) 32 % 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 057101

NENRESETEEEX o-2-AERPKTH
T BB R 5 B e i A pY e
Egd xhEY EFHED BED THHY

1) (W1 CRIRF 7 5324 pe, VLS, KI» 410205)
2) (M TR RERE i TR SR RellE =k, K1 410205)

(2024 47 10 H 30 HUE); 2024 45 12 H 2 HUREE )

Wit 5 41 A PR B o X RS R A 8 20 B o, f R 0 Tl R A UF 5 A2 ) MR A 22 B 2 B T b AT
i Ao 2R FH % I R BS54 AR P A% R R KO T 0R, RIS T M R S OC R B i X o-2-47 SR BR A L
TREAT A SRR () T s R R A R AR T BRI SR T R B, A ROER RS T Z RO R A A ARl
1% -2 s B BT R ) 2 AR A R R SRR TT B BB (Y a-2-17 SRR R PR 45 M 75 9 K RE SR
WY 30 Jo B0t A5 S 2R Y S A R . A, LT SR PERIT SR IR (F). % (C)L % (0) [VAMR (OH) JLE B4
P2 AR T W) A0 0 o L BELSOSE (NDR) A T ik 88N AR ) S, 5 K BLAMIN L R —0.4 'V IR [
JREP-A7 HE BT A PRI 11 e 8 AR R i 84%. AR ST i Bk — A A AL A . 1 S R A o R Ok e R
NDR 045 A iéad B850 7 A LR, S A o-2-f7 SRR TE WL Tz b A Al ke A7 o B B S8 0 0 BB IR 4 . %

BIFTERG R0 R AR AR 1 . SR BRI L R F T LA S PR sl T i T 5 v LA 8 ) 7 (B

KGR o2, SRR, SHGE, Ao BN, A e BRI

PACS: 71.15.Mb, 85.65.4+h, 85.75.—d, 61.72.U~

CSTR: 32037.14.aps.74.20241518

1 5

AR, BEE I B SRR EOR AN i =
PIJCH F A6l 8 A% e et S5 T4
FREokG i, R E R AT IR, BT REA RIS
il 5 B D 2R AR AR DAY O A B, FLPE 4T
SR R T SOk R ST B R R, B
NGB T IF &8 B S AN K AL 1. i PRI L
TR FHEA R RRME, 244 IE S (sp, sp2f sp?) IR
AR it 2R Ak KA G, TS 26
MR R SRR, nfm 5 P A B gl R4 1

i

DOI: 10.7498/aps.74.20241518

A1 BRI LA AR 6101 252010 A3 DL /R Py B2
WZG T A S AR TF B M SC 58 R I Geim F1
Novoselov, R#A(TT 2004 H-380 12331 25 A 226 A
M B0 = 4 84 Y. A SR AU R 1) —
2 0 SR A% 25, i LR B A e ) R T 1T S
2 g iy AR AR S SR ELE BT, AT AR
TRZ W a2 0 B e AR 9. AR, 2 3R
FRANTZ R A S8 B Baughman 55 17
AR, S Pl sp A sp? MR AR A G AL
LR i () 3 S AR, 3 aok AN [v] 1) e - S 2
A LIS B A Ss gty 517, BN a4 S8k -
AR AT SRR 6, 6, 12-07 SR B a-2-f7 B bR

* ER ARFREEL S (S 61801520) . IRGE AR S (HEMES: 20247T5111) MIRFA VT SCRE RS (HES: 22XJ03017)

VBT A ARBLFIE S (HEHES: kq2208055) W BhIHiALEL.
t BIE1E#E . E-mail: xiaoboli2010@hainanu.edu.cn

© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

057101-1


http://doi.org/10.7498/aps.74.20241518
https://cstr.cn/32037.14.aps.74.20241518
mailto:xiaoboli2010@hainanu.edu.cn
mailto:xiaoboli2010@hainanu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 057101

(a-2-Graphyne, a-2-GY) %5, a-2-GY b5 A
T OHGERHY T spMfi & 2544, J&—Fh
HIE -1 SRR, o-2-GY TR AR 5 - HE
H 75 XA BA RS R B 5P, 7e0ti sy A
L o S U W SR P 4 5 i, IR, Ak
a-2-GY I A BET AMFSE i 8 TR | P )

NS, oy R AU R TR R, — R
A FE g 020 s H B (negative differen-
tial resistance, NDR)P227) | 438y 2551 S3FJF
O 15233 ZEphURE F T 1z S50 Y H - g A A R
BH. 2011 4F, Saffarzadeh fil Farghadan! #& i T
— PP T R T A SRR ) B e IR B
5% % I L PR A R e B 40 v s 4 T AR
() BRI PERE, H B e A2 AT ik 90%. IKAh,
X TR o7 SRR AL (N) A5 740
FERW, eI T Y NDR 200, NDR %00
MYUELT LS N R EEAATE R LG R, # s X Jak
M5 NDR IR HLGE e, G2 B ey AT
ik 159850 KAk, 6, 6, 12-F1 Bl -7 B PR OR Y
(A ] S B4 i 5t 2 B T AR 4 i) B i BEL R AL B
JoE ik B ASON , 3 I I T H R AT DA A g o A
T 100% Y [ et IR L B9 BTLL, BT o-2- 4 B
YK (a-2-GY Nanoribbons, a-2-GYNRs) B #F
PERFFEATI IR I O3 A R 1.

[] BsF, A9F 5% 4 D 36 o A 4 0 42 4 K 45 48 1 B
A, msh& g, 5 RSB BN, AT LML
eI RH Y PR RE, Hh AR 25 14
I /%) 7 . 2016 47, Bhattacharya 4 Sarkar3” il
Li 55 B RAMESY Tl (B). N 824X A s gl ok
LRGP RO G M RE RS2, a4 B LR
kR A, B B N B4 05 1A s R b O
TR SRR TR, FE, B, N Fl
O I MBI a-, Bl -A1 BRI LR JR
A5 E . PR R E TR A A 3R
BB i A AR T A S5 RN 9K 9 i i
AT E R A ERR PO A, A (H), F, CL,
O, OH I L4528 X il 45415 B REA I 98 A R, Y
S5k 30 2 A8 [R) o SR 4B A=) HEREA 45 1 &2 32
AR T Y A S AN X R A s U J B 4R
PERT; O JLRBMRAR I &I T R A g
ZE DL 5O 10, H AT, a-2-GYNRs X — #2441 K
1) b7 2R I S A 45 2 I TR AR o A A5 31 5
WTE, AT —AMEATF TR B 3

AR S — YRR EE )7 74 a-2-GYNRs 19
BT 245 09 B FLRan s 14 1 FE s R e EA T T O
WRGHIGE T F, Cl, O, OH JLE N B
ZXHAR R TEREVE L. M\ 0-2-GY RYREAR 4514204
RIS I ABITTR G, HoAe RO A Tt 4
AT BES o HIEL B R A ek LA A ek fh i 4
JEE, SR, TERCERRE S T B R () 2 S 14
RebE. BEAh, sl AR R TR R AT R B
N GAE MR T (38 A7 AE NDR 00 FlF g
TLUERON . (HAHE RN R, O TLRBIAEMIEE
PR A NDR &N AL S A9 E HE 38 5L
N TAER /R T )& 5 & AR BT 0-2-GY
Y REATT 25 P8 Y S5 A AR, DL SO gl 4 L F
iz FEE I L, AT a-2-GYNRs MR
YKL L TR I ST AR A 15 L

2 MR Foit

RAE a-2-GY HZEH /Tl LUK, Hodid it
AT B = B -l AR I T SO & A sp M
sp? ZR A HE (R e 55 AR 24 . A SO o K 0 i
F4r5H H, F, Cl, O, OH JTRE I THli AR IR
RS 2 S SRR TR, SR AN 1 RN, R
TR I, el 44 M1—Mb5. 2 T IHA
AR RN G AB AN o-2-GYNRs #4 A ek
BRI, RSO R 2R BA TR T o-2-
GY AR JZ TAEFRATR I 2 RE M Rt
5 E-F-& Nanodcal FAFXBAIHEAT T L4544
PEALFN B iz iR, B R — Gk TR AR AR
BRI B R P 1Y) i - s B ) AT L
ISR,y T ORGSR E I, oE AT
2 TSUNT 0.02 eV-AL JUAHRAEH, 4351
T T AE#E (nonmagnetic, NM) | 2kf# (ferromag-
netism, FM) /& # (antiferromagnetism, AFM)
AT HYERE, RIS T AFM 2504 i
MRS, TR 5 20 i g Al T N i i Ve S 4D
o, S TREERITTSEADREY REA A5 H S AR DG, R
F Monkhorst-Pack J7 2T k FCRAE, MR BEE
H 1x1x100 Y k s A, R, BB E R 300 K,
BB RSO NS E 1070 eV . HE RS
ERE, R RERBOE N 150 Ry. 1EMEETHAE
BAME, Ay By (- AHSRAN AT SR AR 45 F 2 6] (4
FEAER, 16 y 7 I BCE 20 AR EZS 2.

057101-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 057101

1 (a)—(e) MI—M5 3 a-2-GY G T 7039 H, F, Cl, O, OH ML INEE AL IE. MK G A6 6 R 6,
@RS ER C H F, Ol O %50 E, Abrflida/m 1 53 P oo I i B i)
Fig. 1. (a)—(e) M1-M5 show the structural diagrams of a-2-GY with the edge carbon atoms passivated by H, F, Cl, O or OH atoms,

respectively. The gray, white, green, olive, and red circles on the right part represent the elements of C, H, F, Cl and O, respec-

tively, and the coordinate axes indicate the orientation of the periodic cells.
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Fig. 2. Energy band structure diagrams (left) and the distribution on the density of states (DOS) (right) for the (a)-(e) M1-

M5 model within the NM state; the green dashed line represents the Fermi energy level.
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Fig. 3. (a)—(d) The distribution on the PDOS for the M2-M5 within the NM state, and the Fermi energy level is set to zero.
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Fig. 4. (a)—(e), (f)—(j) The energy band structure maps and DOS distributions of the M1-M5 models within the FM and AFM

states; the blue and red solid lines indicate the spin-up (SU) and spin-down (SD) directions; the green dashed lines indicate the cor-

responding Fermi energy levels.

PORBEGRABGE, XV i R 4B 2107 SO AR £
AREE 2 RV E . SR, &1 4(d) MRgtE 4
R 5 R IR B IE A, 7] LB B —
% SU Jr il i 2 PR Be S, IR 7E 9K e gk -
&4 —2% SU I SD J5 [a] (i T R IR A8 &, ]I
Y DOS FIRATE 2 K BRI H BB 4 =
S AR, X SR Ul 17 FM A B,
I O WREEBUR TR R B Gk, 5 & B
FIIEBF 4. A, 7E1E 4(e) ' SU 1 SD J5ln]
Al B R T ) ERSERS, M 4(a)—(d) £
M DOS K h &34 5 20, Wi F#% 3, fiff
15 SU J5 [a] i 2525 BE W (50l 9 K BB, XS
3 OH KRB IR BENE 7 A A K iz L i i J AL 3%
Z5IR R ) R A E AT R B A LU 0-2-GY 1Y
REAT S RERR R 0, H & E 4B 0 Ha T 45 b 2 i 45
DT [RINE, UESE TR R A AR B AR o-2-
GY HA A e b4 @ .

TE AFM &5 T I REH 454 F1 DOS 43047 K s
FEE A(D)—() rr, Bt UE I RE A 25 H &1, FAT
JBL SU I SD 5[] iy 1 58 B8 1 55 B2 1Y) e
I, . SU 1 SD J7 [l 4850 A 2 30 R . 7
Kl 4(f)—(h) FIIE 4(j) R RE 450 & h A I S
Py TR Z ] 3 T W W A B, (2 O JTRBIRIN

REH ZE M PEIE 430) Tl BB BeZE, AR 0.19 eV
(VLB 4(i) 4K, X UHIFE AFM & T o-2-GY B
A A BE SR 2 SRR S EIE, M4 5 M5
1) DOS [l i 284347 W {20 B Nz 30 9% K BE 2, iX
e RUIFE AFM & F & AT R B4 o
2-GY WIREBRAE /DN, PRt — 20 HR R UL 2 — i L
TERFBI T T TE YO0 S P e e A5 T A 7

3.2 BRFENRGEIER TR RIS T

FIRARIE KR 5 & A G o-2-
GYNRs # /4 A Tiefi iz FetE g m, e T h =14
B (A& 5 FrR ) #4 B AR 20y
2 HAR, ] R O DX, A R A E A AR
AP T AL A AT FEUAR DX sl P TERR A DA
PASEBRR T A . Tz B ]
Ve, T DA I T B 25 A R B RE AL T T BiE
B NPT (parallel, P) &8z 17 (antiparallel,
AP) 2, X PFLIR S 73 B T (1, 1) A (1, 1)
P REALTC R, D S BT 22 A Bl e ) A A
() s AH s 7wy 121,

W DFT i FE X4 a-2-GYNRs 1/
A H A it i A TR H 2 4l Y a-2-GYNRs 7E P

057101-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 74, No. 5 (2025) 057101

Left lead Scattering region Right lead

5 M2—MS5 45l F, CL O, OH A1 4Bk iy 4> 145
A PERIRY R g 1 M2—M5 22 /A7 P i B /41 €5 AR B 5
TR 43 AR R AR 72 /A7 A, TP RIS 43 S U X

Fig. 5. M2-M5 are model diagrams of molecular junction
devices, which are passivated by F, Cl, O or OH group, re-
spectively. The blue/red gradient shaded portions at
left /right sides of M2-MS5 represent the left/right leads of

the device, and the middle portion is the scattering region.
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Fig. 6. The insets demonstrate the I-V curves of devices (a), (b) M2, (c), (d) M3, (e), (f) M4, and (g), (h) M5 within the P and AP
spin grouping state; (i), (j) are the I-V curves of M4 within the FM and AFM magnetic configuration; the blue solid and red dashed

lines denote the SU and SD directions, respectively.
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Fig. 7. (a), (b) The transmission spectra of M4 within the P and AP spin configuration, and the solid and dashed lines indicate the

transmission spectra corresponding to the peak and valley voltages in the DNR effect; (c), (d), (e), (f) the distributions about the

LDOS at peak and valley voltages within the P and AP configurations, respectively; (g), (h) the energy band structures and the

transmission spectra of M4 at the peak (g) and valley (h) voltages within P configuration, and blue and red solid lines indicate the

SU and SD directions, respectively. The blue and yellow shaded areas on the entire map represent the corresponding bias window.
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within the P, AP configuration at a bias voltage of —0.4, ~1.6 V; the blue/red arrows indicate the direction of the electron transport

path from left /right lead to the right/left lead.

057101-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 74, No. 5 (2025)

057101

Zr LTI, AT 0 2 K R A T S s
a-2-GY [BEHTZ5 A8, DL R a8 1 v - fin s 4
IR, 4T TR A NS B 5007,
A3 HTREAT ] H S R R IO 22 18] 9 BE B
N, RBAE NM M FM AT, H, F, Cl, O, OH
LR 0-2-GY B AR [ HEE 1k 4
JEYER A e AL A B, SR, 7E AFM ST, %46
REIU] i B AR ) 2 AR B T - 2-
GYNRs a4y -V ith4k, &3 17 W] 5 A9 NDR &%
N, o gt O JCE B F T NDR 2UW #
PSS B2, H AP & FIEAR L E ik 136. 1L
Ah, AT O TTRBM S EAE P AR AP &
TRYESHER LDOS K, #F—L-HIHTH NDR 250
P NTEYIRALE]. Beoh, SEry -V ih 4 bk s
T RAF B et uk s, Hid O SeR B sk
M4 H i [ i I RO A 84%. 38 i 41 B A 1
M4 7€ P Z5H1 AP & N PR, ATLIERE T
fift iz A RE A e BEPERE A P ZEDLBE. B gE 45 3R
W o-2-GY AR T — U F it 558
HL B R R A AZ OO ), XA Sl OB L T R ) BT
RIRHAELEZ L.

SRS 2 b BT FEALIN S8

Sk

[1] Ivanovskii A L 2013 Prog. Solid. State. Chem. 41 1
[2] Djurisi¢ A B, Li E H 1999 J. Appl. Phys. 85 7404
[3] Wudl F 2002 J. Mater. Chem. 12 1959
[4] Ebbesen T W 1996 Phys. Today 49 26
[5] Geim A K, Novoselov K S 2007 Nat. Mater. 6 183
[6] Narita N, Nagai S, Suzuki S, Nakao K 1998 Phys. Rev. B 58
11009
[7] Baughman R H, Eckhardt H, Kertesz M 1987 J. Chem. Phys.
87 6687
[8] Popov V N, Lambin P 2013 Phys. Rev. B 88 075427
[9] NiY, Wang X, Tao W, Zhu S C, Yao K L 2016 Sci. Rep. 6
25914
[10] Zhang X J, Peng D D, Xie X L, Li X B, Dong Y L, Long M
Q 2021 Eur. Phys. J. B 94 86
[11] Novoselov K S, Geim A K, Morozov S V, Jiang D, Zhang Y,
Dubonos S V, Grigorieva I V, Firsov A A 2004 Science 306
666
[12] Bolotin K I, Sikes K J, Jiang Z, Klima M, Fudenberg G,
Hone J, Kim P, Stormer H L 2008 Solid. State. Commun. 146
351
[13] Alexander B A, Suchismita G, Wen Z B, Irene C, Desalegne
T, Feng M, Liu C N 2008 Nano Lett. 8 902
M4 LiGX,Li YL LuHB,Guo Y B, Li Y J, Zhu D B 2010
Chem. Commun. 46 3256

(19]
(20]
21]
22]

23]
(24]

25]

(26]

27]
(28]
29]
30]
31]
(32]
(33]
(34]
(35]

(36]

(37]
(38]

[39]
(40]
[41]
(42]

[43]

(4]
(45]

[46]

(47]
(48]

(49]

057101-10

Srinivasu K, Ghosh S K 2012 J. Phys. Chem. C 116 5951
Majidi R 2018 J. Electron. Mater. 47 2890

Jafari S N, Hakimi Y, Rouhi S 2020 Physica £ 119 114022
Zeng M G, Shen L, Cai Y Q, Sha Z D, Feng Y P 2010 Appl.
Phys. Lett. 96 042104

Ozaki T, Nishio K, Weng H, Kino H 2010 Phys. Rev. B 81
075422

Dong X S, Chen T, Liu G G, Xie L Z, Zhou G H, Long M Q
2022 ACS Sensors 7 3450

Li Y, Li X B, Zhang S D, Zhang X J, Long M Q 2022 J.
Magn. Magn. Mater. 546 168842

Chen J, Reed M A, Rawlett A M, Tour J M 1999 Science 286
1550

Lang N D, Avouris P 1998 Phys. Rev. Lett. 81 3515

Ding W C, Zhang J, Li X B, Chen T, Zhou G H 2022 Physica
FE 142 115316

Huang J, Xu K, Lei S L, Su H B, Yang S F, Li Q X, Yang J
L 2012 J. Chem. Phys. 136 064707

Evlashin S A, Tarkhov M A, Chernodubov D A, Inyushkin A
V, Pilevsky A A, Dyakonov P V, Pavlov A A, Suetin N V,
Akhatov I S, Perebeinos V 2021 Phys. Rev. Appl. 15 054057
Peng D D, Zhang X J, Li X B, Wu D, Long M Q 2018 J.
Appl. Phys. 124 184303

Hu J, Ruan X, Chen Y P 2009 Nano. Lett. 9 2730

Zeng J, Chen K Q 2013 J. Mater. Chem. C'1 4014

Pan J B, Zhang Z H, Ding K H, Deng X Q, Guo C 2011
Appl. Phys. Lett. 98 092102

Li J, Zhang Z H, Qiu M, Yuan C, Deng X Q, Fan Z Q, Tang
G P, Liang B 2014 Carbon 80 575

Meyer J C, Girit C O, Crommie M F, Zettl A 2008 Nature
454 319

Caridad J M, Calogero G, Pedrinazzi P, Santos J E,
Impellizzeri A, Gunst T, Booth T J, Sordan R, Bgggild P,
Brandbyge M 2018 Nano. Lett. 18 4675

Saffarzadeh A, Farghadan R 2011 Appl. Phys. Lett. 98 023106
Mohammadi A, Zaminpayma E 2018 Org. Electron. 61 334
Zhang L W, Yang Y Q, Chen J, Zheng X H, Zhang L, Xiao L
T, Jia S T 2020 Phys. Chem. Chem. Phys. 22 18548
Bhattacharya B, Sarkar U 2016 J. Phys. Chem. C 120 26793
Li X B, Zhou J Y, Yu M, Li Y, Zhou K Z, Wang X J, Zhang
X J, Long M Q 2023 J. Magn. Magn. Mater. 587 171367
Chen X, Xu W, Song B, He P 2020 J. Phys. Condens. Matter
32 215501

Cao L M, Li X B, Li Y, Zhou G H 2020 J. Mater. Chem. C 8
9313

Perdew J P, Burke K, Ernzerhof M 1996 Phys. Rev. Lett. T7
3865

Li X B, Cao L M, Long M Q, Liu Z R, Zhou G H 2018
Carbon 131 160

Wu D, Cao X H, Jia P Z, Zeng Y J, Feng Y X, Tang L. M,
Zhou W X, Chen K Q 2020 Sci. China-Phys. Mech. Astron.
63 276811

Ren H, Li Q X, Luo Y, Yang J L 2009 Appl. Phys. Lett. 94
173110

Li X B, Qi F, Zhao R D, Qiu Z J, Li Y, Long M Q, Zhou G
H 2022 J. Mater. Chem. C 10 5292

Peng S P, Huang X D, Liu Q, Ren P, Wu D, Fan Z Q 2023
Acta Phys. Sin. 72 058501 (in Chinese) [##F, #EZA, X4,
TS, A1}, JERESR 2023 MRIAEAR 72 058501]

Ding W C, Zhang J, Li X B, Zhou G H 2024 Appl. Surf. Sci.
664 160043

Yu G L, Ding W C, Xiao X B, Li X B, Zhou G H 2020
Nanoscale. Res. Lett. 15 185

Zhou Y H, Zeng J, Chen K Q 2014 Carbon 76 175


https://doi.org/10.1016/j.progsolidstchem.2012.12.001
https://doi.org/10.1016/j.progsolidstchem.2012.12.001
https://doi.org/10.1016/j.progsolidstchem.2012.12.001
https://doi.org/10.1016/j.progsolidstchem.2012.12.001
https://doi.org/10.1016/j.progsolidstchem.2012.12.001
https://doi.org/10.1016/j.progsolidstchem.2012.12.001
https://doi.org/10.1016/j.progsolidstchem.2012.12.001
https://doi.org/10.1063/1.369370
https://doi.org/10.1063/1.369370
https://doi.org/10.1063/1.369370
https://doi.org/10.1063/1.369370
https://doi.org/10.1063/1.369370
https://doi.org/10.1063/1.369370
https://doi.org/10.1063/1.369370
https://doi.org/10.1039/b201196d
https://doi.org/10.1039/b201196d
https://doi.org/10.1039/b201196d
https://doi.org/10.1039/b201196d
https://doi.org/10.1039/b201196d
https://doi.org/10.1039/b201196d
https://doi.org/10.1039/b201196d
https://doi.org/10.1038/nmat1849
https://doi.org/10.1038/nmat1849
https://doi.org/10.1038/nmat1849
https://doi.org/10.1038/nmat1849
https://doi.org/10.1038/nmat1849
https://doi.org/10.1038/nmat1849
https://doi.org/10.1038/nmat1849
https://doi.org/10.1103/PhysRevB.58.11009
https://doi.org/10.1103/PhysRevB.58.11009
https://doi.org/10.1103/PhysRevB.58.11009
https://doi.org/10.1103/PhysRevB.58.11009
https://doi.org/10.1103/PhysRevB.58.11009
https://doi.org/10.1103/PhysRevB.58.11009
https://doi.org/10.1063/1.453405
https://doi.org/10.1063/1.453405
https://doi.org/10.1063/1.453405
https://doi.org/10.1063/1.453405
https://doi.org/10.1063/1.453405
https://doi.org/10.1063/1.453405
https://doi.org/10.1103/PhysRevB.88.075427
https://doi.org/10.1103/PhysRevB.88.075427
https://doi.org/10.1103/PhysRevB.88.075427
https://doi.org/10.1103/PhysRevB.88.075427
https://doi.org/10.1103/PhysRevB.88.075427
https://doi.org/10.1103/PhysRevB.88.075427
https://doi.org/10.1103/PhysRevB.88.075427
https://doi.org/10.1038/srep25914
https://doi.org/10.1038/srep25914
https://doi.org/10.1038/srep25914
https://doi.org/10.1038/srep25914
https://doi.org/10.1038/srep25914
https://doi.org/10.1038/srep25914
https://doi.org/10.1140/epjb/s10051-021-00092-0
https://doi.org/10.1140/epjb/s10051-021-00092-0
https://doi.org/10.1140/epjb/s10051-021-00092-0
https://doi.org/10.1140/epjb/s10051-021-00092-0
https://doi.org/10.1140/epjb/s10051-021-00092-0
https://doi.org/10.1140/epjb/s10051-021-00092-0
https://doi.org/10.1140/epjb/s10051-021-00092-0
https://doi.org/10.1126/science.1102896
https://doi.org/10.1126/science.1102896
https://doi.org/10.1126/science.1102896
https://doi.org/10.1126/science.1102896
https://doi.org/10.1126/science.1102896
https://doi.org/10.1126/science.1102896
https://doi.org/10.1016/j.ssc.2008.02.024
https://doi.org/10.1016/j.ssc.2008.02.024
https://doi.org/10.1016/j.ssc.2008.02.024
https://doi.org/10.1016/j.ssc.2008.02.024
https://doi.org/10.1016/j.ssc.2008.02.024
https://doi.org/10.1016/j.ssc.2008.02.024
https://doi.org/10.1021/nl0731872
https://doi.org/10.1021/nl0731872
https://doi.org/10.1021/nl0731872
https://doi.org/10.1021/nl0731872
https://doi.org/10.1021/nl0731872
https://doi.org/10.1021/nl0731872
https://doi.org/10.1021/nl0731872
https://doi.org/10.1039/b922733d
https://doi.org/10.1039/b922733d
https://doi.org/10.1039/b922733d
https://doi.org/10.1039/b922733d
https://doi.org/10.1039/b922733d
https://doi.org/10.1039/b922733d
https://doi.org/10.1007/s11664-018-6156-2
https://doi.org/10.1007/s11664-018-6156-2
https://doi.org/10.1007/s11664-018-6156-2
https://doi.org/10.1007/s11664-018-6156-2
https://doi.org/10.1007/s11664-018-6156-2
https://doi.org/10.1007/s11664-018-6156-2
https://doi.org/10.1007/s11664-018-6156-2
https://doi.org/10.1016/j.physe.2020.114022
https://doi.org/10.1016/j.physe.2020.114022
https://doi.org/10.1016/j.physe.2020.114022
https://doi.org/10.1016/j.physe.2020.114022
https://doi.org/10.1016/j.physe.2020.114022
https://doi.org/10.1016/j.physe.2020.114022
https://doi.org/10.1016/j.physe.2020.114022
https://doi.org/10.1063/1.3299264
https://doi.org/10.1063/1.3299264
https://doi.org/10.1063/1.3299264
https://doi.org/10.1063/1.3299264
https://doi.org/10.1063/1.3299264
https://doi.org/10.1063/1.3299264
https://doi.org/10.1063/1.3299264
https://doi.org/10.1063/1.3299264
https://doi.org/10.1103/PhysRevB.81.075422
https://doi.org/10.1103/PhysRevB.81.075422
https://doi.org/10.1103/PhysRevB.81.075422
https://doi.org/10.1103/PhysRevB.81.075422
https://doi.org/10.1103/PhysRevB.81.075422
https://doi.org/10.1103/PhysRevB.81.075422
https://doi.org/10.1021/acssensors.2c01785
https://doi.org/10.1021/acssensors.2c01785
https://doi.org/10.1021/acssensors.2c01785
https://doi.org/10.1021/acssensors.2c01785
https://doi.org/10.1021/acssensors.2c01785
https://doi.org/10.1021/acssensors.2c01785
https://doi.org/10.1021/acssensors.2c01785
https://doi.org/10.1016/j.jmmm.2021.168842
https://doi.org/10.1016/j.jmmm.2021.168842
https://doi.org/10.1016/j.jmmm.2021.168842
https://doi.org/10.1016/j.jmmm.2021.168842
https://doi.org/10.1016/j.jmmm.2021.168842
https://doi.org/10.1016/j.jmmm.2021.168842
https://doi.org/10.1016/j.jmmm.2021.168842
https://doi.org/10.1016/j.jmmm.2021.168842
https://doi.org/10.1126/science.286.5444.1550
https://doi.org/10.1126/science.286.5444.1550
https://doi.org/10.1126/science.286.5444.1550
https://doi.org/10.1126/science.286.5444.1550
https://doi.org/10.1126/science.286.5444.1550
https://doi.org/10.1126/science.286.5444.1550
https://doi.org/10.1103/PhysRevLett.81.3515
https://doi.org/10.1103/PhysRevLett.81.3515
https://doi.org/10.1103/PhysRevLett.81.3515
https://doi.org/10.1103/PhysRevLett.81.3515
https://doi.org/10.1103/PhysRevLett.81.3515
https://doi.org/10.1103/PhysRevLett.81.3515
https://doi.org/10.1103/PhysRevLett.81.3515
https://doi.org/10.1016/j.physe.2022.115316
https://doi.org/10.1016/j.physe.2022.115316
https://doi.org/10.1016/j.physe.2022.115316
https://doi.org/10.1016/j.physe.2022.115316
https://doi.org/10.1016/j.physe.2022.115316
https://doi.org/10.1016/j.physe.2022.115316
https://doi.org/10.1016/j.physe.2022.115316
https://doi.org/10.1016/j.physe.2022.115316
https://doi.org/10.1063/1.3684551
https://doi.org/10.1063/1.3684551
https://doi.org/10.1063/1.3684551
https://doi.org/10.1063/1.3684551
https://doi.org/10.1063/1.3684551
https://doi.org/10.1063/1.3684551
https://doi.org/10.1063/1.3684551
https://doi.org/10.1103/PhysRevApplied.15.054057
https://doi.org/10.1103/PhysRevApplied.15.054057
https://doi.org/10.1103/PhysRevApplied.15.054057
https://doi.org/10.1103/PhysRevApplied.15.054057
https://doi.org/10.1103/PhysRevApplied.15.054057
https://doi.org/10.1103/PhysRevApplied.15.054057
https://doi.org/10.1103/PhysRevApplied.15.054057
https://doi.org/10.1063/1.5044241
https://doi.org/10.1063/1.5044241
https://doi.org/10.1063/1.5044241
https://doi.org/10.1063/1.5044241
https://doi.org/10.1063/1.5044241
https://doi.org/10.1063/1.5044241
https://doi.org/10.1063/1.5044241
https://doi.org/10.1063/1.5044241
https://doi.org/10.1021/nl901231s
https://doi.org/10.1021/nl901231s
https://doi.org/10.1021/nl901231s
https://doi.org/10.1021/nl901231s
https://doi.org/10.1021/nl901231s
https://doi.org/10.1021/nl901231s
https://doi.org/10.1021/nl901231s
https://doi.org/10.1039/c3tc30431k
https://doi.org/10.1039/c3tc30431k
https://doi.org/10.1039/c3tc30431k
https://doi.org/10.1039/c3tc30431k
https://doi.org/10.1039/c3tc30431k
https://doi.org/10.1039/c3tc30431k
https://doi.org/10.1039/c3tc30431k
https://doi.org/10.1063/1.3556278
https://doi.org/10.1063/1.3556278
https://doi.org/10.1063/1.3556278
https://doi.org/10.1063/1.3556278
https://doi.org/10.1063/1.3556278
https://doi.org/10.1063/1.3556278
https://doi.org/10.1016/j.carbon.2014.08.098
https://doi.org/10.1016/j.carbon.2014.08.098
https://doi.org/10.1016/j.carbon.2014.08.098
https://doi.org/10.1016/j.carbon.2014.08.098
https://doi.org/10.1016/j.carbon.2014.08.098
https://doi.org/10.1016/j.carbon.2014.08.098
https://doi.org/10.1016/j.carbon.2014.08.098
https://doi.org/10.1038/nature07094
https://doi.org/10.1038/nature07094
https://doi.org/10.1038/nature07094
https://doi.org/10.1038/nature07094
https://doi.org/10.1038/nature07094
https://doi.org/10.1038/nature07094
https://doi.org/10.1021/acs.nanolett.8b00797
https://doi.org/10.1021/acs.nanolett.8b00797
https://doi.org/10.1021/acs.nanolett.8b00797
https://doi.org/10.1021/acs.nanolett.8b00797
https://doi.org/10.1021/acs.nanolett.8b00797
https://doi.org/10.1021/acs.nanolett.8b00797
https://doi.org/10.1021/acs.nanolett.8b00797
https://doi.org/10.1063/1.3537965
https://doi.org/10.1063/1.3537965
https://doi.org/10.1063/1.3537965
https://doi.org/10.1063/1.3537965
https://doi.org/10.1063/1.3537965
https://doi.org/10.1063/1.3537965
https://doi.org/10.1063/1.3537965
https://doi.org/10.1016/j.orgel.2018.06.012
https://doi.org/10.1016/j.orgel.2018.06.012
https://doi.org/10.1016/j.orgel.2018.06.012
https://doi.org/10.1016/j.orgel.2018.06.012
https://doi.org/10.1016/j.orgel.2018.06.012
https://doi.org/10.1016/j.orgel.2018.06.012
https://doi.org/10.1016/j.orgel.2018.06.012
https://doi.org/10.1039/D0CP02753G
https://doi.org/10.1039/D0CP02753G
https://doi.org/10.1039/D0CP02753G
https://doi.org/10.1039/D0CP02753G
https://doi.org/10.1039/D0CP02753G
https://doi.org/10.1039/D0CP02753G
https://doi.org/10.1039/D0CP02753G
https://doi.org/10.1021/acs.jpcc.6b07478
https://doi.org/10.1021/acs.jpcc.6b07478
https://doi.org/10.1021/acs.jpcc.6b07478
https://doi.org/10.1021/acs.jpcc.6b07478
https://doi.org/10.1021/acs.jpcc.6b07478
https://doi.org/10.1021/acs.jpcc.6b07478
https://doi.org/10.1021/acs.jpcc.6b07478
https://doi.org/10.1016/j.jmmm.2023.171367
https://doi.org/10.1016/j.jmmm.2023.171367
https://doi.org/10.1016/j.jmmm.2023.171367
https://doi.org/10.1016/j.jmmm.2023.171367
https://doi.org/10.1016/j.jmmm.2023.171367
https://doi.org/10.1016/j.jmmm.2023.171367
https://doi.org/10.1016/j.jmmm.2023.171367
https://doi.org/10.1088/1361-648X/ab6e8d
https://doi.org/10.1088/1361-648X/ab6e8d
https://doi.org/10.1088/1361-648X/ab6e8d
https://doi.org/10.1088/1361-648X/ab6e8d
https://doi.org/10.1088/1361-648X/ab6e8d
https://doi.org/10.1088/1361-648X/ab6e8d
https://doi.org/10.1039/D0TC01764G
https://doi.org/10.1039/D0TC01764G
https://doi.org/10.1039/D0TC01764G
https://doi.org/10.1039/D0TC01764G
https://doi.org/10.1039/D0TC01764G
https://doi.org/10.1039/D0TC01764G
https://doi.org/10.1103/PhysRevLett.77.3865
https://doi.org/10.1103/PhysRevLett.77.3865
https://doi.org/10.1103/PhysRevLett.77.3865
https://doi.org/10.1103/PhysRevLett.77.3865
https://doi.org/10.1103/PhysRevLett.77.3865
https://doi.org/10.1103/PhysRevLett.77.3865
https://doi.org/10.1016/j.carbon.2018.01.079
https://doi.org/10.1016/j.carbon.2018.01.079
https://doi.org/10.1016/j.carbon.2018.01.079
https://doi.org/10.1016/j.carbon.2018.01.079
https://doi.org/10.1016/j.carbon.2018.01.079
https://doi.org/10.1016/j.carbon.2018.01.079
https://doi.org/10.1007/s11433-019-1528-y
https://doi.org/10.1007/s11433-019-1528-y
https://doi.org/10.1007/s11433-019-1528-y
https://doi.org/10.1007/s11433-019-1528-y
https://doi.org/10.1007/s11433-019-1528-y
https://doi.org/10.1007/s11433-019-1528-y
https://doi.org/10.1007/s11433-019-1528-y
https://doi.org/10.1007/s11433-019-1528-y
https://doi.org/10.1063/1.3126451
https://doi.org/10.1063/1.3126451
https://doi.org/10.1063/1.3126451
https://doi.org/10.1063/1.3126451
https://doi.org/10.1063/1.3126451
https://doi.org/10.1063/1.3126451
https://doi.org/10.1039/D1TC05773A
https://doi.org/10.1039/D1TC05773A
https://doi.org/10.1039/D1TC05773A
https://doi.org/10.1039/D1TC05773A
https://doi.org/10.1039/D1TC05773A
https://doi.org/10.1039/D1TC05773A
https://doi.org/10.1039/D1TC05773A
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.7498/aps.72.20221973
https://doi.org/10.1016/j.apsusc.2024.160043
https://doi.org/10.1016/j.apsusc.2024.160043
https://doi.org/10.1016/j.apsusc.2024.160043
https://doi.org/10.1016/j.apsusc.2024.160043
https://doi.org/10.1016/j.apsusc.2024.160043
https://doi.org/10.1016/j.apsusc.2024.160043
https://doi.org/10.1186/s11671-020-03417-7
https://doi.org/10.1186/s11671-020-03417-7
https://doi.org/10.1186/s11671-020-03417-7
https://doi.org/10.1186/s11671-020-03417-7
https://doi.org/10.1186/s11671-020-03417-7
https://doi.org/10.1186/s11671-020-03417-7
https://doi.org/10.1016/j.carbon.2014.04.065
https://doi.org/10.1016/j.carbon.2014.04.065
https://doi.org/10.1016/j.carbon.2014.04.065
https://doi.org/10.1016/j.carbon.2014.04.065
https://doi.org/10.1016/j.carbon.2014.04.065
https://doi.org/10.1016/j.carbon.2014.04.065
https://doi.org/10.1016/j.carbon.2014.04.065
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 057101

Regulation of effect of halogen and oxygen-containing element
doping on negative differential resistance and
spin-filtering of a-2-graphyne nanoribbon”

LI Xiaobo "t LIU Shuaiqi? HUANG Yan? MA Yu! DING Wence

1) (Xianggiang Laboratory, School of Microelectronics and Physics, Hunan University of
Technology and Business, Changsha 410205, China)

2) (School of Intelligent Engineering and Intelligent Manufacturing, Hunan University of
Technology and Business, Changsha 410205, China)

( Received 30 October 2024; revised manuscript received 2 December 2024 )

Abstract

With the gradual increase in size requirements for integrated circuit fabrication, the research on the
miniaturization of electronic device is increasingly favored by more and more scientists. In this work, the edge
modifications of the electronic band structure of a-2-graphyne and electronic transport characteristics of its
devices are systematically investigated by employing the density functional theory combined with non-
equilibrium Green's functions. The research results of the band structures doped with halogens or oxygenated

group show that when the various elements are doped into the antiferromagnetic configuration of a-2-graphyne,
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the materials exhibit unique semiconductor properties. In particular, the periodic structure of a-2-graphyne with
the O-doping exhibits relatively complex band structures near the Fermi level. It can be found that the
electronic devices doped with F, Cl; O, OH show obvious negative differential resistance (NDR) and spin
filtering effects. Among them, the NDR effect of the device with O doping (M4) shows particularly significant
feature, and its peak-to-valley ratio in the antiparallel case is as high as 136. However, the peak-to-valley ratio
reaches 128 in the antiferromagnetism configuration. In addition, the intrinsic physical mechanism of the NDR
effect is further dissected by calculating the transmission spectra and local densities of states in the parallel case
and antiparallel case. At the same time, the spin filtering efficiency of the device reaches a value as high as 84%
at an applied voltage of 0.4 V in the parallel case and 79% at —1.6 V in the antiparallel case. By analyzing the
electron transport paths of the M4, the intrinsic mechanism of the spin-filtering properties can be clearly
understood for the devices based on the a-2-graphyne nanotibbons. This research has significant application
value in the hot research t areas such as novel logic devices, integrated circuits, and micro/nano-electronic

machines.

Keywords: a-2-graphyne, first principles, edge modification, negative differential resistance effect, spin

filtering effect
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