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SUMMARY

EFFECTS OF TEMPERATURE ON STRUCTURAL, OPTICAL AND
ELECTRICAL PROPERTIES OF Cu,O THIN FILMs DEPOSITED BY CVD
METHOD FROM COPPER(I1) ACETYLACETONATE PRECUSOR

The Cu,O thin films were prepared on glass substrate by chemical vapour deposition
method. The influences of deposited temperature on the structural, optical and
electrical properties of deposited films were investigated by XRD, SEM, UV-VIS
spectra and Hall Effect measurement. The X-ray diffraction results show that Cu,O thin
films have polycrystalline structure. It is also found that the (200) and (111) preferred
Cu0 films can be modified by changing substrate temperature. The bandgap of Cu,O
films deposited at 240, 280 and 320°C is found to be 2,59 eV, 2,59 eV and 2,57 eV,
respectively. Cu,O film deposited at 240°C has carrier concentration of 5,172x10%

cm™, Hall mobility of 85,44 cm?/Vs and resistivity of 1.413%10° 2¢cm.

1. MO PAU

DPong(l) oxit (Cuz0) la chat ban dan loai
p, Voi céc tinh chéat dién va quang thay
d6i tly thudc vao cac phuong phap ché
tao. Do c6 wu diém 1a hé sé hép thu
quang cao két hop véi gia thanh san xuat
thap va khéng doc hai [1], cac mang
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Cu,0 ¢6 nhiéu tng dung trong cac linh
vuc khic nhau nhu trong cac cam bién
oxi va do am [2], céc thiét bi dién sic [3]
va l6p hap thu trong cac pin mit troi
mang mong chuyén tiép di thé [4]. Cac
k¥ thuat lang dong mang khac nhau nhu
béc bay nhiét [5], bc bay phan ng hoat



hoa (activated reactive evaporation) [6],
epitaxy chum phan tir [7], phdng xa DC
va RF [8-10], phu dung dich [11], sol —
gel [12], ling dong dién hda[4,13] va
ling dong hoi hoa hoc (CVD) [13] da
dugc sir dung dé ché tao mang Cu,O.
Trong sb cac ky thuat trén, phuong phap
CVD la phuong phap dugc sir dung rong
rai dé ché tao cac mang c6 chit lugng
cao va mong véi thanh phan hoa hoc xac
dinh va dong nhat vé cau trdc. Céc tinh
chat vat Iy cia mang mong Cu,0 khéng
chi bi anh huong boi ki thuat lang dong
ma con bi anh hudéng boi cac thdng sb
qua trinh nhu 1a: 4p suat hé théng, nhiét
d6 dé, toc do dong khi mang, ...

Trong bai bao nay mang mong Cu,O
duoc ling dong trén dé thuy tinh bang
phuong phap CVD tir tién chat aong(ll)
axetylaxetonat vai tdc nhan phan ung la
hoi nuéc. Su phu thudc cua cau trdc, cac
tinh chit quang va dién cua cac mang
Cu,0 vao nhiét do lang dong dugc trinh
bay va thao luan.

2. THUC NGHIEM

2.1. Tao mang Cu,O bing phuong
phap CVD

So d6 hé thdng tao mang Cu,O bing
phuong phiap CVD da duoc miéu ta
trong cac nghién cuu trude [14]. Tién
chat dong(Il) axetylaxetonat dwgc tong
hop theo [15]. Tac nhan phan tmg dugc
st dung 13 hoi nuéc. Mang duoc ling
dong trén dé thay tinh. Cac diéu kién tao

mang nhu sau:

Piéu kién qua trinh Gia tri
Nhiét d6 ling dong (°C) 240 - 320
Nhiét do thing hoa tién chét

) 165 - 170
(C)

Toc do ,d()ng khi N, mang 650
phac chat (ml/phat)

Téc do dong khi mang hoi 50
nuac (ml/phat)
Ap suat qua trinh (mmHg) 125
Thoi gian lang dong (phut) 30

2.2. Cac phuwong phap nghién ctru

Céc tinh chat tinh thé hoc cua cac mang
dugc nghién cau bang phwong phéap
nhiéu xa tia X (XRD) trén may SIEMEN
D5005 véi ong phat tia X 35 kV- 40
mA, CuKal = 0.15406 nm, 26 = 10-70°,
budc quét 0.03 do/giay tai khoa Vit ly,
truong PHKHTN - DHQGHN. Hinh
thai hoc bé mat mang duoc nghién cau
bang phuong phap FE-SEM trén may
Hitachi S-4800 tai Vién V¢ sinh Dich té
Trung uwong. Tinh chit quang duoc
nghién cau bang phd truyén qua, trén
may Shimadzu UV-2450 PC UV-VIS-
NIR trong khoang budc séng tir 200 —
800 nm tai Trung tam khoa hoc vat liu,
truong PHKHTN - PHQGHN. C4c tinh
chat dién cua mang mong duogc xac dinh
bang phuong phap do hiéu tng Hall trén
hé Van der Pauw (Ecopia HMS-3000)
tai khoa Khoa hoc viat liéu, truong
DPHKHTN - PHQG TP.HCM.

3. KET QUA VA THAO LUAN

3.1 Thanh phan va hinh thai hoc
mang
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Cudng do (d.v.Ly)

20 (do)

Hinh 1. Gian do nhiéu xa tia X cua cac
mang Cu,0 duwoc lang dong trén dé thiy
tinh bang phirong phdap CVD tir tién
chdt Cu(acac), ¢ cac nhiét dé khac nhau
Hinh 1 trinh bay gian d6 XRD cua cé4c

mang Cu,O duoc lang dong & cac nhiét
do khac nhau trong khoang 240 — 320°C.
Tat ca cac mang Cu,O déu 1a da tinh thé
va c6 cau tric lap phuong. Gian do
XRD & cac nhiét do khac nhau déu c6
hinh dang giéng nhau véi 3 dinh nhiéu
Xa & cac vi tri 28 = 36,55, 42,64 va
61,72° twong ung véi cic ho mang
(111), (200) va (220), trong d6 dinh
tuong g véi ho mang (111) c6 cuong
d6 16n nhéat. Khi nhiét do lang dong
tang, cuong do tuong ddi cia dinh nhiéu
xa (111) tang 1én khi so véi dinh nhiéu
xa (200). Piéu nay cho thiy nhiét d6 ¢
anh huong dén sy phat trién dinh hudng
u tién cua tinh thé Cu,O.

Kich thudc tinh thé caa cac mang Cu,0
dugc ling dong ¢ cac nhiét do 240, 280,
320°C tinh theo cong thic Debye-
Scherrer lan luot la: 15, 13 va 16 nm.
Két qua thu duoc cho thiy su thay doi
cua kich thudc hat theo nhiét do la
khong dang ké. Tuy nhién, thong s
mang cua tinh thé Cu,O duoc tinh theo
ho mang (111) lai thay d6i rd rét theo
nhiét d6 ling dong (Bang 1).
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Hinh 2 1a anh SEM bé mit cua cac mang
& cac nhiét a6 khac nhau. Cac hat tinh
thé Cu,0 c6 kich thusc nho két tu thanh
dam. Cac hinh al, bl 1a anh SEM bé mat
va a2, b2 1a anh SEM mat cét cua cac
mang Cu,0 & 240 va 280°C cho thiy cac
mang ling dong cd ciu tric dac khit va
hinh thai bé mat kha gibng nhau. Tuy
nhién khi nhiét d6 ling dong ting lén
320°C thi cau tric mang Cu,O tré nén
x6p hon véi nhiéu héc trong. Nguyén
nhan cé thé 1a do nhiét d6 ling dong cao
lam cho thoi gian séng cua phuc chat va
c4c san pham trung gian khong du dai dé
c6 thé khuéch tan sau vao cac vi tri con
trbng & bén trong, ma bi phan hay ngay
khi vira d¢én bé mit mang. Piéu nay 1am
cho cau trc mang c6 nhiéu 15 xop ma
khong dic khit nhu cac mang duoc lang
dong & nhiét do thap hon.
Bang 1. Cac thong sé thurc nghiém cdu
tric tinh thé cia cac mang Cu,0

Ng(lft e [FWHM | D |
Sl o e

240 |36.584| 0548 | 15 |4.2505
280 | 36.663| 0.634 | 13 |4.2399
320 | 36599 | 0522 | 16 |4.2477

3.2. Tinh chat quang

Pé nghién ctu tinh chat quang caa mang
Cu,O, ching toi tién hanh ghi pho
truyén qua cua cac mang & 240, 280 va
320°C (hinh 3). Cac mang c6 do truyén
qua cao (> 60%) trong vung budc song
> 650 nm. Do truyén qua quang hoc
tang khi nhiét do Iéng dong tang. Su
giam dot ngot do truyén qua xuat hién &




vung xung quanh budc séng trén 500
nm va gan nhu khong dich chuyén theo
nhiét do.

Gian dd Tauc (hinh 4) thu duoc tur di
lieu phé truyén qua chi ra rang do rong
viing cam cua cac mang Cu,O duoc ling
dong & 240, 280 va 320°C lan luot 1A
2,59 eV, 2,59 eV va 2,57 eV.

3.3. Tinh chit di¢n

Tinh chat dién caa cac mang Cu,O nhu
nong do hat tai, do linh dong Hall va
dién tro suat dugc xac dinh bang
phuong phap do hi¢u trng Hall trén h¢
Van der Pauw (Bang 2). Mang Cu,O
phét trién & 240°C ¢ nong do hat tai 1a
5,172x10" cm™, d6 linh dong Hall 1a

54800-NIHE 10.0kV 8.9mm x150k 3" " s00nm

Hinh 2. Anh SEM bé mdt va mdt cdt cua ca

e RIS LR )

85,44 cm’/Vs va dién tro suit la
1.413%10° Nem. Nong d6 hat tai giam
khi nhiét do ling dong ting va & 320°C
nong do hat tai 1a thap nhat. Trong khi
do, dién tré suat mang mong lai ting lén
khi nhiét d¢ ling dong ting va dat gid tri
16n nhit & 320°C 14 3.774x10% Nem. Do
linh dong cua cac mang cing tiang khi
nhiét do léng dong tang va dat gia tri lon
nhét & 320°C la 139,9 cm®/Vs. Céc két
qua thu dugc cho thay nhiét do lang
dong c6 anh hudong dén céc tinh chat
dién cua mang mong Cu,0, khi nhiét do
ting tinh chat dién cua mang mong
Cuy0 tro nén kém di, tuy nhién sy thay
dbi 1a khdng l6n.

54800-NIHE 10.0 3" 4oom

¢ mang Cu,0 duroc lang dong trén dé thiy

tinh ¢ cac nhiér d@é: (al, a2): 240°C, (b1, b2): 280°C, (c1, c2): 320°C

Bang 2. Céc tinh char dién cia cac mang Cu,0 diroc ldng dong ¢ cac nhiét dé khac
nhau trén dé thuy tinh

Nhiét do Nong do hat tai Do linh dong Dién tro suat
(°C) (cm™®) (cm?/Vs) (2em)
240 5,172x10" 85,44 1.413x10°
280 1,554x10% 113 3.555%10°
320 1,182x10" 139,9 3.774x10°
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Hinh 3. Phé UV-VIS cia mang Cu,O
diroC \dng dong ¢ 240°C, 280°C, 320°C
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Hinh 4. P06 thi Tauc cua cac mang Cu,O
duoc lang dong ¢ 240°C, 280°C va 320°C

4. KET LUAN

Céc mang mong Cu,O di duoc ling
dong trong khoang nhiét do tor 240 —
320°C bang phuong phap CVD trén dé
thay tinh t tién chat dong(ll)
axetylaxetonat vgi tac nhan phan ung la
hoi nudc. Cac mang thu duoc déu la da
tinh thé c¢6 cau trdc 1ap phuong. Sy anh
huong caa nhiét d6 1én ciu trac tinh thé
duoc thé hién qua su thay doi caa kich
thugc hat, thong sé6 mang tinh thé. Do
rong ving cam cua cac mang Cu,O thu
duoc tir gian dd Tauc & 240°C, 280°C va
320°C lan luot 1a 2,59 eV, 2,59 eV va
2,57 eV. Sy giam dot ngot do truyén qua
Xuat hién & ving xung quanh budc séng
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500 nm va gan nhu khong dich chuyén
theo nhiét do. Céc tinh chét dién cua cac
mang mong Cu,O bi suy giam khi nhiét
d6 ling dong ting va két qua tét nhat thu
duoc & 240°C.
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