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Abstract With the improvement of quantum control technology in superconducting
systems, quantum error correction has seen rapid development. Recently, significant
breakthroughs have been achieved on various platforms, even surpassing the break-even
point of quantum error correction. However, to reach the final goal of fault tolerant quantum
computation, it is crucial to further suppress the error through scaling up quantum systems. In
this article we focus on superconducting quantum systems and present four approaches for
implementing fault-tolerant error syndrome measurements. We then discuss the three key
stages in achieving fault-tolerant quantum computation and the corresponding challenges at
each stage. These challenges include surpassing the break-even point, reaching the fault-
tolerant threshold, and implementing universal logical gates. To accomplish these goals, we
classify three potential scaling-up schemes based on different forms of connectivity. We then
summarize the experimental progress in quantum error correction and the exploration of
connectivity. Finally, we address three key problems in this field.
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SR MR ZERAC, (H G0 BT RE R TR B
Ko LIFHZFRE A G, Hgmis— /% e,
TN RE n A EE LR, HRSHE O d oo Vi, iR T
— LB IR R R F Y & - LDPC i i &, 4nsC
fak [81]H i 5k & FHRL (Tensor product code), 1F nfR
K AT LA LB AR LU R b oc n AT RGEE d o« Vn
SRR [82]H - féi7 A1 AT (balanced product code) w] [,
SLHLZ LRk oo n LA BER d o< n”°, HEjR
F LDPC i 3 TR A BRI, (0 2 5iyix gk
i - LDPC Jm it iy 5 22l PR v o 4 R A B
Pefe B T Zgepimh, R EELLARr R &R AH B.1E
FH AR T 2 5l Y 1A T BT 55 S0l P . AR X Fh
UL, 3N 8 B i e B P A Fie T B2
S Z2—.

5 SRR

LU, DA S R AE, BRrsERES
AU ELFEE 2 A0 T S0 ) 100 Z1H], 2 8 e rm /NI
AR R . BRI, CHRRE S E AR T
TEF L RrBCR A, B A TR T R Y B,
H A& T8 5 R Ge i Bk (gD £ 2 s Hi it bk
B 5 oAl R R, T & T transmon 42 4
) 2 T B A J 7 HH RS B R R e PR ) AL, oAt
B o £ A O T NN 1 e e S
Gt, BHTCER Y E N T B O BRI LR CZ1T]
BRI B R T2 99.5%", WA
223847 T Steane A 21 flER™,

B T 42 7 be e 5 UL B ot S 5 T AR 2R A1
H AT KRS defT 7w M mavis,
FA P BRAR R AL RS, LA
TG R B, AR LR 2 A1 AR AH AR AR5
{HRUEABAH ELAE A PR, PR G e A i ) A — 4
TEZEAy, WP LLRE R 2 5 A0 LR Z AR AE
MEAER, Eeanscik[83]H i ik iy, dE—2,
0 AT DA B i S s S BH 22 /1 bl e 2 TR 4 0% 42
(all-to-all connection), Zn3CREk[84]7, 20/~4HiLL
FRol 5 R — ik e AR IEEE, £ H b Eb R R T8
O, Wt T 24 BARELRR 1S T 2 A0
S5, ATUAME Bk Tl SeBLX SE LU AR I 24 48, {H.
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R, AEXRMERE AT, LokeEl B B Pt R FLE
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B W E TR Al B — P An e, T
A 2% JE 1 Al 3C Bk 19 flip-chip 4 R S = 4k
2 IS HERTI T ZMAE THES, 3
BR[661 A S T4 il ik 5 LU Rp i By M, 432
TRAREFRERRE L BkfHER. LRHE
AR B AR AT, AR S N Y ELIE
2 R Z MR AL T F T, o an A fi ke
I LA 2 A At ) T34 CL 2245 2 J PR ) 45
o BIANFESCHR[86]H iRy, @it £y 0.25 m
KR ER LAY S A BB [A] L IR DURZS 7Y
Ebie GHZ DA K 12 ey GHZ IR K E 45>
FAE]99% ., 92% LA 55.8%,

T H ALY R SR 40 R 5 A B 22 5
mEBEAETA S BABRR R ERIE, B St
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Pk I AT DAE = 428 (Rl A AR R AT, T HL AT
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PR R TT %

6 ITitFIRE

Bl B Hl R RAY Rk, AR T
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TYET R A EORA IR, WA DOE R
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MR RERIIE IR R GERI T o A T KR BAx,
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