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Fig. 2. XRD patterns of VO, nano-powders.
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Fig. 1. Crystal structure diagrams of VO,: (a) B phase; (b) M phase; (¢) R phase.
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Fig. 3. SEM images of VO, (B) particles: (a) The magnification is 20000 times; (b) the magnification is 100000 times; (c) EDS spec-

trum.

247201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 24 (2020)

247201

(011)l (5‘12) (21?‘) AG#I;: 300 min
(200) S 100

5# t=90 min
| ) A

44 t =60 min
" i P

(110) 3# t =230 min
e ) FVCRP Wi Aasatadh

2# t=20 min

o .

1# t=5 min

Intensity/arb. units

VO, (M) PDF#43-1051

1 |||.Iu. Y P PN TETER TR T I
VO(B) PDF#81-2392

L ||l. VORI | O TR YR "

20 30 40 50 60 70 80 90

20/(%)

Bl 4 R[AE RS i 9 XRD
Fig. 4. XRD patterns of samples after different annealing

times.

(310) F1 (002) ff AT 506 (Anl&l 5 A7 1), X A
A EAZUERR VO, B 5 & A2 T A AR IR M A s iR
R A5 1201,

S EEAR KSR K VO, Tl Fa i 1 52
me, i FH SEM i#E4TWEE (Anf&l 6 iR ), ATLAE
FEATE 500 °C HLASIREE T, 99K iR b 7 iR
K [R] A B4 I RE S & AR AR Ak GRS B 5 Hh
4 (K 6(a)), T 5 98 KA1 19 Sk 35 58 43 Fl ke 1 A8
23 (&l 6(b) Rl 6(c)), BIEIARSEIE N, 9Ky &k
Wi, KEEE— N (1 6(d)), 12418 K] ¢ =
90 min i, AT LA H, BEA 98 K7 W 240/ Jotk
(K1 6(e)), I-FEmiRAE R HBLE 45 5, 9K AE N
ARHFLIF-tR (B 6(F)). 31 %o el v A g R S P

HATEEH 50T (3R 1), ATHIFE 500 °C 1B KT, 490K
U SR A RS 1 NS B TRV 4 N2 B &
2 um FERE| T 1 pm DIF.

AR 5 B ARE S AR ASPERE , XHRE S EA T
T DSC K, e PGl E T, WA 2
LE )R 25 (A R) ST G R, 38 2 X #h
WA R R %) AT A5 A S A A AR R B S R F
K7 AT LVE ) FHEAERE Y, Bra R a2 A I A
HI, R R ] BE T, W HRge T R O, K AR g Y
i, F B SCHAHT TN, 3R PR A BE 2 R R TR] Y
B, R MO S SR, R T A S A AR R
JEXIFE 67.5 °C MHI, JEH BEL POk VO, B IR
JE (68 °C), X 156 BRE 14 AH AR I 5 3R ks () 7
AR, BRI DSC ML R, Frf FE a5 A AR
KA B A AR T R] 4 35 i AH AR B B 61 °C )
62 °C 24k, BRI R, 5 TR AHAR IR B A L, A
RHOAAS IR GE B R 6 °C Zofy. ddad iR dras
SERTDAUEI, FRATRLT A8 T B8 iy HAT ] 39 AH AR
PERER) VO, (M) 40K kL.

3.2 E&HEREBEIETE

R AIE 5T AR KSR I F SOM AR PR B, R A 1Y
VO, ¥ K 58 2 "B (PEG) KIFWIRA, Hl%&hk
VO,-PEG Uik}, WMk 2 8], ¥)2 SEM [
i 8 i Frs. MR WRJZ R SEM E &
il BITR 2 VO, KR B #2 fith, 49K 50kE
FHARH PEG &0, ARPESCER [27], FTEIHIEEH VO,
WEC LI T VO, M2 BIE, o BURH: g
A B S A 2 HL PR RE.

VO,(R) PDF#79-1655
|| TR .
] = S 9 < <
«— S ! 90 °C = =
| ¥ N
3 3 8
B E me | B
el I e} el
- — -
& & 68 °C L
> | > >
Z & 2
Q 3 50 C |3}
-~ +~ -~
= J\ 5 2 ]
| z 2 = g 2
M (011) s 3 e £ 25 °C <
AE s 5, = =
A Ak P e v — ]
| VOy(M) PDF#43-1051
o I il ! | m !
27 29 20 30 40 50 60 70 80 64 65 66
20/(°)

5 A#FESD (GB KIFIE] ¢ = 60 min) #9728 XRD i<k
Fig. 5. Variable-temperature XRD patterns of sample 4# (annealing time ¢ = 60 min).
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Fig. 6. SEM images of samples with different annealing times: (a) Annealing time is 5 min; (b) annealing time is 20 min; (c¢) anneal-

ing time is 30 min; (d) annealing time is 60 min; (e) annealing time is 90 min; (f) annealing time is 300 min.

1 R[S I A A F b o 58
Table 1.  Voltage response data table of films with different annealing times.
Annealing Length of VO, Nonlinear 1 2 -
Rj at Vi =5V/kQ R§ at V; =100 V/Q
time/min belt/nm coefficient 0 At i / 0 At i /& Limit voltage/V
1# 5 2026 79.97 80.33 362.66 12.71
2# 20 1324 150.50 119.99 208.63 8.88
34 30 1274 154.11 105.66 225.65 9.16
44 60 1023 189.19 114.80 224.00 11.30
5# 90 802 240.64 77.60 236.93 10.23
6# 300 783 245.79 94.33 231.48 10.56
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Fig. 7. DSC curves of samples prepared at different anneal-
ing times (The lower is the heating curves, and the upper is

the cooling curves).
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Fig. 8. V-I curves of VO,-PEG composite film. The inset at
the bottom is the schematic diagram of the test connection
(The distance between the two electrodes is 1 mm, and the
electrode width is 2 mm), and the inset at the top is the
SEM image of the film.
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Fig. 9. Temperature-dependent resistance curves of (a)—(f) samples 1#—6# (The red lines are the heating curves; the blue lines are

the cooling curves).
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B AURE S IR E R BT L, PR 10(a) 2 B R
AR V-1 ik, & 10(b)—(d) ZHREAE 10(a)
BT EASR], iE 10(b) AP EEEL Ry =
Vi/I— 2000 (Fr v & 10(a) o Ag I B R
T RS 2 ) F B B FRL AT, 2000 BIVHS 6 Hr LR 4
FLBHAE ), &l 10(c) FIM BRI PISmREE Vy = V; -
I x 2000.

ZEE ST HTIEN 10 TR EE, MORERY AR AR R B T

a3 R 3B B e BHL B B A AR B BRI BH B B
BB B, BRI AR HL R Ry = 241 Q (18] 10(b)), HL
PR IRAR /DN (29 20 pA), FORHHLEH R, B A H
JE Vi B3 R 2w/ (1 10(b)), Ltk RECHh
5.08 kQ/V; FHZE By B A R i oy B — o7
Hi 181 10(a) AT AR M, M ABE V, = 39.73 V
B, MAREEAARAE, EREEE R, 1 64.9 kQ SR
/N 758 Q (AT 10(b)), HEBE I 8] A8 AL A% R fE T
100 £, A S BOH I & A2 =48 (WKl 10(a)), H
0.0563 mA 754 14.8 mA, N7 R S Y
HEHR Vo = 38.61 V(I 10(c)), WA R FHAS
HLE A Vi = 38.61 V, AHASBY BE A9 HL R 5 HL AL 1)
RLMERIL B = log(ly/ 1) /logl0( Vy-Vy) = 109;
TEAR BB BE, AL BHZR IR /N, 72V, = 100 V
imf, SR R2 = 202 Q, LR 9.41 Q/V,
H & 10(d) AT LAt ZEARBH BB, AR} i
FEARAR VAR AR, AEREELA 2T R
B H AR (V, = 10 V).

g 2 A3 AT B b B AR MIT 452 0
SRR FH R AR B HE RS S A% XA AR ks
(] 75 20 (R S A ST V-, A A
5K, XA BHIAIAS LR Vi FEL M R B B, HBH
Ry ZEACL B LRV, S HGHA T
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Fig. 10. Analysis of the second test curve of the composite film: (a) Input voltage V; vs. current I; (b) input voltage V; vs. material

resistance R, curve; (c) voltage across the material Vj vs. current I curve; (d) input voltage V; vs. voltage across the material Vj

curve.
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Fig. 11. MIT voltage curves of samples with different an-
nealing times.
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Fig. 13. The conductive channel model (a) and the simplified circuit model (b) in the VO, composite film.
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Abstract

In this paper, the voltage induced metal-insulator phase transition (MIT) of polyethene glycol (PEG)
composite film is investigated based on VO, nanoparticles prepared by the hydrothermal method and vacuum
annealing process. High purity VO, (B) nanoparticles are obtained after being treated in a hydrothermal reactor
at 180 °C for 12 h by using vanadium pentoxide (V,05) and oxalic acid (HyCyO,-2H,0) as raw materials. The
X-ray diffraction (XRD) pattern shows that the prepared nano-powders are free of impurities, and the scanning
electron microscope (SEM) pictures confirm that the micro-morphology is of a band-shaped nano-structure.
Next, these products are heated in a vacuum quartz tube at 500 °C for different times. The XRD and
differential scanning calorimeter (DSC) curves of the annealed samples prove that the VO, (M) with MIT
performance is successfully prepared. And the content of M phase in the sample increases with preparation time
increasing. When the annealing time is longer than 60 min, all the samples are converted into materials with M
phase. The SEM images show that the average length of the nano-powders decreases with the annealing time
increasing from 10 min to 300 min. Then PEG coating containing VO, (M) nanoparticles is applied between
two electrodes with a pitch of 1 mm on printed circuit board (PCB). The V-I test is carried out after a 20 kQ
resistor has been connected in the circuit. The results display repeatable non-linear V-I curves indicating that
the composite film undergoes an MIT phase transition under voltage. After it is activated for the first test, the
MIT voltage and non-linear coefficient increase exponentially as the length of VO, decreases. Besides, it is also
found that the voltage across the material is maintained at around 10 V after the resistance has changed
suddenly, which is similar to the behavior of diode clamping voltage. We believe that the phase transition
voltage and non-linear coefficient of the VO, composite film are influenced by the intra-particle potential barrier
and the inter-layer potential barrier. The longer the average length of the nanoparticles, the higher the potential
barrier between the interfaces in the conductive channels is, and thus increasing the phase transition voltage
and phase transition coefficient. The activation phenomenon of the thin film is caused by reducing the barrier
between particles during the first test. Furthermore, the results can prove that the electric field is the
determinant of the phase transition during the VO, composite film electrical field induced MIT of the VO,
composite film. However, after the phase transition, Joule heat plays a significant role in maintaining the low

resistance state.
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