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Nickel oxide thin films have potential applications in various fields,
particularly photovoltaics. In this study, nickel oxide thin films were
deposited on glass substrates by the sputtering method at 100 °C with
varying oxygen ratios (O,/(Ar+0O;) x 100%). When the oxygen ratio
was changed from 30% to 70%, the film’s structural, optical, and
electrical properties were affected significantly. As the oxygen
concentration increased, the crystallinity decreased, and the films
became nearly amorphous at an oxygen concentration of 70%; the size
of the crystalline particles decreased gradually. All NiO films deposited
in the range of 30-70% oxygen had p-type semiconductor properties.
The carrier mobility of the NiO films was relatively high, ranging from
5.384 x 10" - 4.339 x 10%* cm™®, suitable for hole transport applications.
These results suggest that nickel oxide thin films have potential
applications in optoelectronic devices, particularly in next-generation
thin-film solar cells.
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Mang méng ban dan oxit niken cé tiém nang ng dung trong nhiéu linh
vuc khac nhau dic biét 1a trong cac t& bao quang dién. Trong nghién
clru ndy, mang mong Oxit niken duoc ling dong trén dé thuy tinh bang
phuong phap phin xa xoay chiéu & 100 °C véi cac ty 1é 6xy dau vao
khac nhau. Khi ty 1& phan trim 6xy (O/(Ar+0,) x 100%) dugc thay ddi
tir 30% dén 70% thi cac dic tinh cdu trac, quang va dién bién ddi manh.
Khi ting nong do 6xy, do két tinh giam dan va chuyén sang trang thai
gan nhu vo dinh hinh ¢ ndng do 6xy 70%; kich thudc cac hat tinh thé
giam dan. Tat ca cac mang NiO duoc ling dong trong khoang 30-70%
oxy déu c6 dic tinh ban dan loai p. Do linh dong hat tai cua cic mang
NiO kha cao, niam trong khoang 5,384 x 10* - 4,339 x 10%* cm®, phu
hop cho ng dung lam 16p van chuyén 16 trong. Cac két qua nay cho
thiy mang moéng NiO c6 tiém ning tng dung cho céac thiét bi quang
dién, dic biét 1a pin mat troi mang mong thé hé mai.
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1. Gigi thigu

Nikel 6xit (NiO) 1a vat liéu ban dan c6 d6 rong ving cim nam trong khoang 3,6-4,0 eV [1].
Thém nira, NiO ¢6 do dan nhiét tét, do on dinh hoa hoc cao, gia thanh thap, khong doc hai va vira
c6 dic tinh ban dan loai n hoic loai p. Do céc dic tinh tha vi niy ma NiO dugc cac nha khoa hoc
quan tdm nghién ctu cho nhiéu tng dung trong mot sé linh vic nhu pin ning lwong mit troi
[2].[3], quang dién tir [4], dién cuc trong sudt dan dién [5], cam bién khi [6], pin tich trit [7] va
quang xuc tac [8], [9].

Mang mong NiO c6 thé dugc ché tao bang mot sé phuong phap khac nhau nhu: ling dong
bang xung lazer [10], phuong phap bdc bay [11], phuong phap phun xa [12], phwong phap phun
phu [13], quay phu [14]. Trong cac phuong phdp nay, phuong phép phin xa dang la mot trong
nhitng phuong phap ché tao mang mong NiO duoc st dung phd bién nhat. Phuong phap phin xa
cho phép tao ra cac 16p mang c6 do day tir vai nm dén vai pm. Viéc ché tao cac mang mong ban
dan loai n, hat tai 1a cac dién tir, kha dé dang. Tuy nhién, dé tong hop dugc cac mang mong loai
p, hat tai 13 15 trong, 1 kha kho khan. Nhu trong linh vuc pin ning lwong mat troi thé hé méi: pin
perovskite, pin polyme hay pin sir dung chit nhuém nhay sang (Dye Sensitized Solar Cell:
DSSC), 16p ban dan loai p thuong dugc sir dung la cac polyme dan dién loai p (hole conducting
polymer). Tinh 6n dinh cua cac polyme nay 1a kha thap va dic tinh quang dién giam nhanh theo
thoi gian. Dé thay thé cac polyme dan loai p nay thi gan day NiO dwoc xem nhu 1a vat lidu rat
tiém ning va dang dwoc nhidu nha nghién ctru quan tam.

‘Trong bai bao nay, ching t61 trinh bay nhing két qua nghién ctru ciia mang mong NiO dugc
ché tao bang phuong phap phun xa 1én dé thay tinh. Sy anh huong cua ty 1€ khi dau vao 1én cac
déc tinh cau trac, dién va quang dugc khao sat mot cach chi tiét. Tir d6 danh gid tiém nang ng
dung cua vat lidu trong ché tao pin niang lwong mat troi.

2. Phuong phap nghién ciru
2.1. Ché tao méang méng NiO

Céac mang NiO duoc ling dong trén dé thuy tinh bang phuong phap phun xa. Cac dé thuy tinh
c6 bé day 2 mm va kich thuéc 5 cm x 5 cm. Trudce khi dua vao phun xa, dé thuy tinh duoc rung
siéu am 1an luot voi cdn va nudce khir ion dé lam sach va cudi cing duoc nung nong trong 16 dé
loai bo hoan toan tap chét trén bé mat. Mang mong 6xit nickel dugc phiin xa bang ngudn xoay
chiéu (radio frequency: rf) (Hé phun xa AJA cia My tai Vién ITIMS, Dai hoc Bach khoa Ha
Noi). Bia phtin xa la bia nickel kim loai c6 d6 sach 99,999% véi duong kinh 5,08 cm. T4t ca céc
mang NiO duoc ling dong & diéu kién cong sudt ngudn 12 250 W, ap suit 4 mtorr trong thoi gian
30 phut. Chi tiét vé diéu kién ling dong cac mang NiO duoc cho bsi Bang 1.

Bang 1. Diéu kién phun xa mang NiO Céc 156 6 vudng TAm kim loai mong

Diéu kién phin xa Théng sb [] D/ /
7 3 \ ~ .
Khoang cach tir bia dén dé 7cm 1 [ \Mé‘“g BHC,
Ap suit ban dau 5x 10 torr — —— Pé kinh
Ap suat phin xa 4 mTorr Hinhchitubing  [|  Hinh chicu canh
Nhiét d6 ) 100 °C Léng dong Ti/Al
1e_:‘t 0 U —— Al

Nguon phiin xa rf = Ti
Cong suat 250 W
Ti 1€ O,/(O,+Ar) 30-70% ) )
Thoi gian phin 30 phut Hinh 1. Anh minh hoa cho qua trinh lang dong

Ti/Al hé tro trong viéc do Hall

Dé do duoc ndng do va do linh dong hat tai ciia cac mang NiO bang phuong phap do Hall, cac
dién cuc AU/Ti d3 duoc ling dong 18n trén bé mit ciia mang NiO. Ciu tric cia dién cuc do Hall
dugc mo ta nhu trén Hinh 1. Lép Ti déng vai tro 1 16p dém nham ting do bam dinh; 16p nay
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dugc ché tao bang phwong phap phun xa. Lép dién cuc Al dugc ché tao bang phuwong phap boc
bay nhiét trong chan khong.

2.2. Cdac phép do phén tich

Céu trac pha, 6 két tinh cta cac mang NiO duoc do bang may nhiéu xa tia X (D2 Phaser,
Bruker) sir dung buc xa Cu-Ka, A = 1,54178 A. Hinh thai hoc bé mit va bé day cua cac mang
NiO dugc do bang kinh hién vi dién tir quét (SEM, JSM-7600F, JEOL). Loai ban dan (n hay p),
d6 linh dong va ndng do hat tai dwoc xac dinh bang hé do Hall (DX-648 cta cong ty LakeShore).
Pho truyén qua ciia cac mang NiO duoc do trén hé UV/Vis/NIR Curry 5000.

3. Két qua va thao luan
3.1. Phén tich céu triic ciia mang NiOy

Hinh 2 1a gidn d nhiu xa tia X cta cac méng NiO dugc phun xa ¢ cac ty 1€ 6xy khac nhau.
Quan sat hinh 2(a) ta thdy cac dinh nhifu xa xuit hién tai cac vi tri goc 20 = 37,2 va 43,3°. Dbi
chiéu véi thé chuan cua gidn d6 nhiéu xa tia x (JCPDS 047-1049) thi cac dinh nhiéu xa ‘nay tuong
g voi cic mat phang mang (111) va (200) cua tinh thé NiO; cac tinh thé nay c6 cau tric 1ap
phuong tim mat. Cudng dd cua cac dinh nhidu xa kha thip, diéu nay cho thiy cic mang NiO da
ché tao duoc co do két tinh khong cao. Nguyén nhan cua do két tinh thap c6 thé 1a do nhiét do
ling dong thip, 100 °C. Khi ty 18 O/(O,+Ar) tang dan, sy thay d6i manh vé ciu trac di xay ra,
cu thé 1a cuong dg dinh nhiéu xa (111) giam dan. Khi ty 1¢ dat 60%, dinh (111) hoan toan bién
mat, chi con t6n tai dinh (200). Dicu nay cho thay rang, & mdi truong cang giau O,, do két tinh
cua mang NiO cang kém di. Sy giam xuong ctia do két tinh khi tang ty 1& oxy co thé dugc giai
thich v6i hai Iy do nhu sau. Ly do thtr nhat: 6xy sau khi di vao budng phun xa s& bi ion hoa thanh
0%, do d6 khong tham gia vao qua trinh bin pha vao bia Ni, cac ion O% chi déng vai trd phan
g v&i cac ion Ni** dé hinh thanh nén 6xit nickel. Cho nén ting ty 1¢ 6xy dong nghia voi giam
hiéu suét phun xa va do d6 lam giam do két tinh ctia mang. Ly do thir hai: khi tang ty 1¢ 6xy dan
t61 mot sO nguyén tur 6xy s€ dién vao cac vi tri xen k& trong mang nén NiO, diéu nay lam cho tinh
trat ty cua mang nen NiO giam dan, do d6 do két tinh clia cdc mang NiO ciing giam theo. Dé
nghlen ctru ki hon vé 1y do thtr hai, chung toi da phong dai dinh (200) nhu trong hinh 2(b) C6 thé
thiy rang khi tang ty 1¢ 6xy thi dinh nhiéu xa c6 xu huéng dich vé phia goc 26 bé hon. Piéu nay c6
nghia 13 hing s6 mang tang 1én voi sy tang Ién cua ty 1€ 6xy dau vao. Nguyén nhan cia su tang
hang s6 mang chi c6 thé 1a do cac nguyén tir 6xy di dién vao cac vi tri xen k& trong mang nén NiO.
Pay ciing chinh 1a mot trong nhitng nguyén nhan lam giam d¢ két tinh cia mang NiO nhu da dé
cap o trén.

(a) (b)

i0(111),

NiO(200)
-NiO(200)

z
MW 70% O,
' ! % " e 70% O,
> E 3 = :
S 60% O, 3 3
o : e . o : 60% O,
«©O : ) :; '
kel » 0, © ‘
o i U = 50% O,
g} H ! g '
3 ! L 5 ;
o MM 40% 0, &

M 30% O, !
™ - " 0% O,

AT ARRRERRET] [FERRERETE Lovaninn vl PRUTCTPOPENE| TR R it < e

30 40 50 60 70 40 42 44 46 48
20 (do) 20 (d6)

Hinh 2. Gidn do XRD ciia cic mang NiO ling dong ¢ cdc ty 1é O,l(O,+Ar) khdc nhau (a)
va hinh anh phong dai cua dinh (200) (b)
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Dé nghién ciru su bién ddi ciia mang tinh thé khi thay doi ty 18 6xy du, hang sé mang dugc
tinh toan theo cong thirc Bragg nhu sau:

a=d*vhZz +kZ+12 1)

Trong d6: a: hang sb mang tinh thé,

d: khoang cach giita hai mat tinh thé lién tiép,

h, k, I: chi s6 Miller ctia mit tinh thé.
Két qua tinh toan hang s6 mang theo ty 1¢ 6xy dau vao dugc thé hién ¢ trén Hinh 3.
4.195
4.190
4.185
4.180
4.175
4.170
4.165
4.160
4.155
4.150

Hang sé mang (A)

TITT[TITT[TIA [T IT [T TT T TI [T T T[T T TITI] 7]
[ RRARY RRRR RLARS LLLE) R AL R |

30 40 50 60 70
Ti 1€ 0,/(0,+Ar) (%)

Hinh 3. Si thay déi ciia hdang s6 mang theo ty 1é 6xy dau vio

Ta thay rang, hang s6 mang c6 xu huéng ting 1én khi ting ty 18 6xy dau vao. Cu thé, khi ting
ty 18 oxy tir 30-70% thi hang s6 mang ting tir 4,154 1én 4,190 A. Pay 1a bang ching cho thay mot
lugng 6xy du di dién vao cac vi tri xen k& trong mang nén NiO.

Hinh anh bé mit ciia mang NiO dwogc phiin xa ¢ cic ty 16 6xy khac nhau duoc trinh bay &
trong Hinh 4. B& mit cta cac mang NiO 1a kha nhin. Céc hat nano tinh thé & cac mau duoc phun
xa & ty 1& 6xy dau vao 30 va 40% dugc nhin thay tuong do6i 16 rang va c6 xu hudng giam dan véi
sy tang 1én cua ty 1€ oxy. Tuy nhién, khi tiép tuc ting tang ty 1& 6xy 1én 50, 60 va 70% thi cac hat
nano tinh the NiO rat khé dé quan sat. Nguyén nhan c6 thé 1a do cac mang NiO trong trudng hop
nay chi yéu 1a vo dinh hinh. Thém nita, mot s vét nit va cac dao xuat hién & trén bé mit mang.
B¢ day cila cac mang NiO véi cac ty 18 6xy 30, 40, 50, 60 va 70% lan luot 1a 78, 75, 73, 70 va 66
nm (xem anh SEM mit cit trong Hinh 4). B& day mang giam dan véi sy ting 1én cua ty 18 6xy.
Nguyén nhén clia sy giam nay 14 do khi 0xy sau khi bi ion hoa thanh O khong tham gia vao quéa
trinh phiin xa ma chi 1a chét phan tmg; chi cé cc ion Ar* tham gia vao qué trinh bdc bay vat liéu
tir bia phiin xa. Do d6 khi ting ty 16 6xy s& lam giam ndng do Ar* cho nén tdc d6 phin xa giam.

3.2. Ddc tinh dién ciia mang NiO

Béng 2 mo ta ddc tinh dién ctia cic mang NiO liang dong v6i ham lugng 6xy khac nhau, duoc
do boi h¢ do hiéu ung Hall. Vat liéu NiO co thé 1a ban dan loai n hodc loai p tuy thudc vao
khuyet oxy hay khuyet nickel. Truong hop khuyét nickel s& cho ban din loai p; diéu ndy thuong
xay ra khi 4p sut lang dong riéng phan 0xy cao. Ngugc lai, khi khuyet 0xy s& cho ban dan loai n;
truong hop nay xay ra khi ap suét lang dong riéng phan oxy thap [15]. Két qua do Hall (xem
Bang 2) cho thdy tét ca cac mang duogc ling dong voi ty 18 Oxy nam trong khoang 30-70% déu
cho ban dn loai p. Khi ting ty 18 6xy tir 30 1én 60% thi ndng do hat tai ting 4,033 x 10% 1én
4,339x10%" cm™® va d6 linh dong giam tir 0,2799 cm*/Vs xudng 0,0524 cm?/Vs. Do linh dong
giam 1a do s6 luong cac diém khuyét tat trong mang NiO ting 1én theo ti 1& O,, phu hop két qua
do phén tich ciu trac cia XRD va SEM. Su hinh thanh ban dan loai p ciia mang NiO 1a do sy
khong phu hop vé ti 18 hoa hoc duge giy ra boi cac chd tréng niken hodc cac nguyén tir oxy xen
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k&. Vi vdy, ham luong 0xy c6 su anh huong 16n t6i tinh chit dién ctia cac mang NiO. Tir ndng do
hat va d¢ linh dong cuia hat tai chiing t6i da tinh dién trd suat cia cac mang NiO theo cong thic (2):
1
= 2
P= o - )
Trong d6: p, g, n va p tuong Gng 1a dién trd suat, dién tich 16 trong, nong d6 va do linh dong
hat tai.

30% O2

40% O2

50% O2

Hinh 4. Anh FESEM bé mdt ciia cdc mang NiO dwoc lang dong véi cdc ty 16 Oo/(0,+Ar) khic nhau
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Bang 2. Bang s6 liéu do Hall gom |pai bdn dan, nro”‘ng dé hat tdi va dé linh dong hat tai,
va dién tro suat cia cac mau NiO duoc lang dong ¢ cdc oxy khdc nhau

Ti l¢ s ax Nong dd hat tai Do linh dong hat tai  Dign tré suat
0,/(0,+Ar) Loai bdn dan cm’ cm’/Vs Q.cm
30% p 4,033 x 107 0,2799 0,055
40% p 9,288 x 10% 0,17620 0,038
50% p 1,155 x 10% 0,0781 0,069
60% p 4,339 x 10% 0,0524 0,027
70% p 5,384 x 10" 0,0102 11,381

Céc két qua tinh toan duoc trinh bay trong bang 2. Gia trj dién tro suét ctia cac mang NiO nam
trong khoang 0,027-11,37 Q.cm, phu hgp cho 1am l6p van chuyen 16 tréng trong cac té bao pin
mat troi, khong phu hop cho ing dung lam dién cuc trong sudt. Pdi véi 16p van chuyén 15 trong
thi chidu dan dién la vudng gbc voi bé mit mau nén quang dudng van chuyén hat tai 1a ngin, do
do yeu cau vé dién tro suat cta 16p nay khong can qua thap. Tuy nhién, véi dién cuc trong sudt
thi gia tri dién trd suat phai thip vi phuong van chuyén hat tai 1a song song Ny bé mit mau. Vi
du: dién cyc trong sudt dién hinh 1a 6xit thiéc pha tap Indi (ITO), dién tré suit ciia ITO 1a ~ 10
Q.cm [16].

60
50 F
40

30 F

Do truyén quang (%)

20

ob— .
300 400 500 600 700 800

Budc séng (nm)
Hinh 5. Phé truyén qua ciia cdc mang NiO diwoc ldng dong ¢ cdc 1y 1é éxy khdc nhau
3.3.Ddc tinh quang ciia mang NiO

Hinh 5 1a pho truyen qua cua cac mang NiO duoc ché tao véi cac ty 1¢ 6xy khac nhau. Do
truyén qua cua cac miu duoc ling dong ¢ ndng do 6xy thip hon, 30-50% O,, c6 su thay dol
manh theo budc séng anh sang. Tuy nhién khi tang 1én 60% va 70% thi sy bién ddi cua do truyén
qua trong ving dnh sang nhin thdy c6 xu huéng giam. Do truyén qua tai budc song 550 nm cua
cac mang NiO tuong ung véi cac ty I€ dxy 30, 40, 50, 60 va 70% lan luogt 1a 46, 47, 45, 49 va
48%. C6 thé thiy rang do truyén qua cua cac mang NiO la chua cao, nguyén nhan c6 thé 1a do do
két tinh cua cac mang NiO con thap va bé day mang con qua lon. Pé ng dung lam dién cuc
trong sudt thi do truyen qua cua cac mang NiO can phai dugc cai thién thém nira. Tt phé truyén
qua, d0 rong vung cam cua cac mang NiO duge xac dinh nam trong khoang 3,85-3,94 eV. Gia trj
d6 rong nang luong ving cim ciia cac mau duoc Iang dong & 30, 40, 50, 60 va 70% lan luot 1a
3,85; 3,95; 3,94; 3,91 va 3,90 eV. Do rong vung cam Cua cac mang NiO duoc ling dong ¢ cac ty
1€ 6xy trong khoang 30-70% khong c6 su thay dbi nhiéu. Céc gia tri do rong vang cam 1a tuong
ddng véi mot s két qua da cong b [17].
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4. Kétluan

Cac mang NiO loai p dé dugc ling dong bang phuwong phap phiin xa xoay chiéu. Ty 18 oxy
dau vao da anh huong dén cac dic tinh ciu triic, dién, va quang cia mang NiO. T4t ca cic mang
thu duoc déu c6 cdu tric pha 1a NiO. Do két tinh cua cac mang NiO c6 xu huong giam khi tang
ty 16 6xy dau vao. Nong do hat tai va do linh dong khi thay ddi ty 18 6xy nam trong khoang 4.033
x 10%- 5,384 x 10" (cm™) va 0,01-0,28 (cm?/V.s). Nong d6 hat tai chi ra rang cac mang NiO da
tong hop dugc phu hop cho cac tng dung lam dién cuc dan dién trong suét. Tuy nhién, dé tng
dung 1am dién cyc trong sudt thi do truyén qua cia cac mang NiO can duoc cai thién thém nita.
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