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Quantum computation with entangled quantum bits requires an extremely high density of about 10'? Q-bits per square millimeter,

with neighboring bits 2 nm apart. Q-bit densities, like those using photons, superconductors, and nitrogen-vacancy centers in

diamond, are limited to around 1000 bits/mm?. A new surface growth method for 2D Q-bit arrays utilizing organic molecules and

magnetic atoms could significantly increase this density. These molecules allow for flexible designs, including 1D and 2D

structures. We show progress in Q-bit growth on Cu(111) surfaces. We emphasize the need for electronic decoupling from the

substrate to achieve long spin lifetimes, addressing challenges in using self-assembled monolayers and frameworks. All

experiments were conducted using ultrahigh vacuum STM/STS at cryogenic temperatures.
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Fig.1 (a) BRI ESFRBE LHBEE NI K, Growth of information society and electric power costs. (b) EFD A TIHERITSREE (£S5 HEGREL
HH TR 2R - BEEEEFE Y FMEAKRBF., Quantum computation utilizing 2D Q-bits, leading to ultrahigh density Q-bits.



(a) —xnm7mE
ASSH
(Dute)

24 70K
(BERA) ))))
A

s -

1EDHEERF=EFE Y b

BFTHRIE

XX-XX-XXX

/1E0RFE Y b
" Bloch Sphere 70 v ki

(b) B o=—rTEFEE

BEFHEER [z 2y xv ]

Fig2 (a) ERMEZTLTOREEE - ZRTEFE Y MEABERLAIER L YA I ORICKDEFRE VIEHHIEH, 2D Q-bits prepared on a
solid surface. (b) BAFKFDZRTEFHEADEE b > RILEEMEE (STM) F4K18, STM topographic image of 2D Q-bits array under development.

ROTEPICHE R L, #ER v AT ADOZhEAG A U 72 KR 72 Hh
HIRBE LI AR S D,
ZOBTHINO ) Lhb0on TBFEy M THD,
L2sL, SERIZm e 72 REM & 5, Fig.1b @ T E.
WoRT X DT, ERMBICKEZR T100 HETEy Mmm?) 12
KL, BEFED by 74T CHAFTIE 1000 &1 E Y M/mm2As
[RRCHDH, =T, Fxidot - o [RindpEdi)
FHONC, BREED 1 Jk (=102 HOETE Y M/mm*%
FF OB ROBRZIZ P LT\ D

2. BAHBE

MR O ZPOonE R & T ERERE ERT 5729
RELT v TROEZE it&%/¥W%ﬁ&%%%#é
Fig2a i%. AR CTHET L [ ZUWOCHEBEFE > MK
OWEFE A 71T,

FI, B VoL OTE R R FAR R T & M T B,
ZOFRMmMIZ, BETE Y MNEFIOFEM & 722 5 iR T L 1
PR 2 W59 5, W Loy L JRFIE. B ORI
AL AR ZR TR SN D Z EBREFE L, &
R TR ETEy N2V | Fig2 IZRT X912, 120
ﬂ%f%?ﬁﬁﬁ#éoit‘%ﬁﬁgw,%ﬁ ke

S=12 ZHRMIEL D, IMNBN OB 72 & OBEV A
ZDHZET, AV COSHNRI D, “EARADAIHEND
(#&3®R D Fig.3 BHR),

| HOR A DOREFE Y M, BRI 1 & DR
IR EFAE ARERE LTV, L L, Zkotkk
FEKRT D Z & TEMMENREL M LT 5, 5 F0BET
HERADH I ETHREMEEZRLREN D, FFOEFIRELZ R
HETED, SR MEFRFERT D & FERICE
DOEEIINHICASE, V97 =20DEIRTFT 4Ty 7%
TERFDL, TRAX— [ THEICHIB ST S,

é%K\A:WA%%%%EyB%Kﬁmxﬁyﬁﬁm
AERZFESWE (Te, Bi. W, Ta 72 &) Z{EHS®EDZ &
T, %%m%m&<f%xt/Aﬁm$L TN R DGR

SNDAREMDNH D, ZOBE, ~N=0 AXFMEICH KT 28
FN FHEEEIT T AR P (RSN D20, R
RORMEZ KT DI AMES R M BT 5, #lxiX, 2D
MOFs/Gr/A > % 7 L— b Bilf(111)ZNEZ b b,

Fig2b X, 2 BT LTV D [ ko= h 2T O
A U RVBMEL (STM) B Th 5, NAFOK R RITIE
1@@@@@%ﬁfﬁf50:@@ﬁﬁ%ﬁSﬂn%%F%

WD, PHETENIE WML L 20 B E Y & LTH
mféé B D WBRIRER T R SIREH S CTh V| REPEIR
TEDIZ 120 PR TR T D L D ICEREF STV D

BTRTICLE o TEEROIZ, ETOWE OMEE %ﬂﬁb
eE&TEy NEOBTHIHAEER (= Z 70 A R T
HbD, BFEy MEOHERIISFDOES 2nm CHETE 5
T, T AT NVA Y IBREEL B O ETE Y M %
RABTAEREZR S Z L NFREL 8D, ZHUCK
THELL D A RIS L 0> R ERA DY B IR %w
DT Z ENTE B, Fig2 \ORT & 92, T THIHHE

ERAHLEIT, A 7 B UL A @wﬂﬁ)fm%%
EXiAte,

LRV OI 7 ahE&fEy MEWAE, v7 vz alfl
e~ A T mlERANTHET S

3. EFHA

THE b, i%fy%’&é@ﬁ&igmibﬁﬁﬁf
HA DD ?Fig3 12, ZRILBD)VIVI Bif, BEa kTR T
WA, A5 %ME Z LT, BETEAOENERT,

Fig.3a DSV 7 A 1E, 2 < OBEPERT- O HRIBLE 23 A= A
HT 7 e v RER A E U RIBRE TIRREEE N REIAT
b, INDBWADITH S,

*ﬁFg%@l@@ﬁ¥@ﬁiﬁﬁﬁﬁ%%tﬁwtb
BFIETEES T 203, 3dBUEDOHEA, LEMFEL TS,

@iifi%%ﬁ®@%xt/iHLiKW% (VA=A
MEL TR, —E—EDE %Xt/077?X?%&M
MR AR < 723D HHES T OFL 7550 HAR 3 i R FR:

M



XX-XX-XXX

(a) 3SDBE | [ (b) RFWE " (o) HFHE 7 (d) BFHE
gg%ﬁggﬁgg% qi&gic‘:‘f. ;;ﬁg;&
G et 7 S A
3 M 5 E;Eif]
BT S=1/2 R
Ry R 3dEE SR —5EARE
4
; Y S Y Y S
1

Fig.3 (a) The spin-polarized electronic density of states in bulk 3D magnets. (b) Discrete energy levels in 0D single-atom magnets. (c) The ligand field
within the molecule and the substrate crystal field lift the orbital degeneracy in molecular magnets containing atomic magnets. High spin (S=2) and low
spin (S=0) states can undergo phase transitions due to external perturbations like light, heat, or electric fields in spin-crossover molecules. (d) Quantum
magnets have a ground state with S=1/2 and possess two levels, |1) and |0), by lifting orbital degeneracy. Microwave pulse irradiation creates

superpositions of |1) and |0), confirmed through Rabi oscillation measurements.
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Fig.4 (a) A model illustrating the formation of Co nanoparticles through the adsorption of cobalt (Co) atoms on a two-dimensional self-assembled
monolayer (SAM) of crown ether cyclic molecules. (b) Surface synthesis of one-dimensional polymer molecular films via the detachment of Br atoms
from the ends of crown ether cyclic molecules and the formation of carbon-carbon covalent bonds. (c) Surface synthesis of two-dimensional covalent
organic frameworks (2D COFs) using trisbenzene molecules as precursors, followed by the formation of Co atom clusters through Co atom adsorption.
(d) Constructing two-dimensional metal-organic frameworks (2D MOFs) by cross-linking metal atoms with linear molecules as precursors.
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