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TOM TAT

Mang mdéng ZnO pha tap Sb v&i nhiing
nbéng dé khéc nhau duoc phu lén dé thdy
tinh va dé silic bdng phuwong phép spin-
coating. Anh hudéng ctua sw pha tap Sb 1én
nhitng khuyét tét cé trong mang méng ZnO
duoc nghién ciu bdng phé photolumin-

escence (PL) va phé Raman, nhiéu xa tia X;
nham rut ra két ludn vé nhitng khuyét tat
hién dién trong mang méng ZnO thuén va
ZnO pha tap Shb, tir d6 lam nén tang cho
dinh huéng nghién ctu ché tao mang ZnO
mang tinh chét cta ban dan loai p.

Terkhéa: Tap Sb, Phé PL, nhiéu xa tia X, khuyét kém V., kém xen ké Zn..

GIOI THIEU

K&m oxit (ZnO) la vat liéu ban dan c6 ving
cAm tryc tiép hay ving cdm thing (direct-gap
semiconductor) véi dé rong ving cam Ion
3.37 eV tai nhiét do phong va nang luong lién két
exciton khoang 60 meV [1]. Ca hai tinh chit nay
lam cho ZnO tré thanh vat liéu hdp dan cho
nhitng tng dung quang dién tir (Optoelectronics)
trong vung tor ngoai gan nhu 1a LED UV (UV
light-emitting diodes) va diode lasers [2]. Bén
canh d6, vat liéu c6 nén 1a ZnO ciing c6 nhirng
(g dung tiém ning khac nhu 1a ding dé tao dién
cuc trong suét. Nhirng ng dung cua vat liéu ZnO
s& cang maé rong hon néu tao ra dugc mang ZnO
pha tap mang tinh chat cua ban dan loai p. Tuy
nhién, ZnO c¢é dic tinh ty nhién 1a ban dan loai n
boi vi nhitng khuyét tat noi tai cua nd nhu 1a
nhitng nat khuyét oxy (Vo) va khuyét nguyén tir
Zn & vi tri xen k& (Zn;). Vi vy, tién trinh tao ra

mang ZnO pha tap mang tinh chit cua ban dan
loai p co d6 6n dinh cao va do lap lai cao thuong
gap nhidu khé khin nhu 13 hiéu tng tu bu trir
(self-compensating effect), mac acceptor sau, va
d6 hoa tan cua tap chat thap.

Do d6 trong bai bao nay, ching tdi tién hanh
khao st cac khuyét tat hién dién trong mang ZnO
thuan va ZnO pha tap Sb véi cac nong do khéc
nhau dé lam dinh huéng cho nghién ctu ché tao
mang ZnO pha tap mang tinh chat cua ban dan
loai p.

PHUONG PHAP

Dung dich tao mang ZnO va ZnO pha tap Sh
dugc didu ché theo nhitng budc sau day:

Hoa tan zinc acetate dehydrate vao hén hop
dung dich 2-methoxyethanol va monoethanol-
amine (MEA). Zinc acetate dehydrate, 2-
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methoxyethanol va monoethanolamine (MEA)
d6ng vai tro nhu 1a vat lidu ban dau, dung moi va
chat 6n dinh. Ti Ié mol cua zinc acetate dehydrate
va monoethanolamine (MEA) la 1:0. Nong do
cua zinc acetate dehydrate trong dung dich la
0,35 M. Tiép theo, antimony trichloride (SbCl5)
duoc thém vao theo ty 1€ thich hop (0 %, 3 %, 5
% va 7 %). Sau d6, dung dich dugc khuay & 60
°C trong 2 gio. Dung dich sau khi diéu ché duoc
dem di tao mang bang phwong phép phu quay
trén d¢é silic voi van téc quay caa dé silic 1a 2500
vong/phat. B¢ silic dugc lam sach bang ethanol
va acetone trong 10 phdt bang may siéu am.

Sau khi quay I6p dau tién, mang duoc siy
kho & 300 °C trong 10 phit dé loai bo nhirng chét
hitu co khong can thiét, 1am bay hoi dung méi va
chit tao phtrc (2ME bay hoi ¢ 125 °C; MEA bay
hoi & 170 °C) va giai doan nay cling gilip tao

mam cho mang phat trién. Qua trinh nay dugc lap
lai 10 lan. O 16p cudi cung sau khi quay, mang
dugc nung & nhiét @6 500 °C trong 2 gio.

KET QUA VA THAO LUAN

Khio sat tinh chit quang ciia mang

Qua Hinh 1 chung t6i nhan xét thy trong
viing anh sang tir 380 nm dén 800 nm, do truyén
qua tat ca cac mang kha cao, déu trén 73 %.
Mang ZnO thuin c6 do truyén qua cao nhat
khoang 82,88 %, khi nong d¢ pha tap ting 1én thi
do truyén qua caa mang giam dan, mang ZnO:Sb
7 % c6 do truyén qua thap nhét khoang 73,62 %.
Diéu nay duoc giai thich 1a do khi ndng do pha
tap tang 1én thi s6 tdm hap thy trong cau tric tinh
thé ciing tang theo khién cho mang hip thu manh
hon din dén d6 truyén qua giam.
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Hinh 1. Phd truyén qua cua mang ZnO:Sb voi ndng Sb khac nhau (0-7 %) (A);
Pho hap thu ctia cac mang mong ZnO:Sb (B).

Tir phd truyén qua cua mang ching toi xac
dinh do rong ving cim Eg cua chlng theo céc ti
Ié pha tap Sb khac nhau . Bo hap thu cta v at liéu
Zn0:Sb ¢6 sy dich chuyén nhe vé ving buée

song ngén (Hinh 1B), diéu nay cho thdy s u gia
tang nhe do rong viing cdm khi ting ndng do pha
tap Sb tir 0 % dén 7 %. Diéu nay cd thé dugc giai
thich qua hiéu ttng Burstein-Moss.
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Theo hiéu tng Burstein-Moss, khi pha tap
nang s& dan dén hién tugng dich chuyén bd hip
thu. Khi chua pha tap, ving dan cua ZnO hau
nhu khong bi chiém boi electron nao, do dé
electron tir dinh vuing héa tri ¢é thé hap thu luong
tir 4nh sang c6 nang lugng E, va chuyén muc
thang 1én day vung dan. Tuy nhién khi pha tap
antimon, s¢ lam téng electron ty do va chiém dan
cac muc dudi cing cua ving dan. Do d6 cac

Ving din

electron ¢ dinh vung héa tri va lan can quanh d6
khong thé nhay lén chiém cac trang thai tai day
viing dan vdn di c6 electron dan, ma chi c6 cac
electron nim xa dinh viing hoéa tri hon méi ¢ thé
chuyén muc thang lén dé chiém céc vi tri trong
trén ving dan. Cac electron nay doi hoi lugng tir
anh sang c6 nang luong cao hon, do dé d¢ rong
ving cAm ting lén.

Mtrc Fermi

Do rong ving cam theo Burstein-
Mos: Eg + AE;
AE = dich chuyén Burstein-Mos

Vung hoéa tri

Hinh 2. So db biéu di&n hiéu tng Burstein-Moss.

Do ting cua d6 rong ving cam theo hi¢u

g Burstein-Moss duoc tinh bang cong thic:

2 3
A E=(Go)(3n?n)2. Trong do:A Eglad o

tang do rong viung cAm do hiéu ung Burstein-
L =1 4+ L 1akhéi luong hiéu dung rit
m me mh

Moss;

gon; n la ndng do electron du.

Khao sat cau tric ciia mang

Quan sat gian dd nhidu xa XRD cua céc
mang dugc ché tao trén dé thay tinh (Hinh 3) voi
ham luong pha tap lan luot 12 0 %, 3 %, 5 %,
7 %, nhan thiy tit ca cac mau déu xuét hién mot
dinh (002) & gdc hai theta vao khoang 34,4 °,
dinh huéng tdt theo truc ¢ truc giao véi bé mat
dé, 1a dac trung cua ciu tric hexagonal wurtzite
ctia ZnO. Cac dinh phé chi khéc nhau vé cuong

d6. Piéu nay chiing té cac mang c6 cau trdc tinh
thé kha tot.
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Hinh 3. Gian d nhiéu xa XRD ciia mang ZnO va ZnO
pha tap Sb & cac nong d6 pha tap khac nhau.

Khi pha tap Sb vao chit nén ZnO dinh dic
trung cho mat mang (002) c6 cuong do giam
nguyén nhan la do cac ion Sb** da thay thé vi tri
cua ion Zn** hoac lap vao céc khoang tréng gitra

Trang 80



TAP CHi PHAT TRIEN KH&CN, TAP 18, 80 T4- 2015

cac nit mang gay ra sy mé rong nhe mang truc c.
Su gia tang hang s6 mang nay la do sy khéc biét
trong béan kinh cua ion Sb* (0,078 nm) Ién hon
ban kinh ion cua Zn*" (0,074 nm) [2]. Khi ting
nong d6 tap Sb 7 %, dinh dic trung cua mat
mang (002) c¢6 su giam manh. Diéu nay cho thay
néu tiép tuc pha tap Sb véi ndng d6 cao hon, cac
nguyén t6 Sb du thira s& anh huong dén su phét
trién cua cau tric ZnO, lam cho tinh thé cua
mang giam cau truc.

Duya vao phé XRD ching t6i xac dinh dugc
kich thuéc hat ¢ cac ndng do khac nhau theo
cong thirc Scherrer. Két qua cho thiy khi ting
ndng d6 pha tap Sb vao mang thi kich thuét hat
tuong ung giam.

Bang 1. Kich thudc hat & cac ndng do khéc nhau

Tén mau Do ban Kich thudce tinh
rong (d9) thé (nm)
Zn0O 0,159 58
Zn0:Sb 3 % 0,197 47
Zn0:Sh 5 % 0,282 33
Zn0:Sh 7 % 0,588 28

Khao sat tinh chit quang phat quang ciia mang
Trong tinh thé ZnO, cac nat khuyét va
nguyén tir xen k& khong dang yén ma ludn trao

d6i vi tri vai cac nguyén tir bén canh theo cic co
ché khuéch tan trong chét ran. Tuy vao diéu kién
ché tao ma trong tinh thé ZnO ton tai céc loai sai
hong khac nhau véi cac nong do khéc nhau.
Chdng tao thanh cac muac nang luwgng donnor va
acceptor dinh x & muc néng hay séu trong ving
cam. Trong qué trinh dich chuyén tai hop birc xa,
cac tdm sai hong chinh la nguyén nhén tao ra cac
birc xa c6 budc séng trong ving nhin thay (luc,
lam, vang...). Gia tri ctia cdc mic nang luong
nay duoc thé hién & Hinh 3 boi tac gia [3].

Hinh 3 trinh bay cac mic ning luong khuyét
tat caa ZnO bao gom: kém xen k& céc vi tri trong
gitra cac nt mang mang dién tich 0, +1, +2 (Zn?,
Zn;™, Zn;*?); cac nat khuyét oxy mang dién tich
0, +1, +2 (Vz:?, V2a™, V2,™): oxy xen k& céc vi
tri tréng gitra cac nat mang (O;); nguyén tir oxy
chiém vao vi tri cia nguyén tir kém (Oz,) 12 mot
acceptor sau [39], c6 mic nang luong 2,38 eV
dudi cuc tiéu ving dan; nguyén tir kém chiém
vao vi tri cta cua nguyén tir oxy (Zno) la mot
donnor nong [4]. Bén canh d6 trong cau tric cua
ZnO con ton tai sai hong cum VoZn;, sai hong
nay duoc tao thanh tir Vo va Zn; dinh xa tai mac
nang lugng 2,16 eV dudi cyc tiéu vang dan [5].

LB

Vzal 0,362V
Vo©2eV
VoZn;2,16eV
Vo 2,3eV
Voo 2:56EV
Vin 3:065\7

0:2.28:V

3
Zn?0,22eV

Zni 0,.5eV

E=336eV

0z:2.38eV

VB

Hinh 4. Cac murc ning luong ion hoa cta cac sai hong ty nhién trong ving cim [6], [7].

Trang 81



Science & Technology Development, Vol 13, No.T4-2015

380nm

592nm

678nm

iy

‘ 540nm \ ‘ A

Cudng do (a.u)

T T T T T T
300 400 500 600 800 900

wéc song (nm)

+ ZnO
ZnO:Sb(3%

+ ZnO:Sb(5%.
ZnO:Sb(7%

Cuong do (a.u)

T T T T T T
300 400 500 600 700 800 900

Bude séng (nm)

Hinh 5. Phd phat quang ctia mang ZnO (A) va ZnO pha tap Sb & cac ndng do pha tap khac nhau (B).

Tir phd phét quang cua mang nhan thiy ring
tat ca cac mang déu c6 mot dinh phat quang tai
380 nm (UVE). Béi véi mang ZnO thuan, dinh
phat quang nay kha manh, nguyén nhan gy ra
dinh phat quang UVE la két qua cua su dich
chuyén cua electron ty do tir ving dan xuéng
ving hoéa tri (dich chuyén viing-ving) hoac do sy
dich chuyén tai hop exciton ty do. Binh UVE cua
mang c6 budc séng nam trong khoang 380 nm
(3,26 eV) nén chung t6i cho day la birc xa phat ra
do dich chuyén tai hop exciton tu do.

Ngoai ra, mang ZnO thuan con c6 mot dai
phat quang rong nam trong vung kha kién 1a két
qua tong hop cua 3 dinh phat quang chu yéu:
dinh mau luc c6 budc séng khoang 540 nm (2,28
eV), dinh mau vang c6 budc song khoang 592
nm (2,1 eV) va dinh mau d6 c6 budc séng
khoang 678 nm (1,85 eV). binh 540 nm dugc
cho 1a do sy dich chuyén cua electron ty do tir
ving dan v& muc ning luong Vo (dinh xu tai
2,28 emV), dinh 592 nm la do su dich chuyén cua
electron ty do tir ving dan xuéng O;, con dinh
678 nm 1a dich chuyén elelctron tir Zn; sang
VoZn.

Hinh 5B la phé phat quang cua cac mau ZnO
pha tap Sb. Hinh cho thiy cac mang van c6 dinh
phat quang budc song ¢ trong khoang 380 nm
nhung cudng do giam dan theo nong do pha tap.

Trong ving kha kién, do ban rong cua dai
phd duoc thu hep lai, cha yéu trong ving anh

séng xanh tai 555 nm, nguyén nhén la do sy dich
chuyén ning luong dién tur tir orbital 5s xudng 4d
trong cau hinh ion Sb*. Sy phat quang cua Sb**
thuong 12 mot dai phd rong véi hai dinh phé boi
Vi trang thai co ban cua ion nay gom 2 mic doi la
3ds, va 3d35 [1].

Tuy nhién, khi ting ndng d6 pha tap Sb,
cuong do phét quang ciing giam dan. O ndng do
7 % do cau trdc tinh thé bi suy giam, tao nén sy
xut hién tro lai va nhiéu cac mac khuyét tat, nén
xuét hién dai phd kha rong trong vang kha kién
va c¢6 cuong do kha thap.

Vay khi pha tap Sb vao ZnO véi lugng pha
tap vira du, s& xuat hién phd phat quang cua tap
cia Sb va lam giam cac phd phat quang cua cac
khuyét tat.

KET LUAN

Do sy xuit hién cua nguyén t5 Sb trong ciu
trac mang ZnO d tao ra sy thay déi dinh PL gitra
mang ZnO thuan va c6 pha tap. Nhin chung, qua
cac budc phan tich phd PL, ching t6i da phan
nao xac dinh duoc vai trd cua antimon. Két hop
vai cac nghién cuu tir cac tac gia khac, ching toi
nhan thay antimon that sy lam thay doi tinh chét
quang phat quang cua mang ZnO, didu nay hua
hen s& ma ra nhiéu huéng nghién ctiu méi vé vat
lisu ZnO pha tap lam nén tang cho nghién cau
ché tao mang ZnO pha tap mang tinh chit cua
ban dan loai p.
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Study on influences of Sb doping
content on the defects of ZnO film by
photoluminescence (PL) spectrum and
raman scattering spectrum

e Dao Anh Tuan
e Nguyen Nhat Quang
e Vuong Nguyen Phuong Loan
e Le Vu Tuan Hung
University of Science, VNU-HCM

ABSTRACT

Sb-doped ZnO thin films with different
values of Sb concentrations are deposited
on glass substrate by using spin-coating
technique. The influences of Sb doping
content on the microstructural,
photoluminescence and Raman properties of
ZnO film are systematically investigated by
X-ray diffraction (XRD), transmission
spectrum, photoluminescence (PL) spectrum
and Raman scattering spectrum. The results

indicate that ZnO thin film doped with Sb
exhibits a hexagonal wurtzite structure with
preferred c-axis orientation. The strong violet
emission peak located at 3.11 eV s
observed in the Sb-doped ZnO thin film by
photoluminescence. Conbining the Raman
scattering spectrum with photoluminescence,
it is concluded that the strong violet emission
peak related to SbZn-O complex defect in
ZnO:Sb film.

Key words: Sb concentrations, PL spectrum, X-ray diffraction (XRD), Zn vacancy, Zn;,
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