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Tém tit. Cong trinh nay tap trung nghién ctru ché tao mang din dién trong sudt SnO, pha tap Ta (TTO)
dugc lang dong & cac nhiét do dé khac nhau. Mang TTO dugc lang dong trén dé thach anh bang phuong
phap phin xa magnetron DC. Cau trac tinh thé va tinh chit quang va dién cua mang dugc khao sat bang
gian d6 nhiéu xa tia X, pho truyen qua Uv-Vis va phép do Hall. Két qua cho thay, mang co chu triic tur
giac rutile ctia SnO, da tinh thé véi mat uu tién SnO, (101). Mang dat gia tri dién tro suat thip nhat & diéu
kién t6i wu ¢ 300°C 1a 4,50 x 10° Qcm véi ndng do hat tai va do linh dong 1an luot 13 5,51 x 10%° cm™,
3,08 cm’V''s™ déng thoi d6 truyén qua trung binh ciia mang trong ving kha kién trén 80%. Dic trung I-V
ctia tiép xtc di thé n-TTO/p-Si duoc khao sat & diéu kién duoc chiéu sang va khong chiéu sang.

Tir khoa. mang loai n SnO,:Ta, phan xa, magnetron DC, X-ray, Hall, I-V.

STUDYING, FABRICATING AND INVESTIGATING THE INFLUENCE OF
DOPANTS ON ELECTRICAL AND OPTICAL PROPERTIES OF SnO;:In (TIO) AND
Sn0;:Zn (ZTO) PREPARED BY DC MAGNETRON SPUTTERING

Abstract. This report focuses on studying and fabricating Ta-doped SnO, (TTO) films following various
depositing temperatures. TTO films were deposited on quartz glass substrates using a direct current (DC)
magnetron sputtering method. Structure and opto-electrical properties were investigated by X-ray
patterns, Uv-Vis spectra and Hall measurement. These results show a tetragonal rutile structure of the
SnO, in which the preferred (101) was dominant. The best conductivity of TTO film was achieved at the
optimum depositing temperature of 300°C with resistivity, hole concentration, and mobility of 4,50 x 107
Qcm, 5,51 x 10* cm?, 3,08 cm?V's™, respectively. Furthermore, the average transmittance of the films
was above 80%. The I-V characteristics of the n-TTO/p-Si was investigated in the dark and illumination.
Keywords. n-type SnO,:Ta, sputtering, magnetron DC, X-ray, Hall, I-V.

1. PAT VAN BE

Ngay nay, nghién cru mang dan dién trong sudt (TCOs) dugc quan tim nghién ctru cho cac vt lidu tng
dung trong cac thiét bi quang dién nhu mang hinh tinh thé 16ng, pin mit troi, LED, OLED [1 6] Trong
do, mang In,O; pha tap Sn (ITO) dugc sir dung rong réi lam mang boi vi dan dién tot (~ 2 x 10 Qcm)
dong thoi co do truyen qua cao (80 — 90 %) trong vung anh sang kha kién [7]. Tuy nhién, sO lugng
Indium trong tu nhién rat 1a hiém va dit din dén chi phi san xudt rit cao. Vi vdy nhu cau tim kiém vat licu
thay thé In rat can thiét, so véi ITO SnO, ciing c6 cac wu diém tuong dong nhu do rong ving cim 1on
387 —43 eV, dd truyén qua trong ving anh sang kha kién cao, 6 dan cao, bén hoa va nhiét [9]. Cac
phuong phap ché tao mang SnO; va SnO, pha tap c6 thé ké dén nhu ling dong hoi héa hoc (CVD) [10-
11], phun nhiét phan [12-13], bdc bay [14], phin xa [17]. Trong do, phuong phap phun xa magnetron DC
dugc lwa chon boi vi nhiing wu diém vé kinh té, trién khai trong c6ng nghiép so v6i phun xa magnetron
RF, PLD va khong can phai xur ly nhiét so voi phuong phap nhu Sol-gel. Vi vy, trong cong trinh nay,
tinh cht ciu truc, quang dién cua mang dan dién trong sudt SnO, loai n pha tap Ta (TTO) dugc ling dong
trén dé thach anh bang phuong phap phin xa magnetron DC s& duoc nghién ctru.
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2. PHUONG PHAP THU'C NGHIEM

Maing TTO dugc ché tao bang phwong phép phiin xa magnetron DC tir bia gom hén hop (SnO, va Ta,0s),
v6i 6 phan trim khi luong (% wt) Ta;Os, trong hé tao mang Univex 450. De dugc lam sach bang dung
dich NaOH 10% va acetone dé loai bo tap ban 10i duogc rira bang nude cit va duoc sdy kho trude khi
dugc dua vao budng chan khong. Trudc khi tién hanh phin Xa tao mang, bia vat liéu dugc tay bé mit
bang phong dién plasma trong m01 truong khi Argon ¢ ap suat khoang 10~ Torr trong thoi gian 15 pht.
Ap suét khi nén ban dau dat 107 torr, ap suat lam viéc 4 x 10” Torr, cong suét phin xa 1a 15W va khoang
cach gilia bia va dé 7cm. Do day mang duoc xac dinh bang phan mém méd phong Scout bang lam khép
pho truyén qua UV-VIS v6i mé hinh dugc xay dung. Cac mang c6 bé day khoang 460 nm. Cau trac tinh
thé ciia mang dugc xé4c dinh bang phuong phap nhiu xa tia X trén may DS~ ADVANCE. Ph{ truyén qua
trong ving tir 2001100 nm dugc do bang may UV-Vis Jasco V-530. Tinh chét dién dugc xéc dinh bang
phép do Hall Van der Pauw trén may do HMS3000. Cac mang TTO duogc léng dong & cac nhiét do dé
khac nhau dugc ky hi¢u TTO — x (x = tp, 200°C, 300°C, 400°C, 500°C). Pac trung I-V clia tiép xuc p-n di
thé n-TTO/p-Si duogc khio sat bang may Keithley 240. Tiép xac n-TTO/p-Si dugc khao sit dic trung
sang st dung den gia phd mat troi AM 1.5 véi cong su"flt 100 mW/cm’. )

Bang 1. Két qua do Hall ctia cac mang TTO dugc lang dong tir bia chira 6% Ta,Os theo nhiét do de.

Tén mi T Nong db hat tai P linh dong Dién tré suat
u °C) (em™) (em>V''s™) (Qcm)
TTO — tp tp - - -
TTO - 200 200 -451x10% 3,08 450x 107
TTO - 300 300 -5,51 x 10%° 5,64 2,01x107
TTO — 400 400 -5,83 x 10% 5,25 2,04x 107
TTO — 500 500 -7,34x 102 0,71 1,20 x 10

3. KET QUA VA BAN LUAN
3.1 Tinh chit dién ciia mang TTO dwoc ling dong ¢ cic nhi¢t d) khac nhau

Két qua tinh chét dién cua mang dan dién trong sudt TTO duogc khao sat theo nhiét do léng dong & ap
suat 1am viéc 4 x 107 torr tir bia chita 6% pha tap Ta,Os trinh bay & bang 1. Két qua cho thdy mang TTO
¢6 dién tro vo cung 16n khi dugc ling dong & nhiét do phong do hién twong bu giita hai loai hat tai 4m
dugc dong gbp boi cac donor nhu va hat tai dwong duoc déng gop boi acceptor Sn®’. Khi nhiét do dé
trong khoang tir 200 °C - 300 °C, mang TTO c6 tinh chat dién loai n va dién tré suat thap dat dwoc 132,01
x 10° Qcm tuong Ung néng do hat tai va d6 linh dong lan Iwot 14 5,51 x 10% cm™, 5,64 cm®V''s™ & nhiét
d6 lang dong 300 °C. Tuy nhién, dién tro sudt ciia mang ting khi nhiét 6 ling dong trén 400°C do d¢ linh
dong giam, két qua trén duoc giai thich do hién tugng tan xa giao dong mang khi nong do hat tai 1on [5].

3.2 Tinh ciu tric cia mang TTO dwoc ling dong & cic nhiét d9 khac nhau

Hinh [ trinh bay gian dd nhiéu xa tia X ciia mang TTO ling dong theo nhiét d6. Két qua cho thay, mang
TTO c6 chu tric vo dinh hinh khi dugc lang dong & nhiét do phong va mang bat dau tinh thé cau tric tir
giac rutile (JCPDS No. 41-14445) v&i mit mang vu tién 1a SnO, (101) & nhiét do dé 200°C va cuong do
dinh SnO, (101) giam khi nhiét do ling dong ting. Sw xuét hién cua dinh SnO, (101) ciing duoc quan sat
& cac cong trinh SnO, pha tap Sb hay F [18,19]. Ngoai ra, sy xuat hién va phat trién cua dinh SnO, (101)
duoc giai thich dua vao cong trinh mé phong 1y thuyét [20] do su dong gop cia khuyét oxy. Ngoai ra,
cuong do cua dinh SnO, (101) giam va sy xuat hién SnO, (110) va (200) dugc giai thich dua vao cong
trinh[7], mat SnO, (101) (mat SnO, (101) la mat khur chira nhiéu ion Sn*") chuyén sang mit SnO, (110)
(mat SnO; (110) 1a mat oxy hoa chira nhiéu Sn* ) khi ap suét riéng phan oxy ting. Trong cong trinh nay,
ap suat riéng phan oxy ting do oxy nhi ra tir thiét bi trong budng chan khong khi nhiét d6 ling dong ting
nhu di d& cap trong cong trinh [21].
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Hinh 1. Gian d6 nhiéu xa tia X cta mang TTO léng dong & cac nhiét do dé khac nhau.
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Hinh 2. Dinh (101) dugc 1am khép ham Gauss ctia cac mang TTO ling dong & cac nhiét do khac nhau.

Ngoai ra, dinh SnO, (101) ciia cac mang TTO liang dong theo nhiét d6 dugc lam khop bang ham
Gauss cho thay 260 dich vé phia goc nho ching t6 Ta thay thé Sn ting theo nhiét d¢ lang dong, do ban
kich nguyén tir Ta (64 A) nho hon so v&i Sn (69 A).

3.3 Tinh quang ciia mang TTO dwoc ling dong & cac nhiét d9 khac nhau

Hinh 3 bidu dién phd truyén qua trong ving budc song tir 200 — 1100 nm cia cic mang TTO dugc ling
dong & cac nhiét do khac nhau. Két qua cho thdy mang TTO duoc ling dong ¢ nhiét do phong c6 bd hép
thu & vung anh sang kha klen Két qua trén ciing da dugc quan sat & mang SnO, pha tap Sb hay Ga [7, 11]
va dugc giai thich do sy ton tai ciia pha SnO. Pha nay hap thy mot phan anh sang do d6 d6 rong ving cam
cua mang TTO dugc ché tao & diéu kién nay nho (Eg = 3,36 eV). Khi nhiét 4o lang dong trén 200°C, bo
hép thu dich vé viing budc séng ngin do pha SnO nhan dugc ning lwong nhiét tir & chuyén thanh pha
SnO, va d¢ rong viung cAm dat dugc 14 4,57 eV.
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_ Hinh 3. Pho truyén qua cua mang TTO lang dong ¢ cac nhiét d¢ khac nhau.
Béng 2. Két qua gia tri thong so figure of merit cia mang TTO-x lang dong & céc nhiét 4§ khac nhau.

Pién tré mit Py truyén qua tai  H¢ so gia tri ban chat

Miu T : : buéc séng 550 nm figure of merit
Rs D) Tey “p@n’
TTO -200 200 8,99 0,73 0,08
TTO -300 300 4,02 0,69 0,17
TTO - 400 400 4,08 0,66 0,16
TTO -500 500 23,96 0,63 0,02

Bén canh cac thong s6 tinh chat dién va quang nhu dién tré suat, n6ng d6 hat tai, do linh d6 va truyén
qua quang hoc, hé s gia trj ban cht (figure of merit (@)) cling la thong sb quan trong dé danh gia chat lugng
mang TTO c6 dap tmg str dung 1am dién cuc trong sudt. (@) duoc xac dinh bang ty sé TR10 trén Rs (TR10/Rs,
trong d6 TR va Rs 1a gi tri d6 truyén qua & budc song 550 nm va dién tr¢ mat tuong mg [22-24]. Gia tri (9)
cua mang TTO — x dugc trinh bay ¢ Bang 2. Trong tat ca cac mang TTO — X, mang TTO — 300 co6 gia tri lon
nhat 0,17 va gi4 tri nay dap ing dugc tiéu chuan ciia mang dan dién trong sudt.

3.4 Tinh ciu tric ciia mang TTO dwoc ling dong & cic nhiét d9 khac nhau
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Hinh 4.A) Pic trung I-V cua tiép xuc di thé n-TTO-300/p-Si. B) D6 thi ban-log cia dic trung -V cia
tiép xtic di thé n-TTO-300/p-Si. Gia tri ty sb cuong d6 dong thuan (Ir) va dong nghich (Iy) tai £ 2 V.
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Dé danh gia kha ning ing dung mang TTO trong thiét bi quang dién, mang TTO dugc ling dong
trén dén Si loai n (dé thwong mai voi dién tré suat va nong do hat tai 1an luot 1 1-5 Q cm and 1 x 10"
cm ). Pic trung [~V cua cdu tric tiép xuc di thé n-TTO-300/p-Si dugc trinh bay & Hinh 4. Hinh 4A cho
thdy dic trung chinh luu coa diode ctia n-TTO-300/p-Si (khéo sét trong didu kién khong chiéu sang). Thé
mé cua tiép xuc dat duoc 0,45 V va cuong do dong ro 0,35 mA & thé nghich —5 V. Ty sé cuong d6 dong
phan cyc thuan va phan cyuc nghich (d6 thi ban-logarith) cua tiép xtic 1a 35 & + 2.0 V, va dugc trinh bay &
Hinh 4B.

11 (I~V'?)
10° 4
I (I~ V)

10" 4
<107 10V
o—

1074

104

0.01 0.1 V (Volt) 1

. Hinh 5. D6 thi log-log cua dac trung I-V tiép xtc n-TTO-300/p-Si.

Pé xac dinh co ché dich chuyén dién tich cua tiép xuc di thé n-TTO-300/p-Si, dic trung I-V cia
tiép xuc thé hién dd thi log(I/I,)-V st dung mbi quan hé (I~V™). Két qua dic trung ba ving tuyén tinh
khéc nhau va dugc trinh bay & Hinh 5. Vung 1, viing thé thap c6 gi tri hé s6 goc 1a 1,2 (I~ V') thé hién
tinh chét ddc trung ohmic. Hé s6 goc & ving 2 ¢6 gia tri 16n hon 2 (~ 2,4), dic trung dong do su dong gop
ctia dong gidi han dién tich khong gian (SCLC) véi sy hién dién nhimg biy & gan mirc fermi ciia 16p p-Si.
Su hién dién cta dong SCLC chiém uu thé cua dic trung dong thé (I-V) thuong duge quan sat thiy & cac
ban dan c6 d6 rong ving cdm 16n [26]. O ving thé cao (viing 3) gia tri ctia dic trung log-log cho gia tri h¢
sO gocla 14 (I~ V'), ¢ thé 1y giai rang co ché vung ngheo 1a trdi, c6 nghia la hat tai da sO (eletron)
khuéch tan qua tiép giap do sy bom hat tai tir 16p ban dan n sang 16p p va céc bay da duoc lap day.

He¢ s& géc = 0,098

=
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Hinh 5. A) Do thi ban-log ciia ddc trung -V tiép xtc n-TTO-300/p-Si chiéu sing (mau do) va khong
chiéu sang (mau den). B) D6 thi dic trung V va Ln(I) cua tiép xtc di thé n-TTO-300/p-Si.
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Pé danh gia kha nang ung dung cua tiép giap lam cam bién quang hoc tiép xtic dwoc khao sat &
diéu kién chiéu sang. Két qua cho thiy cuong do dong ¢ diéu kién phan cuc nghich tang (27 mA) 6 -5V
(Hinh 5A). Két qua trén dugc giai thich: khi anh sang dugc chiéu vao cau trac tiép xtic n- TTO-300/p-Si,
anh sang dugc hip thu boi 16p Si, hé qua hién twong quang sinh xay ra va sb luong lQ tréng troi vé 16p
TTO -300 nhu duoc dé cap trong cong trinh [25], vi thé cucmg d6 dong 10 ting dang ké. Bén canh do6, hé

s6 1y tuong cua tiép xuc cling duoc xac dinh n = —( ) [26] bang cach xac dinh hé sé goc cua db thi

dLn(I)
phén cuc thuan V- Lo(I) (Hinh 5). Két qua thu duoc hé sé 1y tudng cua diode 14 3,76 dap ing duoc tiéu
chuéan cua diode ly tudng.

KET LUAN

Trong cong trinh nay, chiing t6i nghién cru anh hudng cua nhiét d6 dé dén cAu trac tinh thé va tinh chat
quang dién cia mang TTO. Mang dat dugc tinh chét dién loai n t6t nhat & 300°C v&i dién trd sut, néng
d6 hat tai va do linh dong lan luot 13 4,50 x 10° Qcm. 5,51 x 10*° em™, 3,08 cm®V™'s™. Mang TTO duoc
ché tao c¢6 ciu trac da tinh thé rultile voi miat vu tién SnO, (101). Do truyén qua ciia mang trong ving kha
kién trén 80%, va hé s gia tri ban than (figure of merit) 0,17 Q/Oy", két qua nay dap ung duogc tiéu
chuan cta mang dan dién trong subt. Dic trung I-V ctia mang TTO dugc ché tao trén dé loai p Sillic cho
dic trung chinh luu voi hé s6 1y twong 3,76 va thé mé 0,45 V.
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Nghién ctru nay dugc tai trg boi Quy Phat trién khoa hoc va cong nghé Quoc gia (NAFOSTED) trong dé
tai ma s6103.03-2017.302
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