu-TSV formed in a shuttle
service 2D-IC at the die level with standard PVD (AR: 3.5); b)
36-Micro-LEDs stacking on 3D-IC chip by SAP bonding process
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