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Study on Photothermally Controlled Current Switching of Electronic Devices

Based on Vanadium Dioxide Thin Films

Jihoon Kim

Department of Electrical Engineering,

The Graduate School, Pukyong National University

Abstract

Vanadium dioxide (VO,), one of the representative oxide semiconductors, exhibits a
reversible phase transition (PT) between metallic and insulating states at certain critical
temperature. These PT characteristics of VO, can be applied to a novel electronic device
for current switching controlled by optical stimulation. In several studies, photothermally
induced PT has been triggered by irradiating a focused high—-power laser pulse onto a
VO, thin film. In addition, the current flowing through the device could be controlled.
However, in recent studies, the rate of improvement in switching performance began to
decrease and tends to saturate. As the control method based on the photothermal effect is
mediated by light-induced heat, the thermal characteristics of the device are directly
related to the switching characteristics. To investigate the factors affecting the switching
performance, it is necessary to scrutinize the temperature distribution and temporal
variation by fabricating and testing devices with various structures. However, these
characteristics are challenging to analyze experimentally owing to some practical
limitations. In this dissertation, an in-depth analysis of the switching characteristics
according to various conditions was carried out and a solution to improve the switching
performance was proposed. First, a VO, device was fabricated and bidirectional current
switching was performed to confirm the upper limit of the performance and obtain the
boundary condition for modeling. Second, the fabricated VO, device was modeled by
employing a commercial software. Numerous simulations were performed by changing
various conditions. The dimensions of the substrate and thermal conductivity dominantly
determined the switching stability and performance. To maintain a stable operation even
under repeated switching, it was necessary to select the appropriate dimensions of the
substrate and laser power. The material of the substrate must be changed to a material
having a higher thermal conductivity to improve the fundamental switching performance.
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2
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T ol BeAAW, Holdk NFYL AL nFAY hhe Az
F ootk e ARAE HE nEA B0 Axsy) A9 lne Lw

2 650 °C2 =439 oew, PLD #W (chamber) Wel 24 E<he 32
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(monoclinic) TZ& 7 V0.9 EAIE FAAAFTE 41° 9 91° F*o
ekt Ak Al 71e] A 270 ZhzE Abskele] Z]eke] (0006) 2 (00012) H
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AT AJT o= Atmtolo] 7l AA] WA SHE s 2w
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t} o]F A17ZkE VO, vyt okdhe] ¥E g A8 Y (photolithography) &

Ti 2 Au= #AE dA=S st <2d 3-1>9 Wi
d2 A" VO, 9 7|0k 29kt A E HH oA FGd Fe ol
3tk AFE 2764 VO, Bt 9| %] (patch) 9] =
T-9F FL e 500 x 500 pm’o] ATH34, 35].

o714 wtep S H o) A7]= v 22 ofis agste] AAHAH

T Aol dlolA We wEr Avlel sl JEAAR G A7) (optical
intensity) 7} ol #olAE &3 7I'E (laser heating) o Aoz <
A AzEo]l g Fe] S4HQ FARE FHolE dod = gk 1=
2 UF AL Ak A71e) 227 Aadd, 31 s
&8l VO, ¥t s X 9] 27]7F 100 x 100 pm’e]/de] 3L 1000 x 1000 pm’e]
Fol 227F AFel Hdbeirn @ekatgvH30, 32-36]. J&EW 2 9A

I
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Qs 9o FeAE VO, wukel AAZHY gl AztE wast ok
webA], B Ao A= AFe AFEE VO, Aol ¥k 2715 500 x 500
um’= A Ak ok
<3¥ 3-2> A% VO, 249 £xl BE HFR-AYE B4 P
(e}

gedd 4% o He A WA AR-A% 54 (
1Y) 2 AY-LE 54 (F dE 1Y)

17
10 1 "
1 +
1 0-3 1 =O=Room temperature
¥ - Heating (90 °C)
<
- 107°4
c
g E 1000
- 10_71 200 g 100
O 3 5150 8 10
9% 5 100 % ]
L% A = S o
= 0 50 100 150 200 250 50 60 70 80
11 3 Voltage [V] Temperature [°C]
1 O T i T i T T T T T T T
0 2 4 6 8 10
Voltage [V]
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i
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s TEsrl fF A¥ EARE HoFa Utk ARgd" LD
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