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Optical/Electrical Properties of Monoclinic Vanadium Dioxide Composite Film
Embedded with Ag Nanoparticle Arrays
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Abstract: Based on the hexagonal-close-packed polystyrene (PS) template, a monoclinic vanadium dioxide composite film (Ag
NPAs/VO,(M)) embedded with Ag nanoparticle arrays was prepared on a quartz substrate via electronic beam evaporation. The
microstructure, phase transition characteristics and light transmittance of composite film were investigated. The results show that
VO,(M) and Ag phases both coexist in the composite film. The phase transition temperature of the composite film is as low as 55 C.
Based on the analysis by the band model, the embedding of Ag nanoparticles increases the free electron concentration in the
composite film and induces the phase transition to occur at a lower temperature. Compared to pure VO, film, the transmittance of the
composite film in the 590-750 nm band is weakened, which is attributed to the visible absorption of visible light in the 590-750 nm
band by Ag NPAs in the composite film, thus weakening the inherent brownish yellow of the VO, film.

Keywords: vanadium dioxide; phase transition; transmittance; silver nanoparticle arrays

HAR A 20 20 80 FFAR LU, 2FRTEE A X VO,  Te, W LU T TE 2B 24k BT, Ju A (wohHl
BRER AT TWFFE, AH AR SERL R L Y, g v B, ATUAE Te BEAREI SR T . HAE K2 i
19 AH A2 38 B (Te) FIAS 52 500 30 [ A% i €8 B 1 17 2 T T, BAAERRAK Te 11 [RII R DAK BH BE 1 2808
VO, B BE DA S, ek e p L HAERL, A A DI AR, VO, TSR DLIA 2 2
AT i 6 ) JAH Y 7 )iz %5 00 i RPREN, VO, kR T L VO, B4

Wk H#H: 2020-03-09. BT H: 2020-04-12. Received date: 2020-03-09.  Revised date: 2020-04—12.

FETH: EE ARRIEA(11904299); P RIRHE R A G 5 First author: ZHOU Zhangyang (1995-), male, Master candidate.
42(19ycx0066) . E-mail: 1678146840@qq.com

W JHATE1995—), Y, Lo Correspondent author: WU Weidong (1969-), male, Ph.D., Professor.

WS RIERA969—), Y, WL, #H%Zs XIONG Zhengwei (1984-), male, Ph. D., Associate
fEBHI(1984—), 55, WL, EIHR. Professor.

E-mail: wuweidongding@163.com;

zw-xiong@swust.edu.cn



.« 1568 - CREMR 2R 2741

J Chin Ceram Soc, 2020, 48(10): 1567-1573

2020 4F

UK S5 BRI U, e 2N f s R
VOL/Si0, A aKERG I, i f AN 32 Wil
ok oA AR IS 12, SR, RPN & R IR
HHRBIC Te B, BIHRT ML, % To B
R (03X 2 AR 2530 3 5 A3 B i v . DR,
TR I HEA TS

[1] VO, I A N 4 s 7 1T LA s s o i
FT LT (RS, T R Te MDG2ERE R, FEASR
R S B WO k7 PR O N NI = P U 1)
VO ORI G B /VO, 2 JEREN T 3 Bl ARy
W, SR AK RS ELAT H R 10 S R A% B 14
SR (LSPRYZN 2, A LI ik s 4 e 44 K ki
FRY R~ R0 B e S BN [R) 3 BE PR G i i 2241, 4
YKRL T (1) LSPR WA T4 500~750 nm P BE 2
)20 ANFERR S O B, T U TR
T EH R VO, AHMN 1 B AMABR B t0),  REORScs 3
P, Bk, ARAUKBRIIR. VO, R e
VO, B

A TAEH R R LI PS)BR AL T 78 K&
545 Ag APKFESI(Ag NPAS)IRIEHEA VOL(M)iifi i
i, TS T T A AR R R

L1 VO, BIRaH &
AT K B 55 11 B4 K R A7 BR 2 7] 277 1

(a) Polystyrene (PS) nanospheres
interfacial assembly

(f)VO, plating on Ag NPAs

K1 AgNPAs/VO,

(b) Picking up by SiO, substrate

(e) Ag NPAs on SiO, substrate

CV-TF-01 M FHRAEKRRG, {E65KILTE
6.0x10° Pa Nl 2655 VO, ¥4 K VO, #ifiE. K
VO, HUE TIH A2 AN ) 300 mm [,
NS FRARONEBEN 8V, TAEKMEN
6x107 Pa). #1471 H(Si0,) i (15 mmx 12 mm) i E)]
300 °C, LIAHIRE 0.5 nm/s (YTRUE A KR N
200 nm . SR HE I BF FE SRR 500 °C
10 Pa Ji 5 Nk 30 min. 557534l VO(M)JIE,
Fric ML Soo

1.2 PSiRHRATHI &

PS B AR [ il 2% K I B A 30k (B la~
lo). Khffid=hl PS ERIGEi KM, BT
ROKGH EIMARERZ Z. B, # PS 5k57
IKCTEARRLL 1:4) IR G TE R, A 4R S min,
RIS RS, TS R 20 uL WA
WO AE 2 B FOKERT, TERCRE . Bh)E, {52
TRFIN 10 pL 50k 2%I1 -+ e HEoR
PR . FHYR PR A 3 s IR A | A7 1)
PTL-MMBO1 Z e 5 B2 Hr 55 R HLRE F 2 1K) PS 4K BR
R 2T SiO 4TS, Fhd A 150 pm/mins
FEAAE 60 Co3 A R T4 5 min. f)m, 7358
JE7S A EHE PS B
1.3 AgNPAs/VO, E&EIEAH &

¥ PS BBURN L %, 78K Ag Il 20 min, 13
IR W 1d Pros. FE AT PS BURGR A FF R

(c) PS template on
SiO, substrate l

{r?’r: r'{g

rrrry s
-— FYrrYy
anses |
Y
-

Qﬁ&u

o
¥
-

(d) Ag piating on PS template

IR R

Fig. 1 Diagram of the procedure to fabricate Ag nanoparticle arrays (Ag NPAs)/VO, composite films
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