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SUMMARY

EFFECTS OF TEMPERATURE ON STRUCTURAL AND OPTICAL
PROPERTIES OF ZnO THIN FILMS DEPOSITED BY CVD METHOD FROM
ZINC ACETYLACETONATE PRECUSOR

Zinc oxide thin films were prepared on glass substrate by CVD method from zinc
acetylacetonate precursor. The effect of temperature on the structural and optical
properties of the ZnO films was investigated by x-ray diffraction (XRD), SEM, UV-Vis
and photoluminescence spectra methods. The structural analyses of the films indicate
they are polycrystalline and have a wurtzite (hexagonal) structure. The ZnO films
deposited at higher temperatures shows a stronger orientation of the crystallites with
(0002) plane parallel to the substrate surface, as compared with the ZnO films
deposited at lower temperatures. The measured direct band gap energy of ZnO films
deposited at 250, 300 and 500°C were 3,29, 3,28 and 3,28 eV, respectively.

1. MO PAU cam tryc tiép rong (E,~3.3eV ¢ 300 K).
Mang mong ZnO 1a mét trong s6 cac chét
ban dan hop chat Il — VI ¢6 cau trc tinh
thé vuazit luc giac, c6 ning luong ving

NG c6 tinh phéat quang, truyén qua va ap
dién tdt, co do bén hda hoc cao, cd cac
dic tinh quang dién tt, c6 do cimg va do
bam dinh véi dé vuot troi, khong doc va
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gia thanh thap. Nhitng tinh chat nay da
lam cho ZnO trg thanh vat liéu da chac
ning dwoc (ng dung trong nhiéu linh vyc
khac nhau nhu trong cac di-0t phét sang,
pin mat troi mang mong, cac tranzito
mang mong, cac thiét bi quang dién va
cac dién cuc truyén qua. Ngoai ra, khi su
phét trién cac hat cia mang mong ZnO uu
tién doc theo truc ¢ thi n6 dugc sir dung
rong rai trong céc thiét bi dan séng quang
hoc, c4c thiét bi song &m bé mat (SAW)
va céc thiét bi &m - quang [1-4].

Mang mong ZnO c6 thé duoc ché tao
bang nhiéu phuong phap khac nhau nhu
nhiét phan phun [5], phdn xa [4,6], phu
quay sol-gel [7], lang dong xung laze
(PLD) [8], ling dong hoi hoa hoc
(CVD) [9].

Trong bai bado nay mang mong ZnO duoc
ling dong trén dé thuy tinh bang phuong
phdp CVD tir tién chit kém
axetylaxetonat vgi tac nhan phan ung la
hoi nudc. Cau tric va cac tinh chat quang
caa mang mong ZnO phu thudc vao nhiét
d6 lang dong dugc trinh bay va thao luan.

2. THUC NGHIEM

2.1. Tao mang ZnO bang phwong phap
CvD

So d6 hé thdng tao mang ZnO bing
phuong phap CVD da duoc miéu ta trong
cac nghién ctru trudc cua chung toi [10].
Tién chat kém(Il) axetylaxetonat dugc
tong hop theo [11]. Téc nhan phan Gng
dugc st dung la hoi nudc. Mang duoc

ling dong trén dé thuy tinh. Céc diéu kién

tao mang nhu sau:

Piéu kién qua trinh Gia tri
Nhiét d ling dong (°C) 200
550
Nhiét d6 thang hoa tién chat 110 -
(°C) 120
Téc do dong khi N, mang
phtic chat (ml/phut) 37
Téc d6 dong khi mang hoi -
nudc (ml/phat)
Ap suat qua trinh (mmHg) 125
Thoi gian ling dong mang 20

(phat)

2.2. Cac phwong phap nghién ciru

Céc tinh chét tinh thé hoc cua cac mang
duogc kiém tra bang phuong phap nhidu xa
tia X (XRD) trén may SIEMEN D5005
Vv6i bng phét tia X 35 kV- 40 mA, CuKol
= 0.15406 nm, 20 = 10-70° budc quét
0.03 do/gidy tai khoa Vat ly, truong
DHKHTN - PHQGHN. Hinh thai hoc bé
mit mang duoc kiém tra bang phwong
phap FE-SEM trén may Hitachi S-4800
tai Vién Vé sinh Dich t& Trung wong.
Tinh chit quang duoc nghién ctu bang
pho truyén qua, trén may Shimadzu UV-
2450 PC UV-VIS-NIR trong khoang budc
séng tir 200 — 800 nm va phd huynh
quang dugc do trén phd ké huynh quang
FL3-22, Jobin Yvon — Spex My véi budc
song kich thich A = 325 nm tai Trung tam
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khoa hoc vat li¢u, truong PHKHTN -
DHQGHN.

3. KET QUA VA THAO LUAN

3.1. Thanh phan va hinh thai hoc mang
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Hinh 1. Gian do nhiéu xq tia X cua
cdc mang ZnO dwoc ldng dong trén dé
thaiy tinh bang phwong phdap CVD tir tién
chdt Zn(acac), ¢ cac nhiér g khac nhau
Tat ca cac dinh nhidu xa trong gian do
XRD déu twong tng véi cac dinh cia
ZnO chuan (JCPDS 36-1451). Két qua
cho thdy cac mang ZnO duoc ling dong
trong khoang 250 — 500°C déu 1a da tinh
thé va cé cau trdc vuazit luc giac dic
trung. Tuy nhién, cac mang ling dong ¢
nhiét do thap (250 — 400°C) su phét trién
tinh thé theo nhiéu huéng khac nhau,
ngoai cac dinh chinh &ng véi cac ho mat
(1010), (0002),(1011) con c6 nhidu

dinh phu img v6i cac ho mat
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(1012),(1120), (1013) va (1122). Khi

nhiét d6 ling dong cao (450 - 500°C),
dinh (0002) chiém wu thé vuot troi, cac
dinh phu dan bi triét tiéu, diéu nay cho
thiy sy phat trién dinh huéng wu tién cao
theo ho mat (0002), song song véi truc c.
Kich thudc tinh thé cua cac mang ZnO
duoc ling dong ¢ cac nhiét do 250, 300,
350, 400, 450 va 500°C tinh theo cong
thac Debye-Scherrer tuong ung la: 38, 39,
38, 41, 41 va 33 nm. Két qua thu duogc
cho thdy anh huéng cua nhiét do ling
dong trong khoang tir 250 — 450°C dén
kich thuéc hat 1a khong dang ké.

Hinh 2 trinh bay anh SEM bé mat va mat
cit ciia cac mang ZnO duoc ling dong &
cac nhiét do khac nhau. Cac anh SEM cho
thiy cadc mang bao gdm céc hat c6 hinh
dang cac hat thay doi rd rét theo nhiét do.
Cac mang ling dong ¢ nhiét do thap
(250°C — 450°C) gém cac hat tinh thé c6
hinh dang hat khong xac dinh, kich thudc
hat khong déng déu va cau trdc mang co
nhiéu 16 x6p. Khi nhiét do lang dong duoc
tang 1én dén 500°C thi bé mat cia mang
tré nén dac khit hon.

3.2. Tinh chat quang

Hinh 3 trinh bay phé truyén qua UV-VIS
cta cac mang ZnO duoc ling dong ¢ cac
nhiét d6 khac nhau. Cac mang déu c6 kha
ning truyén qua tét (> 65%) trong ving
kha Kién va do truyén qua giam dot ngot &
viing budc séng gan 380 nm. Phé truyén
qua cua mang ZnO dugc ling dong &



250°C xuat hién cac van giao thoa do su
giao thoa giita anh sang bi phan xa & bé
mit gitra mang ZnO — khdng khi va bé
mit gitra mang ZnO — dé thuy tinh. Su
Xuat hién ciia cac van giao thoa cho thiy
bé mat nhin caa mang va sy mat mat do
tan xa bé mat thap.

Gian d6 Tauc (Hinh 4) duoc xay dung tir
dix liéu phé truyén qua trong hinh 3 chi ra
rang ving cdm quang hoc ciia cac mang
ZnO duoc ling dong & cac nhiét do 250,
300 va 500°C vao khoang 3.28 - 3.29 eV,
gan vai gia tri mong doi ciia ZnO don tinh
thé c6 nang lwong ving cim 3.3 eV.

Phé huynh quang (PL) & nhiét d6 phong
cla cac mang ZnO duoc lang dong & céac
nhiét d6 khac nhau duogc trinh bay trong
hinh 5. Cac két qua thu dugc cho thiy &
budc song kich thich 325 nm, phd PL cua
c4c mang gém mat dinh c6 cudng do vuot
troi & gan 380 nm (su phat xa UV) va mot
dinh yéu ¢ vang gan 500 nm (su phat xa
“green”). Vung phat xa ~ 380 nm tuong
ung voi sy phat xa bién dai do exciton tu
do, trong khi su phat xa & ~ 500 nm duoc
gan cho sy xuat hién cua cac khuyét tat,

cau tric khdng hop thac va sai hong ciu
trdc tinh thé cua ZnO [12, 13].

Hinh 2. Anh SEM bé mdt va mgt cat ciia cdc mang ZnO dwoc ldng dong bang phwong
phéap CVD tur tién chdt Zn(acac), & cac nhiér do khéac nhau: (al, a2): 250°C, (b1, b2):
300°C, (c1, c2): 350°C, (d1, d2): 400°C, (e1, e2): 450°C va (1, 2) 500°C.
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Hinh 3. Phé truyén qua UV-VIS cua cac
mang ZnO duwoc lang dong ¢ cac nhiét
do khac nhau

4. KET LUAN

Cac mang méng ZnO duoc ling dong
trén dé thuy tinh bang phuong phap
CVD di tir tién chat Zn(acac), véi tac
nhan phan tng 1a hoi nudc déu co cau
trac da tinh thé. Anh hudng caa nhiét do
ling dong 1én cau tric ciia mang mong
ZnO duoc thé hién qua sy thay ddi hinh
dang hat tinh thé theo nhiét do va su
phét trién dinh hudng wu tién cao theo
tru ¢ caa tinh thé khi nhiét do ting. Tuy
nhién, anh huong caa nhiét do 1én kich
thudc hat 1a khong dang ké va rd rang.
Cac mang thu dugc c6 do truyén qua
quang hoc tét ( > 65%) trong ving kha
kién, d6 rong ving cam quang hoc
khoang 3.28 - 3.29 eV gan Vv&i gia tri
mong doi ciia ZnO don tinh thé ma co
ving cam 3.3 eV. Tur phé PL c6 thé
nhan thiy rang, cac mang ZnO thu duoc
c6 khuyét tat trong tinh thé.

68

= 250°C
4,00E+011 ° 3000C
4 500°C

3.00E+011

2.00E+011

(«E)’ (eV/em)

1.00E+011

a®
0.00E+000 ta AR 2 aa
324 326 328 330 332 334 336 338

Ning lugng (cV)

Hinh 4. Gian @6 Tauc tir di liéu truyén
qua trong hinh 3 d6i Véi cdc mang dwoC
lang dong ¢ cac nhiér @ khac nhau
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Hinh 5. Phé PL ¢ nhiét dg phong cua

cdc mang ZnO dwot lang dong ¢ cac

nhiét do khdc nhau, dwoc Kich thich ¢

budc s6ng A= 325 nm.
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