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Figure 1 (Color online) The real and imaginary part of the relative per-
mittivity of VO, as a function of the temperature at frequency of 1 THz.

Forbt, Cvo, REVOLMEL AT AR FR (1) 2 . Hi 48 SCik
I8, R Cyo, b 4 AH AR FE AT DL R A= AR 4k, {H 2
A FEA R ZL. D 1Tk DL, FRATTAE B AL r B[]
fHCvo, = 3 x 10°J m™> K~ B BRIAFRV = 4mr3/3,
KA = 42, hARKRLT 5 IR EE I AT R 2L
XH, AU R4 F 2530, B L% 775K
PAGHTIR. KT 2T BRI, b B HE Y6
A PATE10-1000 W m~2 K~ [l 4 2o 4% 71 BAR U
AT DA T 2 SIS kLT IR B FACT
I, P R W] LA T R Q) 2 1L 5 TR A F]. AT
AT LAMRZE 50 F 3, U A A A RE % OB R 11
PR TR, AT AR A T TR e RS
ARTFE.

3 HEHERSITR

AT VO, K 24 % IR 1 B 1) 280 1) 4
MR YE SCHR[34], 7512 THZIRIEREIAN, A (1)
A HIVOLN 22 H B BE R A BN, BRI, 047 32 22
FHE N SN THZI (1 880 1 B, 155 H PR
S5 PR 2 i DR 2R = A GIORE I RSE r BA R BORHARE 2/
Khe. BT, FRAVERXFIX PG AR 2060 B BR 1l 35087
(R BEAT 73BT

L% FL R (IR AL S5 A R A L B S e 2
A R, R AT AR B AR B AR R AR Ok
RGP AR EDE AT R, RIS ILIR %A T ik
ES|Y N A o Y s U N a1 Nl s e TR ¢
AHAS AL, A HH BOR AR O, R T R R 1
AN ] BRI K BRI, Bk, AT AN E R
SVOLRE IR Qs B UL R AR AR B2 7R
(T T1 5 445 TR W Qs BB T 119072 A0 35 5 WA 11
SO C. THE S5 R R B, 2ok
B, 52 BRSO U R PR 1, A3 LA A 5K
R 2 B AT v RO AL, BRI T MR SR A, T AR AR
AT AL F B 8 2R Ak, FHAR S5 (RO
BA BAK. Blanr = 5 umis, SR AH AR 5 B Qs ELAH
R K. BRE, X — R Rk A F T SE LR
H BRI RORL 7 RSTIE& r = 10 pmb, E25E
718 Qs TEAFAZ i B0 6] P9 H B T R BT8R A KA.
BB RERAR AR, AHAR T Quos 3 00, HARARJS

054206-3



BRI

HhERLE: B i RO

2021 4F H51% HESM

() Qups FEAH AR T 22 8 2980/, B0, 47 = 40 pmi,
FHAZ T VO KL I IR ST 3% 22 /N 1, i T A R,
FE 1o R ST AR . 288K ) W AT 3k 2 R A A R AH
7 it 75 R OR R 2% 4 HE SR P UK. T AEAH A 5, Rl
R PR 200.25 45 A, il TR R BTt
XA AT A iR E RSN 2R, X — R
;R Ay B RN AR FE B BRI AR 43R
133k — B 1IN 242, By = 60 wm, 7425 A W
WAL AR Er = 40 wm PR 51 I A B A, 1 AH
AR I 1 UL 353 )% A B R AR Ak TRt P2 B
1240 wm 1AL LR 7 2 SR R 1 2008 Y 2
E Rt

9 T TR FE B BR8N s R AR,
BAVE T AFEIRE R, VO ki 1A A8 1 J5 1k
B8R Q os B BR AR P I AR A AR TH R S5 R 3P
. BLFIRE 2 BIET = 300 KRIT = 380 K, 1%
RVOLMLHTE AR, R3S B ERE
K2 & T LR B, G005 R 5B/, R (1)
W AT 2880 2R AR, HLAH A% J AR IR A 288 26 v T AH A2 i
SRIM 2R F [ -2 K F 2910 wm/a, FH22 J5 09
RREFAR T AHAZ R, 3K P AN PRA B W e 3k 2 38 1
1&r ~ 43 pum ik B OAR, EATHY ZEE 5 B f k.
G, B8 KRR R EOR R K. AT,
FeAtr = 43 pmie SR FE 3 R 120N 1 i L 2 5

100, .................. T T
—&— r=5um
4
. —&— r=10 ym
Q‘D" 0.75 —— r=20 ym N
é‘ —*— r=40 ym
;8 —4— r=60 pm
% 050
C
o
=
[o]
28
< 0251 e Mg

0
300 320 340 360 380
Temperature T (K)

B2 (4 O BDAS [ A2 r VO, BRI S 1 THZ A
FRL TR FAI MBS 36 Qs WL PEE T ) 2241 HE 2

Figure 2 (Color online) The absorption efficiency Qqps as a function of
the temperature T for different VO, spheres characterized by its radius 7.
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Figure 3 (Color online) The absorption efficiency Qqps as a function of
the radius r of VO, spheres at different temperatures.
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Figure 4 (Color online) The time evolution of the particle temperature
T under various THz radiation intensities /. The particle radius is fixed
at 50 um, and the heat coefficient &, is fixed at 100 W m2K!.
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Figure 5 (Color online) The steady-state temperature 7 as a function
of the THz intensity / for different temperature width AT of the phase
change. The remaining parameters are the same as in Figure 4.
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Design of the vanadium dioxide temperature
self-regulator in the terahertz regime

CUI JunYi', ZHAO Min', XU XiaoFeng', WANG ChunRui!, WEI LianFu',
CAO JunCheng? & WU BinHe!"

LCollege of Science, Donghua University, Shanghai 201620, China;
2Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences, Shanghai 200050, China

A temperature self-regulator can keep the particle temperature almost constant over a wide range of light intensities. In
this study, we propose a temperature self-regulator design under terahertz radiation. A key ingredient in this proposal is
vanadium dioxide (VO,), whose properties in the terahertz regime vary drastically around its phase transition temperature.
One would expect that the particle temperature may be self-adjusted in the phase change process. To verify this notion,
we employ the Mie theory for the theoretical analysis. The results show that the absorption exhibits nonlinear dependence
with different parameters. At optimized sizes, the absorption of terahertz radiation can be significantly suppressed once the
phase change occurs. Consequently, the temperature does not show a significant increment with increasing intensity. These
results can facilitate the future development of temperature self-regulator using phase change materials in the terahertz
regime.

terahertz, vanadium dioxide, photothermal effect, temperature self-regulator
PACS: 78.20.nb, 78.20.Ci, 78.40.Kc, 71.30.+h, 42.70.Nq
doi: 10.1360/SSPMA-2020-0204
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