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CAU TRUC VA TINH CHAT PIEN SAC CUA MANG M ONG VANADIUM
PENTOXIDE PUQC CHE TAO BANG PHUONG PHAP PHUN XA MAGNETRON
DC O NHIET PQ PHONG
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TOM TAT: Mang mong dién sdc Vanadium pentoxide (V.Os) di dwoc ché tao thanh cong bang
phuwong phadp phun xa magnetron DC tir bia kim loai Vanadium (d¢ tinh kiét 99,5%) trong moi truong
khi hoat tinh (Oy+Ar). Ddc biét, mang da cé khd ndng hinh thanh pha tinh thé V,0s ngay ca ¢ nhiét dé
thap (nhiét do phong). Tinh chat quang hoc cua mang dwoc khdo sat bcfng phé truyén qua — hap thu.
Tinh chdt cdu tric ciia mang dwoc khdo sat bang phé XRD, phé Raman va anh SEM. Ngodi ra, cdc tinh
chdt dién héa va dién sdc ciia mang ciing dwoe khdo sat. Cdc két qua nghién cieu da cho thdy, mang c6
dé truyén qua twong doi cao (>70%), c6 cdu tric tinh thé thap. Mang cé kha ndng tiém rit ion Li* cao
va dé én dinh dién héa qua nhiéu chu ky tiém rit. Khi dwoc nhuém mau, do truyén qua ciia mang giam
ciing véi s dich bo hdp thu vé phia séng ngdn. Khi tdy mau, do truyén qua cia mang tang 1én ciing véi
su dich tro lai vé phia do cua bo hdp thu. Kha nang dao mau thudn nghich cia mang mong phun xa
V,0s cho phép mé ra iing dung to I6n ciia mang méng ndy trong thyc tién.

Tir khoa: Vanadium pentoxide,Ds, mang mong dién sdc, phiin xa magnetron DC.

GIGI THI EU tiém vao giita cdu tric cua mang (qua trinh

nhuém mau) theo phuong trinh phan tng tong

Mang mong V,0s dd dugc nhiéu tac gia quét:

trén thé giéi tap trung nghién ciru tir nhiing .
‘ -y . YA +y €+ AV,05 = AuyVo0s
nam 80 cua thé ky trudc. Theo cac ket qua

nghién ctru, mang mong V,Os di thé hién nhiéu

1)

Trong d6, A 1a cac nguyén tir Li, Na hoéc

ddc tinh wu viét nhu tinh chét dién sic, kha

nang tich trir ion kim loai cao va kha nang xuc
H. Thong thuong, cac tac gia chon A la

Lithium.

tac khir SO, va mdt sb hoi hitu co doc hai khac.

Chinh nhiing tinh chit nay da lam cho mang

mong V,0s5 c6 kha nang ung dung trong cac
thiét bi hién thi, ctra s6 thong minh, pin Li-ion
nap xa lai, sensor khi...

Tinh chat dién sic cua mang mong V,0s

thé hién khi c6 mot lugng ion kim loai duoc

CAu tric LiV,0s s& ¢ su chuyén pha dan
to pha a (x<0,1) sang pha& (0,2<x<0,4),3
(0,85<x<0,95),y (1,6<x<2),® (2,6<x<3) khi
tang lugng ion kim loai tiém vao. Khi x>1 (pha
Yy vd ®), qua trinh tiém rat lithium s& dién ra

khong thuan nghich, mang sé béy lai mét lugng
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16n lithium (~0,4 Li/V,Os) sau qua trinh tay
mau (rat lithium). Sy chuyén pha trong qua
trinh dién sdc da duoc xac dinh bé“mg phé XRD,
phé Raman, IR va XPS [5,7,10].

Mang mong V,0s da duoc ché tao béng
nhiéu phuong phap khac nhau nhu ling dong
xung laser (PLD) [3,7-9,11], salg[13], béc
bay chan khéng [4], phun xa magnetron DC
[6,12] va RF [5,10]. Trong céng trinh trude
day, nhom tac gia da thuyc hién ché tao mang
V,0s thanh cong bang phuong phap boc bay
nhiét trong chan khong va tién hanh khao sat
mot s6 tinh chat cia mang mong nay. Dé ning
cao cac tinh chit cia mang mong V,0s nhim
¢6 thé trién khai ung dung va san xuit cong
nghi¢p sau nay, chung t6i da st dung phuong
phap phun xa magnetron DC dé 1éng dong tao
mang & nhiét d6 dé thap (nhiét do phong). Mot
s6 tinh chét vé quang, dién, cAu truc cla mang
dd dugc khao sat dé kiém tra kha ning tng

dung cua mang.

VAT LI EU PHUONG PHAP

Mang mong V,0s5 da duogc ché tao béng
phuong phap phin xa magnetron DC tir bia
kim loai Vanadium (d6 tinh khiét 99,%%). Céac
thong s6 phun xa di dugc téi wu trong cong
trinh trude [2], bao gdm ti 1& khi O./(Ox+Ar) 1a
25%, cuong d6 dong phun xa 13 0,2A, ap suat

phiin xa 1a 3 mTorr, khoang cach bia-dé Sem.
Véi cac thong sb trén, ching t6i dd tién hanh
tao mang trong thoi gian 15 phut. B§ day
khoang 200hm, dugc xac dinh bﬁng phuong
phap Stylus. Pic biét, trong dé tai nay, chung
t6i da tién hanh ling dong tao mang & nhiét do
dé thap (nhiét d6 phong). Mang mong sau khi
dugc phu trén dé thuy tinh va dé dan dién trong
subt ITO, s& dugc khao sat phd truyén qua
bang may UV-Vis (PTN Vat liéu K§ thuét cao,
Truong Pai hoc Khoa hoc Tu nhién TpHCM).
Tinh chét cdu trac mang dwoc xac dinh bang
phé nhiéu xa tia X (XRD) do tai Vién Dau khi
Petrolimex (TpHCM) phé Raman (PTN Céng
ngh¢ Nano, PHQG Tp.HCM) anh SEM bé
mat va cat 16p (Vién KHCN, Ha Ngi). Tinh
chét dién hoa va dién sdc duoc khao sat béng
phd dién thé quét vong (Cyclic Voltammetry,
CV) thyc hién tai PTN Hoa Ly Ung dung (PH
KHTN TpHCM) véi dung dich dién ly 1M
LiClO4/PC.

KET QUA VA THAO LUAN
Tinh chét quang hoc

Tinh chét quang hoc cia mang mong V,Os
phu trén dé thuy tinh, trén dé dan dién trong
sudt ITO va cita dé ITO (dé so sanh) duge khao
sat bang phd truyén qua tir ving tir ngoai-kha

kién dén hong ngoai gan (hinh 1).
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Hinh 1. Phé truyén qua cia mang ITO, V,0s va V,04/1TO

Két qua cho thdy, cac mang déu co do
truyén qua tuong dbi cao (trén 70%). Phd
truyén qua cia dé ITO c6 bo hip thu nim &
khoang budc song 300hm, tuong Gng voi do

rong vung cAm 16n (>3eV) cua loai ban din

(hv.anphaﬁ“

nay. Khi mang mong V,0s dugc phu Ién dé
ITO, d6 truyén qua ciia hé mang hai 16p khong
giam di ma chi c6 sy dich bd hip thu vé ving
bude song 400nm, trong ung vai do rdng vung

cdm cua V,0s (tr 2,1 — 2,5eV) [3,8,9,11].
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Hinh 2. Bo hip thu cua V,05 va V,04/1TO

Diéu nay cho thdy ITO thich hop dé lam
dién cyc trong subt khi phu mang V,0s cho cac
g dung dién sic va cira s6 thong minh. Dé
xac dinh gia tri Eg cia mang V,0s, chiing toi

sir dung phuong phap ngoai suy tuyén tinh tir

phd hép thu theo phuong trinh: (ahw) = B(iw
—Ey) ", v6in co thé nhan cac gia tri ¥ (chuyén
mirc thing dwoc phép), 3/2 (chuyén muc thing
bi cdm), 2 (chuyén muc nghiéng dugc phép) va

3 (chuyén mirc nghiéng bi cam). Cac tac gia
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trén thé gi6i thuong chon n = 3/2 dé xéac dinh Vay budc dau co thé khing dinh mang mong
Eg (Hinh 2). V05 di dugce ling dong & nhiét o dé thap.
Gia tri Eg cua mang V,0s phu trén thuy 3.2.Tinh chét ciu triic

tinh va trén d¢ ITO c6 gia tri khoang 2,3eV, Cu triic clia mang duoc xacdinh nhy phé

phu hop voi két qua cua cac cong trinh khéc. XRD (Hinh 3).
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Hinh 3. Phé XRD cua mang V,0s phu & nhiét d6 phong

Két qua cho thay, mang da hinh thanh ciu [4,6,7], nhung v&i nhiét do dé 13 thap hon hén.
trac tinh thé va phat trién theo mat mang (001) Diéu nay cho thdy sy uu viét cua phuong phap
cua tinh thé V,0s. Nhu vady, mang V,0s5 phat phun xa magnetron DC. Ngoai ra, chung t6i
trién theo tung 16p song song véi bé mat dé. cling su dung phuong phép ph6 Raman dé phan
Két qua nay phu hop v6i cac Kt qua nhan duoc tich cdu triic mang V,Os (Hinh 4).

khi tao mang Bng cic phuong phap khac
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Hinh 4. Phé Raman ctia mang V,0s phi ¢ nhiét dd phong

Ph6 Raman cia mang V,Os phu trén dé
thiy tinh c6 cac peak riéng ré nhau va vi tri
peak dugc xac dinh phu hop v6i phd chuin cua
V50s. biéu nay ching t6 mang mong duogc ché
tao da phat trién don pha V,0s, di ¢ cAu trac
tinh thé (thé hién ¢ sy hinh thanh dy du cac
peak chin Raman cua V,0s) nhung d6 tinh
thé hoa con thap (thé hién & cuong do cac
peak). Dic biét, peak 145cm da phat trién
manh chung té cAu trac 16p cua V,05 da hinh
thanh. Két qua nay, mot 1an nita da khing dinh

két qua nhan duoc tir phd XRD.

Dé phan tich bé mat ciia mang sau khi phu,
chung t61 da su dung phuong phap chup anh
SEM bé mit mang (Hinh 5). Nhén thiy, bé mat
mang tuong d6i dong déu. Cac hat trén mang
déu co kich thudc twong dbi nho (<10nm) dwoc
giai thich 1a do c4u truc tinh thé thap ciia mang.
Anh SEM cit ngang ctia mang ciing dugc chup
va cho bdi hinkh 6. Ranh gidi gitra mang V,0s
va dé thay tinh d& dang dugc phan biét. Tu do
xac dinh d¢ day mang khoang 200hm, phu hop
v6i két qua nhan dugc tir phwong phéap Stylus.
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Hinh 5. Anh SEM bé mit mang V,Os

Hinh 6. Anh SEM cét ngang ciia mang V,0s

Tinh chét dién héa

Phd CV cta mang ITO va mang V,0s/ITO
cho boi Hinh 7. Ta thiy, dé ITO hau nhu khong
c6 kha nang tiém rut ion Li", thé hién mat do
dong dap tmg rat thiap (~10°A/cm2). Nguoc
lai, mang V,0s phu trén ITO c6 mat do dong
dap tng 16n hon hai bac (~10%A/cm2), thé hién

kha ning tiém rut ion Li* 16n va kha ning dién

hoa cao. Dang phd CV “map” ching to cau
trac tinh thé thap hodc vo dinh hinh ciia mang.
Mang V,0s duoc khao sat CV qua nhiéu chu
ky quét thé (Hinh 8), cho thiy tir chu ky thir
hai, mang c6 d6 6n dinh dién hoa tt, thé hién &
su chdng chap nhau cua cac phd CV. Mang van
duy tri sy 6n dinh sau hon 35 chu ky quét thé
(khong dugc thé hién), hira hen kha ning tng

dung ctia mang.
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Hinh 8. Phé CV ctia mang V,0s vai cac chu ky quét thé khac nhau

Dé khao sat kha ning tiém rat ion Li* vao
mang, luvong dién tich tiém vao va rat ra khoi
mang dugc tinh va biéu dién & Hinh 9 véi cac
tbc d6 quét thé CV khac nhau. K&t qua cho

thdy, lugng dién tich tiém rat déu giam khi ting

tbc do quét thé. Pidu nay duogc giai thich 1a do
mang dap tng khong kip véi toc do quét thé
cao. Két qua nay phu hop véi két qua dich dinh
oxy hoa va dinh khir cia phd CV vé phia thé

phén cyc 16n khi tbe d6 quét thé ting.
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Hinh 9. Dién lugng Q tiémvao va rut ra khoi mang thay ddi theo téc do quét thé

Nhu vay, dién lugng tiém vao mang lén
nhét c6 thé dat 20,5mC/cm, cho thdy kha ning
tich trit 16n ion kim loai clia mang. Ngoai ra,

dién lugng tiém vao luon 16n hon dién lugng

-t}

rat ra. Nhu vdy, mang da “bay” lai mét luong
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nho lithium trong mang sau qua trinh rat
(<1,8%). Tuy nhién, qua trinh tiém rat nay van
la qué trinh thuan nghich vi gid tri x trong
Li,V,0s nhé hon 1 va mang chi ton tai & pha &
va d (Hinh 10).
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Hinh 10. Céc dang pha Li,V ;05 theo tde do quét thé

Tinh chét dién sic

Tinh chét dién sdc cua mang duoc khdo sat
bang phd truyén qua ciia mang méi phi, mang
sau khi nhuém mau & thé -0,5V va mang sau
khi tiy mau & thé +1V trong thoi gian 100s
(Hinh 11). Chothdy, khi dugc nhudm mau, do

truyén qua ctia mang giam xudng c& 50%, bd
hép thu bi dich vé phia buéc séng ngin twong
tmg sy ting aia Eg Khi duoc tiy mau, do
truyén qua clia mang tang tro lai (gﬁn 70%) va
Eg giam tr¢ lai. Tuy nhién, trang thai tdy mau

khong gidng vé6i khi méi phu do lugng lithium
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bi “bay” lai trong mang. Su thay ddi gi4 tri Eg
cua mang dugc [12] gidi thich theo m6 hinh
vung nang luong: khi tiém lithium, sy tach
viing dan V4 thanh ving din Vg va ving héa

tri Vzq (nam trong vung cam cua V,0s) dan dén

khoang céch tir mirc Oy, dén V3q dan (Eg) ting

va hinh thanh céc dich chuyén dién tir tir ving

V3q hoa dén Viq din (hdp thu anh sang kha

kién).
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Hinh 11.Pho truyén qua ciia mang V,Os khi méi phu trén ITO; khi duge nhuém mau va khi tdy mau

Do tuong phan gitra hai trang thai nhuém
va tdy mau, tuy chua cao, nhung vin mo ra kha
ning ung dung dién sic cua mang ciing nhu
cac hudng nghién ciru tiép theo dé nang cao

tinh dién sac cua mang.

KET LUAN

Mang mong dién sdc V5,05 da dugce ché tao
thanh cong & nhiét d6 dé thip bing phwong
phap phin xa magnetron DC. Mgt sb tinh chat
dién, quang, cAu tric mang da dugc khao sat,
cho thay, mang c6 do truyén qua trén 70%. Tur
Ph6 XRD va Raman, cho thiy mang di hinh

thanh c4u tric tinh thé v6i do tinh thé hoa thip.
b6 day mang khoang 200hm dugc xac dinh
nho phuong phap Stylus va anh SEM cit
ngang. Mang c6 kha niang dién hoa tot, do on
dinh dién héa cao qua nhidu chu ky tiém thoat
jon Li*. Kha ning tich trit mot lugng 16n
lithium (20,5mC/crf) va kha ning dao mau
thudn nghich khi dugc tiém rat lithium cho
phép mé ra trién vong mg dung cta loai mang

mong nay trong thuc tién.
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STRUCTURE AND ELECTROCHROMIC OF VANADIUM
PENTOXIDE THINFILMS PREPARED BY MAGNETRON DC SPUTTE RING AT
ROOM TEMPERATURE

Le Van Hieu®, Tran Tuan®, Nguyen Duc Haé", Tran Quang Hien®
(2) University of Science, VNU-HCM
(2)University of Tien Giang, Tien Giang

ABSTRACT: Vanadium pentoxide §@s) electrochromic thinfilms have been manufacturgd b
magnetron DC sputtering method from Vanadium ta@8t5% purity) in compound of,Gand Ar
gases. In especially, films have crystalline stnoetat low depositing temperature (room tempergture
which has been defined by XRD, Raman spectrum Bl figure. The optical property of films has
been investigated by transmittance — absorptionctspscopy. Moreover, electrochemic and
electrochromic properties of films have been exachilAs the result, films have high transmittance
(>70%), low crystalline structure, high insertioithium ability and stability with many electrochemi
cycles. With these high propertiesQy sputtering thinfilms have capability to be usedyaplication.

Key words:Vanadium pentoxide,@s, electrochromic, magnetron DC sputtering.
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