—

10

11

12

13

14

15

16

17
18

19

20

21

22

23

24

25

26

27

28

29

PDE 7-T-#3 A I R4 LU 4 - HE REL S0 SEBRL 5 R4
D AT EAER N EEE xw”
(KIDFL TS TR 2B KD 410114)

T RS AF, IR R RITOC . A7 0 S 2 (832 4 H e v 1) N P 78 71 32
B2 RIE. KMz & HAR S & AR TR AR s B 5 — PR B EH SO, W
T 4.4-(F-1,6-2k) "R [E(PDE) 7> T a1 (M BT Amia PEB,  #R R AR R 5
58 F2 IR 7 Gl o FELBEL SN, (TR 2 LA o BTSSR . SR < HL AR ) PDE 70 1%
1 ST B 3 0 ) R - E T AR 5 R P B A B SR 4K AT FAK K] PDE 7314
2 B2 N i D o0 B BN, FL IS HELRE L vl Rk 3.9x10%. b4k, B
o PG 9 T 5 AR LB T AR S, AN AR R IR . B, K
A E P9 Koy 1 5 AR R S S AT T, B AR . AR AR
N PERE DUy FELBEL AR BT A 3R Bt 1A OB A BV S A AN B0 T S

REE: B VEEEEL Tas e U REHARN AL
PACS: 85.65.+h, 85.75.-d, 81.05.ue

*E R HRBLE IS (i 5 12074046).
T HAEE E-mail: zqfan@csust.edu.cn

1118 HAE & E-mail: liugian@stu.csust.edu.cn


mailto:zqfan@csust.edu.cn
mailto:liuqian@stu.csust.edu.cn

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

1 51 5

B 5 Ak R AR AR R AT L A B, B R A R S S T I R PR
THTFFEEMNHBA S FREBTHE, BEHENGE DR LK
RRT RN, BN Ja BRI AR BT S i oy R — 3], FE &R T
ThRefFr, BA sy B B (NDR) SR I B 7 7 28 R R L AE 70 TR 0% . 4R TAN
AR V% o v A% O S PN (T 4% 52 53 o 1EAl NDR 88 0EE BE oS Fa b2 1 25
HEL(PVCR). H AT, S2BLEA S PVCR(>10° )NDR 2N [ #5324 AR 2 1%
AT — R R0, L S 6 R B 8 B 738 R P 4 SR A A B AR M T 0 B
FRIO-21, by T4 HUARTE BROK R R PR R A 4 HL s (A % BE(DOS),  JEXF 43 T4
A7 AR i P LB RS4GRS TREOR R R E I R SRR . Ab
i i 5 3028 S 30 (1 TR ARG AR 3 R, 3300 NDR 208 PVCR A (i ik (<1015,
WA, RSy T AR NI T R A T R 4% TR B 5 B R e G HE 7 THI AR A
PE AR U, e B T TR A 1 RN DA TR AR R BB, A
T IR Z R 437 2 14 1) NDR SS07181, USSR A48 o 56 A3 o 000 24 10 8 98
BRI & T AT, (EA RS PG NDR 2R PVCRI2I, A )%,
SR A L R AR R T RE L B M, ARSI PVCR, (H AR D4 R
HLG AR, Rl SRZBA AR I ey o 4 58 ik TR 3 R v I{E
JLFIK PVCR ) NDR 2 FaF, ORI R SN BT 7

UEAER, B L7 22 R R A T SR 0 AN KT RO AR A Gt 4 i v (1) 7 Bk
122230 A SR AR AN KT R I S R e PR, R e R B R T
Ak T B sl 16 280 ) o S AU, SR I S AR B SRR A2, X R (I
A PERFAE AT DLAI ] B AR 5 40 1 2 18] H 2 A0 S RS R B R, 840 TR ORIF AR
BUFLIRRHE, LI T34 NDR AT A ML, thAh, 8@ gk it )
T ARV A P T T T P BRI AR /N (AT AN P 3 B R
RENS A R B IRy T RERPOT. 3, A aSsliaR i i G i) st s im VA R T
55 0y -4 78 B A TE R E IS B AT S 7 4 - B M i p o DL PR T L AT B AL
P I RRI28-321 R 58N S8 I 7E 4 16 28 S8 0 0 oK v B A K T B 4 S B T
NDR 174, {HIEE R 145pA, HEK PVCR A 733, BiJE, TN GAE
U TR A B R Kl e A A TR AL U 2 - AR O B NDR A7, g

SRS
S dad ]ﬁ'ﬁ



10

11

12

13

14

15

16

17

18

1

e

2

(=]

21
22

{E HL IR AT LUA F] 3000 nA, {Hi K PVCR W 2 T3] 10 72470549, Sl it 50 & 30
3 5 S 1 A A R I B BRI oKt T ASEBAICHL R NDR A7, #4F I
WATISA AT LLIAH] 3000 nA, H PVCR #2728 537090, DL EAFFAER I, A sEaK
BRI FE R IE 2 T 8 R RES S2 B NDR T8, EAE AR A7 7R W AR L it 3/ 5%
PVCR {0 ] 8, AR HABR ] 1 X e g8 41 B FH 7 77

) FH 5 7 B ] 51 7 11 S TR R 55 32 A R LIRS 408 715 110 2 0 - BB A X T o 2%
KBERIIRTHEDS TR, K73 F- 2545 NDR SN AL 2] T e PR RGO, 74 @ 5L [ 5
ONSERILHE LA PT LARE 58 531 325 00 SR M 4Ky B R TRk R B B, M
T 5% K i 4 R 8 37 1 R FRAF I NI RT3, M LG Z T, B S5 R L B A 4
S [ DUV Rl ok 2 5 22 LRSS L AR 40190, (A, 3@t 4 e 2 T 5 e Al R 1) i )
W, ARER > TERESINESHRBLZ. TR LRI LI aen &1
TReE h 40, EEATAEMIE A —Fh A I B A WM P I3 BE B 22 2 30 05 4, BRI
LRI ERR e I LK T I BT, AR T T SR AR I B AR (R
MR ST 22 Getth ) BH B AR k5 4 1 B A0 7 7 25 4 NDR R 1 B [F) 4541
i, ASCGEREUT 5B LIRS 1 A NI PE L 50 2L 4,4'-(BE-1,6- —3E) Z oK
(PDE) > TAE N ST RT3 £ G R UG B SR IR A KA AR v a0 i, IR &
PRILHIWERG . R UL S AT T AR ST BR A AV Rl e S . WF U4 SRR, U AR
W GRS A g PR 308 T 7 R e T e 56 [T 3 42 (14 43 2 A TR B ik /2. T4 5% NDR &L
PR AN ARG R TR mUéE FIRRITK PVCR.

2. B 5Tk

H
K 1 (a)PDE 73138 1 e i 5 ik ATE R < A AR (1 A 7 i o (b)PDE 73t e e i 7 ik

=Y

3



AW N =

W

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

AR A R SR K AR A R s
Fig. 1. (a) Schematic diagram of the device formed by connecting the PDE molecule to Au
electrodes via amide anchoring groups. (b) Schematic diagram of the device formed by connecting
the PDE molecule to zigzag graphene nanoribbon electrodes via amide anchoring groups.
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Fig. 2. Zero-bias transmission spectra and LDOS at the energy of the first transmission peak near the
Fermi level for (a) M1 and (b) M2.
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Implementation and regulation of large peak-to-valley ratio
negative differential resistance effect in PDE molecular junction

LUO Bo WU Dan CAO Xuanhao DENG Xiaoqing Fan Zhigiang® LIU Qian'"
(School of Physics and Electronic Science, Changsha University of Science and Technology,
Changsha 410114, China)
Developing negative differential resistance (NDR) devices that simultaneously
exhibit high conductance and a large peak-to-valley current ratio (PVCR) remains a
critical challenge for the realization of molecular-scale logic circuits. The electronic

transport properties of 4.4'.-(pyrene-1.6-divlbis(ethyne-2.1-diyl)) dianiline (PDE)

molecular devices were studied using density functional theory combined with first

principles calculations of non-equilibrium Green's functions, exploring the regulatory

mechanism of electrode materials and anchoring groups on NDR effects. We first fully

optimizes the geometric structure of isolated molecules and electrode cells, with the

convergence standard of residual force on each atom set to be less than 0.02 eV/A. The

exchange and correlations were described by the Perdew-Burke-Ernzerhof (PBE)

functional under the generalized gradient approximation (GGA). The research results

indicate that the PDE molecular devices using gold electrodes has a continuous and high
density of states, and strong hybridization with molecular orbitals leads to broadening of
the transport peak, exhibiting only monotonically increasing . current voltage
characteristics. Due to the low density of states near the Fermi level, PDE molecular
devices using zigzag graphene nanoribbon (ZGNR) electrodes do not cause
hybridization or broadening of molecular orbitals, maintaining the sharp resonance state
of molecular orbitals and achieving significant NDR effects. The interface coupling
changes caused by anchoring groups can regulate the alignment relationship between
the frontier molecular orbitals and the electrode Fermi level, playing a decisive
regulatory role in the NDR effect. The amide group forms strong m-m conjugated
coupling with the molecular skeleton and ZGNR electrode through carbonyl groups,
constructing efficient and continuous electron transport channels. The amino anchoring

group triggers destructive interference at the coupling interface between the molecule
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and the electrode, significantly reducing the conductivity of the device, resulting in a
significant attenuation of the peak current of the devices. These findings not only
deepen our understanding of the quantum transport mechanism at carbon based
molecular interfaces, but also provide clear theoretical guidance and material design
paradigms for the future development of low-power, high-performance molecular

switches, logic gates, and high-frequency oscillators.

Key words: First principles; Molecular devices; Negative differential resistance effect;
Peak-to-valley ratio;
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