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Abstract Nano-vacuum tunneling junction is an important functional component. Its (quasi) ballistic
transport mechanism enables it to have lower power consumption and a theoretical transmission speed of up to 3 x
10° m/s, making it an ideal choice for achieving high-performance electronic devices. The preparation of vacuum
tunnel junctions using one-dimensional nanomaterials is of great significance in promoting device miniaturization
and high integration. This article designs and prepares one-dimensional tunnel junctions using stable zinc oxide
nanowires, and investigates their electron emission phenomena under electrostatic field and ultrafast laser excitation.
Under the excitation of ultrafast laser, a sixth power high nonlinear emission current and photocurrent modulation
have been achieved, which is expected to promote the development of one-dimensional ultrafast nano-vacuum
electronic devices.
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Fig. 1 Preparation of one-dimensional ZnO nanowire tunnel

junction. (a) SEM image of a random single ZnO

nanowire on the substrate, (b) SEM images of EBL coat-

ed electrodes, (c) representative SEM images of ZnO

nanowire after FIB etching, (d) the overall morphology

of the ZnO nanowire tunnel junction

AT N T HOG R (R LN RTR R (PMMA),
950 K), % 5¢ 478 55 3R 1, £ 3000 r/min Figlk 60 s,
B S T A BT 180°C 4% 2 min, 7F EBL &
e A IS T BN TR AR AT E A, SR
7 100 kV F1 900 pC/em” fBE 67 N f7 %1k
TEARFLE N 3:1 I S B (IPA) ATH L 5 T JE il
(MIBK) HYiR G 9 o e B OGS BUAE 5 60 s, SR 5
TE IPA H [ 22 30 s R BB E %R, R 7R
ZEPEUTRN 60 nm Y Au JZ, f R 1 80°C HIHUK I
KR R B TN R B 20 min BRSERIK . BRJE
HaE A I, AR S EE gk, U, 52 LA
il 7 BE Y SEM EHRANE 1(b) firs .

1.3 ZnO GREREEZ T

| FH 28 £5 B -F R (Focused Ion Beam, FIB) Jill I
FeRZNph 9K B I8, 220 BRI T8 YA 38 (8] PR
J SR A 45 00 i S RE . KA S BT FIB/SEM
PBORRFEB IR EE ) RGeh, 20 0hibf g+
RAET UKL P F A7, T 200l ) 5 40 oK 2 L
) 2 B (PSR ES F AN L Rl 8 kv, IR
25 pA(SEURIE GOK L BLARAEE S itk )R AT Refd
N TR IE R B /N ) o FIB Zil4 5 1Y ZnO 44K 26 1



&M SEM EMZ A 1(c) iR, & & 1(c)
W% 3 25 5 VR TE K B 208 42 nm, %5 7E 300°C . Al
AR T PO AR ok, B A A ) 2 il BB, ZnO
YKL BRI S5 AR S AN 1(D) TR o

2 ZnO HAREFEEMNX S5

2.1 BEHE SR

XF ZnO BB S5 AT RS T 0 -7 s, 158
BRI R AR R R DL OE H RARIE it . #
TR RPN ARET S ZnO 94K 2R % 18 45 10 WA g FEL I
AH I, S — g LA 2 b, ) — v FEL Rt g FR
JE o 382 ek HE R O B (R AT DA L 3R ), SR
X % T8 45 P e & ST M BB B9 K . JR 2R (Keithley
2636B) 5 I 1A% A4 4 ] P 1 41 41 B A BN SR B
P N

K 2(a)ly ZnO YKL BRTE 45 7 i 3 T~ 1Y -V
FebEmhge, R yibe s IRt 28 1k, 76 S R K
T2V, A E I N, £ 5 bR o i RE k. i 5 421
4 1Y Fowler-Nordheim [ #f — 25 5E T Bg 28 45 119 5%

15
@

current/nA

-4 -2 0 2 4
voltage/V

RIAT R, 012045 R R W g1 2 DL 5 (137 A& 3 AN
B 2R U TR, I R R HL NS KRR,
AR T —E R AR . B A B 1(c)#k 1T
3 M1, #E FIB N 1w, Y4138 P 11 2 v JE 300 0 it 3 2
A REALE, M LA 6 58 2 — 3 (R Bg i e A
[F]), o 75 PR g 2 S PR REA B 25 5% 0 &1 2(a) 9 F-N
PAA R E 2(0) . FE B EER, BEapd s
AW T4, F-N 2k P et o6 2 R W g 18 2%
VLI S 3 RS ZE AL PN g 2E U ik —2b
3T W3 T bR GE 45 1 7 1 sm F gU, T
Fowler-Nordheim 2= (X OB )

) ()-25¢
d’p BV
Hrh 4, B HEE, B=683x10"eV " Vum 5 ¢ N
ZnO TR E, B o = 5.3 eV g e B IA] A BE B9, X
BN KV KB, d =42 nm. 454 F-N gk &
ARPRE (k=-1031) FA TR T B 2970 339.5,
Ut B —4E ZnO 40 K £ Ik 18 25 a8 1 4 4 B i 1Y
L R AR .

(b)
20}
F-N
~ 21 -
= i 10
= ]
= > | - % -215
‘ F E 220
# 25
23 v 02 03 0.4
1 1 1 II/VV

K2 —4E ZnO GRLBRE SRS ARE . (a)ZnO PKEBRIESS B -V FRPEIZL, (D)1 2(a)h -V ITZRAY F-N L5, 4

Pl 2R o Y SR K P

Fig. 2 Static electrical characteristics of one-dimensional ZnO nanowire tunnel junction. (a) /-V characteristic curve of ZnO nanowire

tunnel junction, (b) F-N fitting of the /-V curve in Figure 2 (a); Inset: locally enlarged view of the linear part
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Fig.3 Schematic diagram of ultrafast laser excitation test. (a)

Ultrafast laser response testing system, (b) details of

laser testing for tunnel junction
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Fig. 4 Ultrafast laser excitation test. (a) Photo response characteristics of the ZnO nanowire tunneling junction, (b) variation of pho-
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