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Development of single dopant circuit by deterministic doping and application to
stochastic processing
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In this research, we aimed to incerase the ion species in the deterministic
doping method, develop a circuit in which a single dopant dominates the operation, and model
processing in the brain with quantum effects. Then, by realizing brain-type quantum circuits that
perform ultra-low-power, parallel computations, we aimed to establish a foundation for innovative
information processing systems. Specifically, we established the single dopant quantum dot formation

process by the deterministic doping method, and succeeded in forming a new quantum system
consisting of germanium-vacancy complex, which is an achievement that enables room temperature
operation. In addition, we have developed a single-dopant neural network circuit that operates using
thermal noise and fluctuation for the first time, and built the basic technologies for exploring a
new information processing device and circuit.



LSl

1
Shinada, Nature 2005 1 Prati,

Shinada, Nature Nanotech 2012

Oya, Asai, Chaos, Solitons and Fractals
2006

loT
CMOS
CMOS
ITRS2013
POC
H28 H30 3
(1)
Enrico Prati CNR

2

©)



H28
)

@)

H29
)

@)

H30
)

@)

Ge FEr

28

| EEE Silicon Nanoel ectronics Workshop 2017

29



(1]

(2]

(3]

(4]

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

4
S. Achilli, N. Manini, G. Onida, T. Shinada, T. Tanii, and E. Prati, “GeVn complexes for silicon-based
room-temperature single-atom nanoelectronics”, Scientific Report, 8, 180054, 2018. | ]

T. Tanabe and T. Oya, “Study of Single-electron Information-processing Circuit Mimicking Foraging
Behavior of Honeybee Swarm”, Japanese Journal of Applied Physics, 56, 06GF13 (2017). [ ]
K. Satomi and T. Oya, “Design of Slime-Mold-Inspired Multi-Layered Single-Electron Circuit”,
International Journal of Parallel, Emergent and Distributed Systems, 34, 400 (2017). [ ]

T. Tanabe and T. Oya, “Study of Single-electron Information-processing Circuit Mimicking Foraging
Behavior of Honeybee Swarm”, Japanese Journal of Applied Physics, 56, 06GF13 (2017). [ ]

31

7, 66 ,2019 3

2019 3
N. Kurata and T. Oya, “Design of "bubble-Inspired Single-Electron circuit" Mimicking Behavior of
Bubble Film”, 2018 International Symposiumon Nonlinear Theory & Its Applications (NOLTA 2018),
September 2018, Tarragona, Spain.
T. Oya, “Noise-Harnessing Nanodevices”, 2018 I nternational Symposium on Nonlinear Theory & Its
Applications (NOLTA 2018), September 2018, Tarragona, Spain.
" 7 79
,2018 9
, , ”, 79
,2018 9
T. Ovya, and T. Shinada, “Study of noise- and fluctuation-harnessing single-dopant device”, 2018
Slicon Nanoel ectronics Workshop, June 2018, Hawaii, USA.

W. Zheng and T. Oya, “Design of neural network construction for pulse signal generating and
propagating medium”, 2018 Silicon Nanoel ectronics Workshop, June 2018, Hawaii, USA.
, , ”, 65
,2018 3

) £} >



65 ,2018 3
[13] , , " 65
,2018 3
[14] , , 7 8
, 2017 12

[15] W. Zheng, F. Maehara, and T. Oya, “Study of Unique Neural Network on Pulse Signal Generating and
Propagating Medium”, 30th International Microprocesses and Nanotechnology Conference (MNC
2017), November 2017, Korea.

[16] T. Tanabe and T. Oya, “Design of Multi-Layer Single-Electron Information-Processing Circuit for
Nonlinear Problem Mimicking Foraging Behavior of Honeybees”, 30th International Microprocesses
and Nanotechnology Conference (MNC 2017), November 2017, Korea.

[17] LY. Tu, , , K. Gi, , , E. Prati,
M. Celebrano, M. Finazzi, L. Ghirardini, , ,

”, 78 ,2017 9

[18] , «
78 ,2017 9

[19] T. Oya, T. Shinada, “Design of Magjority Logic Gate for Single-Dopant Device”, 2017 Slicon
Nanoel ectronics Workshop, June 2017, Kyoto, Japan.

[20] Y. Shimizu, Y. Tu, A. Abdelghafar, M.Yano, Y. Suzuki, T. Tanii, T. Shinada, E. Prati, M. Celebrano,

M. Finazzi, L. Ghirardini, K. Inoue, and Y. Nagai, “Atom Probe Study of Erbium and Oxygen Co-
Implanted Silicon”, 2017 Silicon Nanoelectronics Workshop, June 2017, Kyoto, Japan.

[21] E. Prati, M. Celebrano, L. Ghirardini, P. Biagioni, M. Finazzi, Y. Shimizu, Y. Tu, K. Inoue, Y. Nagai,
T. Shinada, Y. Chiba, A. Abdelghafar, M. Yano, T. Tanii, “Revisiting room- temperature 1.54um
photoluminescence of ErOx centers in silicon at extremely low concentration”, 2017 Slicon
Nanoel ectronics Workshop, June 2017, Kyoto, Japan.

[22] T.Tanabe, T. Oya, “Design of single-molecule information-processing circuit mimicking foraging and
information sharing behaviors of honeybees”, The biannual International Conference on Molecular

Electronics and Bioelectronics (M&BE9), June 2017, Kanazawa, Japan.

[23] , e
64 ,2017 3,
[24] , , < 7, 64
,2017 3
[25] , , 7, 64
,2017 3

[26] M. Takano, T. Oya, “Study of performance improvement of single-electron associative memory
circuit”, Applied Nanotechnology and Nanoscience International Conference (ANNIC 2016),
November 2016, Barcelona, Spain

[27] K. Satomi, T. Oya “Design of Slime-mold-inspired Multi-layered Single-electron-circuit”, 29th
International Microprocesses and Nanotechnology Conference (MNC 2016), November 2016, Kyoto,
Japan

[28] T. Tanabe and T. Oya, “Study of Single-electron Information-processing Circuit Mimicking Foraging

Behavior of Honeybee Swarm”, 29th International Microprocesses and Nanotechnology Conference



(MNC 2016), November 2016, Kyoto, Japan
[29] : o
v, T ,2016 10
[30] , L .
7 ,2016 10
[31] T, Shinada, E. Prati, T. Tanii, T. Tergji, S. Onoda, F. Jelezko, J. Isoya, “Deterministic doping to silicon

and diamond materials for quantum processing”, 2016 IEEE 16th International Conference on
Nanotechnology (IEEE NANO 2016), August 2016, Sendai, Japan

2
[1] T.Oya, “Feasibility of Slime-Mold-Inspired Nano-Electronic Devices," From Parallel to Emergent
Computing, A. Adamatzky, S. Akl, and G. Ch. Sirakoulis, Eds, CRC Press, 2019
[2] T. Shinada, E. Prati and T. Tanii, "Deterministic single-ion implantation method for quantum
processing in silicon and diamond" in "I ntegrated Nanodevice and Nanosystem Fabrication - Materials,

Techniques, and New Opportunities-" edited by Simon Deleonibus, Pan Stanford Publishing, 2017

D
Takahide Oya
8 30432066
2
Tetsuya Asai

Takashi Tanii



