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Google Arute et al., Nature 574, 505 (2019). IBM 127 qubit chip

USTC 66 qubits

https://twitter.com/jaygambetta
/status/1460697552379076612

Zhu et al., arXiv:2109.03494
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https://www.jst.go.jp/moonshot/koubo/202002/pdf/pd_wgb.pdf
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Science 339, 1169 (2013).

trapped-ion system
InnsbruckX  Nature 589, 220 (2021).
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QEC in superconducting qubits

Reference code type syndrome arbitrary error qubit multi-round distance # of qubits
year extraction layout repetition (data/ancilla)

Yalel repetition Z, X errorf@ 5 1D array fixed(3)
2012 [[3,1,3]] (1x3) (3/0)
IBM2 surface O TR H D F 2D array X fixed(2) 4
2015 [[2,1,2]] (Ey MEEAT) (2x2) (2/2)
Delft3 repetition O X errord & 1D array X fixed(3) 5
2015 [[3,1,31] (1x5) (3/2)
UCSB* repetition O X errord & 1D array O varied (3, 5) 9
2015 [[5,1,5]] (1x9) (5/4)
USTCS 5 qubit code O O 1D array X fixed(3) 5
2019 [[5,1,31] (1x5) (5/0)
ETHS surface O TR H D F 2D array O fixed(2) 7
2020 [[4,1,2]] (£ MFEART) (4/3)
Google’ repetition, O Z, X error{&7! 1D array O varied (3-11) max 21
2021 [[11,1,11]] in 2D (11/10)
Delft8 surface O TR H D F 2D array O fixed(2) 7
2022 [[4,1,2]] (£ MFEART) (4/3)
ETHS surface O O 2D array O fixed(3) 17
2021 [[9,1,31] (9/8)
USTC1O surface O O 2D array O fixed(3) 17
2021 [[9,1,31] (9/8)
1. M.D. Reed, Nature 482, 382 (2012). 6. C.K.Anderson et al., Nature Phys. 16, 875 (2020).
2. A.D. Corcoles et al., Nature Commun. 6, 6979 (2015). 7. Z.Chen et al., Nature 595, 383 (2021).
3. D.Riste et al., Nature Commun. 6, 6983 (2015). 8. J.F.Marques et al., Nature Phys. 18, 80 (2022).
4. ). Kelly et al., Nature 519, 66 (2015). 9. S.Krinner et al., arXiv: 2112.03708.
75, M Gongetal;arXiv:1907.04507. 10. Y. Zhao et al., arXiv: 217213505 bronterword - [NIEQ
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Google Quantum Al, Nature 595, 383 (2021).

Sycamore processor (54 qubits) D —aE % & H

LIRTIZ b X Treadout errorA’ 0 1220 E 4
ancilla qubitRITE# IZBEENHIreset € X (p/pth)T
O AT Z—A code distance dlZxf L TIBHEBIHMICH D 35 2 & ZHERR

surface code CRIMEZ VI A 7= ICIE. AA DT T —%ZIBIKL Y ~30% B S EB0EHLDH 5,

A o< pup/p
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SR MMEE ST BHERIR (ST VI 7o B A1 D ZRE

& HFRSEEDSEIEEN (1 mMW@100 mK) PEEIA~~N—X (~0.53m3at 10 mK) D#I#9,
® TEOEARZL)ILY FAZIZRERT—ILLEW, HEEH:~100W/EFL Y k
® TP AXRERIZCEBAEFEY FHOER, 300 mm 7 = /N[22 mmbEy FTEETEDH TINAEFE Y b
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EPJ Quantum Technology volume 6, 2 (2019).

& FARHAIZ R transmonEFE Y MEBRIEEEZ SHEICEW HFISEKOL Y 7 v 7B WT,
[El#f S — 7 )LECHRIC £ B passive heat load EF v MEE/5EH L IZ & Bactive heat loadf A (122 Ly
T, REDH Y EFTHZITW, b0EFE Y PETOFHEATHEN LK —HT 5 T & = HERD
® bty Ty TOEMAIKRICEYIOEFE Y FMEEIFAIgELE BHNDE, BICWC O DHEZITH Z
- | %® = S - \ \
LIZE Y. HI00BFEY TRV B AL, OBy T

mHRE N D1/ E = (£
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A. Gold et al., arXiv:2102.13293.

RBEFERAHEE (1BM)

https://zephyrnet.com/ja/ibms-goldeneye-behind-
the-scenes-at-the-worlds-largest-dilution-
refrigerator/?amp=1

F. Lecocq et al., Nature 591, 575 (2021). JAWSEE%L: &5 'TE—E/\D%V = /RZ/)?\

BET v s
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D. Rosenberg et al., IEEE Microw. Mag. 21, 72 (2020). A. Sirois et al., IEEE Trans. Quantum Eng. 1, 6002807 (2020).
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W. Cai et al., Fundamental Research 1, 50 (2021).
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5.6°1 4,271 38  101%2
2¢cm 3cm A|(1050) 16 1.2 110
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Red: NTT, *1 Reagor, APL2013, *2 Kudra, APL2020, *3 Heidler, PRAppl2021
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ISNTT 2021
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NanoBridge technology
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Cryogenic operation of NanoBridge

NBSF—L/

K. Okamoto et al.,
SSDM2021 Late news

€ 1T7-1R devices fabricated in a 6bnm-node standard CMOS platform

were used for temperature dependence evaluation.

1T-1R configuration

B /. increases with decreasing temperature. PSE Gate
. . Cu\ Ru —T—
B On resistance (A,,) is controlled by set current (/) Vi 1 gVv2
compliance. ooy
B ON resistance is independent on temperature, OFF resistance NanoBrides
increases with decreasing temperature due to P-F emission
mode.
NanoBridge |-V sweep Vset
iZZEzz /=4 K - R Set voltage N Resistance
3.50€-04 RESET %— 25 ig?;g \
3.00E-04 v — OB+
< 5 soe08 r—;OK s 2 \ £ 10E+08 Inm
o =1c Increas S 1.0£407 Off
g 2o 2 = 1.0E+06
1.50E-04 1 & 1.0E+05
1.00E-04 » +0.55V s . OE:O4 < Flat
: N = ===
>008:05 2ET 1.0E+03 [ On
0.00E+00 0 1.0E+02
-3 -2 -1 0 1 2 3 0 100 200 300 400 500 0 100 200 300 400 500
Voltage(V) Temperature (K)

Temperature (K)
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Single-Flux-Quantum Logic Circuits

Single flux quantum (SFQ)
®, = 2.07 x 1015 Wb

Insulator

(b) 1] o

Josephson . Current - |
junction = \\ TosFq o= X
| cgn(\)/erter ¢
S L SR .

(d) — Wq = W10
— wq = wip/2
Wq = w10/3

Superconductor ring jvdt = @,

High-speed digital LSIs
using quantized magnetic

flux .
< Voltage pulse-driven logic ) O e B0
% 10+ GHz, low-power operation _

o T . I , E. Leonard Jr., et al., “Digital coherent control of a

¢ ransmission line interconnects superconducting qubit,” Phys. Rev. Appl. 11 (2019).
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Design of Ultra Low-Power SFQ

- Device specifications 3°°J£
= Nb 4 layers, planarized I
= .JC . 250 A/Cm2 300nm T

u]

u]

Min. JJ: 1 um square, 2.5 pA
Resistor: Pd 1.2 Q @10mK

Both 10-GHz operation and 1/100+
power reduction are achievable.

A

21

100 pum

/JJ
R/ N
. CRAVITY
0.5-mV JTL cell

2KF— L
A RHEH >
20226 B FINES A TIE

CTL

EE CC 7200 nm
Cou SiO2 o
BC Si02 Jc 10x BC Sio2 BC  [300nm
gas LI JJ BAS
Gc RC RES RC ac I300nm
Ground plane (GP)
Si Substrate
10 ¢
’;‘* - Conventional
3 (4.2-K design) \_
()] )
*g |. 1/10, voltage 1/5
o 1 (using lowered J,)
I O
S
Q -
N 01 | Target
s f 1st gen for 10 mK
o & . .
G;) R (naive design)
g v | further optimization: 1/5
0.01 A/ S N R

20 30 40 50

Expected operating frequency (GHz)
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Operation test at 4.2 K R

2022FEFICAAYMEBFEEFiRE

« Successful operation at 1 kHz.
= Josephson transmission line, splitter, merger, and D flip-flop

Input

SFQ are generated at §
positive edges after
attenuated by 54 dB

Output

Voltage level inverts
when SFQ arrives
(amplified by 60 dB)

Jj_ _A~ _f- Diff. Amp. &

PG —— DC/SFQ JTL +—— SFQ/DC ——

\ 4

Oscilloscope
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NEC, AIST: EFE v bHF@, Jb—-L Y IXDHE )
EREMK: EFTEY bR - G T 1 > O—KMLICEY 5 EmIRET
NICT ; TEXF > v LEGZRAWCETE Y b
Nikon : ROV z NEBWET Ly MEREIN
NTT, BMAX, BB BEEEREZAWR/ =y 73—k

\Orchestrating a brighter world N.é‘




BIREFTQCOEEBNRE

M. F. Asiani, arXiv:2112.04022.

& Steane codeT2048mELE Y FDOQFT=ETd 5 Z & =#8E (7,,,~ms)

& ETE Y NERE(T). fIITL 7 FA= 7 XEERE (T «
concatenation level(HEZ /X7 X —% (ETK) & LT, =7 v bat
EREARBTI2RINDOVATLHEEN%51E (A T)

® £ 1. exbmW/qubité LT/ 87 X —&1t

® ~10 MW for 7, =1 ms

25 \Orchestrating a brighter world N E.



SFQ-based quantum controller architecture
M. R. Jokar et al., arXiv:2202.01407.

& scalability%iffﬁbeFQ IC&EBEFEY MY X T LDIRE

® AHEEBEXTYZHWTICEZHE Y b SBEBEAZMIULIETS7-9
IZSIMD 7 —ﬂFT?T’V%%ﬁH

® =7ty MIRBAEHMDIEO DR 7 ME, V777 R
THRIN

&® SFORETY — /L ZE2BAWTCREEZXRETL. /N— F 7 = 7 4%8e 2 7
O 1024g?t v IAED [

°|EIEQ7 v |\7 >k 11000 mm?
e TR E DT — T ILAE : 30K
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R ERLE ZHMLEEME  EIRLE—
CryoCMOS SFQ
analog control
Nanobridge (ADC, DAC) ©
system Low-noise amplifiers 5
e
IIF R ERE
DRAM SFQ readout
RBE= FREVREX
300K 50K 4K T—U%H
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