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TOM TAT: Mang dién cuc trong suét Sn05:Sb dirge ché tao bang phwong phdp phin xa
Magnetron DC phan vmg trén dé thiy tinh. Vat liéu bia la hop kim Sn (tinh khiét 99,5%) pha Sb (5% khoi
lwong Sb). Qua trinh tao mang dwoc thuc hién trong hén  hop khi Ar (tinh kh:ei 99,99%) va O; (tinh khiét
99,999%). H¢é chan khong tao mang co the dat dén dp sudt ban dau khoang 107 torr. aner dé dé trong qua
trinh tao mang dwoc giit & cdc gid tri on dinh trong khoang tir nhiét d phong dén 450 "C. Sw phu thudc
ctia kich thude hat tinh thé va tinh dén dién cua mang vao nhigt do dé cung duore khao sat.

Tir khéa: mang dan dién trong suét, TCO, Sn0,:Sb, Cdu triic va dé dan ctia SnO,:Sb.

1.G101 THIEU

Vi vit liéu mang SnO, c6 hodc khéng pha
tap néi chung, do dan dién cua mang phu thudc
vio mic do thiéu hut mot sb vi tri cua oxy bén
trong mang, mic do tinh thé hoa clia mang va
kich thudc ciia céc hat tinh thé. Trong phuong
phép tao mang bing phin xa magnetron rf, viéc
tao su thiéu hut oxy trong mang c6 thé dtroc
diéu chinh théng qua téc do phin xa va dp suit
riéng phan cua oxy trong qua trinh lénb dong
mang. Tuy nhién tir thuc nghiém cong trinh [1]
ciing cho thdy viéc diéu chinh nay 1a rat kho
khin vi dién tré sudt cia mang phu thuge rét
nhiéu VdO su thing giang cua gid tri cua hai
théng s6 trén. Piéu nay c6 nghia la n6 doi hoi
kha nang dap trng v6i do chinh xédc cao cua cdc
thiét bi diéu chinh (luu lugng khi, cong suat
phiin xa) ciing nhu cdc thiét bi do. Mot han ché
trong cach ché tao mang nay la ludén co su xuét
hién cua pha SnO. Chinh sy tham gia cua thanh
phin SnO ndy 14 nguyén nhin giy ra sy hip thu
anh sang trong mang, lam sut giam ding ké do
truyén qua clia mang. Ngoai ra, sy tham gia cua
SnO 1am giam tinh én dinh va d6 dan dién cua
mang.

Tur thuc nghiém cua cong trinh nay cho thiy
céc anh hudng cia pha SnO trén cé thé dugc han
ché phén nao khi ¢ su cdp nhiét cho dé trong
qua trinh tao mang. Ddi véi nhitng ming dugc

ling dong ¢ nhiét do dé trén 200°C va trong moi
trudong khi lam viée du dé tao pha SnO, thi dién
tr& sudt ciia mang phu thudc khi yéu vao gid tri
cua 4p sudt riéng phan cua oxy. Ngoai ra khi
duoc léng dong & nhiét do cao, dién tro suét cla
méng c6 gia tri thip va lap lai t6t hon so véi
mang dugc ling dong & nhiét do phong.

Cling véi su cdp nhiét cho dé, sy pha tap Sb
vao trong mang SnO, cua mang c6 tac dung lam
tang dang ké va 6n dinh & muc cao nong do hat
tai (e") trong mang. Su pha tap nay ciing da cai
thién rit nhidu tinh n dinh ciia d6 dan dién cia
mang [2]. Trong cong trinh nay véi muc dich la
nghién ciu ché tao vat liéu mang cé tinh chat
trong sudt, din dién tét, tro véi cdc moi trudng
axit va kiém va c6 gia thanh thip hon nhiéu so
v6i vat liéu mang ITO. Vit liéu mang SnO, pha
tap Sb da dugc ching t6i tap trung nghién ciru.

2.THUC NGHIEM

Trong cong trinh nay, mang dién cyuc trong
sudt SnO,:Sb dugc ché tao bang phuong phép
phun xa magnetron DC phan ting trén dé thuy
tinh corning & cac nhiét d6 dé khac nhau. Vat
liéu bia 12 hop kim Sn (tinh khiét 99,5%) pha Sb
(5% khéi luong Sb). Qua trinh tao mang duoc
thyc hién trong hdn hop khi Ar (tinh khiét
99,99%) va O, (tinh khiét 99,999%). Hé chan
khéng tao méang c6 thé dat dugc chin khéng ban
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ddu khoang 10 torr. Nhiét do aé trong qué trinh
tao mang dugc git 6n dinh & céc gaa tri trong
khodng tUr nhiét do phong dén 420°C. Sy phu
thudc cua kich thudc hat tinh thé va tinh dan
dién cua mang vao nhiét do dé ciing duoc khao
sat.

Céc thong sb ciia mang nhu dd day d duogc
xac dinh bing mdy do d6 day Stylus. Dién tr&
mat ciia mang duoc xac dinh nho phuong phap
bbén miii do [3], va cdu tric tinh thé da duoc
khao sat bing phép phén tich gian d6 nhidu xa
tia X (XRD). Kich thudc hat tinh thé duoc xac
dinh bing cong thirc Scherrer. Tir két qua cia
cong trinh [1, 4] trong qua trinh phin xa tao
mang, ap suét hdn hcp khi 1am viée Ar+0 ; can &
murc cao khoang 107 torr dé tranh Lrng suat nén
c¢6 thé phd hong mang. Céc thong s6 tao mang
bang phuong phép phiin xa magnetron phan (ing
trong cong trinh nay duoc trinh bay trén bang 1.

Béng 1. Cac thong s6 tao mang Sn0,:Sb

Cuong do dong phong 0,2 A.

dién phin xa:

Ap sut hdn hop khilam | 1,3.10” torr.
viéc:

Ty 1€ mol khi lam viéc 4/6.

Do / DA

Khoéng céch bia - dé : 5 cm.

Thoi gian tao mang: 15 + 30 phat.
Nhiét dé dé: 150 + 420 °C.

3.KET QUA VA BAN LUAN

Mang sau khi duoc ché tao, chung 16i tién
hanh khao sat mgi sO tinh cnat quang hoc cua
ching dya trén cdc théng sé khao sat duge cia
pho lruyen qua UV - Vis cta ching. Hinh 1 1a
pho truyén qua UV — Vis ciia mjt s0 mang dugc
ling dong trén dé thuy tinh & céc nhiét d6 cao
khac nhau. Tir dé thi cho thdy hau hét cdc mang
déu trong subt. Do tmyen qua cuc dai cua céc
mang va dé thuy tinh déu vao khoang 86% +
88%, trong d6 d6 truyén qua cua riéng dé thiy
tinh 13 khoang 91%. Trén co s¢ cdc sO ligu do
duoc trén, do réng ving cAm Eg clia ming duge
xdc dinh trong vuug lan cén bo hép thu cia phd
truyén qua duva vao phuong trinh J. Tauc [5] :

o:hv=A(hv—Eg)"' (1)

Trong d6 o 1a hé sb hap thy ciia mang; A la
héing s6; 1 1a hé s6 mii phu thudc vao loai dich
chuyen quang hoc. D6i véi mang SnO,: Sb, dich
chuyén quang hoc 1a dich chuyén xién va cho
phép nén n = 2. Gia tri d6 rng ving cdm ciia
mang thu duoc tir phuong phap tinh trén la vao
khoang 3,4eV + 3,8eV. Dua vao cdc cuc tri giao
thoa va két qua do do day béng thiét bi do
STYLUS chiét sudt ciia mang & ving budc séng
550nm dwoc xac dinh bang phuong phép
Swanepoel 12 khoang 1,88 + 1,96. Céc két qua
khao st nay dugc tdng két nhu trén bang 2. Tu
két qua tinh toan trén bang 2 cho thay do rong
vung cam c6 g;a tri ting khi nhiét do léng dong
mang ting. Piéu nay cho théy ring nong do hat
tai trong mang di tang dang ké do hiéu ung
Burstein-Moss.

Mang sau khi ché tao duoc khao sét gian do
XRD dé xét anh huong cua nhiét do dé khi lang
dong mang Ién cau tric mang. Trén hinh 2 la
gian dd XRD clia méu bdt SnO, va céc mAau
mang Sn0O,:Sb duge ché tao o céc nhiét do dé
khéc va voi cling cac théng s6 tao mang duoc
cho trén bang 1. Két qua nay 1a kha phu hop voi
cong trinh [6].

100

T (%)

truyén qua

bo

Buic song A (nm)
Hinh 1. Phd truyén qua cia cac mang Sn0,:Sb
duge ché tao o cic nhiét do khac nhau.
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Bing 2. Cic thong s6 quang hoc ctia céc mang
Sn0,:Sb dugc ché tao & cic nhiét dd khéac nhau

Nhiét | Do DO Chi,ét D§ rong
dodé | da truyén sudt ving
(bC) fi 'rj: ) qua cuc | mang ¢ cam
dai (%) | 550nm (eV)
100 379 88 1,89 34
150 482 88 1,88 35
200 241 86 1,89 35
250 350 87 1,92 3,6
300 415 87 1,92 3,6
350 447 88 1.94 3.8
400 385 88 1.95 3,7
420 366 88 1,96 3.7
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Hinh 2. Gian d6 XRD cua cic mang
Sn0,:Sb duge ché tao & cac nhiét do khéc
nhau.

Bing 3. Kich thuéc hat tinh thé va ung suét
trong mang duoc tinh tr gian dé6 XRD ciia cic
méu dugc lang dong 6 céc nhiét do dé khac nhau

Ung suit
Kich thuéc hat tinh E 4
- thé (nm) | —10
Nhiét v
dj dé
("C) Cic mit mang Cac mit mang
110 101 | 211 110 101 211

200 103 | 299 | 170 | -548 | -3.92 | -384

250 9,2 189 | 17,7 | -7.86 | -6,94 | -4,52

300 11,6 147 | 16,7 |-1095( -739 | -5.64

350 | 209 [270] 245 |-10,72| -6,79 | 4,52

400 26,0 |30,0| 235 |-1190] -7.84 | -542

420 259 | 338 | 24,1 |-1334| -8,59 | -5,65

Tir hinh 2 nhén thay ring mang duoc ling
dong ¢ nhiét d6 dé cang cao thi céc dinh nhiéu
xa cang bj dich vé phia co goc nhidu xa nho hon.
Diéu nay ciing duoc giai thlch 1a do trong mang
co ung sudt nén [7]. Ung suit nay bao goém Ung
sudt noi do cic sai hong trong cdc mang - dugc
lang dong bing phuong phap phin xa
magnetron - gy ra va Ung suat nhiét do su khac
biét ve hé s6 nd nhiét gitra dé thiy tinh va man g
Hé s6 no nhiét cua dé thuy tinh 16n hon 50 Vi
mang nén tir trang thai nhiét dé cao tré vé nhiét
d6 phong, mang c6 tmg suat nén. Khi d6 khoang
cach gilra cdc mat mang c6 phuong gin song
song v6i bé mat mang s€ tang lén va do do6 goc
nhiéu xa bi giam. M&i lién hé giira ting sudt
trong ming va dd dich chuyén cua goc nhidu xa
dugc xdc dinh bai cong thic:

E
4vtg6

Trong d6 oy 1a img suét trong mang; E 14
suét Young cuia mang; v la hé s6 Poisson cua

G, = A(26) @
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mang; 6 13 goc nhiéu xa Bragg; A(20) la do dich
chuyén cta dinh nhiéu xa [7].

Hinh 3. Anh AFM kich thude 2umx2pm cua cdc
mang SnO,:Sb dugc ché tao ¢ céc nhiét do dé
khic nhau.

Bang 3 la két qua tinh kich thudc va ing
suit ciia céc hat tinh thé tuong ing vGOi cac mat
mang trong cac mang duoc ling dong ¢ cac
nhiét d6 dé khac nhau. Bang 3 cho thdy (g suét
mang ludn c6 gid tri am, nghia la mang ludn
chiu ung suit nén. Mang duoc léng dong & nhiét
d6 dé cang cao thi c6 ung sudt nén trong mang
cang l6n. Ngoai ra kich thuéc hat tinh thé va
mic do tinh thé hoa bén trong mang ciing tang
dang ké theo nhiét do dé khi ldng dong mang.
Piéu nay dugc thé hién rd bang sw phat trién cua
cuong do cdc dinh XRD cia cic mt mang
(110), (101), (211) trén hinh 2.

Anh huong cia nhiét do 1én sy tinh thé hoa
ctia mang con thé hién rd trén anh AFM cua cédc
mang duoc ling dong & nhiing nhiét d§ khac

nhau nhu trén hinh 3. Nhu vay khi mang ling
dong ¢ nhiét do dé cing cao mang s& két tinh
cang 16t cling dong thoi tao nén hinh thai bé mat
vai su két tu de tao nén nhiing khéi lém. Ngoai
céc khao sat vé cac thong $0 quang hoc va cau
tric ciia mang, tinh chét dién cua ‘mang cling da
duoc khao sat bing thiét bi do bbn miii do. két
qua do dién tro mat Ry va dién tre suét p cua
mang dugc trinh bay trén bang 4.

Bing 4. Céc thong sb dién cua mang SnO,:Sb.

Pién tro | Pién trd
mét R sudt p
(Q/0 (Q.cm)

100 380 4320 16.10°

Nhiét do | Do day
dé (°Cc) | (nm)

150 480 2300 11.107

200 240 778 17.10°

250 350 333 51 )

300 420 167 6,9.10°
350 450 149 6,7.107
400 390 151 SRn?

420 370 150 5,5.107

Két qua thu dugc trén bang 4 cho thdy ring
mang dugc lang dong ¢ nhiét do dé cang cao,
dién tré mét va dién tro sudt ciia mang cang nho
tirc 14 d6 dan dién cia mang cang tot. O nhiét do
ling dong mang cao nhét 420°C, dién tro suat
cua mang la thép nhat 5,5. 107 Qem. Két qua nay
cling khé phu hop véi nhom tac gia cong trinh
(8] la 1,5. 10 + 8,0.107 Qem. Két qua ndy c6

. thé duoc giai thich 1a do anh huong cua nhiét dg

@& 1én hai qua trinh bién d6i khac nhau.

Thu nhét d6 1a su tang ndng dd hat tai trong
mang thé hién qua su ting d¢ rong vung cam
cua mang. Khi nhi¢t do dé trong qua trinh ling
dong mang cang cao thi sy khuéch tin cua céc
cation O™ tir hop thirc SnO, trong mang ra ngoai
cang tdng. Sy khuéch tan nay lam ting s6 vi tri
khuyét O trong mang ddng thdi tao su phan tan,
phan bd déu céc vi tri khuyet nay (ra xa nhau) dé
tranh cdc vi tri khuyét lan cén tao thanh pha
SnO. Két qua 12 1am tang mét do hat tai trong
mang va kha pht hop véi cong trinh [9]. Trong
truomg hop sy khuyét oxy 1a qua 16n, pha SnO
dugc hinh thanh do c6 céc vi tri khuyét oxy lan
can nhau. Mbi vi tri khuyel nay co kha nang bay
t6i da hai dién tir tu do, cac dién tir bi biy ndy
ciing dé dang hép thu manh dnh sang trong vung
kha kién va nhay tir vi tri khuyét nay sang vi tri
khuyet lan can. Két qua la pha SnO lam giam
nong do hat tai va dé truyén qua ciia mang lam
giam dan dién va nén c6 mau xim.
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Thir hai 1a sy ting d§ linh dong cia hat tai
trong mang tinh thé ciia mang dua trén sy ting
kich thude hat tinh thé lam giam tan xa bién hat.
Cung véi su ting ndng do hat tai trong mang,
nhiét do dé tdng cao con lam tdng kich thudc hat
tinh thé (hinh 4) dan dén sy giam thé nang tén xa
bién hat. Do d6 d¢ linh dong hat tai tang 1én.

4.KET LUAN

Cong trinh nay da ché tao thanh céng mang
dan dién trong subt Sn0,:Sb bing phuong phap
phiin xa magnetron phan tmg két hop véi qua
trinh cép nhiét cho dé. Mang c6 trang thai két

tinh tot. Do truyén qua cuc dai trong vung kha
kién 1a khoang trén 86%. Dién tr¢ suat cta mang
dat duoc 13 5,510°Qcm. Dién tré mit cia mang
& do day khoang 400nm la khoang 150€/0. Két
qua ndy cho thiy san phdm mang da c6 thé img
dung dugc dé lam mang dién cuc trong sudt cho
cac thi nghiém ché tao linh kién dién sic, pin
mat troi...

SUBSTRATE TEMPERATURE EFFECTS ON STRUCTURE AND ELECTRICAL
CHARACTERISTICS OF TCO THIN FILM SnO,: Sb PREPARED BY REACTIVE
MAGNETRON SPUTTERING

Le Van Ngoc'"”, Pham Ngoc Hien”, Hoang Le Thanh Trang"”,
Tran Tuan", Huynh Thanh Dat®
(1) University of Sciences, VNU-HCM
VNU-HCM

ABSTRACT: The transparent electrode films SnQO.:Sb were prepared by reactive magnetron
sputtering method on glass substrate with various substrate temperatures. The material of target is alloy
of Sn (99,5% purity) doped Sb (5% Sb by weight). The deposition processes were carried out in mixture of
Ar (99,99% purity) and O, (99,999% purity) gas. The vacuum inside the deposition chamber can get to
about 107torr. The substrate temperatures during the depositing processes were kept at fived values
between the room temperature and 450°C. The dependence of crystal size and conductivity of films on

substrate temperature were also investigated.

Keyword: transparent conductive film, TCO, SnQ,:Sb, Structure and conductivity of SnQO,:Sb.
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