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TOM TAT 
Ming mong bin dan oxit niken dugc su dung rong rai trong ITnh vuc dien tu, quang dien tii vi 
ddng vai tro nhu mgt di€n cue trong suit hay lop dem dien cue trong cic te bio quang dien. Trong 
nghien ciiu niy, bin din oxit niken dugc ling dgng trSn nen dxit thiic pha tap indium bing 
phirong phip Phiin xa tii trudng trong mdi trudng chin khSng, sir dung ngudn dien xung cong suit 
Idn (HiPlMS-High Power Impule Magnetron Sputtermg). Do rdng xung ciia ngudn dien thay dii 
tit 15 |is tdi 45 jis. Ket qui nghiSn ciru cho thay, tinh chit cua ming mong NiO phu thugc nhilu 
vio dilu kiSn phdn xa. Cu the, khi ting do rflng xung til 15 jis tdi 45 \is piu frCic tinh die thay dii 
manh theo hudng phin xa (111), (200) vi (220), tang khoing each gitta ciu tnic don vi, tham so 
mang, kich thudc hat cung nhu do nhim be mat. Ti le nguyen ttr (O/Ni) giam din tir 1,15 tdi xip 
xi 1. Ngoii ra, chiing toi ciing da xic dinh dugc loai bin din cua ldp ming NiO^ da tao ra la ban 
din lo^i p, coning lugng viing cim bien thi€n tii 3,28 eV tdi 4,18 eV khi do rgng xung nguon thay 
doi tur 15 ps tdi45 ps. 
Til- khda: Mdng mong NiO. ldp dim diin cue duong, phun xa nguon xung cdng sudt Idn; bay hoi 
vdt ly; bdn ddn oxit niken 

MO DAU 

Mang mong dxi't niken (NiO) cd cau true tinh 
th i dgng tinh the mudi NaCl. Nhung nam gan 
day, mang mdng NiO da dugc cac nha khoa 
hpc quan tam, nghien cuu do nd cd mgt sd 
dac tinh quan trgng cd the dng dung trong cac 
ITnh vuc khoa hgc ky thuat nhur dien tii, quang 
dien tu [ I ] , dien cue trong sudt dan dien [2], 
cam bi in khi [3], dien cue gia ty dien [4], t l 
bao nang lugng mat trdi nhay sang. Nhd vao 
mpt sd tinh chat dgc biet nhu sieu dn dinh ve 
tinh hda, ly, quang. LTng dung trong mdt sd 
ling dung quan trgng nhu tao ra cac ban dan 
kich thudc nano, mang mdng trong suot dan 
dien [5], dien cue cho te bao quang dien [6], 
cac bp cam bi in hda hgc [7], kinh chuyen ddi 
quang hgc va hi ln thi dien tii [8], dieu khiln 
hieu qua cac diu vao/ra ciia mpt s6 cdng trinh 
nang lugng, d td va hang khong vu try [9] va 
die biet la Idp dem trong te bao quang dien va 
pin quang dien [10]. Hien nay, cd kha nhieu 
ky thuat trdng mang NiO nhu bay hai nhiet, 
phlin xa am cue, phuang phap Sol-gel, 
phuang phap nhiet phan va mgt sd phuang 
phap h6a-di?n tu va bay hai hda hpc [11]. 
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Logi mang mdng NiO la mgt ban dan vo ca 

cd bang dan dien la 1,8 eV va bang hoa tri la 

5,4 eV [12]. Trong nghien cuu ciia chiing tdi 

md ta viec che tao mang NiOx bang phuang 

phuang phap bay hoi vat ly (PVD) nhd viec 

ling dung ky thuat phiin xa Tir trudng dien 

cue am (Magnetron Sputtering Cathodic) 

b ing nguon dien xung cong suat Idn 

(HiPIMS). Ti ip do la nghien cii'u sir thay di i 

mpt s6 dac tinh cOa mang NiO, nhu tinh thu 

hinh, thanh phan hoa hgc, tinh chat quang va 

tinh dan dien ciia chiing theo do rgng xung 

ciia ngudn dien. 

THUC NGHIEM 

Che tgo mdng NiO^ 

Trong nghien cuu chung tdi sii dung nen oxit 

thi ic Indium (ITO) kich thudc 2x2 cm ciia 

nha san xui t SOLEMS. Nen ITO cd dp diy 

100 nm, dien trd suat 25 Ohm.cm"', do truyen 

quang trung binh trong viing anh nhin thay 

9 3 % , cdng thoat la 4,7 eV [13]. Vat lieu nin 

dugc lam sach bang xa phdng va nia bang 

nude tinh khiet (pH=7), nen se dugc thoi khd 

b ing khi nita, sau dd dugc dua vao budng 

phlin xa de phii mang mong NiO, De tao ra 

Idp mang mong NiO tren be mat ciia nen ITO, 
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chiing tdi da diing phuang phap phiin xg tii 
trudng dien eye am vdi ngudn ddng xung 
cdng suat Idn, bia phun xa la logi niken ciia 
hang Neyco, cd dp tinh khilt 99,99%, dudng 
kinh 2 inch. Khoang each phun xa tir bia (dien 
cue km) tdi vat lieu nin (dl) la 3 cm. Hon hgp 
khi argon va dxy dugc dua vao bu6ng phiin 
xa de tgo plasma va tgo phan ung vdi luu 
lupng khi argon dat cd djnh la 10 seem va 
dugc dieu khien bang may tinh trung tam. 
Cac tham sd phun xa du'pc chgn nhu trong 
bang 1. 

Bang 1. Tham sdphunxa 

Nguon - HiPIMS HiP3 Solvix 
Cong suit (W) 
Tan s6 (Hz) 
Ap suit rieng (mtorr) 
Ap suit tong (mtorr) 
Do rgnfi xung (jis) 

100 
500 

6 
6,4 

15-45 

Cdc ky thugt do dgc tinh 

Hinh thai hgc ciia mang mdng NiO dugc phan 
tich bing nhieu xg tia X (XRD) loai 
SIEMENS D5000, tia nhilu xa loai Cu Ka 
vdi bu'dc sdng X = 0,15406 nm. Dg day ciia 
mau dugc do bang profilometer (DEKTAK8) 
va dugc kiem tra bang kinh hien vi dien tii 
quet JEOL-760F. 

Phan tich thanh phan hda hgc bang ky thuat 
phan tich phd nhieu xa di?n tii (EDS-Electron 
Diffraction Spectroscopy). Hinh thai hpc cua 
mau NiO dupe phan tich bang kinh hiln vi 
dien tii quet (Scanning Electron Microscopy -
SEM) loai JEOL 7600F. 

Loai ban dan dugc xac djnh bang phan tich 
pho quang di?n tii fia X (XPS) va kilm tra 
bang phuang phap dau dd ndng. 

KET QUA T H A O LUAN 

Su phg tit ugc tSc dp phun xg vdo dp rpng 
xung nguon 

Toe dg phlin xa phu thudc vao nang lugng 
cua nguon dong kich thich va dugc phan anh 
qua dg rpng xung ciia tin hieu. Tren hinh I 
cho thay khi tang dp rpng xung tir 14 |is tdi 
45 \s.s thi toe do phlin xa tang tu' 10 nm/ph6t 
tdi 80 nm/phiit. 
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Mau thu dupe trong khoang xung nay dugc 
phSn thanh 2 logi ban dan cd cac dgc tinh 
tucmg ddi khac nhau. Loai mau NiO, giiu o)sy 
cd mau nau sam, do truyen quang thap, ciu 
tnic nguySn tii thira dxy, tdc do phim xa thap 
khi dp rpng xung ciia nguon nhd hem 20 \is. 
Khi do rdng xung Idn hem 20 us thi cac mSu 
thu dupe la loai mang NiO mau niu xanh, c6 
dp truyen quang tdt han va tiem can cin bing 
hda hgc. 

£ 50 

Miu niu xanh 
Truyin quang (6l 

Hinh 1. Dudng cong quan he tdc dg phun xg-3^ 
rdng xung ngudn V -^f/J) *. 

Tdc dp phlin xa cd anh hudng true tiep toi 
tinh chat ciia mau thu dugc. Dieu dd co the 
giai thich ring vdi do rdng xung ngan, gia toe 
ciia cac nguyen tu argon khdng dii nang lugng 
de giai thoat cac nguyen tii niken ra khoi be 
mat bia vdi sd lugng Idn, lam cho toe d6 x6i 
mdn (erosion) be mat dich thap hon toe dO 
dxy hda be mat bdi cac phan tu oxy. Khi do 
mau thu dugc la mang ban din NiO^ giau 
dxy. Ngurgc lai, khi tang dp rgng xung nguon 
thi tdc dp giai thoat cac nguyen tii va ion Ni* 
tir be mat bia tang theo va din dgt tdi ti le can 
bang gi&a cac hgt (ion va nguyen tir) 
niken/nguyen tu dxy va nhu vay mau thu 
dugc la cac m3u tiem cgn cSn bing hoa hpc 
ciia NiO. Viec giai thich nhu vay cho thay 
hoan toan phCi hgp vdi ket qua nghien ciiu cOa 
S. Konstantinidis khi nghien ciiu tr8n vat lieu 
bia li titan tinh khilt [14], phan dng trSn be 
mat am cue ma chung cd the gay ra mot tronga 
hai trgng thai ciia be mat dich hoac trang thai 
kim loai hogc trang thai dxi't kim loai [15]. 
Phan tich hinh thai cua phim NiO 
ciu true tinh thi NiO dugc phan tich bang 
phuang phap nhilu xa tia X dugc cho trong 
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hinh 2. Trong nghien ciru nay sii dung cau 

hinh Bragg-Brentano (9-29). Tir kk qua 

nghien cixn cho thay, cau true tinh the cua 

NiO la lap phuong tam mat (FCC-Face-

Centered Cubic), ling voi mat phan xa (111), 

(200), (220) va (222) nhu hinh 2. Khi dp rong 

xung tir 20iis t ra len co sy thay doi manh v6 c§u 

Uuc theo xu huong tang mat phan xa (111), 

(200) va (220) trong kjii (222) giam din. 

4500 

4000 

3500 

§B2500 

J13 

1000 

(111) 
! (200) 

J i 

Xv__ 

ITO (220) 

i 
_ji 

1 

(222) 
— * 4GMi. 

- . — , 2 5 MS 

..OM-

Goc phin xaani l (d6) 

Hinh 2. Phd XRD cua phim NiO ung vdi do rdng 
xung tic 15 ps-40 ps 

Phan tich phd DRX hinh 2, xac dinh dugc cac 

thong tin v l cau true tinh the nhu khoang 

each cac mgt phan xa (d) theo cdng thiic 

Scherrer cho tren hinh 3 va tham sd mang tinh 

the (a) dirge cho tren hinh 4. 

Cong thiic Scherrer: 

d=0,9 n n s i n i (2) 

Trong do: d la khoang each tinh the (nm), 

X = 0,15406 la budc sdng tia X(nm) , 

3 la dp rpng nu'a dinh (rad), 

^ la gdc phan xg (do). 

Do rpng xung nguon (ps) 
Hinh 3. Khodng cdch mgt phdn xg 

10 15 20 35 30 35 40 45 50 

Do rdng xung nguin (pLs) 

Hinh 4. Tham sd mang Imh the NiO, 

Hinh dnh be mat cua mdng NiO 

Hinh anh bl mat va mgt c i t cua phim NiO 

cho thay qua trinh trong phim phu thugc vao 

dg rpng xung dien ap ngudn. 

Tren hinh hinh 5a va 5b cho thiy , khi ap dung 

diSn ap ngudn cd dp rdng xung 15 fis, kha 

nang ket tinh kem han so vdi cac phim ap 

dung dp rpng xung ngudn tir 20 |is trd len va 

be mat phim it nham hon Dieu nay hoan toan 

nghien cuu hinh thai cua 

KRD 

Hinh 5. Hinh anb SEM 
a Hinh anh be mdt va mdt cat cua mang NiO_15 f.is 
b. Hinh anh be mat va mgt cdt cua mang NiO_20 ps 

Ckc phim ung vdi ngudn dien ap 15 us, kich 
thu'dc hat nho hon va co khoang each mat phan 
xg d(ii]) = 2,5 nm, d(2oo) = 4,8 nm va d(220) = 7,5 
nm (hinh 3). Khi dp rpng xung ngudn tang tdi 
20 |as thi kich thirdc hat tang manh, dac biet vdi 
mat phan xa (111) cd khoang each mat tinh thi 
tang tir 2,5 nm den 17 nm. 
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Phdn tich thdnh phan hda hoc 
Nghien cuu ve thanh phan hda hgc ciia mang 
NiOx dua tren do ludng va phan tich phd nang 
lugng tia X (EDS). Nang lugng ciia chum 
dien tu tdi dugc dgt co dinh 5 keV va quet 
tren bl mgt mau co kich thudc 5x5 [is. 

Bang 2. Ti le phdn tram O/Ni 

s« 

' 
2 

3 

4 

T 
(fis) 

15 

20 

25 

30 

Nguyen 
t6 

Oxy 
Niken 
Oxy 
Niken 
Oxy 
Niken 
Oxy 
Niken 

Ti khoi 

(%) 
23,77 
76,23 
22,47 
77,53 
22,04 
77,96 
22,03 
77,97 

Tl le nguyen 

ti(%) 
53,36 
46,64 
51,53 
48,47 
50,92 
49,08 
50,89 
49,11 

Vdi mii'c nang lugng nay, chiim tia dien tu 
ban sau vao be mgt mau khoang 300 nm. Do 
vay, vdi nhiing phim NiO che tgo co dp day 
400 nm se khdng bi anh hudng tii vat lieu 
nen. Ket qua phan tich dugc cho thay phim 
xuat hiSn 3 nguyen to 6x.y d miic nang lugng 
2 keV, niken d miic nang lugng 2,3 keV va 
cacbon d miic nang lugng 0,5 keV. Trong 
phim NiO cd xuat hien nguyen td cacbon la 
do hap thu tir khdng khi. 
Ti khoi va ti le giiJa nguyen tii' oxy va niken 
cd trong phim NiO dugc cho trong bang 2. 
Trong do, T li dp rgng xung ngudn.Tir ket 
qua phan tich tren, xac dinh dugc chi sd "x" 
trong phan tit oxit niken NiOx nhu sau : mau 
1 la NiO|,44; mau 2 la NiOi,o63; mau 3 la 
NiOi,o37 va mau 4 la NiO|.o36- Qua do nhgn 
thay khi dp rpng xung ngudn tang tu 15 p-S tdi 
30 ps thi thu dugc cac mau NiO tiem can tdi 
miic can bang hoa hgc, miic dp can bing hda 
hpc dugc the hien tren do thj hinh 6. 

D6 r^ng xung nguon {\is) 

Hinh 6. Mice do cdn bdng hda hoc cua cdc mdu 
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Xdc djnh logi bdn ddn 
KSt qua phan tich XPS d dai nang lugng hoa 
tri (band valance) xac dinh dugc cac miu thu 
dugc li ban dan loai p, cd miic nang lirijng 
Fermi Ep = 0,98 eV (hinh 7) va 1,2 eV ung 
vdi miu 15 p-S va30 p.s. 

5000 p 

Miic nang lugng (eV) 
Hinh 7, Muc ndng lugng Fermi (Ep) cua mdu /5/u 
Phan tich nay phii hgp vdi nhirng nghien cihi 
trudc day dugc thuc hien vdi ngudn dien ap 
mpt chieu (DC), xac dinh dugc cac mau NiO 
la ban dan cd viing ning luong cam Eg (band 
gap) thay dii tir 3,2 din 3,8 eV [16] va 3,28 
dln4,18eV[171. 
KET LUAN 
Trong nghien ciiu nay, chung tdi da trong 
ming mdng NiO bing ky thuat bay hoi vgt ly 
vdi phuang phap phun xg tu trudng dien ctfc 
am, ap dung nguon dien ap xung cong suat 
Idn. Trong khoang xung ngudn da nghieji 
ciiu, cac mau NiO thu dugc deu ket tinh tot 
ling vdi mat phan xa uu tien (111) va (200) 
tang dan theo dp rgng ciia xung nguon, dong 
thdi tiem can miic dd can bing hda hgc. Qua 
ket qua thuc nghiem cho thiy, khi dieu chinh 
do rong xung ngudn hoan toan cd the chi tgo' 
dupe ban dan logi p vdi dac tinh khac nhau 
nham ling dung cho cac ITnh vuc dien ti, 
quang dien tii hay te bao quang dien. Dac 
biet, qua trinh che tao hoin toan kiem scat 
dupe do day ciia phim theo mong muon. 
L6I CAM ON 

Nhdm tac gia xin gii'i ldi cim an chan thanh 
nhit tdi Tnrdng Dai hpc Ky thugt Cong 
nghiep va Vien Cdng nghe Vat lieu Jean 
Rouxel (EVIN) da tai trg cho dir an nay. 
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SUMMARY 
STUDY AND FABRICATION OF NICKEL OXIDE 
BY fflGH-POWER IMPULSE MAGNETRON SPUTTERING TECHNIQUES 

Nguyen Due Tuong', Vu Ngoc Pi 
University of Technology • TNU 

Nickel oxide semiconductor films are widely used in the electronics and optoelectronics fields and 
act as a transparent electrode or electrode buffer layers in photovoltaic cells. In this study, the 
nickel oxide semiconductor was deposited on the indium tin oxide subtrat by High-Power Implse 
Magnetron Sputtering methods. The deposition process was carried out in vacuum, The pulse 
width varies from 15 jis to45 jis. The results show that the properties of NiO thin films depend on 
sputtering conditions. Specifically, when increasing the pulse width from 15 |is to 45 |is, the 
crystalline structure significantly changes in the direction (111), (200) and (220), as well as 
increased crystal size and lattice parameter. The atomic ratio of oxygen/nickel (O/Ni) decreases 
from 1.15 to approximately 1. In addition, we have also determined the semiconductor type ofthe 
NiOx film created as semiconductor type p. The band gap increased from 3.28 eV to 4.18 eV when 
the pulse width varies from 15 |is to 45 us. 

Keywords: NiO thin films; electrode buffer layers; High-Power Implse Magnetron Sputtering; 
physical evaporation; nickel oxide semiconductors 
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