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Abstract: The Cu,0/ZnO double films were fabricated using a chemical vapor deposition
technique from zinc pivalate and copper(ll) acetylacetonate precursors. The crystalline phase
composition of the films was examined by powder X-ray diffraction. The film surface morphology
was studied by scanning electron microscope and atomic force microscope. Film thickness was
measured on a surface profilometer. The electrical properties of the fabricated films, such as
mobility, carrier concentration, and resistivity, are determined by the Hall effect measurement
method. The obtained results showed that the double film consisted of a Cu,O crystal layer with a
cubic structure grown on a ZnO crystal layer, with an uneven surface. Cu,0/ZnO double film with
Cu20 layer deposited at 240 °C had the best electrical properties. Increasing the thickness of the
Cu20 layer reduced the resistivity, in which the carrier concentration of the double film was the
highest, and the carrier mobility was the lowest when the Cu,O layer was 474 nm thick.
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Anh huéng cua mot sf) yéu t6 dén tinh chét dién cua mang kép
Cu20/ZnO ché tao bang phuong phép lang dong hoi hda hoc
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Tém tit: Mang kép Cu,0/Zn0O dugc ché tao biang phuong phép ling dong hoa hoc pha hoi (CVD)
tir cac tién chat zinc pivalate va copper(Il) acetylacetonate. Thanh phan pha tinh thé cia mang
dugc xac dinh bang phuong phap nhiéu xa tia X da tinh thé; Hinh thai bé mat mang dugc nghién
ctru bang kinh hién vi dién tir quét va kinh hién vi lyc nguyén tir; Chidu day mang dugc xac dinh
trén mdy do bién dang bé mit; Tinh chét dién ciia mang nhu néng d9, do linh dong cua hat tai, dién
trg sudt duoc xac dinh bang phuong phép do hiéu img Hall. Két qua thu dwoc cho thay mang kép
gom 16p tinh thé Cuz0 co ciu trac 1ap phuong moc ghép trén 16p tinh thé ZnO, c6 bé mat khong
nhén. Tinh chat dién ciia mang Cu,0/ZnO tét nhat khi nhiét d6 ling dong cua 16p Cu,O la 240 °C.
Viéc tang d6 day cta 16p Cu,O lam giam dién tré suat. Nong do hat tai cia mang kép cao nhit va
d6 linh dong cua hat tai thap nhat khi 16p Cu0 day 474 nm.

Tir khéa: Mang kép, Cu,0, ZnO, CVD, thing hoa, ban dan.

1. Mé dau

Oxide ZnO va Cu,O twong ddi phd bién, gia
thanh ré va khong c6 doc tinh nén nhan dugc
nhiéu sy quan tdm trong nhiéu ing dung khéc
nhau, dac biét trong linh vyc dién quang. ZnO
1a chat ban dan loai n, c6 do rong ving cim 16n
(3,3 eV), kha phd bién trong cac linh kién dién
tr va dic biét co y nghia voi tng dung ché tao
thiét bi trong subt [1, 2] nhu dién cuc cho anh
séng truyén qua, clra sO trong cac pin mat troi
Va Céc transistor mang mong trong subt. Cu,0
1a chat ban dan loai p ¢ chi phi san xuét thap,
than thién voi moi trudng vdi d6 rong ving cAm
vira phai 2,17 eV [3], h¢ sO hap thy cao trong
vung buc xa kha kién, c6 nhiéu tiém ning tng
dung 1am 16p hip thy 4nh sang trong cic pin
mat trdi v6i uu diém nhu hat tai ¢6 d6 linh dong
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cao, chiéu dai khuéch tan hat tai phy kha 1on.
Cic h¢ mang chia 16p chuyén tiép di thé
p-Cu.0 va n-ZnO cb tlem nang ung dung lam
pin mit troi ¢6 hiéu suit chuyén hoéa ning
luong theo 1i thuyét cao (khoang 20%), nhung
trén thuc té hiéu suat chuyén hoa cua loai pin
nay thap hon 4% [4, 5]. biéu d6 dugc ly giai do
gii han vé chat luong bé mat mdi mang riéng
biét tai 19p tiép xuc di thé cing nhu ban chat
dién, quang cua mdi 16p va diéu kién, phuong
phap ché tao. Cac mang oxide kim loai ¢ thé
dugc ché tao bang mot s phwong phap khac
nhau nhu epitaxy chum phén tir, phun xa, ling
dong hoa hoc pha hoi (Chemical Vapor
Deposition, CVD),... Pac biét, phuong phap
CVD da dugc su dung dé ché tao nhiéu vét liéu
khac nhau, trong d6 c6 cac oxid kim loai.

CVD la phuong phap phd bién trén thé gisi
dé ché tao cac mang mong cho nganh cong
nghiép vi dién tir. Cac phuong phap CVD thong
thuong doi hoi cac didu kién thiét bi thi nghiém
hién dai va phuc tap, diéu kién phan Gng
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nghiém ngit, dan dén tang gia thanh san pham
va thiéu tinh thuc té khi nghién ctru tai Viét
Nam. Nhom nghién ctru di phat trién phuong
phap ché tao vat liéu mang oxide hai 16p bang
hé thiét bi don gian, diéu kién phan ung khong
khéc nghiét. Bén canh d6, tinh mai cia nghién
ctru con duoc thé hién qua viéc lya chon chat
dau vao, Gmg véi hai phirc chat copper(Il)
acetylacetonate va zinc pivalate, c6 nhiét do
thang hoa thip, nhiét d6 phan huy khong quéa
cao, dé dang tu diéu ché tai phong thi nghiém.

Trong mét sd cong trinh trude, chung t6i da
nghién ctru mot sb diéu kién anh huong dén cau
trac va tinh chit quang, dién cia mang ZnO
[6-8] va mang Cu,O [9, 10], tinh chit quang
cta mang kép Cu0/Zn0O [11]. Trong cdng trinh
nay, ching t6i nghién ciru tinh chét dién cua
mang kép Cu0/ZnO duoc ché tao bang
phuong phép ling dong hoa hoc pha hoi véi su
c6 mit cua hoi nuéc nhu 1a tac nhan oxy hoa,
cu thé 1a anh huéng cia nhiét do ling dong
Cu20 va do day 16p Cu20O dén tinh chat dién
cuia mang kép.

2. Thue nghiém
2.1. Héa cht

CuSO#5Hz0, Zn(CH:COO)22H;0, acetylacetone,
pivalic acid, khi nitrogen N.. Cac hoa chat deéu
c6 do tinh khiét PA, d€ thuy tinh microscope
slide 7101, nguon goc Trung Qudc.
2.2. Ché tao vit liéu

Phirc chit copper(I) acetylacetonate duoc

tong hop tir CuSO4-5H,0 va acetylacetone theo

quy trinh [12]. Phirc chat zinc pivalate duoc
tong hop tir Zn(CH3CO0),-2H,0O va pivalic
acid theo quy trinh [13]. So d6 hé théng tao
mang bang phuong phap CVD dugc miéu ta
trong Hinh 1.
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Hinh 1. So d thiét bi CVD

Cho mét lugng tién chit xac dinh vao
thuyén st roi dua thuyén vao 6ng thach anh sao
cho thuyén str nam ¢ khoang giita cua 1o nung
1; Pua dé tao mang vao khoang giita cia 10
nung 2 (viung ling dong). Bat may hat chan
khong dé giam 4p sudt trong hé cho dén khi dat
d6 chan khong 6n dinh (~125 mmHg), sau do
bat 16 nung 1 va 10 nung 2. Diéu chinh nhiét 6
ctia 10 nung 1 va 16 nung 2 dén nhiét d¢ thing
hoa tién chat trong thuyén sir va phan hily hoi
tién chat da thang hoa dé tao thanh san pham
mong mubn ling dong trén dé.

Dong khi mang N thir nhat c6 tac dung 16
cubn hoi tién chit da thiang hoa sang ving dat
dé. Dong khi mang N thir hai di qua dung dich
chtra tac nhan phan tng dé dwa tac nhan phan
{mg vao ving ling dong mang.

Mang kép Cu,0/ZnO dugc ché tao bing
phuong phap CVD qua hai bude voi cac thong
s6 duoc trinh bay ¢ Bang 1.

Bang 1. Cac diéu kién ché tao mang Cu,0/ZnO.

Diéu kién Mang ZnO Mang Cu,0O

Tién chét (khéi luong) Zn(Piv)2 (0,5 gam) | Cu(acac), (0,8 gam)
Nhiét do 10 nung 1 (°C) 175 - 180 165 - 170

Nhiét d6 10 nung 2 (°C) 500 240; 280; 320

Luu luong dong N, thir nhat (ml/phat) 275 650

Luu lwgng dong N> thir hai (ml/phat) 50 50

Ap suat (mmHg) 125 125

Thoi gian thyc hién (phat) 6,5 10,0-40,0
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Budc 1: tao mang ZnO trén dé thuy tinh
microscope slide tir tién chét zinc pivalate,
Zn(Piv),, véi tac nhan phan Gng 1a hoi nudc,
chiéu day mang ~350 nm. Budc 2: tao mang
Cu0 trén dé ZnO/thuy tinh tir tién chit
copper(Il) acetylacetonate, Cu(acac),, véi tac
nhan phéan tng la hoi nudce.

3. Phwong phap nghién ciru

Phuong phap nhiéu xa tia X dang bot
(XRD) dugc thuc hién tai khoa Hoda hoc -
Truong dai hoc Khoa hoc Ty nhién - Pai hoc
Quédc gia Ha Noi trén thiét bi D8 Advance véi
ngudn tia X tai diéu kién lam viéc 40 kV-40
mA, CuKa 0,15406 nm, 2theta = 10° - 70°,
0,03%gidy dé xac dinh thanh phan pha va cau
trac tinh thé va kich thudc tinh thé trung binh
dua trén cong thirc Debye-Scherrer.

Kinh hién vi dién tir quét (SEM) Hitachi
S4800 Scanning Microscope (Nhat Ban) dé
danh gia bé mat va mat cat cua cac mang mong,
thyc hién tai Phong hién vi dién tr - Vién vé
sinh dich t& Trung wong.

Kinh hién vi lyc nguyén tir (AFM) Agilent
Technologies tai Phong thi nghiém trong
diém - Vién Khoa hoc vat liéu - Vién Han 1am
Khoa hoc va Cong nghé Viét Nam, trén thiét bi
Park Systems XE-100 dé xac dinh hinh thai bé
madt cdc mang méng.

Thiét bi do bién dang bé mit Dektak 150
ctia hing Veeco dé xac dinh chiéu day mang, tai
Trung tdm Khoa hoc Vit li€u - Khoa Vit ly -

Truong Pai hoc Khoa hoc Ty nhién - Dai hoc
Quéc gia Ha Noi.

Hé nghién ctru Van der Pauw (Ecopia
HMS-3000) dénh gia cac tinh chat dién cua
mang mong Cu,O va ZnO nhu: ndng do hat tai,
d6 linh dong, dién tré suat qua phuong phap do
hiéu tmg Hall & nhiét do 25 °C va tir truong
B = 0,550 T, tai Khoa Khoa hoc vat liéu -
Truong dai hoc Khoa hoc Ty nhién - Pai hoc
Qudc gia Thanh phd H6 Chi Minh. Cac mau
nghién ctru kich thuéc 1 cm x lem duoc xu li
tao dién cuc tai 4 goc béng hop kim InSn
(95% indium vé khdi luong).

4. Két qua va thao luin
4.1. Anh huéng cia nhiét dg lang dong CuzO

Bang 2 trinh bay tinh chat dién cia cac
mang kép Cu.0/ZnO. Sé lidu & Bang 2 cho
thiy nong do hat tai giam va dién tré suit ting
khi tang nhiét d¢ ling dong. Tinh chét dién cia
mang t6t nhat khi nhiét d6 ling dong 16p Cu20
la 240 °C. Diéu nay c6 thé do sy thay ddi cau
tric ciia mang khi thay déi nhiét d6 ling dong.
Anh SEM (Hinh 2) cho thiy cdu tric mang tro
nén x6p hon khi nhiét d6 ling dong ting, do d6
tao ra nhiéu khuyét tat & cac ranh gi6i hat. Hang
rao thé ning duoc tao thanh & cac 16p chuyén tiép
hat - hat c6 thé lam gidm manh dong cac hat tai
chinh va ting s6 luong cac trung tAm tai hop hiéu
qua dbi voi cac hat tai phu gy ra boi hiéu dién
thé hap dan [14].

Bang 2. Tinh chét dién cua mang vat liéu dugc ché tao tai nhiét do 1§1ng dong khac nhau

Nhiétdo | Mang | Nong do hat tai | Do linh dong | Dién tro suat
(°C) (cm®) (cm?/V.s) (Q.cm)
240 Cu,0/Zn0 | 2,577x10% 10,7 2,268x102

Cu0 5,172x10%3 85,4 1,413x103
280 Cu,0/Zn0 |  2,254x10%3 90,1 3,074x103
Cu,0 1,554x10%3 113,0 3,555x103
320 Cu0/Zn0O |  8,093x10%2 41,2 1,873x10*
Cu,0 1,182x10%3 139,9 3,774x103
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Hinh 2. {’\nh SEM bé mat (1) va mit cét (2) cua cac mang kép c6 mang Cu,0
lang dong 6: 240 °C (al, a2); 280 °C (b1, b2); 320 °C (c1, c2).

So voi mang Cuy0O duoc ling dong & cling
diéu kién [15], thdy mang kép Cu,O/ZnO cb
tinh chat dién t6t hon, cu thé mang kép c6 gia
tri néng d6 hat tai kha cao hon va dién tr& suat
thip hon mang don.

4.2. Anh hwong cia chiéu day 16p Cuz0

Nghién ctru nay dugc thuc hién & nhiét do
240 °C, chiéu day 16p Cu0 duoc kiém soat
thong qua viéc thuc hién qué trinh ling dong
trong cac khoang thoi gian khac nhau, két qua
duoc trinh bay trén Hinh 3. D6 thi bién dang bé

mit cia cic mang cho thdy, 16p mang Cu.O
¢6 chiéu day la 220 nm sau 10 phit ling dong,
475 nm sau 20 phut va 953 nm sau 39,5 phat.

Gian d6 XRD ciia cdc mang kép kha gidng
nhau, trong d6 dinh nhiéu xa (111) c6 cuong
d6 16n nhéat (Hinh 4). T4t ca cic mang déu chira
hai pha tinh thé: pha Cu,O thudc hé lap phuong
ung véi cac ho mat (111) va (200) tai cac gia tri
20 bang 36,6° va 42,6% pha ZnO {mg véi cac
ho mit (0002), (1012) va (1013) tai cac vi tri
20 bang 34,5°, 47,6° va 63,0°.
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Hinh 3. D6 thi bién dang bé mit cua cac mang Cu,0/ZnO véi thoi gian ling dong 16p Cu,0 khéc nhau:
(a) 10 phat; (b) 20 phat; (c) 39,5 phut .
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Hinh 4. Gian d6 XRD cua cac mang Cu,0/ZnO.

Kich thuéc tinh thé Cu,O trong hé mang
Cu,0/Zn0O duoc tinh theo dinh dac trung cb
cuong d6 16n nhét (dinh 111) va dugc trinh bay
trén Bang 3. Két qua cho thiy xu hudng giam
kich thuéc tinh thé khi ting d6 day ciia mang.
Hang s6 mang a cua tinh thé Cu20 nhé nhat khi
16p Cu,O day 474 nm.

Bang 3. Cac thong sb cdu truc tinh thé ciia mang
Cu0 trong mang kép Cu,0/Zn0O

Chiéu FWHM
day (nm) ©
220 |36,577| 2,455 | 0,729 | 12 | 4,252
474 |36,790| 2,441 | 0,868 | 10 | 4,228

953 36,700 | 2,447 | 0,955 9 4,238

20 (9 | d(A) d(hm)| a(A)

Phuong phap do hiéu tng Hall duoc st
dung d€ nghién ctru tinh chat dién ctia mang

220 nm

dugc trinh bay trén Bang 4. Tinh chat dién cua
mang kép Cu,0/ZnO thay do6i khi thay doi
chiéu day 16p Cu,O. Khi ting chiéu day 16p
Cu;0, dién tré suat ciia mang kép giam. Mang
v6i 16p Cu,O day 474 nm ¢ nong d6 hat tai
cao nhét va do linh dong cta hat tai thip nhat,
dién tré suat twong dbi thap.

Bang 4. Tinh chat dién ciia mang Cu,0/Zn0 véi do
day 16p Cu,0 khéc nhau

daffhéil o| Nong o hat [P linh dong|Dién tro sué
() tai (em®) | (cm¥V.s) (Q.cm)
220 3,17x10% 57,8 341,40
474 | 4,77x10% 16,1 81,09
953 3,61x10% 773,5 22,35

474 nm

Sy thay dbi tinh chat dién cia mang khi
chiéu day 16p Cuz0 thay ddi co thé do sy thay
d6i chiéu day 16p Cu,O lam thay ddi hang sb
mang tinh thé Cuz0. Su thay déi khéng cé quy
luat ctia hiang sé mang c6 thé 1a nguyén nhan
giai thich cho sy thay d6i khong c6 quy luat cua
nong d6 hat tai. Hing sb mang a tang lam giam
néng d6 hat tai va nguoc lai. Két qua nay
hoan toan phu hop vé&i cong bd cua cac tac gia
[16, 17] khi nghién ctru mang kép Cu,O/ZnO
dugc ché tao bang phwong phép ling dong hoi
hoéa hoc cac hop chit co kim (Metalorganic
Chemical Vapor Deposition, MOCVD).

953 nm

Hinh 5. Anh AFM bé mit mang Cu,0/Zn0O c6 chiéu day 16p Cu,0 khac nhau.
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Hinh 5 1a 4anh AFM bé mit mang kép
Cu0/Zn0 ¢6 16p Cu0 & cac chiéu day khac
nhau. B& mat mang gan nhu khong thay doi khi
thay doi chiéu day 16p Cu.O: khong nhin, gom
cac hat kha nho bam dic khit. B&é mit mang
khong nhan ¢6 thé do bé mit 16p dé ZnO gb ghé.

Két qua Hinh 5 cho thay kich thugc hat ciia
mang Cu,O ting 1én khi ting nhiét do ling
dong, dan dén sy ting Gng suat dé duy tri sy
moc ghép trén nén ZnO. Trong cic mau nghién
ctru ¢6 d6 day ctia mang Cu,O 16n hon, cac hat
nho va mang c6 bé mat nham hon dan dén cac
mg suat du trong mang giam. Piéu nay thé
hién sy mbi twong quan twong dbi giita chiéu
day ctia mang kép va tinh chit dién cia ching.

5. Két luan

Mang kép Cu,0/ZnO dugc ché tao bing
phuong phép ling dong hoi hoa hoc tir cac tién
chat zinc pivalate va copper(Il) acetylacetonate
bao goém hai 16p tinh thé ZnO va Cu,0, giita hai
16p tao thanh 16p chuyén tiép di thé. Tinh chat
dién ctia mang kép Cu,0/Zn0O (2,268x10? Q.cm)
tt hon mang don Cu,O (1,413x10%® Q.cm)
dugc ché tao & cung diéu kién. Nhiét do 1éng
dong Cu.0 va chiéu day 16p Cu,O anh hudng
dén tinh chét dién ciia mang kép. Tinh chat dién
clia mang tot nhat khi nhiét do lang dong Cu,0
thap nhat (240 °C) va 16p Cu20 day 474 nm.
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