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TOM TAT

Mang méng dan dién trong sudét ZnO
pha tap Al d& dwoc tao béi phwong phap
phin xa magnetron DC trén dé thdy tinh &
nhiét d6 200°C. Sau khi I&ng dong cac mang
duoc xtv ly plasma H, véi céng suét plasma
la 200 mW/cm?, nhiét do dé 200°C va thoi
gian xw ly plasma thay déi tr 15 dén 60
phut. Tinh chat quang, dién va cau truc
mang dwoc khao sat theo thoi gian xt ly
plasma bang phép do phé truyén qua UV -
Vis, do Hall, nhiéu xa tia X. Ttr gidn dé nhiéu

xa tia X ching téi thdy céu truc cia mang
khbng énh hudng béi plasma Hatrong khi dé
dién tré suét cia mang gidm manh dudi tac
déng cta plasma hydro. Bén canh dé duwéi
tac dung cua plasma H, lam cho mang tang
khé ndng bén dién trong khéng khi. Do
truyén qua trung binh & dai buéc séng 300-
700 nm dat 85%. Nhiing két qué nay cé y
nghia dang ké khi 4p dung mang ZnO pha
tap Al lam dién cwc cho pin mat troi mang
mong dwa trén vat liéu Silic vé dinh (a-Si:H).

Ttr khéa: Phun xa magnetron, plasma hydro, nhiéu xa tia X, phép do Hall, in mét tréi mang

mdng
MO PAU

Mang mong oxit dan dién trong sudt (TCOs)
da duoc nghién ctru va sir dung rong rii trong ché
tao cac linh kién quang dién nhu: pin mat troi,
man hinh phang, cam bién khi va cura s6 thong
minh [1]. Ngay nay, Mang maéng oxit Indium pha
tap Thiéc (ITO) duoc st dung nhidu nhét trong
cong nghé ché tao cac linh kién dién tir. Tuy
nhién, lugng In,0; trong ty nhién khong doi dao
do d6 su khan hiém In,03 tit yéu s& xay ra kéo
theo gia thanh cua cac linh kién ting cao. Vi
vay,viéc nghién ctru tim ra vat liéu c6 thé thay
thé 1,03 c6 ¥ nghia cip thiét. Mang Oxit K&m
(ZnO) 14 ban dan loai n ¢6 ving cam quang hoc
rong va cé ciu trac tinh thé Wurtzite. Sy dan dién
cia mang ZnO thuan c¢6 dwoc do cac sai hong

riéng trong céu tric mang gém cac nat khuyét
Oxy va Zn [2]. Tuy nhién, d6 dan va d6 bén nhiét
clia mang ZnO thuan khong du dé tng lam dién
cuc trong sudt cho pin mat troi [3]. Vi thé, mang
mong ZnO dugc pha tap dé ting cudong do dan
dién ciing nhu d6 bén. Céac tap chat dwoc pha vao
nhu Ga, In, Co, Al... chi v&i mot luong rat nho
da 1am thay d6i dang ké tinh chat dién cua mang
[4]. Pac biét, mang ZnO pha tap Al da va dang
dugc nghién ciru rong rai trong thoi gian gan day
vi @6 truyén qua cao, dién tro suat thap, va bén
trong plasma hydro [5].

C6 nhiéu phuong phap dé tao mang ZnO pha
tap Al nhu 1a: sol-gel [6], ling dong hoi hoa hoc
[7], phun nhiét phan [8], phan xa magnetron

Trang 5



Science & Technology Development, Vol 16, No.T3- 2013

RFva phtn xa magnetron DC [9]. Trong céc
phuong phap ché tao mdi phuong phép c6 uu,
khuyét diém riéng song voi vu diém dé van hanh,
cong nghé¢ ré tién phuong phap phin xa
magnetron DC duoc sir dung dé tao mang trong
bao cao nay.

C6 nhiéu phuong phap xir Iy mang sau khi
tao xong dé nang cao pham chit nhu 1a: u nhiét
trong chan khéng [10], @ nhiét trong N2, 4 nhiét
trong Ha... Cac phuong phap nay c6 khuyét diém
1a miu phai nung trong nhiét d§ cao, thoi gian
kéo dai do d6 khong thé tao mang trén dé déo,
gia thanh tao mang cao. Trong khi d6 plasma
hydro trong hé PECVD c6 thé ning cao tinh chat
quang, dién cua mang ZnO pha tap Al (AZO) &
nhiét d6 thdp (200°C), thoi gian xir Iy ngin. Hon
nita, trong quy trinh ché tao pin mat troi mang
mong trén vat sillic vo dinh hinh (a-Si:H) lop
AZO déng vai tro dién cuc quang cho nén can
phai c6 tinh chit dién va quang tot va 1a 16p ché
tao dau tién nén dudi tac dong cua plasma hydro
ma nang cao phim chat ciia mang thi s& phat huy
t6i da wu diém cia AZO trong quy trinh ché tao
pin mat troi bang phuong phap PECVD. Dé phu
hop Véi quy trinh ché tao pin mat troi, 1a 1y do
chung t6i chon phuong phap xir Iy bé mat bang
plasma hydro tir hé¢ PECVD dé nang cao tinh chat
cua mang AZO. Pay la phuong phap cé tinh dot
pha trong qua trinh nghién ctu ché tao mang
AZO c6 pham chat tét, gia thanh ré ap dung
trong ché tao linh kién quang dién.

VAT LIEU VA PHUONG PHAP

Mang moéng AZO dugc ché tao trén dé thuy
tinh bang phwong phap phiin xa magnetron DC
v6i nhiét do dé gitr khong ddi ¢ 200°C. Bia phun
xa 1a bia gdm c6 thanh phan 98% ZnO va 2%
Al,O;. Cong suat phin xa thay ddi tir 30W dén
80W, thoi gian phun xa dugc didu chinh sao cho
cac mang c6 do day bang nhau. Ap suit budng
trong qué trinh giai hip dat 5x10torr va ap suét
phtin xa gitt khong ddi & 5x103torr. Dé thuy tinh
duoc rua sach véi dung dich NaOH va nudc khir

ion, rua lai béng nudc khu ion, tiép theo duoc
danh siéu 4m véi aceton sau cing 1a siy kho
trong chan khong. T4t ca mang duoc tao voi cong
suat phun xa khac nhau déu duoc xir 1y plasma
hydro trong 30 phut. Mang c6 tinh chat dién t6t
nhat trong qua trinh khao sat theo cong suét phin
xa dugc xt ly plasma hydro véi thoi gian thay
ddi tir 15 phut dén 60 phut voi cong suét plasma
va nhiét d6 dé duoc gitr khong ddi ¢ 200
mW/cm? va 200°C tuong ting.

Céu triic mang dugc khao bai phép do nhidu
Xa tia X (XRD) c¢6 buc xa Cu-Ko (Diffractometer
XD-5A). Tinh chit quang, dién ciia mang dugc
xac dinh bai hé do phd truyén qua UV-Vis cb
bude séng tir 200nm dén 1100 nm (Jasco 550) va
phép do Hall.
KET QUA VA THAO LUAN
Céu triic mang

Hinh la la gian d6 nhiéu xa tia X cua cac
mang AZO duoc ché tao véi 4 cong suat phiin xa
khac nhau tir 30, 45, 60 va 80 W. Dinh nhiéu xa
ddc trung ciia cac mang nay déu tai vi tri goc
2theta 34,5° twong g vai dinh hudng phat trién
manh cua mat (002) va gan nhu khong thay doi
khi cong suat phun xa thay doi. Hinh 1b 1a gian
ddnhidu xa tia X ciia cac mang AZO trén dé thay
tinh trong cing diéu kién cong suit phun xa
60W, cung ap suat khi riéng phan Argon 5x103
torr nhung duoc xir Iy plasma hydro sau khi lang
dong voi thoi gian thay ddi tir 30 phat dén 60
phit trong ctng cong suat 200mW/cm?2. Tir Hinh
1b, chiing t6i nhan thiy cac mang AZO duoc xu
1y plasma hydro véi thoi gian khac nhau nhung
van duy tri kiéu cdu tric tinh thé véi dinh huéng
phat trién wu tién mat mang (002) ciia mang AZO
chua xtr 1y, ndi khac di viéc x& 1y plasma hydro
khong anh huéng toi cdu triic mang dong nghia
Véi viéc nang lugng cua ion hydro ban pha trong
quy trinh nay khéng du dé pha v& cac lién két
chinh (manh) hinh thanh nén cac vi tinh thé
trong mang tinh thé cia mang AZO.
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Hinh 2. Phé truyén qua UV-Vis cia mang AZO theo cong sudt phun xa trudc (a) va sau (b) xir Iy plasma

hydro.

Tinh chét quang ciia mang

Hinh 2 1a phd truyén qua UV-Vis cua cac
mang AZO ché tao véi cong sudt phun xa khac
nhau truée (a) va sau (b) xur ly plasma hydro cho
thiy cac mang c6 do truyén qua trung binh cao
(85%) va vi¢c xu ly plasma hydro dudong nhu
khong lam thay doi do truyén qua, cling nhu
khong 1am dich b& hip thu cia chung. No6i khac
di viéc xtr 1y plasma hydro khong anh hudng toi

tinh cht quang cua cac mang AZO va van gii
nguyén dwoc do truyén qua cao cia chung, mot
nhan té quan trong cua dién cuc TCO can co dé
¢6 thé ing dung chiing vao linh kién quang-dién.
Két qua nay ciing gian tiép tai khing dinh quy
trinh xir 1y plasma hydro khong lam thay doi cau
truc cia mang AZO nhu da khao sat va minh
ching dugc tir gian db nhidu xa tia X & phan trén
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Tinh chét dién ciia mang

Theo nhiéu tai liéu tham khao [13-14] khi
cong suat phun xa tang (30W dén 60W), thong
thuong ndng do hat tai va do linh dong ting do
su hinh thanh nut khuyét oxy va ting kich thudc
hat va duoc thé hién rd trong Hinh 3 (duong biéu
dién mau den). Tuy nhién khi ting cong suét
phiin xa trén 80 W thi tinh chét dién ciia mang
giam c6 thé do sy bin pha manh cua cac ion c6
déng nang 16n lam giam kinh thudc hat, tao
nhiéu bién hat. Piéu nay thé hién rd qua cudng
d6 dinh va do ban rong cua dinh phd nhidu xa tia
X. Qua trinh xir 1y plasma hydro (30 phat) cho tat
ca cic mang phin xa v6i cong sut khac nhau
déu co nong do hat tai va do linh dong hat tai
tang manh va déu (duong biéu dién mau do), két
qua la dién tro suat cua cic mang giam dang ké.
Dic biét mang phun xa Véi cong suat 60 W co
dién tro suat thip nhat (4,1x102Qcm) tuong
g voi d6 linh dong va ndng d¢ hat tai 16n nhat
(9,25 cm2/VS, 1,6x10%cm™®). Su giam dién tro
suit cua mang dudi tac dong cua plasma hydro
¢6 thé dugc giai thich nhu sau: sy giai hap cac
nguyén tir O lién két yéu tai bién hat lam ting do
linh d6ng cua hat tai trong mang va hinh thanh
c4c nit khuyét oxy trong mang tinh thé ciia mang
ZnO tao ra cac nguyén tir Zn ngoai mang vi thé
gia ting ndng do hat tai [15] va su hap thy cac
nguyén tir H 1 nhitng tap chat cho dién tir ty do
dong gop thém vao viéc giam dién tro suat cua
mang [16-18]. Bén canh do6 plasma hydro con thu
dong hoa bé mit va cac sai hong tai bién hat, 1am
giam qua trinh tan xa va bay cac hat tai ty do va
tang hiéu suét pha tap Al [5].

Co ché nay tuong tu nhu cac co ché xay ra
lam tang ndng do hat tai va do linh dong trong
qua trinh G nhiét mang AZO trong mdi truong
khi H» & nhiét d6 cao [5,16].
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Khéc biét duy nhit 1a qua trinh cung cip
nang lugng cho hydro la tir hién tugng plasma
kich thich khi ion héa dan dén quy trinh xur Iy
bang plasma hydro c6 wu diém 1a nhiét d¢ thap,
thoi gian ngan so véi quy trinh u nhiét trong moi
truong khi Hy & nhiét d6 cao.

Pé lam rd anh huong cua thoi gian xur 1y
plasma hydro dén tinh chit dién ciia mang AZO,
chung t6i chon cic mang ché tao trong cling diéu
kién cong suat phiin xa 60 W duoc xir 1y plasma
hydro véi thoi gian khéc nhau (15 phat dén 60
phiit) voi cong sudt plasma va nhiét do dé giir
khong d6i 200mW/cm? va 200°C twong tng.

Hinh 4a, 4b cho thiy khi thoi gian xir 1y
plasma hydro ting tir 15 phat dén 45 phut ndng
d6 va d6 linh dong hat tai tang manh va dat gia tri
cuc dai (2,6x10%° cm™ va 9,9 cm?/VS) tting véi 45
phit xtr 1y plasma hydro. Tuy nhién khi tiép tuc
tang thoi gian xur 1y plasma hydro 1én dén 60
phat thi dién tré suat ciia mang thay doi khong
dang ké do d6 viéc kéo dai thoi gian xir Iy plasma
1a khong can thiét.

Bén canh dé, chung t6i ciing khao sat d6 bén
trong diéu kién tu nhién theo thoi gian cia mang
AZO trudc va sau khi xir 1y plasma hydro. Két
qua thu dugc mang AZO sau khi xtir ly plasma
hydro c6 d6 6n dinh dién trg suat cao hon so Vi
mang khong xu ly plasma hydro (Hinh S5a).
Ngoai ra viéc st dung mang AZO c6 va khong co
Xt 1y plasma hydro lam dién cuc quang cho pin
mit troi bude dau da thu dwoc mot sé két qua
dang ghi nhan. Nhu chi ra ¢ Hinh 5b gitra pin ¢
I6p AZO dugc xu 1y plasma va khong xir ly
plasma c6 sy khac biét rd rét vé thé mach ha,
dong doan mach va hé sb lap day. Pin c6 sir dung
I6p AZO dugc xir 1y plasma c6 thé he mach Voc
(485mV), dong doan mach Isc Ién hon (gan 10
mA) va c6 su tach hat tai tét hon. Cac két qua thi
vi va dang ghi nhén nay s€ dugc nhom nghién
cuu chung t6i tap trung lam sang to trong cac
nghién cu tiép theo.
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KET LUAN

Mang dan dién trong suét AZO ché tao bing
phuong phap phun xa magnetron DC dugc xi ly
plasma hydro biang hé¢ PECVD véi cong suat
plasma 200mW/cm2 va nhiét d6 2000C khong
dbi 1am @6 linh dong hat tai ting tr 5,89 cm2/VS
dén 9,92 cm2/V, ndng do hat tai tang tir

1,14x10%° cm-® dén 2,69x10% cm?3, giam manh
dién tro suat cua mang tir 9x10°Qcm dén
4x10-3 Q2 cm, va ting d6 bén dién cia mang khi
dé trong diéu kién ty nhién.Tuy nhién, plasma
hydro khong 1am thay d6i cau trac va tinh chét
guang cua mang.
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Enhancement of electrical properties of
Al-doped ZnO thin films (AZO) by
hydrogene plasma treatment
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University of Science, VNU-HCMC

ABSTRACT

Transparent and conductive Al-doped
ZnO (AZO) films were prepared by
magnetron sputtering at temperature 200°C
onto glass substrate. The films were treated
with hydrogen plasma at temperatures
200°C from 30 to 60 minutes with 200
mW/cm? power plasma. The optical,
electrical and structural characteristics of the
AZO coatings were analyzed as a function of
the treatment time by spectrophotometry,Hall
effects measurements, and X-ray diffraction.
Results of X-ray diffraction analysis showed
that the structure of the plasma-treated film

did not change compared to that of the as-
deposited film. The electrical resistivity of the
AZO films decreased after H» plasma
treatment. The plasma treatment not only
significantly decreased film resistivity but
enhanced electrical stability as aging in air
ambient. The average optical transmittance
in the wave length range of 300 to 700 nm
was 85%. These results were significant in
application of AZO thin film as transparent
electrode for a-Si:H based thin film solar cell
prepared by PE-CVD method in next step.

Key words: Magnetron sputtering, hydrogen plasma, X-ray diffraction, spectrophotometry,

Hall effect measurements, thin film solar cell.
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