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CHE TAO VA KHAO SAT ANH HUONG CUA NHIET PO
PEN CAC PAC TRUNG CUA MANG SnO PUQC CHE TAO BOI
PHUONG PHAP PHUN XA PHAN UNG MAGNETRON DC
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TOM TAT

Mang méng SnO duwoc ché tao bang phwong phéap phin xa phan #ng magnetron
DC véi bia phtn xa kim logi thiéc va khi phan i#ng oxi, nhiés dg dé (Ts) thay doi tir
150°C d@én 300°C trong suot qua trinh phan xa. Khi nhiér dg dé thay déi tir 150°C dén
300°C thi c6 sir xudt hién cac pha ngoai lai 5-Sn va SnO; trong cdu tric mang SnO.
Cdc ddc trung ciia mang SnOy duroc danh gid théng qua phé UV-Vis, gidn do nhiéu xa
tia X (XRD), hiéu i#ng Hall, hinh thai bé mat bang dnh AFM. Mang SnO ché tao ¢
nhiét @¢ 250°C ¢6 tinh chat dién tt nhat, c6 nong dé hat tai Ny = 1,552.10"cm™, do
linh déng p = 7,581 cm?/Vs, dién tré-sudt p = 5,31 (Qcm) va dg dan o = 0,19 (Qem™)
va khéng xudt hién hién cac pha ngogi lai, 5-Sn va SnO, dii diéu kién co ban ing
dung lam Iép thu 16 tréng trong linh kién quang dién

Tir khéa: Tin oxide thin films, P type SnO, N type SnO,, reactive DC

magnetron sputtering

1. Gigi thiéu

Mang mong oxit dan dién trong
sudt (TCOs) dd duoc nghién ciru va sir
dung rong rdi trong ché tao cac linh
kién quang dién nhu: pin mat troi, man
hinh phang, cam bién khi va cira s6
thdng minh boi nhitng tinh chat dan
dién va quang vuot troi ciia nd. Hau hét
cac loai TCOs c6 do linh dong hat tai
cao thuong la ban dan loai n nhu 12 In,0O3,
Zn0O, SnO; va nhiing loai vat li€u nay
dé dang ting ndng d6 hat tai dién, hay
tang d6 dan dién bang viéc pha tap kim
loai (nhu Sn, Al, Ag...) hay phi kim (F,
N...) dd duoc nghién ctru va trién khai
ung dung rong rai nhu ITO, AZO va
FTO [1]. Pang tiéc, tinh chat dan dién
bang 15 trong (ban dan loai P) cua céc
vat ligu TCOs chua dugc nghién cuu
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nhiéu (gan nhu bi lang quén) trong mot
khoang thoi gian dai xuyén sudt qua
trinh phat trién vat liéu TCOs do tinh
kém bén dién cua ching trong moi
truong. Cu thé, trong nhitng nim gan
day viéc nghién ctru ché tao va khao sat
TCO loai P dién hinh 12 mang ZnO pha
tap N duogc nhiéu nhém nghién clru
quan tAm nhung két qua chua nhu mong
mudn dé c6 thé trién khai ung rong rai
trong tuong lai gan do cic sai hong cau
trac thé hién tinh chit dién loai P (khi
thay thé O bdi N) ctia mang kha phuc
tap dan dén d6 bén dién kém [2] , [3],
[4], [5]. ‘

Trong vai nam gan day, vat li¢u
SnO Ia chit ban dan loai P tu nhién, 15
trbng hinh thanh do nat khuyét thiéc
(Vsn) Va nguyén tir oxy ngoai mang
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(Oj). Do ¢0 su lai hda gitra van dao Sn
5s va O 2p lam cho d6 linh dong hat tai
trong mang SnO cao va nang lugng
hinh thanh nat khuyét Sn thap nén nong
do 156 trong trong mang 16n, do rong
viing cAm quang nam trong khoang 2,5-
3,4 eV. Pay 1a cac yéu té quan trong
quyét dinh tinh chat din dién bang 15
trbng ciia mang SnO cao va la tng cu
vién sang gia cho vat liéu dan trong suét
loai P [6], [7].

Mot sb phuong phap ché tao mang
mong SnO loai P phd bién nhu: Béc
bay bang chum electron trong chan
khong cao (electron beam), ling dong
xung laser, phin xa magnetron va ling
dong 16p nguyén ti [8]. Trong do
phuong phap phun xa phan 1ng
magnetron DC (direct current) c¢é nhiéu
vu diém nhu: Bia phin xa kim loai Sn
dé ché tao, khi phan ung oxy khdng
doc..., va cau trdc mang SnO c6 xu
huéng chuyén thanh SnO, tly thudc
vao nhiét do dé trong qua trinh ché tao
mang. Do d6 théng sé nhiét do dé
trong phuong phap phin xa phan ng
magnetron DC c¢6 vai tro quan trong va
chung t6i chon khao sat anh hudng cua
nhiét do dé dén cau trac, tinh chat dién -
quang cua mang SnO duoc ché tao
bang phuong phap phun xa phan ung
magnetron DC trong bao céo nay.

2. Thye nghiém

Mang SnO dugc ché tao bing
phuong phdp phin xa phan ung
magnetron DC v6i oxy 1a khi phan Gng
va bia kim loai. Bia kim loai Sn duogc
ché tao thanh dang dia tron duong kinh
7,5cm va do day 0,5cm thdng qua qua
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trinh ndu chay va d6 khuén trong chin
khong tir kim loai Sn & dang hat co6 do
tinh khiét 1a 99,995%. Céac thdng s6
ling dong mang téi wu, 4p suat ling
dong mang P = 5.10° torr, cong suat
ling dong (p = U.I) p = 30W, 4p suit
khi riéng phan oxy theo ti I& phan tram
(Po F"ZO 100% véi F 13 luu
2

Far+ F

lwong khi (sccm)), Po = 12% tat ca cac
thong ché tao nay déu giir khong doi
trong qua trinh ché tao mang, chi duy
nhat théng sé nhiét 46 dé (Ts) thay doi
tir 150°C dén 300°C. Trong qua trinh
ché tao mang chiing t6i diéu chinh thoi
gian sao cho d6 day cua cdc mang bang
nhau (300 nm) théng qua phép do do
day truc tiép dao dong thach anh, do
day mang sau d6 duoc kiém chung lai
thong qua phép do  Talorstep
profilometer (Rank- Taylor-Hobson,
UK). Tinh chét dién caa mang (ndng do
hat tai, d6 linh dong hat tai, dién tro
suit) duoc xac dinh bang phép do Hall
trén may BIO-RAD HL5500IU. Cau
trdc tinh thé cia mang dugc phén tich
thdng qua gian d6 nhidu xa tia X
(XRD). Tinh chit quang caa mang dugc
danh gia qua pho truyén qua UV- Vis
(JASCO, V-550, Japan) trong dai budc
s6ng tir 200 nm dén 1100 nm.

3. Két qua va thao luan

3.1. Anh hwéng cia nhigt dé dé
trong qua trinh phian xa dén cdu trac
ciia mang SnO logi P

Nhiét do dé trong qua trinh phun xa
thay d6i anh hudng rat 16n dén su phat
trién ctia vi tinh thé trong qua trinh hinh
thanh mang hay cdu trac mang dugc
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danh gia thong qua gian do nhidu xa tia
X (XRD) va dugc trinh bay trong hinh
1. Gian @6 XRD chi ra hinh 1(a) cho
thiy trong qua trinh phat trién mang
khong hinh thanh pha cua cac loai oxit
trung gian khac nhu la SnzOg4, va Sn,Og
[9]. Tét ca cac mau duoc do XRD déu
c6 cac dinh nhiéu xa dic trung cho SnO
v6i cau triic bon phuong, va hudng uu
tién ctia mit (110) phat trién manh. Hon
nira khi nhiét do dé tang tir 150°C dén
300°C thi cuong d6 dinh nhidu xa dic
trung cua mat (101) tng voi goc 20 =
29,9° ting din va do6 ban rong phd
(FWHM) ctia mang giam dan tir 0,32
rad dén 0,22 rad hay kich thudc tinh thé
(tinh tr cong thurc Scherrer) tang twong
tmg tir 41,94 nm dn 62,17 nm, duoc
thé hién trong hinh 1(b), (c) c6 thé giai
thich nhu sau: Khi nhiét d§ ting tu
150°C dén 300°C véi cong sudt phin xa
khong ddi 30W lam cho cac nguyén tir

Sn va O céu thanh 1én phéan tir SnO c6
nang luong chuyén dong nhiét 16n, nén
tang kha ning khuéch tan va di chuyén
trong qua trinh hinh thanh mang lam
tinh thé SnO phat trién dong b véi hai
hudng uu tién ciia mat (110) va (101) [10].

Ngoai ra, khi ling dong ¢ nhiét do
thdp 150°C két qua XRD cho thiy xuét
hién dinh nhidu xa tai goc 20 = 30,5°,
dac trung cho pha B-Sn [11], [12]. Su
xuat hién pha B-Sn khi phin xa ¢ nhiét
d6 thap 1a do luong nguyén tir kim loai
Sn khong duogc oxy hoa hét, con khi ling
dong & nhiét d6 cao 300°C két qua phan
tich XRD ctia mang cho thdy suat hién
dinh nhiéu xa dic trung cho mit mang
(110) ciia SnO; 1a 20 = 25,9%. N6i khéc
di khoang nhiét do t6t nhat dé hinh thanh
mang SnO loai P véi 2 mat dinh hudéng
wu tién phat trién 1 (101) va (110) nam
trong khoang 200°C dén 250°C.
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Hinh 1: Gian dé nhiéu xa tia X ciia mang P-SnO theo nhiét dj (a),dinh phéd da dwoc
lam khop Gauss vng voi mat mang (101) (b), va mat mang (110) (C)

qua do AFM cua mang P-SnO theo
nhiét 6 dé tuong tmg vai (a) 150°C, (b)
200°C, (c) 250°C, (d) 300°C trinh bay
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Anh AFM 1a phép do hiéu qua
trong viéc danh gia hinh thai hoc bé mit
clia vat liéu & cau trc vi tinh thé. Két
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trong Hinh 2 cho thdy rd rang kich
thudc hat ting khi nhiét 46 dé tang. Két
qua nay mot lan nita tai khang dinh két
qua rat ra tu phép do XRD dugc trinh

bay & trén. Su ting kich thudc tinh thé
theo nhiét do sé tac dong tich cuc dén
tinh chit quang va dién cia mang s&
duoc kiém chimg trong phan sau.

Hinh 2: Anh AFM-2D ciia mang P-SnO theo nhiét do d@é (a) 150°C, (b) 200°C,
(c) 250°C, (d) 300°C

3.2. Anh hwéng cia nhigt d¢ dé
trong qué trinh phan xa dén tinh chat
quang cu#za mang SnO logi p

Tinh chat quang ctia mang P-SnO
theo nhiét do dé duoc danh gia thong
qua phd truyén qua UV-Vis. Két qua
dugc trinh bay trong hinh 3 cho thay
mau TS150 ling dong ¢ nhiét do dé
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thdp (150°C) co6 do truyén qua kém
(25%) va c¢6 xu hudng ting do truyén
qua (65%) khi nhiét do dé tang Ién t6i
200°C, sau d6 giam nhe do truyén qua
khi ting nhiét do 1én téi 250°C, tuy
nhién néu tiép tyc ting nhiét lén t6i
300°C thi do truyén qua lai ting tro lai
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Hinh 3: Phé truyén UV-Vis (a) va duong biéu dién (ahv)? theo hv ciia mang P-SnO
v6i nhiét dé khdc nhau (b)
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Mang TS150 ling dong & nhiét do
thap c6 do truyén qua khong cao va do
rong ving cdm quang hoc nho vi trong
mang c6 ton tai pha B-Sn tng voi dinh
nhidu xa & goc 20 = 30,5°. Nhu da chi
ra trong pho XRD cua phan trén (hinh
1), véi sy hinh thanh pha kim loai trong
mang dudi dang hat hay mang s€ tang
kha ning hap thu anh sang trong ving
kha kién [12]. Mau TS300 liang dong &
nhiét o cao 300°C s& hinh thanh pha
SnO, véi mit (110) tmg véi dinh nhiéu
xa & goc 20 = 25,9° nhu di chi trong
ph6 XRD trong hinh 1 lam cho d6 rong
ving cAm quang va do truyén qua cia
chung cao hon.

Phi hop véi phan nghién ctru vé
cAu tric, cac mau TS250 ling dong &
250°C va TS200 ling dong & 200°C
khong bi cac bién thé tap khac 1a pha
thiéc B-Sn va pha SnO; 1am anh huong
dén tinh chit quang va dién cua chung.
Dbi v6i 2 mau trén, bo hdp thu ciia miu
TS250 dich vé anh sang do twong tng
d6 rong vung cAm quang (2,68 eV) nho
hon so v&i mau TS200 (2,74 eV). Két
qua nay phu hgp véi hi¢u ung kich
thudc vi tinh thé trong mang ting khi
tang nhiét do dé lang dong. Cu thé kich
thuge tinh thé cua mang ling dong &
250°C 12 58,99 nm 16n hon kich thude
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tinh thé ciia mang ling dong & 200°C 14
51,59 nm [13], [14], [15].

3.3. Anh hweng cia nhiét dp dé
trong quéa trinh phan xa dén tinh chat
di¢n cia mang SnO logi P

Tinh chat dién (ndng do hat tai, do
linh dong va dién tro suat) ctia mang
SnO loai P dugc xac dinh thong qua
phép do Hall, tir két qua do Hall cia
mang SnO loai P theo nhiét do ling
dong duoc trinh bay trong hinh 4 cho
thdy chung rat phu hop voi két qua do
quang hoc. Cu thé khi ling dong & nhiét
d6 thap 150°C, luong thiéc “tdn dong”
B-Sn cao nén ndng do hat tai
(3,44.10*"cm™®) cua miu TS150 do duoc
16n hon nhitng miu khac nhung do6 linh
dong (1,851cm?/Vs) lai giam dang ké
do chinh cac tam tan xa f-Sn khong hoa
vao cau tric mang SnO. Nguoc lai ling
dong & nhiét do cao 300°C, néng do 16
tréng thip nhit (1,25. 10"cm™) vi ¢6
lAn pha (110) ciia SnO, dong thoi do
linh dong khong cao (3,673cm?/Vs).

Doi véi 2 miu TS200 va TS250
duge ché tao tai nhiét do 200°C va
250°C thi ndng d6 15 tréng ting nhe
(1,461.10" cm® va 1,552.10" cm?)
nhung mau TS250 c6 dd linh dong
(7,581 cm?Vs ) cao hon hin mau
TS200 (3,025 cm?/Vs) do kich thuéc

hat 16n hon.
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Hinh 4: Cdc dai heong dic trung cho tinh chdt dién ciia mang P-SnO theo nhiét d¢ dé

4. Két luan

Thong qua viéc phan tich tinh chat
quang tir phd truyén qua UV-Vis, tinh
chat dién tir phép do Hall, khao sat ciu
trac tir gian d6 nhiu xa tia X cac két
qua thu dugc déu khéng dinh cac dac
trung mang thiéc oxit ché tao bang
phuong phédp phin xa phan uUng
magnetron DC chiu tdc dong manh boi
nhiét 46 dé. O nhiét do dé thap trong
mang “ton dong” pha B-Sn, con khi
nhiét 6 dé qua cao thi trong mang xuét
hién pha SnO, ca hai pha nay déu tac
dong xdu dén tinh chat dién quang cia

mang SnO. Kich thudc tinh thé ting khi
nhiét do dé tang va chinh sy tang kich
thudc tinh thé din dén ting do linh
dong va do dan cta mang. Trén co s&
cua cac phép phan tich da trinh bay &
trén cho thiy mang SnO ché tao & nhiét
d6 250°C co tinh chat dién t6t nhat, c6
ndng do hat tai Ny = 1,552.10%cm™, do
linh dong p = 7,581cm?/Vs, dién tré
suit p = 5,31(Qcm) va do6 din o
0,19(Qcm™) va khong xuét hién hién
cac pha ngoai lai, B-Sn va SnO, du diéu
kién co ban ung dung lam I6p thu 16
trbng trong linh kién quang dién.

*** Nghién cizu nay dwoc tai tre' kinh phi tir Pai hoc Quéc gia thanh phé Hé
Chi Minh (VNU-HCM) véi ma sé dé tai C 2017-18-01
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FABRICATION AND INVESTIGATION OF THE EFFECTS OF
TEMPERATURE ON THE CHARACTERISTICS OF THE SnO4 THIN FILMS
PREPARED BY DC MAGNETIC SPUTTERING

ABSTRACT

The SnOy thin films were fabricated by reactive DC magnetron sputtering from tin
target and oxygen reactive gas. The temperature of substrate varied from 150°C to
300°C during sputtering. When the substrate temperature changes from 150°C to
300°C, there are the phase -Sn and the phase SnO; in the structure of the SnOy thin
films. The X-ray diffraction (XRD), Hall effect measurement, UV-vis spectra and AFM
image, were used to analyse the characteristics of SnOy films. The P-type SnO film
prepared at 250°C has the best electrical properties, with hole concentration (Ny =
1,552.10" cm™), mobility of hole (un = 7,581 cm?/\is), resistivity (p = 5.31 Qcm) and
conductivity (o = 0.19 @ cm™) and without the appearance of phases, f-Sn and SnO,
are eligible for basic applications for collection holes in photovoltaic components.

Keywords: Tin oxide thin films, P type SnO, N type SnO,, reactive DC magnetron
sputtering
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