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Abstract

By incorporating a 966nm near infrared laser, we demonstrated bidirectional current triggering of

between 0 and 10mA in a two—terminal planar device based on a highly resistive vanadium dioxide
(VOy) thin film grown by a pulsed laser deposition method. A two-terminal planar device, which had
an electrode separation of 100pm and a 50um-wide VO, conducting layer, was fabricated through ion
beam—assisted milling and photolithographic techniques. A bias voltage range for stable bidirectional
current triggering was determined by investigating the current-voltage curves of the VO, - based

device in a current—controlled mode. Bidirectional current triggering of up to 10mA was realized by
directly illuminating the VO, film with a focused infrared laser beam, and the transient responses of

triggered currents were analyzed when the laser was modulated at various pulse widths and repetition
rates. A switching contrast between off- and on-state currents was evaluated as ~3571, and the
rising and falling times were measured as ~40 and ~20ms, respectively.

Key Words : Vanadium Dioxide, Thin Film, Metal-Insulator Transition, Photothermal Effect, Switching

* Main author : Pukyong National University,
School of Electrical Engineering

*% Corresponding author : Pukyong National
University, School of Electrical Engineering,
Associate Professor; Pukyong National
University, Interdisciplinary Program of
Biomedical Mechanical & Electrical Engineering,
Associate Professor

Tel : 051-629-6323, Fax : 051-629-6305

E-mail : yongwook@pknu.ac.kr

Received : 2015. 6. 19

Accepted : 2015. 9. 30

[ 28

1. M E

w57 AAA 7F el (phase transition)E &3
553 A7)d 5SS Hol: iy olilElE
(vanadium dioxide: ©]&} VO,) BFH(thin film)-& A=
& 291" (switching) 22 913F §H E42A
A do) AA 299 TS oo 31 i) VO, Bt
ol A e] o] |2 =11, ¢4E2], 23] 59
QI A=l ofef r=d %l%o] de] A O]‘jr
IS VO, dhte]] A=

~—

Copyright © 2015 KIIEE All right's reserved

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License (http.i//.creativecor.nmons.org/
h_censes/by—nc/3.0/ )which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly

cited.



sk ATEE Qb A E(electric-
field-induced) = o]& a‘ Sk —’F Ral4], el
A ol axtbe] AR—dYd 5404 743 7
13L(negatlve differential resistance: ©]3} NDR)
AIZITHS]. 12]aL o] 2§k NDRS Al
o] WA A] Azt 2= AF7t wAs] St
= @XH”}X ”7] A o A= 84
‘1}‘1?94 do] 7FsAdS o] &3] 29
A7 o] Fo1 A SkoH4-6].

VO, uht 7] 2o A

N

>,_IR
ﬂl

}

X

jl

O:
.

> Lo
s
<
Q

ol b
>

K3

)

rot

iu)

O

o,

O

rst
=
2
oft,
ox
tlo
e r°"
ol
O

Mmoo 2 O i oRr-\m
o ol
Jpt

TR S Wit JENEL B A
[6-8] = GTH0)0 = 3

= g Q) of|2A] 26
2} VO, Bhaf Azpe] vhakilel] 2] # o) 4 (infrared
laser)E ZAHillumination)slal, A= & FJE
ZAsle] AAJel] o]zt dojul= 8 (threshold)
ZASHs WgkA| 7] 33 Alo]® (optical gating)ol] g
AF-E0] HAaEATHE-8]. 20141790+ 1550nm #|©]
A tro]l e =(laser diode: ©l3} LD)E AHE-3F Fak
A5 22913 (bidirectional current switching)©] .l
Q10 3714 FksE AF ~9Holgk LD7) <
“Jell(on-state)d o AApol] =W ffo ol7t, e
Jel(off-state) ¥ W= “J Srdo)7t Lot A

7h sEAY 524 BEE vtes A8 on|dith &
W3 A5 =934l /\}% LD+ A4gh nlojoj~
(bias) o] A7F 2042} VO, &2HE 3 Alo| & A

7= B h o2 AR AT BarE AFH10]elA =
f 10mA<S] oFer A& ~9A o] 7158FE L /})1—
A ZHrising time)¥} 3174 A17Hfalling time)- 7—. b~
192ms®} ~320msE 23tk e} & 3

Ogrl‘r’_{

rE

ol m

7_'
O 3
S

el 7F =913t 21| (switching contrast) & 32
Z g AFE Q8] ~6820] AA] koo, aHk
(break-over) A= ~102VE St} - Txs
{11101 L3 1550nm LDZ o]-&-3te] A

S, 2914

3R A

O:

ZH| = ~T8B=E o3| wWoke

o E
15mAS] P AT 2913 b5
Rre 247 6% Zoix

2 ~190 2 ~610msel ek u}
A VO, &2 A8 F E\ﬂﬂa Aol 2~H
(light-triggered thyristor)e] Gl =37 2184
= 29 yxn)e} k= XJOL :Lajr_ Lt &r Zo

%1 - A7) =4 299 A11%, 20159 119

oe] s AFEe] B dE| oo dir

2 =zoMde "2 ol S (pulsed laser
deposition: ©]3} PLD) 7|Ho= Axw 11434
VO, BH; 7149k 2G4z} W e Axfol| 4 966nm 37‘494
A LDE AHEete] e AR EYAES s}
24 @t IDelM ZEs ‘?:](beam)% %‘

(focusing) ZxAel] ©jal] [&w]o] 25 4l
m}&lu} A VO, sk e
E4E Aol REg FAstal o]& viee
Wk @%E'r Eﬂ AR S 7FssHA ks AApe] nlolof
~ Ao} Weols ARG Y o o g% A
7 o](photo-thermally induced phase transition)S 2
AN = Qe HA B2 9 oYX (energy per
pulse: °]at EPP)E +-s17] #13ll, LDolA &3 %+=
oA e] H~ZE(pulse width)S dstAA s E
YAH = A7 A= &9 54 WHslE 2ASHA
th mprgto ® 7] Ao ® wEE A EPPE o]
&3to] LD &3 H2 dHE-E(repetition rate)oll w
SH 549 &S At e &
9 54 A1E A vtolo]x HSto] ~30VY o A
2 17 Eg 74301 *‘-C»]Oi

Olr
i:]

) ﬂ

Ty
RN
o2 ¢ & b

1_,

a9 1 @E F4 sHgel 9nmel A
LD(Lumics, LUOI75TI00)E ©]-&3ste] 272 HH
VO, ix}oﬂ}ﬂ olbelr A& EgAYL Ldr] 93t
49 THEE RelFn Yk LD A 29 %
%= 3 59} 7 E|(Ophir Nova I, 7202696)°] ]
~IRWE SAEOH, W A&/ 2RE FYss
LDe] ) 79 ~639W= S4HU LDe] %
o AY) L2 A7 W7} bssh, A Baxe

(292



2 44 O}ME “H 3 Z\—j—‘]Ed 244 7](Yokogawa

AQB3I0)E olgste] LD %9 ~o=ae 243
Ads HolFa glom, Ui 92 A AH8d
LD9] AA B BejFa gir)
(a) Laser diode Controller (b)
Optical | |
fiber I
oooo
oooo
Collimator Ooo
— Oscilloscope
Aspheric—
lens

Standard
resistor (Ry)

VO, device

Fig. 1. (a) Experimental setup for bidirectional
current triggering in VO2 device,
(b) output spectrum of LD, and
(c) microscope image of fabricated VO,
device
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