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TOM TAT

Mang SnO, pha tap Ga (GTO) dwoc ché tao
tir bia gom hén hop (SnO, + Ga,03) bang
phuwong phap phun xa magnetron DC trong khi
nén Ar ¢ dp sudt 4.10° torr. Anh nhiéu xq tia X
(XRD), phuong phap do Hall Van Der Pauw va
phé truyén qua UN- Vis dwoc sic dung dé khdo
sdt dic trung cia mang. Mang GTO dwgc ldng
dong triee tiép theo nhiét d¢ dé nir nhiét dg phong
dén 400 °C dé khao sdt anh huo ng cia nhiét do
dén tinh chat quang va dién, cdu tric tinh thé cia
mang. Sau dé mang GTO duwoc ling dong o nhiét
ds d@é 400 °C va duoc i o cac nhiét dg cao hon
Tir khoa: phun xg magnetron DC, GTO, logi p
MO PAU

Oxide thiéc (SnO,) 1a mot trong nhitng vat
liéu dan dién trong sudt quan trong, duoc nhiéu
nha khoa hoc quan tam nghién ciru do tinh chét
héa ly ndi troi nhu c6 d6 rong vang cam lén
(3,6-4,3 eV), dan dién tét, do truyén qua cao
trong vuing &nh sang kha kién, khong doc hai, du
thira trong tw nhién, bén nhiét va gia thanh thép.

Tinh chét vat Iy cua SnO, duoc diéu chinh
theo nhu cau tng dung bang cach pha tap céac
cation nhu galium (Ga) [8, 10], Indium (In) [4],
alumium (Al) [5], Zinc (Zn) [6], antimony (Sb)

dé khdc phuc hién twong bu giita hai logi hat tdi.
Tinh chdt dién loai p mang GTO duwoc khing
dinh boi dic trung I-V cua tiép xic di thé p-
GTOIn-Si. Két qua cho thdy, mang GTO c6 tinh
chat dién logi n & nhiét dé dé duwdi 400 °C, khdng
dan dién ¢ nhiét s dé 400 °C va cé tinh chat
dién loai p tét nhdt véi dién tré sudt 0,63 Q.cm,
ag linh dong 3,01 cm®V's™, nong do 16 trong
3,3%10" cm™, ¢ nhiét do i t6i uu 550 °C. Mang
GTO c6 cdu triic tinh thé bon phuwong rutile ciia
mang SnO, vd ¢é dg truyén qua trén 80 %.

[1], tantalum (Ta) [2] hay anion fluoride (F)
[3]...Tuy thudc vao loai tap pha vao (donor hay
acceptor), SnO, s& dong vai tro dan dién loai n
hay loai p. Cho dén thoi diém hién tai, vat liéu
SnO; pha tap loai n da dugc nghién cuu rong réi
va dat két qua kha quan nhu dién tré suit 10°-10°
* Q.cm va d¢ truyén qua trong ving kha kién 80-
90 % [1-3], két qua nay c6 thé ing dung lam dién
cuc trong sudt trong pin mat troi, Leds, Laser
diode, cam bién khi va céc thiét bi quang dién
khac. Trong khi d6 SnO, pha tap loai p chi mgi
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dugc nghién ctu trong nhitng nam gan day véi s6
lugng cdng trinh con han ché [4-10]. Trong d6
Sn0O, pha tap nitrogen (N) [7] duoc ling dong
bang phwong phap phun xa magnetron RF trong
hén hop khi Ar + N, mac du két qua khé tét voi
ndng do6 15 trong 10*° cm™ nhung theo 1y thuyét
N rit khd chén vao mang do niang luwong hinh
thanh Sn-N cao hon Sn-O, con SnO, pha tap Zn
dat duoc  két qua ndng do 15 tréng 10° cm
nhung do sai khac vé ban kinh ion giira Zn?*
Sn** nén d& gay ra léch mang. Ngoai ra cac kim
loai nhém III nhu Al, Ga, In, Sb khi duoc pha tap
vao SnO, ciing gop phan tao ra I3 tréng.

Trong céc loai tap nhém 111 ké trén, Ga duoc
chdi y nhiéu nhét bai vi ion Ga®* va Sn** c6 béan
kinh xap xi bang nhau (0,62 A va 0,69 A), nén
Ga c6 thé dwoc pha tap vao SnO, ma khong gay
ra tng suit do léch mang nhu da dé cap trong cac
cong trinh [4, 6, 7], tuy nhién céc théng s ché
tao chua that sy dugc nghién cau mot cach hé
thdng ciing nhu cac co ché hinh thanh 18 tréng
chua dugc rd rang vi bén canh 15 tréng hinh
thanh do sy thay thé cua tap vao trong mang con
ton tai co ché tu bu. Hon nita da phan cac cong
trinh sir dung phuong phap ché tao 1a phin xa
magnetron RF, phin xa phan tng, mot sb it s
dung phuong phap héa hoc nhu sol-gel, nhung
chua c6 cong trinh nao nghién ctru bang phuong
phép phin xa magnetron DC tir bia gém. Vi vay
trong cong trinh nay, mang SnO, pha tap Ga
(GTO) duoc ling dong trén dé thach anh tir
phuong phap phln xa magnetron DC tir bia gém
hén hop SnO, va Ga,05 va tinh chit quang, dién
va cau trdc tinh thé ciia mang duoc khao sat mot
céch chi tiét.

VAT LIEU VA PHUONG PHAP

Ming GTO dugc ché tao bang phuong phap
phin xa magnetron DC tir bia gém hdn hop
(SnO, va Ga,0s), Véi 15 % phan tram khdi lwong
(Yowt) Ga,0j, trong hé tao mang Univex 450. Dé
dugc 1am sach bang dung dich NaOH 10 % va
acetone dé loai bo tap ban, rdi dwoc ria bing

nuéce cit va duoc sdy kho trude khi duoc dua vao
budng chan khéng. Trudc khi tién hanh phun xa
tao mang, bia vat liéu dugc tay bé mit bang
phéng dién plasma trong méi truong khi argon &
&p suat khoang 107 Torr trong thoi gian 15 phuit.
Ap suét khi nén ban dau dat 10 torr, &p suit lam
viéc 10 torr, cong suat phin xa la 15 W va
khoang céch gitra bia va dé 7 cm.

Qua trinh tao mang GTO duoc chia thanh hai
giai doan: Giai doan dau, mang GTO duogc ling
dong tryc tiép véi nhiét do dé khac nhau. Giai
doan thir hai, mang GTO duoc ling dong ¢ 400
°C sau d6 duoc u trong méi truong Ar theo nhiét
o dé.

Do day mang duoc xac dinh bang phan mém
Scout thong qua phd truyén qua UV-VIS. Céc
mang c6 bé day khoang 400 nm. Cau tric tinh thé
ctia mang dugc xac dinh bang phwong phap nhidu
xa tia X trén may D8—ADVANCE. Pho truyén
qua trong vung tir 200-1100 nm dugc do bing
may UV-Vis Jasco V-530. Tinh chat dién duoc
xac dinh bang phép do Hall Van der pauw trén
may do HMS3000. Dic trung I-V cua tiép xuc di
thé p-GTO/n-Si duoc khao sat bang may Keithley
2400.
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L& trong: o Dién tik o
Hinh 1. Biéu dién sy thay thé Ga*>* vao vi tri Sn** va
su hinh thanh khuyét

KET QUA VA THAO LUAN
Khao sat tinh chat dién caa mang GTO theo
nhiét do

Theo gian d6 nang luong Ellingham [15],
nang lugng tu do Gibbs ¢ 300 K hinh thanh
Ga,03 (-158 Kcal) am hon so vdi SnO, (-125

Kcal), nén kha niang Ga®* thay thé Sn** rat I6n, vi
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thé cip nhiét cho dé trong qua trinh ling dong
can duogc khao sat véi mong muén tim duoc
lvgng Ga chén vao trong mang SnO, nhiéu nhat
c6 thé.

Bang 1 cho thdy mang SnO, ludn cé tinh
chat dan dién loai n khi duoc ling dong theo
nhiét do dé. Trong khi d6 mang GTO chi ¢ tinh
chat dan dién loai n & nhigt do dé dusi 400 °C va
tré nén khong dan dién ¢ 400 °C ( nhiét do nay
tam goi la nhiét do toi han). Diéu nay la do hién
tuong bu hat tai dwong cua acceptor Ga>* va hat
tai am cua céc khuyét oxygen (V,) 1an can duoc
sinh ra tir sy thay thé Ga®* & vi tri Sn** (Hinh 1),

vi oxygen & vi tri lan can V, ¢6 d6 4m dién Ion,
ddng thoi tuong tac giita V, va Sn** giam so voi
twong tac giita cation Sn** va anion O” cua mang
chi, cho nén hai dién tir ciia V, dé dang roi khoi
vi tri va bi biy boi acceptor Ga**, dan dén mang
GTO c6 dién tro vo cung 16n ¢ nhiét do dé 400
°C. Trén nhiét d6 ti han, tbc do tai bay hoi ctia
nhitng nguyén tir bia hap phu trén dé Ion hon téc
do lang dong mang, nén mang khong thé hinh
thanh, ddy chinh Ia han ché cia phuong phép ché
tao mang c6 nhiét do dé cao trong qua trinh ling
dong, vi thé dai da sb cac cong trinh chon giai
phép 1t mang sau khi ché tao [4-10].

Béing 1. Két qua do Hall ciia mang SnO, va mang GTO duoc Iam tir bia chia 15 % Ga,03 dugc lang
dong theo nhiét do d@é

Mang SnO, Mang GTO
T p V] n/p Loai M n/p Loai
°C) | (Q.cm) | (cm®V's?) | (cm®) hattai | P (€2.cm) (cm?vish) | (cm?®) hat tai
tp © 2,40 2,62 -1,0x10% n
200 | 1,0 1,391 -4,5x10% 0,52 4,66 -2,6x10% n
300 | 35 0.519 -3,4x10% 0,70 2,94 -2,1x10% n
400 | 05 2.217 -5,2x10' ©

Bang 2. Két qua do Hall cia mang SnO, va mang GTO duoc lam tir bia chira 15 % Ga,0; dwoc ling
dong & 400 °C sau d6 6 & 500 °C, 550 °C, 600 °C 1 gi¢ trong mdi trudng Ar

Mang SnO, Mang GTO
T u np Loai u np Loai
°c P 21 3 hat P 21t 3 hat
°C) | (.cm) | (cm°V7sY) (cm™) i (Q.cm) | (cmV7sY) (cm™) @i
500 19,5 1,78 -1,86x10Y n 40,9 3,82 3,69x10%°
550 56,2 1,84 -6,05x10%° n 9,0 0,43 1,60x10'®
600 7,06 1,01 -4,63x10Y n 3.3 3,01 -6,33x10Y n

Bang 2 cho thdy mang SnO, c6 nong do hat
tai &m giam dan do su bu giita cac donor ty nhién
vai 16 tréng cua acceptor Sn** ( pha Sn,05) &
nhiét do6 & < 550 °C. Nong d¢ hat tai duong ting
theo nhiét do v, twong wng véi dién tré suit cua
mang GTO giam va dat dién tro suat (p) nho nhat
1a 9 Q.cm & nhiét 6 u 550 °C, ndng d6 15 tréng

cua mang GTO tang l1a do ngoai sy dong gop cua
acceptor Ga®" con c6 acceptor Sn®*. Tuy nhién
khi nhiét d6 & I6n hon 550 °C, mang GTO lai c6
tinh chat dan dién loai n 1a do téc do6 sinh hat tai
am tu nhién 16n hon téc d6 sinh hat tai dwong,
diéu nay hoan toan tuong tng véi ndng do dien
tir chia mang SnO, tang 1én ¢ nhiét 4o nay.
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Bang 3. Két qua do Hall ciia mang GTO duoc ldng dong & 400 °C sau d6 1 1én 550 °C 1 trong 1 gio va

2 gio trong moi truong khi Ar

Thoi gian (gi®) p (Q.cm) i (cm?Vvis?) nip (cm™) Loai hat tai
1 9,0 0,43 1,610 p
2 0,63 3,01 3,3x10% p

Pé tim diéu kién t6i vu theo thoi gian u &
nhiét do 550 °C, mang GTO duoc U trong 2 gio.
Két qua cho thay dién tro suat giam tir 9,0 Q.cm
xudng con 0,63 Q.cm (Bang 3). Pién tro suat
giam 1a do su dong gop ddng thoi cua acceptor
Ga*', Sn** va do linh dong cua 15 trong tang.

Ngoai nhiét do 1 t6i wu tim dwoc, can kiém
ching két qua dat dwoc 1a do co ché bu gitra hai
loai hat tai hay do nhiét do lang dong, mang GTO
can dugc khao sat theo nhiét do lang dong tur
nhiét ¢6 phong dén nhiét do tsi han (400 °C), sau
do6 1 ¢ 550 °C trong 1 gio.

Bang 4. Két qua do Hall ciia mang GTO duoc ling dong & tp, 300 °C, 400 °C va 450 °C sau d6 u Ién

550 °C 1 gio trong méi truong Khi Ar

Tén mau p (Q.cm) Tl (CmZV'ls'l) n/p (Cm'e') Loai hat tai
GTOtp 0
GTO 300 °C 140 2,38 1,87x10™ p
GTO 400 °C 9,0 0,43 1,60x10" p

Bang 4 cho thdy mang GTO c6 nong do 16
trng cao nhit ¢ nhiét d6 ling dong toi han, diéu
nay la do su chén cua Ga®* vao vi tri Sn** ting
theo nhiét do ling dong, nén & nhiét do u nhu
nhau, co ché Iap khuyét nhu nhau, sé 15 tréng cao
nhat ddi véi mang duoc ling dong & nhiét do toi
han 1 hoan toan hop ly; dac biét mang duoc ling
dong & nhiét do phong c6 dién tro suat vo cuing,
chimg minh duoc Ga®* c6 thé chua chén vao vi tri
Sn**, nén sau khi co ché bu hat tai xay ra, thi
mang khdng c6 hat tai dai da sb.

Dé xac dinh hon nita vé tinh chét dién loai p
cia mang GTO, mang duoc ling dong trén dé n-
Si véi diéu kién t6i wu da dugc khao sat o trén.
Dic trung I-V cua tiép xic di thé p-GTO/n-Si
duoc trinh bay trong Hinh 2A.

Tur duong cong ¢ Hinh 2A cho ty sb dong
chinh Iuu gitra phan thuan va phan nghich & thé 5
V 13 158, thé mé 1a 1,78 V va dong ro nghich 1a

3,8.10° A ¢ thé -5 V. Pic trung chinh luu nay
chang minh c6 su hinh thanh tiép giap p-GTO/n-
Si. M6 ta toan hoc cua dong qua tiép gidp p-n
dugc cung cip bai phuong trinh diode Shockley
I=1gexp(qV/NKT-1), trong d6 n 1a hé s6 1y tuong
duoc xac dinh tir do thi log(l/1,)-V & Hinh 2B.
Két qua cho thiy dic trung ba ving tuyén tinh
khac nhau phu thudc vao n: ving 1 (0,7-2,5 V,
n= 3,4) la vung dic trung chinh luu khéng hoan
toan ly tuéng do ngoai dong giGi han béi dién
tich khdng gian con c6 ton tai cac biy dién tir
trong vung nghéo. Ving 2 (2,5-4,5 V, n= 2,6) la
viing dic trung chinh luu cua tiép gidp p-n gan ly
tuong do nhitng by trong ving nghéo tiém can
dén giéi han lap day. Ving 3 (4,5-10 V, n= 2,0)
1a ving dic trung cua dién tro series cua thiét bi
do hat tai da sé khuéch tan qua tiép giap tir 16p n
sang 16p p.
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Hinh 2. Bic trung 1-V cta mang p-GTO/n-Si trén A) hé I-V va B) hé log(l/10)-V

Khao sat cdu truc tinh thé ciia mang GTO theo nhiét dd
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Hinh 3. Phé nhiéu xa tia X cia mang A) SnO, B) GTO duoc ling dong theo nhiét do dé

Hinh 3A va 3B biéu di&n anh nhiéu xa tia X
ciia mang SnO, va GTO duoc ling dong theo
nhiét d6 dé. Két qua cho thiy mang SnO, vé dinh
hinh & nhiét do phong (tp) va tinh thé & nhiét do
dé 200 °C voi cdu tric tir giac rutile cua SnO,
(JCPDS No. 41-14445) bao gom mat mang SnO,
(002) va (111), dac biét mang tinh thé cao & nhiét
do6 dé 400 °C véi hai mat mang SnO, (110) va
(211), trong d6 mat (110) phét trién manh la do
s6 lugng ion Sn** tang 1én boi lwong ion Sn** bi

oxy héa thanh Sn**. Mat (110) dwoc goi 1a mat
oxy hoa nhu cong trinh [20] di dé cap. Trong khi
d6, mang GTO tinh thé ¢ nhiét d6 dé 300 °C, Vi
mit mang (101) chiém wu thé, sy thay d6i mat
(110) thanh mat (101) do su thay thé ciia tap Ga®*
vao vi tri Sn** twong tu sy thay thé Sn** boi Sn?*
dugc giai thich & cong trinh [20]. Su thay thé
Ga®* vao vj tri Sn** 15 rang hon khi nhiét d6 dé
cao hon 300 °C, thé hién qua mat (101) c6 cudng
d6 nhiéu xa cao hon.
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Hinh 5. Phd nhidu xa tia X cia mang GTO dugc ling
dong & 400 °C sau d6 i & 555 °C trong 1 gid va 2 gio

Hinh 4A va 4B trinh bay céu tric tinh thé cua
mang SnO, va mang GTO duoc ling dong & nhiét
do t6i han, rdi u 1én cac nhiét do cao hon. Két
qua cho thiy mang SnO, c6 céu tric tir giac rutile
cua SnO, (JCPDS No. 41-14445), véi hudng phat
trién theo thur tu wu tién 1a (110) va (211), cac
mit nay tang dan theo nhiét d6 u do sé lwong ion
Sn?* bi oxy héa thanh Sn** tang, va khi nhiét do o
dat 550 °C, mat mang Sn,03 (231) xuat hién 1a do
su phan ly cta SnO,. Trong khi d6 mang GTO c6
mat mang (101) chiém wu thé & tat ca céc nhiét
do u, dong thoi pha Sn,O; xuat hién véi mat
mang (021) & nhiét do t 500 °C va (030) ¢ nhiét
d6 & 550 °C. Diéu nay co thé giai thich ring khi

Sno, $n0,
(1) (211)

@ b-300°C & 550°C

$n0,

: 1)
a-tpi550°C

) E) @ E) ) L

¢-400°C i 550°C
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20

Hinh 6. Phd nhidu xa tia X ciia mang GTO duoc ling
dong & tp, 300 °C, 400 °C sau d6 1 1én 550 °C 1gid
trong moi truona khi Ar

nhiét d6 u tang tir 500 °C Ién 550 °C, Ga®* chén
vao mang SnO, dang ké, cho nén cuong do dinh
SnO, (101) phét trién manh, ddng thoi ning
lugng toa ra lam phan ly SnO, thanh Sn,O3, ning
luong nay déng gop vao su chuyén tir mat Sn,0,
(021) thanh mat Sn,Oz (030). Néng lugng giai
phong nay ciing gbp phan lam oxy hdéa Sn,O,
hoan toan thanh SnO,, lam cho s6 15 tréng tu
nhién Sn®* bién mét, dong thoi khuyét oxygen
duong V,,* xuit hién nhiéu bu vai 156 trong ¢
duoc tir acceptor Ga®* & nhiét do u 600 °C.

Hinh 5 biéu didn anh nhidu xa tia X cua
mang GTO dugc ling dong & nhiét do téi han,
sau do 1 & 550 °C trong 1 va 2 gio. Két qua cho
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thidy mang GTO dugc 0 trong 2 gio tinh thé hon
o v6i mang u trong 1 gio, diéu nay thé hién qua
cudng d6 nhidu xa cua mat SnO, (101), Sn,O;
(030) ctia mang duoc U trong 2 gio tdng chut it so
v6i mang duoc u trong 1 gio.

Hinh 6 biéu dién phd nhiéu xa tia X cua
mang GTO duoc lang dong theo nhigt do tir t,
dén 400 °C, sau d6 mang duoc u & cling nhiét do
550 °C trong 1 gio, két qua cho thiy cuong do
nhiéu xa cac dinh SnO, (101) tiang theo nhiét do
ling dong, d6 1a do Ga®* chén vao vi tri ndt mang
Sn*" ciia mang GTO tang. Nhu vay ndng do hat
tai duong tang 1a do su thay thé cua Ga** vao vi
tri Sn** trong qua trinh ling dong lan qua trinh 1.
Tuy nhién, mang duoc ling dong ¢ nhiét do
phong c6 cau tric tinh thé kém, vi Ga®* ngoai nit
mang SnO, hinh thanh nén nhiing dam Ga,03 &
dang v6 dinh hinh, xen Ian véi pha SnO,.

Khao sat tinh chat quang caa mang GTO theo
nhiét do
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Hinh 7A va 7B biéu dién phd truyén qua
trong vung budc séng 200-1100 nm cta mang
Sn0O, va GTO duoc lang dong theo nhiét do dé
trong khi Ar. Két qua cho thdy & nhiét do phong,
bo hip thu dich vé phia budc song dai, didu do
ching t6 mirc acceptor Sn** 1a tam sau nén hap
thu mot phan anh sang kha kién c6 budc séng
nho hon 450 nm nhu d3 dé cap trong cong trinh
[18, 19]. Trong khi d6 mang GTO c6 ¢o bo hap
thu dich v& budc séng ngén didu nay 1a do Ga**
chén vao vi tri nat mang Sn**, 1am giai phéng
nang lugng, cung cap cho acceptor Sn** va vi thé
né chuyén thanh Sn*". Khi nhiét ¢ dé trén 200
°C, pha SnO nhan di ning lugng va chuyén dan
thanh SnO, vi thé bo hap thu dich vé ving budc
s6ng ngan. Trong khi d6 hién tugng dich by hip
thu khéng xay ra & mang GTO, chi c6 do truyén
qua cua mang tang 1én do sy dong gop cia nang
lwong nhiét, khing dinh pha SnO chuyén hoan
toan thanh SnO,, va vi thé bo hap thu thing
dung.
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Hinh 7. Phé truyén qua ctia mang A) SnO, va B) GTO dugc léng dong theo nhiét d6 dé

Hinh 8A va 8B, biéu dién pho truyén qua
trong vung budc séng 200-1100 nm cta mang
SnO, va mang GTO dugc ling dong ¢ 400 °C sau
d6 dugc U theo nhiét do trong khi Ar. Két qua
cho thay do truyén qua cia mang SnO, i & cac
nhiét do khac nhau gan xap xi nhau va trén 80 %

Trong khi d6, do truyén qua cua mang GTO
trén 80 % & nhiét d6 u 500 °C, nhung do truyén
qua ctia mang giam khi nhiét d6 o lén hon 500
°C, d6 1a do bac tinh thé ciia mang ting phu hop
VGi cdu trac tinh thé ciia mang duoc trinh bay ¢
muc Hinh 4B.
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Hinh 8. Phé truyén qua cta mang A) SnO; va B) GTO duoc ling dong & 400 °C sau d6 u 1 gio theo nhiét do trong khi Ar

Hinh 9 biéu dién phd truyén qua cua mang
GTO duoc ling dong & 400 °C sau d6 u 1én 550
°C trong 1 gio va 2 gio trong méi truong khi Ar,
cho thdy d¢ truyén qua ciia mang GTO duoc
trong 2 gio thip hon mang duoc u trong 1 gio,
diéu nay hoan toan pht hop vai sy phat trién tinh
thé ciia mang nhu duoc trinh bay trong Hinh 4A.

Hinh 10 biéu din phé truyén qua cua mang
GTO duoc ling dong & cac nhiét do, rdi u & 550
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Hinh 9. Phé truyén qua ciia mang GTO duoc ling
dong & 400 °C sau d6 1 550 °C trong 1 gid va 2 gid

KET LUAN

Bai béo da chi ra anh huong cua nhiét do dén
tinh chat quang dién va cau tric cia mang GTO,
dién tré mang dan dién v cung I6n ¢ nhiét do dé
400 °C va din dién loai n & nhiét do dé dudi 400
°C. Mang GTO dat duoc tinh chat dién loai p t6t
nhat khi duoc ling dong & 400 °C va i & nhiét do
t6i wu 550 °C trong hai gio v6i dién tré suit,

°C trong 1 gio. Két qua cho thiy do truyén qua
ciia mang giam dan theo do tinh thé cua mang
tang, va co gia tri thap nhit ¢ nhiét do ling dong
400 °C tuong (g véi mang tinh thé cao nhat nhu
da d& cap trong Hinh 6. Két qua nay cho thiy do
tinh thé cua mang khdng chi phu thudc vao nhiét
d6 u sau cung ma con phu thuéc vao nhiét do
ling dong.

100

I\ 7 R\ o~ z-

8 V) N N7
s 7.
&
< 60 '
g 2
2 tp i 550
$ oyl - = 3008550
g <400 550
<
2

0 T T T T 1

200 400 600 800 1000 1200
Budc song (nm)

Hinh 10. Phé truyén qua ciia mang GTO duoc ling
dong & tp, 300 °C va 400 °C sau d6 u 1én 550 °C 1 gio
trong moi truong khi Ar
ndng d6 16 tréng va dong linh dong cua hat tai
trong ung la 0,63 Q.cm, 3,3.10"® cm™ 3,01
cm?V's™. Mang GTO dugc tao déu cé cau tric
da tinh thé rutile, dinh huéng t6t theo phuong
(101) bat dau tir 300 °C. Do truyén qua ciia mang
trong vung kha kién 80 %, két qua nay dap ung
duoc tiéu chuan cua mang dan dién trong sudt.
Pic trung -V ciia mang GTO dugc ché tao ¢
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diéu kién t6i vu trén dé loai n Sillic cho dic trung
chinh Iuu vai hé s6 1y tuong n=2,6 va thé mo la
Von = 1,78 V.

Loi cam on: Nghién citu nay dugc tai tro boi
Dai hoc Quoc gia Thanh pho Ho Chi Minh trong
khuén khé de tai ma so C2014-18-27.

Fabricating and investigating the influence of
the temperature on electrical and optical
properties of the p-type SnO,.Ga (GTO) thin
films prepared by DC magnetron sputtering

Dang Huu Phuc
e Pham Van Nhan
e LeVanHieu
e LeTran
University of Science, VNU-HCM

ABSTRACT

Transparent Ga-doped tin oxide (GTO) thin
films were fabricated on quartz glasses from
(SnO, + Ga,03) mixture ceramic target by direct
current (DC) magnetron sputtering in Ar gas at
the pressure of 4.10%torr. X ray diffraction
(XRD), Hall - effect and UV-vis spectra
measurements were performed to characterize
the deposited films. Films were deposited directly
with  different temperatures in order to
investigate the influence of temperature on their
electrical and optical propertises. After that GTO
films were deposited at 400 °C and then were
annealed in Ar gas at different temperature in

order to eliminate acceptor and donor
compensation. Deposited films showed p-type
electrical property, polycrystalline tetragonal
rutile structure and their average transmittance
above 80 % in visible light range at the optimum
annealing temperature of 550 °C. In addition, p-
type conductivity was also confirm by the non-
linear characteristics of a p-type GTO/n Si. The
best electrical properties of film were obtained
on 15 % wt Ga,0Os-doped SnO, target with its
resistivity, hole concentration and Hall mobility
were 0,63 «.cm, 3,3.10"® cm™ and 3,01 cm?V's™,
respectively.

Keyword: p-type transparent conducting oxide, Ga-doped SnO, thin film, DC magnetron sputtering, X-

ray diffraction, photoluminescence
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