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Tém tit

Trong nghién ciru nay, mang mong ZnO pha tap Indium duoc ché tao trén dé thiy tinh
bang phuong phdp phin xa phan iing RE magnetron. Anh huéng cia nong dé oxy trong qud
trinh ldng dong dén dac tinh quang hoc, hinh thai be mdt va vi cdu tric ciia mang da duoc
khdo sdt. Két qua phan tich nhiéu xa tia X cho thdy tdt ca cdc mau IZO déu c6 cau triic da tinh
thé kiéu wurtzite véi mdt mang wu tién (002) dinh huéng vuong goc voi bé mat dé. Quan sat
bang hién vi dién tir quét phat xa truong (FE-SEM) cho thdy mang cé cau tric hat dong déu,
trong do mau liang dong tai nong do oxy 10% dat kich thudc hat trung binh khoang 74,2 nm.
Phé truyén qua UV-Vis cho thdy cdc mang 120 cé ning heong vimg cam quang hoc khodng
3,4 eV va dj truyén qua trong ving dnh sang kha kién dat t6i 85% doi véi mau IZO_10% O:.
Ngodi ra, ning lwong Urbach giam dan khi ting nong dé oxy trong qud trinh ling dong.
Nhitng két qua nay chimg té nong dg oxy la yéu to quan trong dnh huéng dén cdu tric va dic
tinh quang hoc ciia mang IZO ché tao bang phwong phdp phiin xa phan tmg RF magnetron.

Tir khoéa: mang mong 1Z0, nong do khi Oxy, phiin xa RF-magnetron, TCO, tinh chat
quang, vi cdu truc.

Trich dan: Nguyen K. B., Tran, B. Q. La, P. P. H.,, & Ng6, H. b. (2026). Anh huong ciia
ndng d6 oxy dén dic tinh quang hoc va cu tric tlnh thé cua mang ZnO pha tap Indium ché
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Abstract

Indium-doped ZnO (IZ0) thin films were deposited on glass substrates by RF magne-
tron reactive sputtering, and the influence of oxygen partial pressure during deposition on
their optical, morphological, and structural properties was systematically investigated. X-ray
diffraction (XRD) confirmed that all 1Z0 films crystallized in the wurtzite structure with a
strong (002) preferred orientation. This indicates that the (002) lattice planes are aligned
approximately perpendicular to the substrate surface Field-emission scanning electron mi-
croscopy (FE-SEM) revealed a dense, homogeneous grain structure in the samples and
showed that the film deposited at 10% O: exhibited the smallest average grain size (=74.2 nm).
UV-Vis spectroscopy indicated a direct band gap of approximately 3.4 eV for all samples,
while the IZ0 film deposited at 10% O: exhibited the highest average transmittance of about
85% in the visible region (380-750 nm). Moreover, the Urbach energy decreased monoton-
ically with increasing oxygen partial pressure, indicating reduced structural disorder in the
films. These results demonstrate that oxygen partial pressure is a critical parameter control-
ling the microstructural evolution and optical performance of IZ0 films prepared by RF mag-
netron reactive sputtering.

Keywords: [ZO thin film, microstructure, optical properties, oxygen concentration,
RF-magnetron sputtering, TCO.
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1. Giéi thiéu

Cac oxit dan dién trong subt (TCOs) la vat liéu co6 do dan dién cao déng thoi co6 kha
nang truyén qua anh sang tét (>80%) trong ~vung kha kién. Nho nhung dic tinh noi bat nay,
TCOs dugc ing dung rong rai trong cac thiét bi quang dién tir nhu pin mét troi, cira s0 thong
minh va man hinh phang (Granqvist, 2007). Trong so cac loai TCO, mang ZnO pha tap cac
nguyén t6 nhom II1 (Al, Ga, In, B) dang thu hut nhiéu sy quan tam nhu mdt lya chon tiém
nang thay thé oxit indi pha thiéc (ITO) nho ¢6 dic tinh quang — dién canh tranh, quy trinh ché
tao don gian, khong doc hai va ngudn Zn dbi dao hon so v6i In (Minami, 2000). Méc du nhém
(Al) 1a nguyén t6 pha tap duoc nghién ctru pho bién nhét, gan day gallium (Ga) ciing dugc sir
dung dé ché tao mang ZnO c6 do dan dién cao (Bhosle & cs., 2006; Ma & cs., 2007; Singh &
cs., 2014). Bén canh d6, mang ZnO pha tap indi (IZO) dugc xem la vat li¢u TCO day hira hen
nh‘U kha ning 6n dinh tét hon trong plasma hydro so vdi Al-ZnO va kha nang chong oxy hoa
cao (Pham & cs., 2022, 2023; Singh & cs., 2014).

Nhiéu phuong phap duoc sir dung dé tong hop mang IZO nhu: spray pyrolysis
(Benouis & cs., 2010), sol-gel (Chen & cs., 2009; Luna-Arredondo & cs., 2005), ling dong
hoi hoa hoc (Babu & Hong, 2015; Lim & cs., 2013),1éng dong xung laser (Chirakkara & cs.,
2011; Kotlyarchuk & cs., 2005) va phin xa magnetron (Shaheera & cs., 2020; Singh & cs.,
2016) (Sun & cs., 2016). Trong sb do, phuong phap phun xa magnetron tan s6 vo tuyén (RF)
dugc danh gia la dang tin c@y nho cac uu diém: nhiét d6 lang dong thap, quy trinh don gian,
chi phi thiét bi thap, chat lugng mang t6t va d& dang mo rong cho san xuét cong nghiép. B.
Khalfallah va cong su dd ché tao mang IZO véi cic mirc pha tap In khac nhau bang phun xa
magnetron tr bia ép bot, thu dugc dién tro suét thép 5,53 x 1073 Q-cm, néng d0 hat tai 7,37 x
10" cm™ va d¢ linh dong dién t&r 12,47 cm*V-s (Khalfallah & cs., 2015). Anil Singh va cong
su (Singh & cs., 2016) bao céo vé& mang IZO c6 d6 dan cao bang phuong phap ddng phun xa
phan trng DC tir bia kim loai In va Zn, véi ham lugng In do dugc trong mang ZnO 1a 1,7 at.%
cho két qua c6 dién tré suat thap nhat 3,66 X 10* Q.cm, do linh dong dién tir dat 4,9 cm?/V.s
va nong do hat tai rat cao 3,52 x 10*' cm?. Nghién ctru truée d6 cia chung t6i ciing di bao
c4o anh hudng ciia ndng do pha tap In vao mang ZnO duoc ché tap bang phuong phap phiin
xa phan tmg RF magnetron dén tinh chat nhiét dién ciia mang IZO (Hang Pham & cs., 2025).
Tuy nhién, chua nhiéu nghién ciru tip trung vao anh ‘huong cua diéu kién ling dong dén cau
trac va tinh chéat quang hoc cua mang mong 1ZO. Dbi voi phuong phap phin xa magnetron,
nhiéu nghién ctru da chi ra rang cac dic tinh vi cdu trac va tinh chat quang ciia mang mong bi
anh hudng béi cac thong sd trong qua trinh lang dong nhu nhu nhiét d6 dé (Kim & cs., 2009;
Pham & cs., 2025), 4p suit ling dong (Peng & cs., 2022), cong suat phun xa (Feng & cs.,
2009; Pham & cs., 2025) va luu lugng khi oxy (Pham & cs., 2025; Zhu & cs., 2014).

Trong nghién ctru nay, ching t6i str dung phuong phap phtin xa phan img RF magnetron
tir bia hop kim Zn-In (In 2 at.%) dé khao sat anh huong cta nong do oxy trong qua trinh lang
dong dén vi cdu trac va tinh chat quang hoc cua mang IZO. Cac mang dugc phan tich bang nhiéu
xa tia X (XRD) dé xac dinh cau triic tinh thé, hién vi dién tir quét phat xa trudng (FE-SEM) dé
quan sat hinh thai bé mit va phd truyén qua UV-Vis dé danh gia dic tinh quang hoc.

2. Phwong phap nghién ciru

Cac mang mong ZnO pha tap Indium (IZO) duoc ling dong trén dé thuy tinh bang
phuong phap phin xa magnetron phan tng cao tan, st dung khi oxy lam khi phan tmg va bia
hop kim Zn va In. Bia hop kim duoc ché tao thong qua qua trinh niu chay va db khuén, sir
dung bot kim loai Zn va In c6 do tinh khiét 99,99%. Trudc khi lang dong, cac dé thuy tinh
duoc lam sach tuan tu bﬁng acetone, ethanol, isopropanol va nudc khir ion, toan bo qua trinh
déu duoc xir 1y trong bé rira siéu am. Cac dé sau d6 duoc siy kho bang khi nitrogen va nung
s0 bd & 150°C trong 15 phut trong budng chan khong véi ap sudt nén 1a 10 Torr. Qua4 trinh
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phun xa dugc thyc hién ¢ nhiét d6 dé 250°C, ap sut phun xa 5 X 107 torr, cong suét phun xa
90W, ap suat nén 2 x 107 torr, thoi gian lang dong cua cac mau 1a 1 gid. Ap suat riéng phan
cua Oxy dugc xac dinh theo cong thuc:

= _fo,
Po, = 7y X 100% (1)

Véi F 1a luu lugng khi dugc tinh bang scem, Pp,la nong do phan trim khi Oxy. Nong
do khi Oxy (Pp,) trong qua trinh lang dong mang dugc khao sat 1an lugt 1a 7%, 8,5%, 10%,
va 11,5% tuong ung v6i cac mau IZO_7% O2, 1Z0_8,5% O,, 1Z0 _10% O, va1ZO 11,5% O».

Céu truc tinh thé ciia cac mang dugc phén tich bang thiét bi nhiéu xa tia X (XRD, D8-
ADVANCE ECO) voi dién ap hoat dong 40kV, dong dién 40mA va st dung buc xa Cu-Ka.
Do day meang IZO dugc do bang phep do Talorstep profilometer (Rank-taylor-Hobson, UK).
Tinh chit quang duoc phan tich bang phd truyén qua UV-Vis (Aligent Cary 60 UV-Vis Spec-

trophotometer ) trong dai budc song 300 — 1000 nm. Hinh thai cua mang dugc khao sat bang
kinh hién vi dién tr quét phat xa truong ( FE-SEM, model SU-8100, Hitachi).

3. Két qua va thao luan

3.1. Vi céu triic va hinh thai bé mit cia mang 1ZO

@ g (b) 5
T s
g l 3 1ZO_11.5% O
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2 z
£ z
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Hinh 1. (a) Phé XRD ciia mang méng IZO véi nong d oxygen khac nhau,
(b) pho phong dai ctia dinh (002)

Hinh 1(a) trinh bay phd nhidu xa tia X (XRD) cta cac mang IZO duoc ling dong trén
dé thuy tinh v6i cac ndng do khi oxy lan luot 13 7%, 8,5%, 10% va 11,5%. Tét ca cac mau déu
cho thay cac dinh nhiéu xa rd rét tai cac vi tri 20 khoang 30,9°, 34,4° va 71,8°. Khi dbi chiéu
v6i dit liéu chuan tir thé PDF s6 01-075-1533, céc dinh nay dugc xac dinh la ddc trung cho
céu trac wurtzite ciia ZnO (Hang Pham & cs., 2025). Khong phat hi¢n théy cac dinh nhiéu xa
déc trung cho cac pha kim loai tu do nhu In hoac Zn, diéu nay cho thiy rang nguyén tur In da
thay thé vi tri ciia nguyén tir Zn trong mang tinh thé luc giac, hodc chiém cac vi tri xen ké&
trong mang ludi ZnO. Bén canh d6, mot phan nguyén tir In c6 thé bi ddy ra khoi mang tinh thé
va tap trung tai cic ranh gi6i hat du6i dang ving vo dinh hinh, hinh thanh céc lién két In-O
(Badadhe & Mulla, 2009; Hang Pham & cs., 2025; Peng & cs., 2009). Bang chu y, cuong do
dinh (002) vuot trdi so vdi cac dinh (100) va (004), cho thay cAu tric tinh thé coa mang 1ZO
¢6 xu huéng phat trién theo hudng truc ¢ vudng goc vai bé mit dé (xem hinh I). Diéu nay co
thé dugc 1y giai boi mat phang (002) 1a mat co niang lwgng bé mit thip nhét trong cu tric
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wurtzite ciia ZnO, tir d6 thuc ddy sy ting truong vu tién theo hudng nay (Benouis & cs., 2010;
Ratheesh Kumar & cs., 2005). Quan sat tir phd XRD & Hinh 1(b) c6 thé thay dinh (002) dich
chuyén vé goc 26 16n hon khi ting néng dd oxy, cho thdy sy giam g suat nén mang theo
phuong truc c. Két qua nay tuong ty v4i nghién ctru cua Zhang va cong sy khi nghién ctu
mang Al doped ZnO (Zhang & cs., 2007). Cac gia tri goc nhiéu xa twong (mg véi cac nong do
oxy khac nhau duoc tong hop trong Bang 1. Dya trén dinh luat Bragg, 6 dai truc ¢ ciia mang
tinh thé duoc tinh toan thong qua phuong trinh x4c dinh khoang cach gitra cdc mit phang trong
céu trac luc gidc (Benouis & cs., 2010):

AR+ KPRk P 1 )

3a? c2 d?

Trong d6 (hkl) 1a chi s6 Miller biéu dién mit phing mang tinh thé, a va ¢ 1a céc hang
s mang tinh thé, d ( d - spacing) la khoang cach giira cac mat mang tinh thé duoc tinh bang
cong thirc: 2dsin@ = \. Kich thudc tinh thé ciia mang mong duge xac dinh bang cong thirc
Debye- Scherrer (Cullity & Smoluchowski, 1957)

092
- Bcos6O (3)

Két qua tinh toan trong Bang 1 cho thay d6 dai truc ¢ cia tat ca cac mau mang IZO déu
16n hon so véi ZnO tinh khiét (Hang Pham & cs., 2025). Su gia ting niy dugc cho 1a bat ngudn
tir viéc mot phan ion Zn** trong mang tinh thé ZnO bj thay thé boi ion In** tai cac ndng dd oxy
khac nhau, dn dén sy gifin nd théng sé mang theo phuong truc ¢ (Pham & cs., 2025; Shaheera
& cs., 2020). Phan tich pho XRD cho thay mau IZO duoc ling dong & ndng do oxy 10% cho
d6 két tinh cao nhét, diéu nay tao tién dé& quan trong cho cac khao sat tiép theo vé tinh chat
quang hoc cua vat liéu.

Bang 1. Cic thong sb ciia phé XRD ciia mang méng 1ZO
véi cac nong d§ oxy khac nhau

Sample 20(002) (deg) pwHwm (deg.) Grain size, D (nm) Lattice constant, ¢ &)

1ZO_7% O» 34,02 0,251 33,16 5,26
1ZO _8,5% O» 34,12 0,267 31,01 5,25
1ZO_10% O» 34,23 0,239 34,68 5,23
1Z0 11,5% O, 34,29 0,246 33,69 5,22

3.2. Hinh thdi bé miit mang 1ZO

Hinh 2(a)-(d) cho thdy mang IZO duoc ling dong c¢6 ciu triic hat cau dic trung véi su
phan bb déng déu cung bién hat 13 rang trén toan bo cau tric bé mat. Dya vao biéu dd phan
bd kich thude hat cho thiy kich thudc hat ting theo ndng d6 oxy cho dén mau 10% O, va giam
& miu 11,5% O,. Ta co thé quan sat thay mdi quan hé phi don diéu giita nong do oxy va kich
thudc hat & mau 7% va 10% O, két qua phii hgp véi tinh toan kich thudc tinh thé trung binh
& bang 1. Dong thoi, kich thudce hat cua cac mang IZO ( 60-80 nm) do dwoc tuong ddi 16n,
phu hop v6i cac nghién ctru trude do (Peng & cs., 2009). Khalfallah va cong su (Khalfallah &
cs., 2015; Peng & cs., 2017) da nghién clru cho thay su thay the Zn* bang In*" trong cau tric
wurtzite giup giam ning luong khuyét tat va tao nhiéu vi tri mam két tinh hon thiic diy qua
tinh két tinh gitip tao hat c6 kich thuéc 16n hon. Pbi véi img dung IZO vao lam dién cuc trong
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sudt (TCO), kich thudc hat 16n giup giam tan xa dién tir bién hat, cai thién do linh dong dién
tir (Lee & cs., 2025). Két qua phan tich XRD va hinh thai bé mat cho thdy mang IZO dugc
lang dong & ndng d6 10% O, c6 chat luong két tinh t6i wu so voi cac mau khac. Viée t6i vu
ndng d6 oxy trong phin xa phan tng dé dat chat luong tinh thé tot giup cai thién tinh chét
quang hoc ctia mang IZO s& dugc thao luin ¢ phan tiép theo.

a),lzo 7% 91,' %

40.+7,60' L ,80- " {00 120
® W Gain size'hn),

Hinh 2. Anh FE-SEM va biéu do phén bé kich thuéc hat ciia mang 12O
dugc ling dong & a) 7% O, b) 8,5% 02, ¢) 10% 03, d) 11,5% O,

3.3. Tinh chit quang ciia mang 1ZO

Hinh 3(a) trinh bay pho truyén qua quang hoc trong viing tir ngoai—kha kién (UV—Vis)
clia cac mang mong IZ0 duoc ling dong v6i cac ndng dd oxy khac nhau. TAt ca cac mau mang
déu thé hién kha nang hip thu manh trong ving tir ngoai, trong khi d¢ truyén qua trong ving
anh sang kha kién (400-800 nm) c6 sy thay ddi rd rét tiy theo ndng do oxy. Cac thong sb vé
d6 day mang va do truyén quang trung binh trong dai 400 —800 nm dwgc tong hop trong Béang
2. Vi tri bo hép thy ctia cic mau IZO 7% Oa, IZO_8,5% O, va IZO_10% O, nim xung quanh
350 nm, trong khi mau 1ZO_11,5% O, cho thdy b hp thy dich chuyén rd rét vé& phia budc
song dai hon, khoang 390 nm. Xu huéng dich chuyén bo hip thy vé€ phia do6 (red-shift) khi
tang ndng do oxy dé dugc ghi nhén trong cac nghién ctru trude vé mang ZnO va AZO, phan
anh sy thay ddi trong cAu tric dién tir cta vat liéu dudi anh hudng cua diéu kién lang dong
(Kamble & cs., 2018; Zhu & cs., 2010).

O ndng d6 oxy thap (7%), su pha tap cuia ion In** thay thé cho ion Zn?* trong mang tinh
thé ZnO lam tang dang ké mat do hat tai tu do. Dong thoi, sy thiéu hut oxy trong mang tmh
thé cling gop phan tao ra cac muc khuyét tat, dan dén sy hip thu manh cua céc hat tai nay, tu
do lam giam d6 truyen qua ciia mang (Radjehi & cs., 2019). Khi nong do oxy trong qua trinh
lang dong tang dan, lucmg khuyet tat oxy giam, chét lugng tinh thé duoc cai thién. Diéu nay
g6p phan 1am giam cac khuyét tat cuc bo lién quan dén sy hip thu photon va bé mit mang min
hon gitp giam hiu tmg tan xa, cai thién do truyén quang ctia mang (Binh & cs., 2024). Két
qué quan sat duoc cho thay do truyen qua trong khoang budc song 400 nm — 800 nm tang dan
tir 57% 1én 92% tuong mg véi ndng do oxy tang tir 7% 1én dén 11,5%. Cac dao dong dang



Tap chi Khoa hoc Pai hoc Pong Thép, Tap 15, S6 8 (2026): 1-12

song trong pho truyén qua Uv-Vis ctia cac mau IZO 1a két qua cta hién tugng giao thoa anh
sang giita bé mat mang va khong khi, cho thdy d6 nham bé mat thap va do dong nhét cao, dicu
nay dugc xac nhan qua anh SEM ctia mang (Potlog & cs., 2019) .

Hién tuong tuong ty cling dugc ghi nhan trong ving cén hong ngoai, cic miu mang
duoc ling dong tai nong do oxy thap c6 hién twong hap thy manh trong ving can hong ngoai
va do truyén qua thap duogc cho 1a do sy anh huorng cua mat do hat tai cao (D. Singh & cs.,
2014). Nhin chung, két qua cho thay xu hudng cai thién 16 rét do truyén qua trong vung anh
sang kha kién (400 —800 nm) khi noéng d6 oxy trong qua trinh lang dong tang lén. Diéu nay
phan anh sy suy giam mat do khuyét tat va hat tai ty do trong mang, gop phan nang cao tinh
trong subt quang hoc cua vat liéu. HE sb hap thu quang hoc (o) dugc tinh toan tir dir licu pho
truyén qua (7) theo cong thirc (Shi & cs., 2013):

= ——ln (ﬁ) )

Trong do6 d 1a d§ day mang. Ngoai ra, d9 truyén quang trong ving tir ngoai ciing lién

quan tryc tiép dén nang lugng ving cdm E,. Mdi quan hé giita E, va a dugc mé ta theo phuwong
trinh (Poddar & Mukherjee, 2019):

a=AChv — E))" %)

Trong do a 1a hé sO hap thy, A 1a hang so hv 1a nang luong photon, E, la nang luong
vung cim, n=1/2 d6i v6i chat ban dan c6 ving cAm truc tiép.

10
100 | ——120_7.0% O,; Eg =3.43 eV
. ——120_8.5% O,; Eg=3.40 eV
;": o 8 1ZO_10% O,; Eg = 3.34 eV
— 80 £ ——IZ0_11.5% O,; Eg = 3.09 eV
2 o0
> 6
& 60} 0
b= =
o
g a0l =4
c —I1Z0_7.0% O, oL
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~ 20} 1Z0_10% O g 2f
——1Z0_115% 0,
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Hinh 3. (a) Pho truyén qua quang hoc trong vung tir ngoai-kha kién (UV-Vis)
ig nong do oxy khac nhau: pho truyen qua va ( b) i) thi ngoai suy Tauc dwuge st dung
dé xac dinh niing lwgng viing cAm quang hoc (Ey) ciia cAc miu mang 1ZO.

Hinh 3(b) thé hién médi quan hé gitra (ohv)?, duge sir dung dé xac dinh niang luong
vung cAm quang hoc (Eg) cta cac mau IZO thong qua phuong phap ngoai suy Tauc. Duong
thing dwoc vé& tir phan tuyen tinh cua dd thi va giao diém véi truc hoanh cho phép xéac dinh
gia tri E, tuong tng véi moi mau 1ZO ¢o nong d6 oxy khac nhau: 7%, 8,5%, 10% va 11,5%.

Céc gia tri Eg thu duoc duoc tong hop trong Bang 2, cho thiy xu hudng giam dan ning
lugng ving cAm khi ndng d6 oxy ting — tir 3,43 eV (miu IZO 7% O,) xudng con 3,09 eV
(mau 1ZO 11,5% 0,). Xu hudng nay phu hop voi két qua da duoc bao cao trude d6 ddi véi
mang ZnO pha tap In dugc ché tao bang phuong phap phun Xa magnetron, chang han nhu
nghién ctru clia Li-Ping Peng (Peng & cs., 2022). Pang cha y, mau IZO_10% O c6 gié tri Eg
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xap xi 3, 34 eV, rat gén vOi nang lugng ving cAm ctia ZnO tinh thé khéi (~3,3 eV). Trong khi
do6, cac mau dugc lang dong & nong do oxy thap hon (7% va 8,5%) lai c6 gia tri Eg cao hon
dang ké, vuot khoang 0 4 eV so voi ZnO khdi. Su gia tang nay dugce ly giai boi hiéu ung
Burstein—Moss: boi vi ndng do hat tai tw do cao (do thiéu hut oxy va pha tap In*), cac mirc
ning luong thap trong vung dan bi 1ap ddy, khién qué trinh hap thy quang chi co thé xay ra &
murc nang lugng cao hon, dan dén viéc mo rong ning luong ving cAm (Burstein, 1954).

12
S 10
£
)
3
[
5 sl —120_7.0% O,
——120_8.5% O,
1ZO_10% O,
——120_11.5% O,
6 L] L]
2.5 3.0 35

hv (eV)

Hinh 4. Biéu do ciia In («) theo ning lwong photon ddi véi cac mang méng 1ZO
ling dong & nong dd oxy khac nhau.

Do sai hong cau tric ciia mang mong 1ZO duoc dic > trung thong qua do déc ctia dai duodi
Urbach, hay con goi 1a nang lugng Urbach (Eu). Tham s6 nay phan anh muc do sai hong cau
trac gan bién viing nang lugng ctia chit ban din (Hassanien & Akl, 2016). Gi4 tri E, dugc xac
dinh theo cong thuc:

d(na) _,

d(hv) ©)

E, =]

Trong do, o 1a hé sd hép thy va hv la nang luong photon. Pé tinh Eu, phd In(a) dugc
biéu dién theo hv, sau d6 phan tuyén tinh cua duong cong dugc khdp bang mot duong thang
(Hinh 4). Gia tri £y duge lay bang nghich dao do doc ctia dudng khép nay, va cac két qua duoc
tong hop trong Bang 2. Két qua cho thdy, khi nong do oxy tang, Eu giam tir 261,9 meV
(IZO_7% O,) xudng 150,2 meV (IZO_11,5% O»). Bleu nay cho thay cac mang IZ0 lang dong
trong diéu kién thiéu oxy chtra nhiéu khuyet tat hon gan bién ving dan. O nong d6 oxy thap,
su hién dién day dac cua khuyet tat thiéu oxy V, va Zn2*, cing vdi viéc pha tap In®" thay thé
vi tri Zn* trong mang tinh thé, da 1am gia ting mat d6 mirc khuyét tat va mo rong dudi Urbach.

Bang 2. Cac gia tri do dugc cho d) day mang cung tinh chit quang ciia mang
gom do truyen quang trong vung kha kién, do rong nang lwgng vung cam
va niang lwgng Urbach.

Sample T (%) d (nm) E; (eV) E, (meV)
1Z0 7% O, 57 392 3,43 261.,9
120 8,5% 0O» 68 440 3,4 2217,5
1Z0 _10% O, 83 487 3,34 206,8
120 11,5% O, 92 392 3,09 150,2
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5. Két luan

Mang mong IZO dugc ché tao thanh cong bang phuong phap phun xa phan tng RF
magnetron. Bang cach diéu chinh nong do oxy trong qua trinh lang dong, c4c dac tinh cau tric
va quang hoc cua mang IZO da duoc dong gop. Két qua cho thay, cac mang thu duoc déu c6
ciu trac wurtzite dc trung cia ZnO, trong do kich thudc tinh thé 16n nhat (34,68 nm) dat dugc
& mau IZO_10% O,. Anh FE- SEM cua mau nay cho thy bé mit mang gom cac hat tinh thé
13 rang, voi kich thude hat chu yéu nim trong khoang 6080 nm. Vé dic tinh quang hoc, do
truyen qua trung binh tang tir 57% 1én 97% khi ndng do oxy tang, trong khi nang lugng ving
cam quang hoc dao dong tir 3,09 eV den 3,43 eV. Phan tich ning lugng Urbach cho thay Eu
giam tr 261,9 meV (IZO_7% O: ) xuong 150,2 meV (IZO_11,5% O,), ching t6 mang IZO
ling dong ¢ ndng do OXy thap chtra nhiéu sai hong cAu trac hon, bao gdm khuyet tat thiéu oxy
Vo, Zn*", va sy thay thé ion In** vao vi tri Zn®>* trong mang tinh thé. Nhitng khuyét tat nay anh
hudng dang ké dén tinh chit quang hoc ctia mang méng I1ZO.

Loi cam on: Nhom tac gia xin chén thanh cdm on TS. Pham Thi Kim Hing (Truong
Bai hoc Su pham Ky thuat TP. H6 Chi Minh) va TS. Pham Hoai Phuong (Vién Cong nghé ki
thuat Cao NTT, Truong Pai hoc Nguyen Tat Thanh) da ho trg thuc nghiém va thao luan cho
nghién ctru nay.
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