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Google

Arute et al., Nature 574, 505 (2019).

IBM, 433 qubits

RIKEN RQC, 64 qubits

IBM Unveils 433-Qubit Osprey Chip - IEEE Spectrum

USTC, 66 qubits
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(sangyo-times.jp)

Rigetti, 80 qubits

hter world

Zhu et al.,
Science Bulletin 67,
240 (2022).

Rigetti Announces Commercial Availability of Aspen-M
System and Results of CLOPS Speed Tests

(hpcwire.com)
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Nature https://doi.org/10.1038/s41586-024-08449-y (2024).
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5o — =@ = . R&D Target i3 Y i EF a2 —KXAEFE Y FEIKROFREH
Eﬁ&bT— ? t E%EE*EJE% R&D Target 228 FE Y FNEBN—FVIT7 VR T LDHAEREF

R&D Target 3B FRYTEMRTL 7 A=/ XDOMEEHE M. Negoro
K. Inoue 6 private companies, 4 national laboratories, and 8 universities * N

Kyushu Univ : system design for superconducting FTQC ]

Y. Uzawa A. Kawakami

) Osaka Univ. : Scalable Electronics for Quantum Computers ]
— — \

M. Tada K. Uchida M. I\/Ilyamura

/[ NBS, Univ. of Tokyo,
— — Keio Univ : cryo FPGA ‘ h
:\[

Keio Univ., Univ. of Tokyo: high-frequency analog
circuits for low temperature operation
® Quantum @

ULVAC, ULVAC Cryogenics, AIST : - M. Tanaka T.Yamamoto
Refrigeration Systems for Quantum Computing - — Nagoya Univ., NEC: Qubit control

usmg a single flux quantum circuit

M. Konoto K. Koshino ]
@ o 3 [ Nagoya Univ., TMDU, RIKEN, NEC: Qubit | S. Yorozu
‘T. readout using & single flux quantum ciroutt RIKEN: Stacked structure of chips with different functions ]

K. Inomata F. Yoshihara S. Saito J.S. Tsai

NAOJ, NICT: SIS-mixer-based
microwave amplifier

M. SaItO Y. Fujiwara H Nakagawa

A

NEC, AIST: Improvement of qubit lifetime and coherence
Tokyo Medical and Dental University: Theoretical study on the qubit readout
NICT, Tohoku Univ.: Qubit with epitaxial junction and magnetic junction
L X4 =7 s © & E NIKON, AIST: Qubit fabrication using CMOS compatible process
NE! s 0date tinoabrion T Yamashita A Noguhi NTT, Tokyo University of Science, RIKEN: Bosonic code using superconducting circuits 8
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&® Cryo-CMOS, SFQ, AQFP etc.

& Potentially reduces the number of physical interconnects (coaxial lines)
between the quantum—classical interface and room-temperature electronics

_rreren IR
Microwave
general-purpose { J

electronics

F:-PGA- electronics
ADC/DAC _ .
_____ 1 1. . _|  NanoBridge
Readout Control \ FPGA \ FPGR
e ] . 1A ADC/DAC " cryo-cMOS
< LNA ** 1/0 bottléneck - [TTT | digital & analog |
N i Readout || Control |
e Coolimgspower | | ..
bottleneck |y IR
JPA o Mux/D Superconductor
iy AU T SFQ circuits
\AAA 9 ) © ©® © O ¢

Quantum chip
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M. Tanaka T. Yamamoto

Insulator Single flux quantum (SFQ)

®, = 2.07 x 105 Wb
Josephson \ Current

uncti . . |
junction ‘\ Josephson transmission line (JTL)
& Current
Josephson
junction (JJ)
Superconductor ring jv dt = d,

SFQ (single flux quantum)
®,=2.07x 10" Wb

superconductor rings (niobium)

High-Speed digitﬂ' LSIS USing Y y dc bias current
quantized magnetic flux —m TN —

2113
. . —= X&® X X X
“* Voltage pulse-driven logic 1l L L L
% 10+ GHz, low-power operation )
*» Transmission line interconnects

Y Y

K. K. Likharev and V. K. Semenov, IEEE Trans. Appl. Supercond. 1 (1991).
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Selection of Critical Current Density

M. Tanaka et al.,

. IEEE Trans. Appl. Supercond. 33, 1700805 (2023).
@ Easy to fabricated small / JJs (2-10 pA)
: — 2
& Acceptable operating frequency (10GHz) » J. =250 A/lcm
. | 50 —— g 10 ¢
0.8 10kA/cm? (4.2-K design) 300 | el F Conventional
| ok - o (4.2-K design)
o7 s e
E 82 2.5kA/cm? Q 1 ThlS Work e
- O F et
® 0'4 O @« I. 1/2, voltage 1/5
c | @ i : (using lowered J.)
= 0.3 i PR P 5 O . C
o Yo 250A/cm? 5 H
= 02} | > 01 ¢
! . TO0A/cm= ) o ;
0.1 4 50A/cm O ¢ | Target
0 Lk EATVORRVA VO g (I, 1/10, voltage 1/5 (1/25))
T 0.01 e
0 100 200 300 400 500 600 0 10 20 30 40 50
Time (ps) Expected operating frequency (GHz)
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Y = =1 S / M. Tanaka et al.,
BH—gREFhigzHW:-Ft v kD IEEE Trans. Appl. Supercond. 35, 1700405 (2025).

Development of SFQ 1:2 Demultiplexer
88 0 0o oo 6a oo CirE oo v JJ count: 101

T ’ v’ Bias current: 1,368 YA

|55 55 55 [ S I Fap E e put) v’ Circuit Area: 0.80 mm*

e e jL v Power (0.1-mV cells): 136.8 nW
Py v’ Latency (0.1-mV cells): 326.7 ps

Monolithic integration
of SFQ demux and
Al-based two qubits

to be tested soon!

N E‘ \ Orchestrating a brighter world © NEC Corporation 2025 12



FedH

o - IMYEEFL Y FAREL SNBFTOCEED A, BFEy Fab—L v XEQLEE
BT OMENEHEL L b, RT—5EY T4 OREBEREITHT 25 L W, 21%5E
A28k T7—%F 0 F v BAPDE

N E. \ Orchestrating a brighter world © NEC Corporation 2025 13



NEC

\Orchestrating a brighter world



	ムーンショットプロジェクト「超伝導量子回路の集積化技術の開発」のご紹介
	超伝導量子ビットとは？
	超伝導量子コンピュータの実物
	超伝導量子コンピュータ
	超伝導NISQプロセッサ
	Googleチームによる表面符号の閾値以下動作実証
	超伝導量子コンピュータ
	研究テーマと課題推進者
	クライオエレクトロニクス
	単一磁束量子回路
	Selection of Critical Current Density
	単一磁束量子回路を用いた量子ビットの制御
	まとめ
	スライド番号 14

