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TOM TAT

Trong nhitng ndm gén day, vét liéu ZnO
V6i cac cdu trac moét chiéu nhw ddy nano
ZnO, thanh nano ZnO... dang thu huat sy
quan tdm cda nhiéu nha khoa hoc do ZnO cé
nhing tinh chét rat déc dao va kha néng img
dung trong nhiéu thiét bj cé kich thuéc nano.
Trong nghién ctru nay, ddy nano ZnO duwoc
téng hop thanh céng trén dé Tilthdy tinh bang
phwong phap phun xa magnetron DC. Thong
thuong, ZnO duwoc ldng dong bang phuong
phap phun xa sé khéng ddn dén s hinh
thanh day nano ma hinh thanh mang madng
ZnO. Do do, trwréc khi phi ZnO, mét 16p xic
tac déng (Cu) dwoc phd trén dé Tilthdy tinh
bang phuong phap ma héa hoc véi céc diéu

kién ma khac nhau. Két qug phan tich phé
nhiéu xa tia X (XRD) cho thdy cac day nano
ZnO dinh huéng theo truc ¢ va c6 chét luong
tinh thé cao. Anh kinh hién vi dién td quét
(SEM) chi ra cac day nano ZnO cé dwong
kinh tir 60 dén 150 nm va chiéu dai c6 thé
dat dén 20 pm. Tinh chét quang cda cac day
nano ZnO dwoc khdo sat bang phé quang
phat quang (PL). S c6 mét cda Iop ma Cu
quyét dinh dén sw hinh thanh day nano ZnO.
Ngoai ra, nghién ctru nay con khdo sat chi
tiét sw dnh huéng cla cac diéu kién ma I6p
Cu lén dwong kinh va chiéu dai cda cac day
nano ZnO.

Tirkhéa : ZnO nanowire, ZnO nanorod, cdu trdc nano mdt chiéu

GIOI THIEU

Gan day, cac cau tric nano mot chiéu (1D)
cua c4c vat liéu ban dan dic biét duoc chl y do
nhitng dac tinh ki la cung véi cac ung dung trong
céc thiét bi co kich thudc nano [1-3]. Trong cac
vat liéu ban dan dugc quan tdm nghién ciu hién
nay, vat liéu ZnO la mot trong nhirng vat liéu
chiém wu thé trong cong nghé nano. ZnO ¢ do
rong ving cam lén (Eg = 3,37¢V) va c6 ning

lugng lién két exiton cao (60 meV), cao hon
nhiéu so véi céc vt liéu duoc sir dung phd bién
trong cac thiét bi phat quang mau xanh luc nhu
ZnSe (22 meV), GaN (25 meV) [1-6]. Hon nira,
tinh chat ZnO con phu thugc nhiéu vao hinh dang
va kich thuéc cua cac cau tric nano ZnO [5].
ZnO c6 Cau triic nano 1D dang nhan dugc Sy
quan tdm dac biét bai vi ching khéng nhirng cé

Trang 47



Science & Technology Development, Vol 17, No.T2- 2014

cac tinh chat ndi bat cua vat liéu ZnO ma con c6
nhiéu hinh dang cau tric khac nhau nhu: cac day
nano (nanowire), thanh nano (nanorod),... dugc
ché tao dé& dang bang cac phuong phap khac nhau
[6]. Vi cau trdc nano 1D két hop véi nhiing tinh
chat vat 1y vuot troi, day nano ZnO la vat liéu
day htra hen va c¢6 y nghia quan trong trong
nghién ctu khoa hoc cling nhu trong cac tng
dung Ky thuat cao nhu céc thiét bi quang dién tu
¢6 kich thudc nano: didt phéat quang, laser tir
ngoai, mach logic, transitor hi¢u tng truong, bo
tach song quang hoc, pin mat troi...[5-7].

Day nano ZnO duoc ché tao bang nhiéu
phuong phéap khac nhau nhu: phiin xa magnetron,
ling dong xung laser - PLD, epitaxy chim phén
ta-MBE, ling dong hoi hod hoc ¢o ting cudng
plasma — PECVD, thuy nhiét...[7-16]. Vai
phuong phap phin xa magnetron cé thé diéu
khién duoc qua trinh 1am viéc, nhiét do phu thap,
cho d6 bam dinh tét, thoi gian tao mau ngan...,
nhung ZnO dugc ling dong biang phuong phap
nay théng thuong s& khong dan dén su hinh
thanh day nano ma hinh thanh mang mong ZnO
(2D-Zn0) [13]. Vi vay, mac du mang mong ZnO
dugc nghién ciu ché tao rat nhidu nhung cac
nghién ciru ché tao day nano ZnO bang phuong
phép phan xa van chi méi bat dau, do d6 két qua
nghién ciu ché tao ZnO 1D bang phuong phap
nay con han ché va co ché phat trién day nano
ZnO bang phuong phap phin xa dén nay van
chua dugc giai thich ré rang.

G6p phan thém cho nghién cau vé ciu tric
nano 1D cua ZnO, c6ng trinh nay sé& nghién ciru
ché tao day nano ZnO bing phwong phap phun
Xa magnetron véi 16p kim loai Cu duogc tao bang
phuong phap ma hoéa. Lép kim loai nay dong vai
trd xuc tac cho su hinh thanh day nano ZnO. Tuy
nhién, khdng phai tit ca cac dé c6 lop Cu déu
thic day su phat trién cau tric day nano ZnO.

Hinh théi c4u trac ciing nhu kich thuéc cua céc
day nano ZnO phu thudc rat nhiéu vao phuong
phap va cac thong sé ché tao 16p Cu [11, 13,15].
Vi vay, muc tiéu nghién ctu la khao sat anh
huéng cua cac diéu kién ché tao 1én ciu trdc tinh
thé, hinh thai bé mat, kich thudc cua cac day
nano ZnO.

VAT LIEU VA PHUONG PHAP

Sir dung dé thuy tinh c6 kich thudc 25,4 mm

X 76,2 mm x 1 mm dé phét trién day nano ZnO.
Ban dau, mot 16p Ti duoc lang dong 1én trén bé
mit dé biang phuong phap magnetron DC nham
tang d6 bam dinh va ngan can sy khuéch tan gitra
I6p Cu va dé thay tinh. Truge khi phu 16p ZnO,
bé mit dé Ti/thiy tinh dugc phu mot 16p Cu bang
phuong phap ma hod hoc. Dung dich SnCIl,/HCI
va PdCI,/HCI c6 nhiém vu lam nhay va hoat hoa
bé mat dé truée khi cho dé vao dung dich ma
Cu.Dung dich ma dong 1a hdn hop dung dich
goém cac chét tan nhu sau: 10g/l CuSO,, 2 g/l
NiCl,, 50 g/l NaKC,H,04 4H,0, 2 g/l NaCOs, 10
g/l NaOH. Ti l¢é thé tich chat khu folmaldehyde
v6i dung dich ma déng (Vucho/Veu) lan lugt
dugc khao sat (5 ml/l, 10 ml/l, 15 ml/l). Ching
t6i tién hanh ma ddng & nhiét d6 phong véi thoi
gian ma la 2 phat. Mau sau khi ma khong duoc
gia nhiét. ZnO dugc phu trén dé Cu/Ti/ thuy tinh
bang phuong phdp magnetron dc. Trong cong
trinh nay, bia kim loai Zn c6 d tinh khiét 99,5 %
c6 dang tron ban kinh 4 cm dat song song véi dé,
duoc dung 1am vt liéu ngudn trong viéc tong
hop day nano ZnO. Ap suét phan xa va khoang
cach bia dé 1an Iwot 12 102 Torr va 7 cm. Hdn
hop khi O, (99,99 %) va khi Ar (99,99 %) duoc
dua vao budng theo ti 1¢ khong doi 1a O,:Ar =
1:2. ZnO dugc ling dong trong thoi gian 10 phit,
15 phdt va 20 phat. Cau trdc tinh thé, hinh thai bé
mit va tinh chét quang cua cac mau thu duoc Xac
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dinh bang phé nhidu xa tia X (XRD), kinh hién vi
dién tr quét (SEM) va phd quang phat quang
(PL).
KET QUA VA THAO LUAN

Trudc tién, ZnO duoc ling dong truc tiép 1én
dé Ti/thay tinh (khéng c6 16p ma Cu) bang
phuong phap phin xa véi cac diéu kién ché tao
nhu trén. Tir anh SEM (Hinh 1) khong thiy ciu
trac ddy nano ciing nhu cau tric 1D cia ZnO
hinh thanh ma chi hinh thanh mang mong ZnO.
V6i didu kién ché tao nay, mang ZnO c6 cAu triic
x6p, duong kinh hat tinh thé khoang 50 nm. Dé
tong hop duoc day nano ZnO bang phuong phap
nay, doi hoi phai c6 mot 16p kim loai Cu trén dé
trugc khi phua I6p ZnO. Theo cac nghién ciu
trude day, 10p Cu dugc ché tao bang phuong
phép ma hda hoc cho d6 ghd ghé cao hon nhiéu
so vé6i cac l6p Cu duoc tao bang phuong phap
phin xa va phuong phap bdc bay. Chinh vi do
ma chi nhitng dé c6 16p ma Cu duoc ché tao bang
phuong phap ma héa hoc méi dan dén sy hinh

S-4800 5.0kV x80.0k IM 150k SE(M)
Hinh 1. Anh SEM cua Iép phu ZnO khéng ¢ |

Dé khao sat anh huong cua I6p ma Cu lén
c4u trdc tinh thé va hinh thai bé mat ciia day nano
Zno, 16p ZnO dugc phu I1én céc I6p Cu khac
nhau tng vai cac ti 1€ Vycpo/Veuw: 5/1000,

6p ma Cu

thanh day nano ZnO. Céc I6p Cu dat dugc véi
cac didu kién ma dé cap & phan trén. Hinh 2 13
anh SEM so sanh hinh thai bé mat cua I6p Cu véi
cac ti 16 VHCHO/VCu khac nhau. Khi ti I¢
VHCHO/VCu tang tir 5/1000 dén 15/1000, luong
Cu trong dung dich mudi giam nghia 1a phan tng
khtr i6n Cu kim loai xay ra trén bé mat xc tac
(bé mat dé) tang, dan dén téc do ma Cu ting. Tuy
nhién, khi ti 1€ VHCHO/VCu tang qua gia tri gidi
han (trong nghién ctu nay 1a 20/1000) tbc d6 ma
Cu giam do phan @ng phu sinh ra két taa CuO2,
1a hop chat l1am giam hiéu suét cua qua trinh ma.
Hon nita, nhu d3 biét, mang cang day (téc d6 ma
cao) thi d6 ghd ghé cang cao. Truong hop khi
VHCHO/VCu thip 5/1000 (Hinh 2A), Iép Cu c6
dang hot va nhiéu 15 x6p. Dang hot s& khong xuét
hign va bé mat Cu tré6 nén lién tuc khi
VHCHO/VCu ting 1én (Hinh 2B). Cac két qua
nay s& anh huong dén su hinh thanh cau trdc day
nano ZnO.

300nm
Hinh 2. Anh SEM cua Iép ma Cu: VHCHO/VCu =
5/1000 (A), VHCHO/VCu = 10/1000 (B)
10/1000, 15/1000. Cac mau c6 cung thoi gian
phin xa ZnO la 20 phat. Tir anh SEM ctia céc
mau (Hinh 3) cho thay cau tric nano 1D cua ZnO
- day nano ZnO, xuat hién khi cé l6p xic tac Cu.
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Két qua nay ching to rang 16p ma Cu dong vai
tro rat quan trong va la diéu kién can dé hinh
thanh c4u tric day nano ZnO. Cac day nano ZnO
t6ng hop dwoc co duong kinh khoang 100 — 150
nm va khong c6 sy thay déi nhiéu khi ti lé
Vicro/Ves tang tir 5/1000 dén 15/1000 (Hinh 3A,
B, C). Trong khi d6, chiéu dai va mat d¢ cua cac
day ZnO tang khi ting ti 16 Viycno/Vey VA chiéu

dai c6 thé tong hgp dugc khoang 20 um (Hinh
3D, 3E, 3F). Két qua nay c6 thé giai thich Ia do
bé& mit Cu tré nén lién tuc va do ghd ghé tang (d6
day 16p Cu tang) khi ti 18 Vycno/Vey ting dan
dén cac hat mam ZnO ling dong déu khip trén bé
mit 16p Cu, nhung khi Vicno/Veu thap (5/1000),
cac hat mam ZnO chi tap trung mot s6 vi tri dan
dén mat d6 day nano ZnO trén bé mit dé thap.

Hinh 3. Anh SEM cua day ZnO véi céc l6p Cu khac nhau: VHCHO/VCu = 5/1000 (A, D),
VHCHO/VCu = 10/1000 (B, E), VHCHO/VCu = 15/1000 (B, F)

Hinh 4 la cac pho XRD cia cic mau day
nano ZnO phat trién trén cac dé Cu co ti sb
Vicro/Veu khac nhau. Két qua phan tich phé cho
thay, cac day nano ZnO c6 ciu tric da tinh thé
vGi do két tinh cao. Trén phé XRD xuét hién ba
dinh nhidu xa (100), (002), (101) dic trung cho
cau trac luc giac xép chic (hexagonal wurtzite)
clia ZnO. Céc dinh nhiéu xa c6 cuong do cao va
dinh hudng wu tién doc theo truc ¢ vudng gbc véi
mat (002). Khi ti 1&é Vucpo/Vey ting cuong do
nhidu xa (002) ting dang ké, boi vi khi ting
Vichol/Veu mat do cac day ZnO tang (két qua tir
anh SEM) va cau trdc tinh thé cia cac day ZnO

t6t hon. Hon nita, trén pho XRD c6 dinh nhiéu xa
(111) cua lop Cu.

Két qua nay cho thdy I6p Cu tao bang
phuong phap ma héa hoc véi céc théng sb dé cap
& trén, c6 cau trdc tinh thé tdt, chat lugng cao,
thich hop tng dung 1am I6p xtic tac dé hinh thanh
c4u tric nano 1D cua ZnO (day nano ZnO).

Khao sét sy thay ddi ti 18 Vycno/Veu cho
thdy, khi ting Vycho/Veu dén gid tri 10/1000
cuong do cua dinh (111) Cu tang theo bai vi lic
nay tdc do ma Cu tang nén 16p Cu day lén. Tuy
nhién khi tang Vycho/Vey dén gia tri cao hon
(15/1000) trén phd XRD khong quan sat duoc
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dinh (111) Cu vi cuong d6 qua nho. Két qua nay
dé dang giai thich 12 vi khi Vicno/Ve, tang 1én
15/1000, trén bé mat I6p Cu cac day ZnO phat
trién v6i mat do cao, phu hau nhu khip noi trén

bé mit I16p Cu, do d6 cudong do tia X bi giam
dang ké khi chiéu dén I6p Cu. Chinh vi vay,
khéng quan sat thay dinh nhidu xa (111) cua lop
Cu khi ti $6 Viycro/Vey tang dén 15/1000.
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Hinh 4. Phd XRD cuia day ZnO c6 cac I6p Cu khac nhau: Vycpo/Vey = 5/1000 (A),
VHCHO/VCU =10/1000 (B), VHCHO/VCU =15/1000 (C)
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Tir cac két qua trén chung to 16p ma Cu rat
quan trong trong viéc thiic day su hinh thanh cau
trac day ZnO. Bong thoi 16p Cu ¢6 anh hudng

truc tiép dén kich thuéc va mat do cua céc day
ZnO tao bang phuong phap phiin xa magnetron
DC.

Hinh 5. Anh SEM cua day ZnO c6 thoi gian phan xa 10 phut (A), 15 phat (B), 20 pht (C),
trufmg hUp VHCHONCU =5/1000.

Hinh 6. Anh SEM cua day ZnO c6 thoi gian phiin xa 10 pht (A), 15 phat (B), 20 phut (C),
trudng hO'p VHCHO/VCu =10/1000.

Tiép theo, tién hanh thay doi thoi gian phdn
xa ZnO: 10 phut, 15 phut va 20 phut ¢é khao sat
anh huong cia diéu kién phu ZnO Ién sy hinh
thanh cau tric day nano ZnO trén dé Ti/thay tinh.
Anh SEM cuia c&c mau ¢ thoi gian phin xa ZnO
khéc nhau voi cing diéu kien ma Cu

(VHCHO/VCu= 5/1000) (Hinh 5A, 5B, 5C: 10
phut, 15 phut, 20 phut, giai do 10 va 20 pm) cho
thdy mat do cac day ZnO ting dang ké khi thoi
gian phan xa ZnO tang. Buong kinh cua cac day
ZnO vao khoang 60 nm — 100 nm, chiéu dai cua
cac day ZnO ting khi thoi gian ling dong ZnO
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tang tir 10 phit dén 20 phut va dat dugc chiéu dai
khoang 20 pum. Khi thay doi ti 1& Vicho/Veu =
10/1000, 4nh SEM ctia cdc mau cd thoi gian
phin xa ZnO khac nhau (Hinh 6A, 6B, 6C: 10
phat, 15 phit, 20 phut) ciing cho két qua tuong tu
nhu trong truong hop Vycho/Veuw = 5/1000. Mot
két qua rat quan trong va thd vi nhan duoc khi
quan sat bé mat caa cac mau trong Hinh 5A, 5B,
va 6A, d6 1a tai nhitng vi tri phong Ién cua I6p Cu
cac day ZnO phét trién rit manh mé& bao xung
quanh céc vi tri nay va tap trung véi mat do cao
hon rat nhiéu so véi céc vi tri khéc. Nhitng chd
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gdy hoic phong Ién trén bé mat miu s& c6 ung
suét tap trung 16n. Hién nay, co ché ctia qua trinh
phét trién cAu tric nano 1D ché tao biang phwong
phap phin xa véi 16p xuc tac Cu van chua dugc
giai thich rd rang. Tuy nhién, theo két qua trén c6
thé cho rang ing suét chinh 1a tic nhan thuc day
sy hinh thanh ciu tric 1D cua ZnO nhu day,
thanh,... Do d6, 1y do can thiét phai c6 mot Iop
ma Cu trén dé truéc khi cho ling dong ZnO 1a vi
I6p ma Cu co6 d6 ghd ghé cao, nén trén bé mat
I6p Cu ludn ton tai tng suat ln.
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Hinh 7. Phd PL caa cac mau ZnO khi I6p ma Cu c6 ti 16 Viyeno/Vey khac nhau: 5/1000 (A),
10/1000 (B).

Tinh chét phat quang cia cdc miu xac dinh
tir phd quang phét quang do & nhiét d6 phong vai
ngudn kich thich 1a laser He-Cd (325 nm). Hinh 7
la phd quang phéat quang (PL) cua cac day ZnO
dugc ché tao véi thoi gian phin xa 15 phat va
thay d6i ti 16 VHCHO/VCu = 5/1000 (Hinh 7A),
10/1000 (Hinh 7B). Phé PL cho thy c6 ba dinh
phat quang: dinh phét xa trong vung tir ngoai tng
VGi budc song ~388 nm, dinh phat xa xanh ~576
nm va dinh phat xa cam ~ 715 nm. Phat xa tir
ngoai (vling gan) bat ngudn tir qué trinh tai to
hop exciton tu do théng qua qua trinh va cham

exciton — exciton. Phat xa xanh la do khuyét tat
diém nhu thiéu 6xy hodc nhidm tap chat, phat xa
cam la do céc khuyét tat bén trong ZnO. Trong
cac mau dinh phat xa tir ngoai c6 cuong do cao
nhét chirng to day ZnO téng hop dwoc c6 tinh
chat phat quang tét. Hon nira cuong d6 dinh UV
tang 1én nhiéu khi VHCHO/VCu ting tir 5/1000
Ién 10/1000. Két qua nay dugc giai thich 1a do
cac day ZnO trong truong hop VHCHO/VCu Ién
¢6 d6 két tinh cao hon va mat d¢ khuyét tat trong
cac day ZnO thip hon trong trudng hop
VHCHO/VCu nho. Nhan xét nay hoan toan phu
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hop véi nhitng két qua khao sat & trén. Ngoai ra
trén phd PL c6 su dich chuyén nho cua cac dinh
phat xa nguyén nhan khdng phai do sy giam cam
lugng tir vi cac day ZnO c6 kich thudc I6n ma cé
thé do tng suét cua lop ZnO.
KET LUAN

Day nano ZnO dugc ché tao thanh cdng bang
phuong phap phun xa magnetron DC. San pham
day nano ZnO c6 cau trdc tinh thé tét, do tinh

khiét cao, va tinh phat quang t6t. Mat do va kich
thudc cia cac day nano ZnO ting khi ndng do
chat khu, hoic thoi gian phan xa tang. Ung suét
trén bé mat I6p Cu c6 thé 1a nguyén nhan dan dén
sy hinh thanh cac ddy ZnO. Nhu vay, vai tro cta
I6p xdc tac Cu rat quan trong, nd tao diéu kién
cho ZnO phét trién theo cau tric 1D ma khéng
phai 2D véi diéu kién phin xa théng thuong.

Synthesis of ZnO nanowires on
Ti/glass substrates by DC magnetron

sputter deposition

e Dinh Thi Mong Cam

e Phan Bach Thang
University of Science, VNU-HCM
e Nguyen Thanh Hoang
Institute of physics — HCM city

ABSTRACT

One-dimensional (1-D) zinc oxide (ZnO)
nanostructures, such as ZnO nanowires and
nanorods, have in recent years attracted a lot of
attention due to their many unique properties
and possibility that can be applied to various
nanoscale functional devices. In this study, ZnO
nanowires have been successfully synthesized
on Ti/glass substrates by an DC magnetron
sputter deposition technigue. Deposition of ZnO
using this technique generally leads to the
formation of ZnO thin film but not of nanowire.
So prior to the ZnO deposition, a Cu labyer was
prepared on the Ti/glass substrate using an
electroless plating method under different

conditions. X-ray diffraction (XRD) analysis
confirmed that the ZnO nanowires with wurtzite
structures have high crystal quality and are c-
axis orientated. Scanning electron microscopy
(SEM) showed the diameters of nanowires
normally range from 60 to 150 nm and their
lengths reach 20 um. Photoluminescence (PL)
measurements were adopted to analyze the
optical properties of the nanowires. The
existence of an electroless Cu layer is critical for
the growth of the ZnO nanowires. In addition,
the effect of the Cu deposition conditions on the
diameters and lengths of the ZnO nanowires is
discussed in details.

Key words : ZnO nanowires, ZnO nanorods, one dimensional nanostructures
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