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RIEIE. fEIX—R R, AN BURE S A il B B B2
VBT T ™), e B i R A R B
Fd, OhF-R ISR A AR AR TR =4
fIET. SR, S BAME AR AN [ S T RE R A48
AURPE AR, AT 3 E0E TR AYAZ 1R, Ak, AR
L AR PR AR L T B AN TR] L A S 45 A A ke mT
RERIAL I T2 A L T4 AL, A Bt — 2 T 4
JERONAE it T PP A A . 3O, I AR
AU SMEA: K SFHOR T & T — RIIE LA
) oA U L 2 P A R A 4 S, R T
R AR AR A Y R T e
JB A SR TR R A — 2
feil AR, ARG B AAEARRABTE. A3
K 1m BT 204 A 1) AL B A T % 4 982 B BT
) 4 e T T ) ) A ANIPERIE ST, B T RE R SR AT
FEIT 1A

1 SsEER

TEA BB B & JR 2 i, FRATT 7 [l Jos— S
BUAE AR 4 (Bi-Sr-Ca-Cu-0, BSCCO)AK Z Y f k& L Aa 4
MLOZIR R R A S PR o) S
Z—, Hipm )RR Sl 2 mm. &
I HL 767 122 2 SrO-BiO-BiO-SrOM AY, - HL 20 il — )2
BZJZCuO, AL K. SRS S A BiOJZ 2 (1]l
TR, JRRIVER 1. R, SRERES 4
MR S 1E P BIO 2 18] & A= f ¥ TE S A i bk

BT, A5G RCHTEEOR, AR DA BAS B2 5.
Bl L ] A1) e AR S B A R B A S 2 i T
JERCR — 2 3 =2 R iz s o, Bi-2201 H
ANE AT Y, R S AR IR ~30 K(3% LatB 4% Bi
i), Bi-2212H1 Calii—JZ 73 b 914 U2 T L CuO,-
Ca-CuO, 45 H, Hi sl S 2R E~90 K. Bi-2223
)2 Calii )2 40 b = )24 S i 1, Hofm At 4%
URE~110 K. S5, 23— 20 e i S5
TRE.

7R T 38 5 B 0 488 (transmission  electron
microscope, TEM)MAZ T AUBi-2212F1Bi-2201 A 45
Ftto201 - Horpr | AR 2 B R T AN
L (5 20 5 S22 4 ] ST ) H ) DT T PR A
Je s hasedr BB, WTLAE S, SRS AT [100]
D5 oG W R, S 7 BR A (R A f 454 . X
FEIEBIOZ 5 CuO 2 N IA—BUIT 8. FEhL
HRAZ X B, BiOJZ I F-7[100175 A IRIEEER, B4
FIF G B 20 RIBR AR T S S s
KB RAYIDTP(integrated differential phase contrast)
WALFEAR,  AAMTTAEBIOTE F1SrO [fi 2 [B] (7 A i AR X 45
WEEE T B2 1R B AR 712,

BSCCOMJ#E T HPE SR AA R S B VA, K
B4 BSCCONE A iy AR T 1 PR BLAT S Ak il ks
Gk, il i S BSCCOIR B4 g & i, LA P2 J2 AT X
CuO, I JZIE LA /B2, W FAEB LS —E m TR
HPL, M K3B 4% (underdoped, UD)3|HcfEB 4% (optimally

Bl 1 AT HER45°% fBI-22 128 (a) " 5 Bi-220 LF: (b)) TEMZS 4[]
Figure 1 TEM structural images of 45° twisted Bi-2212 (a)''”! and Bi-2201 (b)**! samples prepared by artificial stacking
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doped, OP)/id F il Fild BERFLL T 5. fEiE— 2484
HEA G 482% (overdoped, OD)IX [H] i, 8 IR 4 PRI
e [P B IE# FORBAR AT TR, BSCCOH A A,
(I8 A A T B B B QR A e T T A B T
. BRI, MAORHGRE TR R EICE LA RS R,
BSCCORY BB 4AfE = F APl i, (75841
REEMERI IR A TRt 2, WA A &Mt A SR
BARHBEMGS. WA, BEZCE 2 WA MR E
ZEA7)BSCCOMR X PR M AR, FE i R, 4%
fin P27 325 AR T i 2 e A AN AT 5 B T A Il 46 % 14K

2 ERERY

2.1 JuEENLARARRE

20044F, AATT3E I s i ER ) AR B TR A
SR B, WU AR 2 B TR R
ff 3R, JFZR W R A5 e )2 S Y E T B 2005
4F, NovoselovZ: NP4 Bi-22 1284 5 RE f 7 Z LRI |
ERE, MEEFR A MR R P iAS T Ab TSRS 1
JECEA D) BI-22 1 205 (1512(a)). T2 5 AL T BT
T, M RE LS R FE A A28 AR 2 (Al IR i 4544, X
FKHHZEBI-22 12 AR ES R e . i F e i
A7, Sandilands®E A PSE —4ERRLRFSY v ik SR
FHRYSION/Sikf IS 193] T Bi-22123 2 (1F12(b)), ftifiTi
I RPN B R TR R EE () Bi-2212
R AT S 2 9 Bi-22 12854 LT THi 2
Seig e 2320 [ EEAE30 nmRE S S A B 5 A
FEAKAIR], 18 A MU o BT A5 A 2 A S S AR A

AH AT AR 2540, XOTZRATHT g th i, 7ER IR
A B Y T E Bi-22 128 b, AHAR B4 5
AT JEE J3E %) B i 259 5L A ) ) it A 245 4 R R 4
AP BRI, i B R R T A O IR AR S B T
AN JE B ) ) (R 2 0 12), B (6 nm) AR S P
FEE BT AR F IR AT R0, R TRk
ZEBOCIB RS R A A T AR, FEEIEAAERS
. RIS R, 16 nmfE S A9 B HBOR
Jtop i FARL I e GRS, SRR S
AR B A EE S A th R LR IR L T 24
15 nm4a2%)2 . & )2 Bi-221278 [ i1 32 5 5L N A 7
Mo (1) Bi-22 125550 KFE R E AR, (2)
FI T BB, TR L R B BT, Pl
WA ELAS B A Bi-22 1248 f L BEFE 15 nm A _L- ()3
WEEF R 28 S5 50, H 30 nmERE AR AL A g
TEfz I RS S 4 0

F T fEDR FIR A, TiangE NPUE R TR IESA
U R AU ER R AR . 7R ERAS 2582 Bi-2212
J&i, AT BDEE SRR i A B2 S AR (CVD)
il (R S, PSRRI R SO B 5 RS k. I
WO, AT E SR BI-22 1 28 i rP ISR 3 T
HIRIR P 582 KAUME S 447, R IR MM FIRF 5T o,
iz I BE A LI 2 1 S A, (HURREIN 3 78 2%
HLBH. ABfTIAR I T4 8 il 5 Bi-22122 ) e
— 253 2 R A SR (K3 (a)), HoAA AL 5 BI-
221207 E Ml LB 38 A R T A BRI 1 ik T LA
AP R4, IR 2 X I Bi-22 1240 5 1 50,
R A B 53 ) - 25 B2 R Bi-22 1 2 FE 148 S vl

Residue on top of a holey carbon film

Mechanical exfoliation Raman XRD

Graphene/Bi-2212 Oxygen plasma
0.5U.C. Tc=82K

B 2 2005~201 S4EHLMUH BTG BI-22 120 . (a) ZFLARAE LIEEIERR B B0 B2 BI-22 12BE AR (b) SiO/Sited i b A BTS2 Bi-22124F

AL (o) TR AR ST B TR BRI SION/S F i HEAS B AU Bi-221 28 5 2

Figure 2 The Bi-2212 samples obtained by mechanical exfoliation from 2005 to 2015. (a) Single-layer Bi-2212 sample residue on top of a holey
carbon film®*. (b) Thin layer Bi-2212 samples exfoliated on SiO,/Si substrate®). (c) Bi-2212 samples exfoliated on SiO,/Si cleaned by oxygen

plasmal®
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(d)

4 Bi-2212 AN
~ 0.5U.C. 48

Vshﬁa-q

Glass substrate
Back gate

Bl 3 2014~2025 F UM AR TS AL S Bi-22 1 206 . (a) A BRI B BI-22 1 2B R 2B, (b) FHMR A8 B BYBI-22 1 2R, (o) Tt
AR FIYBI-22 1285424 (d) ARIR MRS AL STMIN 75 B PT); (¢) hBNAEH HIBI-22 128 54 B8 () CeOHT I I 3 ZBi-2212kE 54 7); () Bi-
22 12 R AT L A %, () T B O I Y Bi-22 1 2KE 50140 (i) hBNEAP (35 € X 4) 5 5k ZRh BN OB 68, X 35 19 Bi-

22128 541

Figure 3 The superconducting Bi-2212 samples obtained by mechanical exfoliation from 2014 to 2025. (a) Schematic of a graphene-protected Bi-
2212 sampleP". (b) Bi-2212 sample fabricated by the anodic bonding method™*. (c) Bi-2212 sample fabricated by all-dry transfer™. (d) Schematic of
in-situ STM measurement after low-temperature exfoliation*”). (¢) hBN protected Bi-2212 samplel®®!. (f) Thin-layer Bi-2212 sample exfoliated on CeO,

substrate®®”). (g) False-color scanning electron microscopy image of Bi-2212 thin film®®?. (h) Bi-2212 sample for thermoelectric effect measurements

[40]

(i) Bi-2212 sample with hBN protection (blue area) and without hBN protection (pink area)t*!!

AT A B AR A A B F B D R S O 25 TR
P, ASCFE A D AT LU 1 2 e LG 0. i L,
SEALRTAI L, PN ER B A Bi-22 12118 3 AR
Rl S 25 AR B, FFIRE A 68 S A A T B I IR (63 K). 1%
TAERMZ A 7R (L ZBi-22 128 i ] DLEAT
IR S, NS S T IR, A T —
AR B RER ST, Huang®: AP7E20154E 42 J2 1 R 458
TG VE BGR KB k. A5 80 T 40a oK RSF i)
THZEBI-22 128 AR (1E12(c)), X — ] L H R fiff B
T AR BIRE A RS I T AR 845 AT Tk ik
I, X 0] A2 BREE R RS A AL A
A I L 5 Bi-22 124 1R 50 45 & fiE )1 10 12 B4k
A, Feks i A Bi-22 1200 s S IS e fl s, Al Tk
1T 17 2~55781100°CiR K. MATTIA Rz ] LA L BRAE
i EE R 2 R ER B A, R SR R 2
B A .

Liao%s NPY% J& 71 R T B4 1 FE a0 )
HWZBi-22128E L (E3(c)). R, Bi-
22123 1 S U B R S I (PDMS) | TR R
JEMBI-22 12 H A AR EEEE, I LL e BAsE
PEA T RE S AR, K 2E R 5 A PDMS TR R T &1 32

R b, RN S5 SI0,/SikHE 5PDMS | HBi-
22120 A TXTHERNNG &, b5 12 T HPDMSE
ALK BI-22 1288 B IS L. 1207 ik T DAAE SR Gk
FE R VA AT IS S PDMS KSR &, LA ] RASEEL
KEERE SR FERE, N5 ST G f 2008 R AR 45
FIBFIEREE T A0, LiaoZE APYE b Bi-22120 2
BERS B T A I AW/ Ti LR B SIO/SifT IR I, e T
FEZ/ TR . AZEPEE T X Bi-2212 7 g A%
MR, I H, XA HESE ) A Bi-2212 L S5t b
F) 4 AR A, PT AT B R A A BRI i, Al AT T e vy
A T TR B B Bi-22 1 2 4 3 T A — B
REARTRE. HE— 2D AN [ J5E B TR 1) 2R e PR DNt 22 A
ZOT IR A I BI-22 1 20 T FL 5 R AE L, Hi%
LRMERLA S RIEIN R A AT S R RN, X
TR HEBR A Bi-22 1 20 i A7 78 34 JFL R JEE 2247 (1)
HUIE, ST AS A TR B R A S —
A JF RS PR TR R R . <BE)E TR T RE S
MFEFH P BUH AR RIS TS, 5 E A
R TAYBH . Bi-2212- 5PDMSHfils 5% e 55 A
FA K. AR 1 T A 7 A S T 1 A RS L il
# T HZEBI-22 12FE I T T B4R, & T sk
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iz AR SREBR AT AL, AR T HIEHE A RIS PE.

TS iR T Bi-22 1200 iR S F S
ZEEE, YoiE NPTE R T AR R R T AR PRI A
PRI HR, RARUE T 2 CEA R BI-22 127 i
FEB LT 5 A — 200 =R SR (E3(d). AR
PRE B B i PR E—40 C IR IR RS, AT
P T Bi-2212 7[RI BR A AL . A TR A S B
PR Si0,/STHEATAb E M I AW H 2 1 7l 25 FRZ2 (A
JE ) Bi-22 1240 7= AN AR, Wi E IR E & Lkt T
VAR /4 A, AT SR BR T X B S A R 2 .
Ji, AT 3 A B R T LS R B T B
(T AR AR ERG TP AT T 2, AT REAIRAR &
IFERG IO 25 R0 5 R G0 — P ] R R
KA. %P HE e 7E 2 48000 i R G b I f 4 B s
Ja S, NI BRI & 78 fe B2 I 2o i Hp ] AR
AT RO B2 A S B, SR —E 4080
LRI TR, Yo A& BLAN S0 4G o fb A 45
fEB2, B2 0 R R AR+ B Bk
k. XS I AR S R Y (R BR R 5 7E A B
K. T s —m, 15 RH Tt
) B S RE S R T AR TR 55 K)o i B #5 2R 2 B -
2212, X R R AFAE— R ] B AEUE 1, L REAE e 4k
D PP RIE I B A TR B AR S RS R
Tk, AT R AR A SRR T T St
5T, KIEANT0 S5 AR 5 B B 1 e AR IR
JEAERRTE T B AR R — 2 IEAh, bR S 1T X 2
Bi-22129‘J%ﬂﬁ%iﬁﬁiﬁﬁ%ﬁ(scamning tunneling micro-
scope, STM)IF5Y, KB FHRERL . FERERR . HfffP
AT AR S B — B, XSS, iR AT
LA F A J2E 2 - 5 2 - F A P 2 X — Fe /N R s rp
SEUF AT

1R TAEHRGE 59 [ —4F(20194F), Zhao%E AP
T T N 2R A T JEE R Bi-22 1 2 Sl B S TS . At
TR R TF-EH TR R 5 2 22 Si0,/Sit S i il
ITEE, R T SINHEREAR T PR HARAE 2 FE
il E R, BERE 7S R AL (hBN) X i 2E 1 77 25
INUAGRA (E3(e)). AR i b 1 A T JEE B 1
FROURIN B T T e, R S e AR YRR A T A A 1)
TR EE . AT RS AR TEMAHRE S e A 7434, 2 PRRE S
I HNZAS RAR SRS, BT KRR AT ) SmAR 5. Al
TR mE AR AL P FAMIRIK 253 A hBN/Si0, 1) 5T
B AT SES. AT hBNAHEBI-22 12k 34T
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PR TR IR S TAE R R B, 20224F, Liao%%
PGS TP R 5 E ] B A X hBNAR P, 75
FI) B T JEEBE AU Bi-22 12K 5 (K13 (g)), Hol S 4675 TR
JEM28 K, FHHE IR T o] Bt S8 R A5 B 1E A K 38
F X (8] A TFE AR i o UL 225 B Little-Parks 1 i 1
Pt h. HuZe \VUOYE FRBFsT5eml b T 20244F 5281
TR BN A A7 (9 Bi-22 1248 448 rh 2 f2 B[] (4
AFRIHFEB AR LR 7 2 (B3 (h).  AATTTE R & i
FEEASC Ao IS A 4 H B 5 T B =2 [ 1) H 2 3
$, DI AT ATERE SO B4 5 B 2 & &R
B, Y iR s S ] 2 A AN Xiao%E A
RARFERTHE)EBI-22 127 KR (-30°C)IER I
R B E S B TR BSi0,/Sikd Ik _E 3T ThBN
PP (EI3(0)). AT 2 A PR S T I X6 75 3 0
FIRLA, AP RS R A Bi-22 1 2FF Al (18
BRI EE A 8T K, B ZBi-22 12k 58 G54 AR 1R BE 24
60 K. Alfi i — A RER S _ L 200k T RIFLRES), &
A W T [ s 32 B Rk A IS AThBNAR B (RO RE i A ] LA
SEEHGED. MEBI-22 128 S 7R B FLEZS IR TG
W R T R AR SHhBN B AL 5. ik
W5 UL B )2 Bi-22120FF FhBN (1) 40 22 (_E F [R] Aisf 7
T Bi-2212 K /N hBN2Y AT DL 8 5 o e g AT 0%
B,

2.2 HAbAZ IR HIA

FENUBMUR R AR LARG, AR AEBI-221280
i D PRI T2, 28T 2 Bi-22 1209 il 45 T
TFRE T iz . You s AL a4 il 4 20 A ek I e
A5 TR A R R, & ERE LR R /N T 44N
JRUHHER A5G AR IR B P ORI R, e N T —A
SRR R 4% AT . T2t AR AT e S A R
P, FLRE & sy L il e B Rl B A A R, AL i
8 T FEL PR R 55 1T BE I AR 4 BN 2L

20174F, Sterpetti®i AN FHMR HA 5 A B FH 21 H
WZEBI-22 1204l £ A A, TR Z R S D U 2
T NaO, BB AT IS (F13(b)).  7E150~200°C Ay
T, A RO N 57 HEE A MR R AN B T
MY H. BAMOT BT R M, e
fsm g )9 B9 SRS itk ar 4, i sl Bh 3k 15
JRFRIRFE WA . TR B T A AR
NbSe,. InSe5: il 4 1494 Sterpetti®E A7
FHIRX —FAR & T AR R R 8 1 KA A ) L i i



ISk

JEEREAUBI-2212FF .

bR T A LT RS 2R R AN, il B R
FAERKAWAT LIS FIBI-22 128 5. 19904F, Schlom%s
NUTH 431 SR AME (molecular beam epitaxy, MBE)H;
ARIESITIO R HAME K T 2980 nm)E & AYBi-22127H
JiE, RS AV 10 K. 19924F, EcksteinZs A4S0
SrTiO; |50 nm/EBi-22 12 iR A8 S 454 A8 R 2 7+ &
85 K. BAAFIHFIMBEL. 4] LISLEL R T2 A K, 5
P TR SR RS 22 [ 4 A% G BE | [R] B SR A A SRS H 1)
PO R TR N ZR, ML B A K A S
JEEEBI-22 128 SR, . T X — i, A3
SRR IG5, R A SR sl T R B
Bi-221 2 I e e A R A Bi-220 1 i 2 [a], 4 1 JR 1
JZIEEEBI-22 128 A PR RN, 19994, Ot AP0
FESITIOs B A K SRR M Bi-220 1/E 2 vh 2, T
YRSl KBi-22 120K, B URAE T I A 7 2 )2 A A 1
T REEE B TR RS (3 nm) 9 Bi-22 1208 AL 5,
AR 24 K. Z07 A4S B BI-22 1 29 ) 5
PR ZUHS TBi-2201 ZZ b2 R EJE, fEZhZE KT
S UM JEE BE A RE B A RE R R B B R E S
AN, I E IR R DR - Y, AT RUAE
SrTiOs 2 i 15 2 £ #4351 A 155113 nmi¥)Bi-22127# .
T 1 S5 TR B 4 e A WL “# TR (plasma-assisted
metal-organic chemical vapor deposition, PMOCVD)[#
ik, FTUAEMgOZR A K i 3.5 nm(Z)— 15 il
JERE )R S ), (HH AR A KR A Bi-2223H.
WA A KT AR R R RGHRE Y, (R A K B A T
BN B S S A A R, TR B Bi-22 128
Jo e AN Q0 D O B it B A i P P 7

3 HZFER TR S TERAE

e it A T AAH KL, EEEBI-221209 64
AT LAV AR B — i SE BT 384 AH B R AN
B RIREE, RGN SR T 8 UL R
XA T2 PR ey U R A A ] DA B AR A A T A R
AEREZSL. MBS0 BT RE
PRyRFEDST 0 s i R AEGR K TR [ SRR ]
RO T, FOR T MR BI-22 1 2R B S B ik
BEM AT Y. 201745, Sterpettidi A7 5 NaO, (13 3
FHE L% T2 BI-22 120 . A T i e 4 it
TN H PR NG i TS AT RS, AT 76 3438 4 30 B oy — )
TE I 67 18 5[], 7y >R 080 928 A it o 1) 480 0 - e B (1514

(). FIHZIrk, 1S 7 A A R B 423
HBARAANE, RelE TR, a4 E S5t
JO7 AR L BB 2R M. 20184F, Liao%E APYFIH
T I 7 Bl T 2 Bi-221 254 1% 240 55 T [E A I,
T8 Ao H g o B A ARIR H (B 4(b)), SEBL T X
Bi-22 128F i IR R AR PR 0T R g0l T8 5-
ARSI LA A AEBI-2212 EHES I A 506
Xo Y S R B TR T U BI-22 12T HEA T T R 2
i, 158 T S REB A REBR A 2 LA TR 2019
4, Yo \PTERTIA IR BB 45 H 82 Bi-2212 |
TR AB IR . TR 25 S 300~380 Ky
R JOCRBELEE S B 48 O i, FIH R AR T
200 KR JORIG A & 1. M5 2] T 8)EBi-2212
% BEBR R4 40k BEVE AL R, AR 2R T - A AR
TZEWESE TP ] B2 Bi-22 120 5 45 31 (88 - % A 78
B FHEE () A BIAL T 1,508, S Liao% AAEHR B 1
HEAMBI-2212F i fi—3%, AbF & FAHAE RS T
B A RS I AR EON A T2 30, 45T
AFFEIE AMERR B Wang 25 A P77 H s — [F AR  48 B4 0L
JEBi-22 128 bt 453 3] T AR Z5 8, HPEEE Y
I LS54 1.5012.86. 20214F, WangZs A\ BOF| FH
23 (A L fa B 2% B VR EOT T B M SRR B Bi-22 1 20 S Y
LGRS, RISt A 1.5/ L. 20224F,
Lei% NPHI I Ceo sGdo, 048 T FAAE Nt (K3
(), IR A& FrEBI-22 129 i, AT RA7E
NG ABIME2ETCE BT IS R W2 RE S
BARIE, WE4(PR. Ml s 8 T A2
BASHHE, B3-S eEC2.3. BT
AB AN, Wang® A PER]FH LaF 3 8 5 46 IS X 12 Bi-
21287 TIE T, SCH T 23573820 mia . 76—
HefE LT LB 2 5 R 5 - 2 A AR 1 R AT RE X
R FFPALS]: (1) AHAE AR A S PR A IR TR
Z, FEHIDSPARRON 2K T (2) AHAS LR Aol Sk o
BN AR AT —2, R KIE A%,
TR F R, FEEE R R, BRSNS S 542
AR5 BT 1 L B A/4e*Ab ()3 6.45 kQ), IXFELSCO
FIRIFSE H A B BAECY. Yo A B X B2 Bi-221210BF
FERIN, AS[FE S R IG L BEAE 2.86~10.2 kQ, 1T
fiE 22 W SEBRAE b P O -8 G S AR AE B B (AT
FTKRAT AR

FE)ZEBI-221200 858, AR L 20 (K14
() FIX AT H (El4(e)) BN T #)2Bi-22125
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Space Charge Doping

(d) (e)

Raman Spectroscopy/Pump-Probe

Transport Measurement

Gating-induced
Lithium Intercalation

Bi-2212

XRD Measurement

Thermoelectric Effect Measurement
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Figure 4 Summary of modulation and measurement methods for thin film Bi-2212. (a) Space charge doping; (b) gating-induced lithium intercalation;
(c) gating-induced oxygen intercalation; (d) Raman spectroscopy/pump-probe; (¢) XRD measurement; (f) STM measurement; (g) transport
measurement; (h) thermoelectric effect measurement; (i) twisted Josephson junction
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Figure S Prospective experiments on ultrathin Bi-2212 films
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High-temperature cuprate superconductors have become the testbed for state-of-the-art technologies in condensed matter
physics. A great variety of advanced experimental techniques and theoretical methods have been employed to understand
the mechanism of high-temperature superconductivity and to discover novel physical phenomena due to strong correlation
effects. The advent of two-dimensional (2D) materials such as graphene has been accompanied by the rapid development in
sample preparations, such as van der Waals mechanical exfoliation, transfer, and stacking. These emerging techniques have
also benefited the study of high-temperature superconductors, particularly the bismuth-based cuprates such as
Bi,Sr,CaCu,0g,5 (Bi-2212), leading to a series of important progresses and breakthroughs. They include the
establishment of robust high-temperature superconductivity consistent with bulk behavior in the 2D limit and the
construction of atomically flat twisted Josephson junctions.

This review is organized in the following manner. First, we briefly introduce the structure of bismuth-based cuprates,
showing their layered configuration of superconducting CuO, planes alternating with insulating charge reservoir layers.
The weak van der Waals bonding between BiO plane layers enables mechanical exfoliation. This structural feature
provides the foundation for obtaining atomically thin flakes. Second, we provide an overview of the experimental
techniques for preparing devices with ultrathin Bi-2212. They include mechanical exfoliation under inert atmospheres,
protection by hexagonal boron nitride, employment of pre-patterned electrodes, and van der Waals transfer at cryogenic
temperatures. These processes are necessary because Bi-2212 in the ultrathin form degrades in air and tends to lose
interstitial oxygen rapidly at room temperature. The technical improvements help minimize the sample degradation,
leading to a progressive enhancement in device quality and allowing for novel manipulation. These techniques eventually
allow researchers to obtain monolayer Bi-2212 samples with a superconducting transition temperature that is the same as
that in the bulk. It demonstrates that high-temperature superconductivity is largely captured in the 2D limit. In the third
section, we summarize the diverse experimental approaches to modulate ultrathin Bi-2212 and the emergent quantum
behaviors in the 2D limit. We also discuss unprecedented quantum phenomena that are found in ultrathin Bi-2212.
Electrostatic gating and electrochemical gating have enabled continuous control of the carrier density, allowing systematic
exploration of the superconducting phase diagram. A series of intriguing phenomena have been addressed or observed,
including two-dimensional quantum phase transition between a superconductor and an insulator, enhanced regime for the
sign reversal of the Hall effect, Little-Parks-like oscillations in the underdoped region, and exponential decay of the vortex
entropy with the transition temperature. We also discuss the Josephson tunneling in twisted Bi-2212 bicrystals, the
superconducting diode effect, and single-photon detection based on Bi-2212 thin films. In the end, we outline potential
future research directions. We propose that high-pressure studies can probe the interlayer coupling within a monolayer.
Angular resolved photoemission spectroscopy with micrometer spatial resolution can investigate the Fermi surface
reconstruction and pseudogap evolution in the 2D limit. Nitrogen-vacancy (NV) center magnetometry can help reveal the
vortex dynamics. These emerging experimental approaches, combined with vdW-based fabrication, are expected to deepen
our understanding of the interplay between dimensionality and strong correlations in cuprate superconductors.

high-temperature superconductors, bismuth-based cuprate, superconducting thin film, two-dimensional
superconductivity
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