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1. GIOI THIEU

Ngay nay mang WO; d& va dang duoc nhiéu phong thi nghiém quan tim nghién ciru rong
réi véi nhiéu tinh chit 1y hoa 1y thi nhu 1& Tinh dién sic [1]; tinh khi sic [2]; tinh cam bién
khi [3], tinh lwu trit ion va luu trir dién tich... [4]. Co ché cho phan 16n cac tinh chit ndy 1 co
sy khuéch tan vao ramét cach thudn nghich ctia cac hat nguyén tir hodc céc ion thich hop vao
céc kénh rong (6ng rong) ciia mang tinh thé WOj5 [5]. Trén hinh 1 la anh minh hoa céc kénh
réng ciia mang tinh thé Peropskit cia WO3. Céc kénh rong nay do cac khbi bat dién WOe tao
thanh doc theo cac truc - co ban cua 6 mang. Diéu ndy cho thiy rang khi mang WO; ¢ cau triic
tinh thé véi cac kenh rong huo‘ng doc theo phuong vuong géc véi bé mit mang va cé mat do
dién tich cua cac “6ng rong” cang cao thi h¢ so khuéch tan cua céc hat ion hodc nguyén tir (co
kich thuéc phU hop) vao trong cac ong hodc khuéch tan ra khoi ching s& cang Ion. Két qua 1a
mang dap ing t6t tinh thuan nghich dbi voi sy khuéch tan theo hai chiéu néu trén va nhu vay
céc tinh chit cua mang WO; c6 lién quan dén co ché khuéch tan néu trén s& thé hién cang
nhay.
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Hinh 1: Sy hinh thanh céc kénh rdng trong mang tinh thé Peropskit ciia WOs.
(theo www.webel ements.com)
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Mot dic diém kha 1y tha d& dugc 1am rd & cong trinh ndy |aviéc mang WO; duoc tao trén
|6p dién cuc trong sudt ITO cho trang tha két tinh tot hon so vai trén thay tinh. Ngoai radinh
hudng phét trién tinh thé caa mang WO; con bi anh huong béi miat mang ITO(400) va do day
cua lop ITO. Piéu ndy ciing duoc gidi thich rang cé sy hop mang WO,/ITO do ¢6 sy tuong
ddng vé khoang cach giita cic nut mang oxy trén mat ITO(400) véi khoang cach giita cac nit
mang vonfram trén c&c mat (001); (020) va (200) cia mang tinh thé WOz dang monoclinic (m-
WQ;) hoac dang orthorhombic (0-WOs). Sy “hop mang khong dong nhét” (heteroepytaxi) nay
dé tao ra sy dinh huéng ddi véi cac kénh rdng ctia mang peropskit WO3 trong d6 c6 sy canh
tranh gitta céc kénh doc truc ava ¢ nhan phuong vudng goc véi bé mat mang.

2. THU'C NGHIEM

Trong cong trinh ndy, c&c mang ITO, WO; duoc ché tao bang phuong phdp phin xa
magnetron trong mdi trudng hdn hop khi 1dm viée Ar + O,. Céc khi thanh phin O, va Ar c6 do
tinh khiét 14 99,999%. Hé bom chan khéng tao mang c6 thé dat dugc chan khong ban dau 1&
khoang 107 torr nho hé bom Turbovac 1000. Lép ITO dugc ling dong trén dé thiy tinh
thuong bang phuong phép phin xa magnetron DC tir bia gbm ITO 90% In,O3 10% SnO, (theo
khéi lugng) ¢ nhiét do dé trong khoang 300°C + 350°C. Mang WO; dugc phu trén 16p ITO
bang phuong phép phiin xa magnetron RF v6i cong suat phiin xa 14100 W. Thoi gian phtn xa
1430 phit. M6t han ché 16n mang tinh nguyén tic cua quy trinh phin xa magnetron RF 13 qua
trinh cép nhiét ctia bép khong dugc hoat dong dong thoi véi qua trinh phin xa. Do véy sau khi
ling dong 16p WO3, hé mang dugc u nhi¢t trong khong khi ¢ 400°C trong bén gio dé mang dat
dugc hop thirc va trang thai két tinh tot [6]. Sau khi cac hé mang dugc ché tao xong, ciu tric
clia chung ciing dwogc khao sat dya trén cac phd XRD ctia ching.

Dé mang WO; ¢6 thé phat trién “hgp mang” tét, 16p ITO can phai c6 pha tinh thé phat
trién theo huéng mat mang ITO(400). Mat khac tur két qua khao sat pho XRD cua cong trinh
[7] cho thay rang dé ché tao 16p ITO phat trién cdu trac uU tién theo hudng mét mang (400),
mang ITO cin duoc ché tao tng véi d6 day cao va ¢ ap suit oxy riéng phan thip. Khi do day
mang ITO tang trén 100nm thi cuong d6 dinh XRD ITO(400) cua mang tang nhanh hon so véi
céc dinh khac. Mat khéac voi ap suit oxy riéng phén cao, pho XRD cho dinh ITO(222) lachu
yéu. Ngodi ra, dé khao sat anh hudng do cac bién dang cua mang ITO [8] gay ra dbi vai 16p
WO, ching téi ché tao cac 16p ITO véi cac do day khac nhau va dugce chon lan luot 14 150,
200, 250, 300 va 350 nm véi ap suét oxy riéng phan kha thap khoang 5.10%torr.

3. KET QUA VA BAN LUAN

3.1 Céu tric tinh thé ITO va mat mang ITO(400)

ITO (Indium Tin Oxide) & hop chit oxit Indlum pha tap SnO, Véi ty 1€ tap tur 3% dén
15%. Khi ¢ sy tham gia cta tap Sn, cac nat Sn®* S8 thay thé vao vi tri cua cac ion In** trong
mang tinh thé bixbyite cua In,Os. Trén hinh 2 [9-10] |& md hinh ciu trac mang tinh thé
bixbyite cia In,Os. Hinh 2alamé hinh ciu tric 1ap phuong caa 6 co s& & d6 cac hinh ciu nhod
|a c&c ion In*" hodc ion Sn** con cé&c hinh cau 16n 14 c&c ion O”. Hang s6 mang cua tinh thé
In,O; lakhoang 1,012nm [8,11]. Tuy nhién hang s6 mang ndy co thé thay doi tir 1,012nm dén
1,024nm tlly thudc vao lugng tap Sn duge thém vao mang [12-13]. Su ting 1én cia hing sb
mang ndy dugc giai thich rang khi c¢6 sy thay thé cta cac ion Sn® ¢6 béan kinh 1én (0,093nm)
Va0 Vi tri cia cac ion In*" ¢6 ban kinh nho hon (0,079nm) [12,14]. Tir hinh chiéu cta 6 don vi
doc theo truc Oz (hinh 2b) va doc theo truc Ox (hinh 2c) cho thiy rang cic mat mang (800);
(080) va (008) ciia In,Os chi chira cac nut oxy. Khoang cach giita cac nut oxy ké nhau trong
mat (008) bang 25% hang s6 mang va véi truong hop co tap Sn (trong mang tinh thé ITO) thi
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khoang céch d6 1a khoang 0,253nm + 0,256nm [8]. Khoang cach ndy ciing bang voi khoang
céch gitra cac mat ITO(004) hay ITO(400).

Hinh 2: Ciu trac mang tinh thé bixbyite ctia In,Os:
a) 0 don vi; b) mat chiéu ding; ¢) mat chiéu trude.

Tur thue nghiém khao sat phd XRD cua mang I TO trong cong trinh ndy, khoang cach mang
g vai dinh ITO(400) dwoc xac dinh 1a khoang 0,256nm + 0,257nm tly thudc vao diéu kién
tao mang. Ciing tir hinh 2b, trén giao tuyén giita cac mit chéo (440) v6i mat (008), khoang
céch cé&c nit oxy lién tiép cach nhau khoang 0,358nm + 0,362nm. Khoang cach ndy gip hai
lan khoang cach giira cac mat mang (440). Diéu ndy ciing x&c dinh dugc tir phd XRD khoang
cach gitra cac mat mang (440) 1a khoang 0,180nm + 0,181nm tirc 1a khoang cach gitra cac nut
oxy trén giao tuyén chéo 1& 0,360nm + 0,363nm. Kich thuéc ndy twong dbi gan véi khoang
céch giita cac Nt W-W trong mang tinh thé WOs.

3.2 CAu truc tinh thé ciia WO; va sy hop mang ciia mang WO; trén mit ITO(400).

Mot dic trung cua sy hinh thanh ciu trac vat liéu vonfram oxit 12 viéc dwa vao sy két ndi
cia cac khéi bat dién WOe. O vit liéu khoi, WO5 €6 ciu trac Peropskit hinh thanh trén co so
cac khéi bat dién WOg chung dinh. Trong truong hop 1y tuong, céc khéi bat dién chung dinh
sip xép theo trat ty ddi xtmg v6i goc lién két W-O-W 1a 180°. Tuy nhién théng thuong thi
trong mang c6 su dich chuyén cua cac nit nguyen tir cling nhu c6 sy quay cia cac khdi bat
dién tly thudc vao nhiét 46 cua mang. Do vay cau tric mang tinh thé duoc tim thay co céac
dang nhu tetragonal, orthorhombic, monoclinic hodc triclinic. Hinh 3ala mé hinh sip xép cac
khéi bat dién cia mang peropskit 1y twong. Hinh 3b md ta cac kich thudc tinh theo nanomet
clia cdu trac monoclinic do K. Bange duara[15]. Trén bang 1 1athéng tin vé mot sé dang cu
trc tinh thé cua vat liéu khdi WOs.

Béang 1: Mot s6 pha ciu trac tinh thé mang peropskit cia WOs.
Ciutric | a(m) | b(m) | c(nm) | a(® B y© | Tham khao

Triclinic 0,730 | 0,752 | 0,769 | 88,83 | 90,92 | 90,93 [13,16]

Triclinic 0,7310 | 0,7524 | 0,7685 | 88,85 | 90,91 | 90,93 [17]
Monoclinic | 0,730 | 0,753 | 0,768 90 90,90 90 [13,16]
Monoclinic | 0,7285 | 0,7517 | 0,3835 90 90,15 90 [17]

Orthorhombic | 0,735 | 0,756 | 0,387 90 90 90 [13,16]
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Orthorhombic | 0,7341 | 0,7570 | 0,7754 | 90 90 <) [17]
Tetragonal | 0,525 | 0525 | 0,392 | 90 90 90 [13,16]]
Cubic 0371 | 0371 | 0371 | 90 90 <) [13,16]

Hinh 3: M6 hinh (;éu trac mang tinh thé WO3 Iy tuéng:
a) cac khoi bat dién WOg chur)g dinh;
b) khoang cach (nm) cac nat mang W-O cia cau tric monoclinic [15].
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Hinh 4: Pho XRD a) cta bt WO5 vamang I TO/thuy tinh vab) cia WO4/ITO/thuy tinh.

Céc thong tin ndy ciing cho thay khoang cach giira cac nat W ké nhau trong mang WO,
vao khoang tir 0,364nm dén 0,392nm. Kich thuéc ndy I6n hon so véi khoang cach giira c&c nit
oxy theo cac phuong cua cac duong chéo trén mat ITO(400). Vi khoang cach gitra cac nat
oxy trén mat ITO(400) datinh trén [40,363nm thi sai I1éch nay khoang tir 0,27% (S0 Vi truc a)
dén 7,99%(so véi truc ). Mat khéc ciing tir cac sd liéu ctia bang 1 cho thiy cac kénh rdng doc
theo truc a cia mang WO; c6 kich thudc 16n nhit. Nhu viy viée tao mang WO; véi dinh
hudng phat trién theo hudng (200) s& cho téng dién tich cac kénh rdng 16n hon so véi hudng
mat (001). Tuy nhién véi két qua tinh toan trén, sy hgp mang gitra bé mat ITO(400) védi cac
nit W trén cac truc a vab ciia mang WO3 s& dé dang hon so véi cac truc b vac. Nhu vay viée
tao mang phét trién theo hudng cta mit (200) s& kho khian hon so véi trudng hop mang phét
trién theo hudng mit (001).
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Trén hinh 4ala phé XRD ciia mau bot WO5 dang m-WO; va mang ITO trén dé thay tinh.
Mot dic diém dang luu y 1a vi tri goc nhidu xa cua dinh ITO(440) & 20 = 50° tring Véi vi tri
ciia nhém ba dinh nhiu xa dinh sat nhau WO3(002): WO5(040); WO5(400). Két qua thuc
nghiém ndy ciing cho thay rang khoang cach giita cic mat ITO(440) rat gan véi khoang cich
W-O trong mang m-WOQOs; nhu da tinh todn & trén. Tuy nhién khoang cach gilta cac mat
I TO(440) nay khéng hoan toan nhé hon khoang cach W-O trong mang m-WO; ma no van cé
thé 16n hon khoang cach giira cac mat WO5(400). Hinh 4b 1a phé XRD ctia mang WO; duoc
phu trén 16p ITO 350nm. Tt hinh 4b cho thiy 16p ITO cho dinh (400) manh nhit ching to
mang phét trién cha yeu theo hudng mat mang (400). Mang WO; hdu nhu chi cho mot dinh rat
manh 1a (001) cho thiy mang phét trién chi yéu theo huéng mit mang WO5(001). Tuy nhién
duong phong cua dinh XRD WO3(001) nay ¢ vi tri ing véi cac dinh (020) va (200) cho thay
6 sy xudt hién cua cac pha tinh thé ¢6 dinh hudng theo cac mat ndy nhung cd kich thudc rat
nho. Mot dic trung ndi bat caa sy hop mang WO4/1TO trong cdng trinh ndy |anhiét do tinh thé
héa ciia mang WO; kha thip. O nhiét ¢ dé khoang 250°C trong giai doan ling dong mang,
mang WO két tinh kha t6t trén dé ITO tuy nhién trén dé thiy tinh thi chi cho dau hiéu c6 su
két tinh trén phé XRD véi nhitng dinh nho khong rd rang trén “ dudng ddi” cta ving géc nhiéu
xa 20° dén 25°.

3.3 Anh huéng ciia d9 day |6p ITO 1én dinh huéng phat trién ciia mang WOs.

Trén hinh 5 1& phé XRD cua cac mang WO; duge phi trén c&c 16p dém ITO voi cac do
day khac nhau: 150; 200; 250; 300 va 350nm. V&i 16p ITO khoang 350nm sy phat trién mang
hdu nhu 1& don huéng theo mit mang (001) nhung véi khoang cach gitra cac mat mang kha
|6n 0,400nm. Véi 16p ITO khoang 300nm sy phat trién mang WO c6 sy bat thuong vé tinh
dinh hudng so véi cac mang khéac do c6 si xuit hién ctiia mét sb dinh ¢ ving goc nhidu xa 16n.
Véi do day caa 16p ITO giam dan: 250, 200, 150 (nm), phé XRD cua cac mang ndy cho thiy
6 sy giam dan cuong d6 ciia dinh (001) va dong thoi ting manh dan cta dinh (200). Riéng
dinh (020) nam xen giira hai dinh (001) va (200) khéng xuét hién rd rang ma “nap” vao chan
cta dinh (200) hodc xuit hién nhung rit yéu trén |6p ITO 250nm. Hinh 5b 1& phé XRD cua
mang WO; trén |6p ITO day 150nm. Phé cho dinh (200) rit manh vadinh (001) twong déi yéu
chimg t6 mang phét trién cau tric uu tién theo hudng mit mang (200).
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Hinh 5: &) Phé XRD ciia cac mang WO; trén cac 16p ITO c6 do day khac nhau;
b) Mang WO; phét trién theo hudng mit mang (200)

Trong st hop mang phat trién mang WO; trén ITO ndy, sy chuyén huéng phat trién wu tién
tur huong mat (001) ung véi d6 day 16p ITO 350nm sang huéng mét (200) tng véi d6 day [6p
ITO 150nm khéng thé giai thich dugc néu chi dwa vao cac lap ludn vé céac kich thudc mang
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cho phép sir hop mang trén. Tuy nhién diéu ndy ciing c6 thé giai thich duoc néu ta két hop
thém sy bién dang du bén trong 16p ITO ciing nhu sy gi&in NG nhiét clia dé thiy tinh (Ounuytinn=
8,5.10°K™) vamang ITO (a10=7,2.10°K™) [12,18].

O nhiét do u 400 °C dé mang WO, Chuyén tir pha vo dinh hinh sang tinh thé, dé thuy tinh
c6 hé sb ng dai [on hon nén gian né nhiéu hon ITO. Khi d6 & mit tiép giap voi bé mat thuy
tinh mang tinh thé ITO bi kéo cang ra, kich thudc mang trén cac mat song song be mat mang
do d6 ciing ting va trong mang xay ra ung suit cang. Ung suét cang gay nén bie én dang du
trong mang ITO dong thoi 1am cho c&c mat mang song song voi dé thily tinh ¢6 xu hudng co
vé kich thudc riéng cta nd. Két qua 14 c&c mit mang cang xa dé thiy tinh thi chiu tmg suat
cang cang nho va bi kéo gian cang it. Mot yéu t6 khac ciing gop phan rat dang ké vao su giam
(g suat cang trén bé mat mang chinh la cac sai hong bén trong mang [18]. Mang cang day thi
dong gop nay cang dang ké va nho vay khoang cach giira cac nit oxy trén bé mit ¢ mang ITO
day s& nho hon so véi 6 mang ITO mong.

O 16p ITO mong 150nm, khoang cach giita cac nut oxy trén mat ITO gidn rong dén gia tri
gin véi khoang cach giita cac nat W trén truc ¢ hon so véi truc a nén sy hop mang xay ra theo
céch uu tién lién két vai cac truc b vac cia WOs. Do vay mang phét trién uu tién theo hudng
mat mang (200). O 16p ITO day 350nm, khoang cach giita cac nit oxy trén mat ITO gidn ra
kém hon va gin véi khoang cach gitra cac nat W trén truc a hon so véi truc ¢ nén sy hop mang
xay ra theo cach wu tién lién két vi cac tryc a vab cia WO3. Do vay mang phét trién wu tién
theo huéng mit mang (001). O cac 16p ITO c6 do day trong khoang tir 150nm dén 350nm,
khoang cach giita cac nit oxy trén mat ITO kém dan khi d6 day ting. Sy hop mang khong
ddng nhat gita bé mit ITO véi cac nlit W sé tao ra sy bién dang bé mat mang ITO. Mang ludi
oxy cia bé miat ITO s& bi bién dang do su cheo kéo cla cac nliit W két hop voi sy ton tai cua
céc vj tri khuyét oxy cung nhu Si phat trién cac sai hong bén trong |p ITO. Két qua la mang
WO; duge tao thanh 6 ciu trac datinh thé véi sy xut hién cua ca ba hudng phat trién (001);
(020); (200) & d6 sy phat trién theo hudng mat (020) 1a kha yéu.

4. KET LUAN

Cong trinh ndy da phét hién duoc su “hop mang khong ddng nhit cia mang WOs trén
ITO” va ciing d& tién hanh thuc nghiém trén dé thity tinh thuong. Két qua cho thdy c6 su phu
hop kha t6t giita thyc nghiém véi nhan dinh d& dvara ban dau.

Két qua thuc nghiém ciing cho thay rang trong pham vi d¢ day I6p ITO tir khoang 150nm
dén 350nm, c6 su anh huéng rat dang ké cua d6 day cua ITO 1én sy hop mang cua WO; trén
nG. Su anh hudng nay ciing da dugc giai thich dua trén sy khac biét gitra hé s6 no nhiét ctia dé
thity tinh so v6i ciia mang ITO két hop véi sy anh hudng ciia céc sai hong trong mang ITO
trong khoang d6 day nay.

Mang WO; dugc phii trén ITO ¢d cau triic tinh thé dinh huéng theo hudng ctia mit
WO5(200) hoic WO3(001).V6i d6 day cia 16p ITO thap (co 1an can dudi 150nm), mang WO,
phét trién chu yéu theo huéng mit mang (200), khi d6 c&c kénh rdng c6 kich thudc 16n nhat
doc theo truc a ctia mang tinh thé WO5 huéng vudng goc voi mang. O do day 16p ITO 16n (co
|&n can 350nm), mang WO; phét trién cha yéu theo hudéng mit mang (001).

Khi pha trén céc [6p ITO ¢ d6 day trong khoang tir 150nm dén 350nm, mang WO; nhin
chung c6 ciu trac da tinh thé voi ba huéng phat trién cha yéu 1a (001); (020) va (200). Tuy
nhién trong khoang d¢ day cua 16p ITO danéu trén, mang WOs; khi phat trién trén céc 16p ITO
c6 do day |on hon thi sy phat trién mang theo huéng mit mang (200) s& giam di va sy phat
trién theo hudng mit mang (001) sé& tang Ién.
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ABSTRACT: WO; films were deposited by rf magnetron sputtering method onto

ITO(400)-coated glass substrates. Experiments showed that the growth orientation of WO;
crystalline lattice depends on the thickness of ITO layer. In this paper, this dependence will be
discussed further.
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