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TOM TAT

Mang ZnO pha tap Ga 5% at (GZO) trén dé thuy tinh dwoc ché tao bang phwong phdp phiin
xa magnetron DC tir bia gom GZO & nhiét do phong. Cong trinh da khdo st anh hwong ciia
khodng cdch bia dé, thoi gian phiin xa va céng sudt phiin xa dén tinh chat quang dién ciia mang
GZO. Két qua cho thay mang GZO trén dé thuy tinh cé cdu triic tinh thé tét va phdt trién wu
tién theo mdt mang (002), dién tré sudt thap bdc 10-Qcm, dg truyén qua trung binh trong ving
dnh sang kha kién trén 80%.

Tir khéa: Mang dan dién trong suot GZO, TCO, phiin xa

ABSTRACT

Ga-doped ZnO (GZO) films were prepared on glass substrates from GZO target by DC mag-
netron sputtering at room temperature. The effect of target — substrates distance, sputtering
time, and sputtering power on optical and electrical properties of the films was investigated.
The results show that GZO films have high crystallinitywith (002) peak orientation, the lowest
electrical resistivity of ~ 107 Qcm, average transparency of T > 80% in the visible light region.

I. GIOI THIEU

Mang dn dién trong sudt (TCO) dugc biét
dén nhu 1a loai vat liéu c6 dién tr& sudt nho
(duéi 10°Qcm) dong thoi co do truyén qua
trong ving anh sang kha kién cao trén (80%)
U2 Pugce ing dung rong rai trong pin mat troi
mang mongl!, diod phat sang!*, guong nong
truyén qual®. Loai TCO phé bién duoc su
dung la me‘lng’InZO3 pha tap Sn (ITO), mang
nay co6 tinh chat quang di¢n phu hop nhung In-
dium 1a loai vat liéu hiém, khong bén héa hoc
trong moi trudng plasma hidro va dit tién.
Trong khi d6, mang ZnO ciing c6 dién trd suat
thap va do truyén qua cao trong ving anh sang
kha kién gan bang mang ITO khi dugc pha tap
thich hgp. Hon nita, ZnO ¢ trit luong 16n, dé
ché tao, gia thanh ré*. Do d6, mang ZnO pha
tap cac nguyén t6 nhom III nhu Ga, Al ... 1a
g cir vién thay thé vat liéu ITO.

Céc cong trinh nghién ctru vé mang dén
dién trong sudt ZnO pha tap Al (AZO) va

Ga(GZO) da dugc phan tich ti mi trong céc
nghién ctu trudc ddy. Mang AZO thoa man
tinh cht dién tot nhung trén thyc té, cling ton
tai nhitng han ché nhat dinh so véi mang GZO
nhu: Cong thoat ciia Ga va Al gan bang nhau
nhung Al khong hoa tan ran thay thé tot nén bé
mit bia khong dong nhét; bia AZO cho dong
phat xa ion 4m nhiéu hon bia GZO, van toc
lang dong mang thap hon trong ciing dién kién
phun xal'?; 6 dong déu vé dién tro suat theo
khong gian kém hon mang GZO dong thoi
dién tro suat ciia mang AZO 16n hon khoang 3
lan so véi mang GZO 3 trong khi Al ton tai
kha nang phan tng héa hoc rit cao trong quéa
trinh phat trién mang thi Ga lai it bi phan ting,
c6 d6 bén nhiét trong moi trudng oxi héa 12
[141: chiéu dai lién két Ga-O hoi nho hon so v6i
Zn-O 14n luot twong tmg 13 1.92 A va 1.97 A,
day 1a mdt thuan loi khi pha tap vi n6 s€ lam
giam tdi thiéu bién dang mang tinh thé ZnO!'*



Tap Chi Khoa Hoc Gido Duc Ky Thudt (32/2015)
Truong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

ndéng do pha tap cua Al néu qua 16n s& anh
huong dén d két tinh cua mang do ban kinh
ctia ion AI** nho hon nhiéu so véi ban kinh ciia
ion Zn?* 1am sinh ra @mg suat trong khi nong
dd pha tap cua Ga vao ZnO anh huong khong
dang kél's); 36 rong ving cAm quang cia AZO
nhé hon GZO, nghia 1a mang GZO c¢6 nong
dd hat tai cao hon!™. Vi nhiing uu diém trén,
cong trinh nay lya chon vat liéu ZnO pha tap
Ga lam d6i tuong nghién citu trong cac ung
dung cu thé.

Méing mong GZO duoc ché tao bing
nhiéu phuong phap nhu: xung laser”), phun
xalB, lang dong hoi hoa hoc®), solgel), spray
pyrolysist'®!) Trong d6 phuong phap phun xa
la phu’(mg phap c6 thé ché tao mang dat duoc
d6 két tinh ngay trong qua trinh ché tao ma
khong can U nhiét. Ngoai ra, thuc hién viéc
phin xa trén dé xoay tron dé qua trinh ché
tao mang dugc dong déu hon va dé dang ché
tao trén dién tich dé 16n 1. Vi vay, cong trinh
nay st dung phuong phap phun xa magnetron
DC dé ché tao mang dan dién trong suét GZO
tir bia gdm GZO thdéng qua céac thong sd anh
hudng vé khoang cach bia dé, d6 day mang va
cong suét phun xa, viéc ché tao déu ¢ dinh bé
day mang va dugc thyc hién trén dé xody, day
1a cac diém nghién ctru méi trong viéc ké thira
so voi cac nghién curu da co trude day.

II. THU'C NGHIEM

Mang GZO trén dé thily tinh dugc ché tao
bang phuorng phdp phun xa magnetron DC
tir bia gbm GZO theo hai budc: 1) Bé thuy
tinh (slide microcope, Merk) dugc xtr ly ngam
trong dung dich NaOH, HCI trong 3 phut va
danh siéu am trong nudc cat dé loai bo hoan
toan bui ban héip phu trén dé; 2) Mang GZO
dugc phun xa tir bia gém GZO bang phuong
phap phun xa magnetron DC trong khi argon.
Trude khi phii mang 1én dé, bia gébm duogc
phiin xa trudc trong 10phat dé tdy bia. Céc
diéu kién ché tao nhu khoang cach bia dé(h),
cong suat phin xa (P), thoi gian phun xa (t)
hay d6 day mang (d) dugc khao sit dé thu
dugc mang GZO c6 tinh chit quang dién tot.

Mang GZO sau khi ché tao duoc danh gia
tinh chat quang bang hé mdy V-530UV/Vis
Spectrophotometer, tinh chit dién bang phép
do hall trén h¢ Hall Ecopia HMS 3000, d6 day
bang phép do stylus va cau tric tinh thé duoc
danh gia bang hé do XRD D8-Avance.

III. KET QUA VA BAN LUAN
1. Anh huéng ciia khoang cach bia dé h
1én tinh chit ciia mang GZO

Khoang céach bia-dé (h) duogc thay doi tir
4.5 cm- 7.0 cm, cac diéu kién khac nhu bang
3.1

Bang 3.1: Két qua anh huong cia h 1én tinh chit quang dién ciia mang GZO.

" ¢ ¥ f, (sccm) P N y
(cm) (cm) (W) Ar (x10%Qcm) | (X10cm®) | (cm?*Vs)
4.5 680 48 18 3.20 11.84 16.81
5.0 650 48 18 3.77 10.82 15.32
55 630 48 18 4.45 9.77 14.37
6.0 550 48 18 4.43 9.73 14.35
6.5 500 48 18 6.31 6.89 14.35
7.0 450 48 18 11.09 5.23 10.75

O @6, h la khoang cdch bia dé, t la thoi gian
phiin xa, d la bé day mang, f, la luu lvong

khi phiin xa, P la cong sudt phin xa, p 1a dién
tro suat, N la nong d¢ hat tai va p la d¢ linh
dong.
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Hinh 3.1.Sy thay doi cta N, r, m theo h cia mang GZO

Bang 3.1 va hinh 3.1 cho thay, khi h tang tir
4.5 cm - 7.0 cm thi r tang tr 3.20x10* Qcm
dén 11.06x10Qcm, N giam tir 11.84x10%cm?
xudng 5.23x10*cm™ va p giam tir 16.81cm?V-
Is xudng 10.75cm?V-'s”! tuwong tng véi d
giam tir 680nm — 450nm va nguogc lai. Pidu
nay c6 thé dugc giai thich rang, khi h cang Ién
va 1én hon 1 (quang duong tu do trung binh
cua hat trong plasma) thi cdc ion duong sinh
ra tir bé mit bia s& va cham véi cac phan tu khi
va bi tan xa dan dén mat dan nang luong khi
dén dé, do d6 van tdc léng dong giam va néng
do hat tai N giam theo. Bén canh do, khi nang
luong dén dé giam thi d6 két tinh cua mang
giam 1am cho t4n xa cta c4c bién hat ting dan
dén d¢ linh dong p giam. Két qua nay phu hop
v6i ly thuyét ciia Drude, & d6 d6 linh dong p ti

1€ nghich vdi tan s6 va cham theo biéu thirc

1 =—5— Tém lai, khi thay déi h thi tinh chét

MY quang dién cua mang thay doi. Tinh

chdt quang dién twong doi tot nhu r

= 445%107 Qcem, N = 9.77x10° cm™, m =

14.37 em?Vis! wng voi diéu kién ché tao
khodng cdch bia dé h = 5.5 cm.

2. Anh hwéng cia d day mang twong
trng thoi gian phin xa t 1én tinh chat
cia mang GZO

Do day mang d thay doi tir 270 nm— 980

nm tuong ung vdi thoi gian phun xa t tor 20
phat — 60 phut v6i cac diéu kién khac nhu
trong bang 3.2.

Béang 3.2: Két qua anh huong cua bé diy mang 1én tinh chét quang dién ciia mang GZO

t d 1 hem [ powy | I | To (x‘io- (Xl(ij“cm' (cﬁﬁ/
(phut) | (nm) (scem) [ (%) |, Qcm) 5) Vs)
20 | 270 55 43 18 | 9464 | 681 | 922 9.89
25 | 300 5.5 48 18 | 9327 | 527 | 957 | 1239
35 | 450 5.5 48 18 | 9270 | 509 | 966 | 13.62
20 | 630 5.5 48 18 | 9048 | 445 | 973 1437
50 | 780 5.5 48 18 | 87.65 | 444 | 1375 | 1024
60 | 980 55 48 18 | 8659 | 347 | 1569 | 7.67
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Hinh 3.2. Pho truy,én qua hinh cua mang
mong GZO dugc ché tao ¢ thoi gian thay doi
tuong tng cac d§ day mang

Tir bang 3.2 va hinh 3.3 cho thay, khi thoi gian
phun xa t tang tir 20 phut dén 60 phit thi do
day mang d ciing tang tir 270nm dén 980nm.
Nghia 1a, su thay ddi d duoc khao sat ung voi
su thay d6i t. Sy thay doi nay cho thdy tinh
chat quang dién ciia mang thay doi. Cu thé,
khi d6 linh dong p tang tir 9.89cm? V-'s”! dén
14.37 cm? Vst g véi d < 630 nm va khi d
> 630nm thi d¢ linh dong u giam tur 14.37cm?
Vs xudng 7.67cm? Vs, Piéu nay dugc
giai thich la khi d6 day mang tang lam tang
sO luong hat mang dién trong mang nén nong
d6 hat tai N va dién tro suat r ciia mang tang.
Ngoai ra, d6 két tinh cua mang ciing duogc cai
thién khi tang d, dan dén tan xa bién hat giam
va céc hat mang dién dé dang di chuyén trong
tinh thé nén do linh dong m tang. Tuy nhién,
do hiéu tng “tu che chin” trong phuong phap
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Hinh 3.3.Tinh chét dién ctia mang mong
GZO dugc ché tao ¢ d§ day mang khéac nhau

phun xa véi cac hat ning lugng cao 1am do gb
ghé mat mang tang khi d6 day mang d tang di
16n (d > 630 nm), diéu ndy s& dan dén tang tan
xa bé mat va lam do linh dong p giam. Nhin
chung, cac mang c6 tinh chat quang tot voi do
truyén qua trong ving anh sang kha kién cao
trén 86% (bang 3.2, hinh 3.2). Vdy tinh chdt
dién va quang déu tét voi N=9,73x10°° cm?,
u=14,37 cm?/Vs, p=4,45x10* Qcm, T=90,48
%6 d=630nmvah=5.5cm.

3. Anh huwéng ciia cong suit phiin xa lén
tinh chat cia mang GZO

Khoang cach bia-dé, bé day mang da duoc
t6i uu, cong suat phun xa dugc thay doi tir 26 -
64 W dé khao sat sy anh huong cua cong sut
phiin xa dén tinh chat cia mang GZO.

Bang 3.3. Két qua anh huéng ctia P 1én tinh chét quang dién ctia mang GZO

PW) | o ) | oot o 5 ey | com
0) (x10“Qcm) | (X10*%cm™) | (cm?/Vs)
26 600 5.5 18 92.92 8.69 7.70 9.33
36 630 5.5 18 83.07 4.94 9.72 13.00
48 630 5.5 18 90.48 4.45 9.73 14.37
55 600 5.5 18 90.03 3.79 12.22 13.48
64 620 5.5 18 83.64 2.76 20.16 11.21
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Hinh 3.4. Phd truyen qua cua mang GZO
thay d6i & cong suét phin xa thay doi

Theo bang 3.3 va hinh 3.5 khi tang cong
sut phun xa thi néng do hat tai N tang 1én,
dién tré suit p giam. Trong khi do, do linh
dong p tang tir 9.33 cm?Vs dén 13.37 cm?/
Vs khi P < 48W va p giam tir 13.37 cm?/ Vs
xubng 11.21 cm*Vs khi P > 48W. Diéu nay ¢6
thé duoc giai thich ring, khi tang P tir 26.3W
dén 48W lam tang vén toc lang dong va ting
nang luong cac hat 1én dé. Do d¢, d6 két tinh
cua mang tang va giam cac tdn xa bién hat,
giam cac sai hong mang nghia la giam céc
tam tai hop cua céc hat tai. Ngoai ra, vdi nang
lrong du cao s& lam tang qua trinh ion Ga**
thay thé Zn** va giam Ga*" xen k& trong cdu
truc mang nén lam giam tan xa cua hat tai véi
ion tap chat. Két qua 1a, N tang p giam va p
tang. Tuy nhién, khi P > 48W thi p gidm nhe
c¢6 thé 1a do sb luong hat tai qua 16n s& lam
tang tan xa cua cac hat mang di€n trong qua
trinh di chuyén. Tir gian d6 hinh 3.6 va bang
3.3 cho thdy mang GZO thé hién mit mang
dic trung cta tinh thé ZnO (002) & goc nhiéu
xa khoang 20 ~ 34,28°, mit ndy phat trién nhat
theo huéng truc ¢ vudng géc voi bé mit dé.
Diéu nay chung to, su pha tap Ga vao tinh thé
ZnO khong gay ra su thay dbi cau trac tinh thé
ZnO va bién dang tinh thé. Cuong d6 dinh phd
tang nghia 1a do két tinh cua mang tang khi P
tang. Cac mang déu c6 do truyén qua trung
binh 1én hon 83% trong vung anh sang kha
kién, va bd hép thu dich chuyén vé phia budc
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Hinh 3.5. Su thay d6i trong tinh chat cia mang

phtin xa ¢ nhitng cong suat phun xa thay doi

song ngan khi cong suét ting. Nhuw vy, khi
ché tao mang trong diéu kién nhiét do phong
voi h = 5.5cm; f, =18 sccmva P = 48W, t =
40 phiit, mang tao ra cé tinh chat quang dién
tot p =4.45x10*Qcm, N=9.73x10°%cm™>, n =
14.37cm’/Vs va T = 90.48%.

002
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Hinh 3.6. Gidn d6 nhi€u xa tia X khao sit &
nhiing & cong suat phun xa thay doi

IV. KET LUAN

Mang GZO dugc ché tao thanh cong trén
dé thiy tinh bang phwong phip phun xa
magnetron DC. Trong cong trinh nay, khao
sat cAu triuc va cac tinh chat quang dién cua
mang thong qua khao sat mot vai thong sd anh
huong. O diéu kién: Khoang cach bia d¢é h =
5.5 cm, 1€ch tdm bia mdt doan x=4.5 cm, cong
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sudt phiin xa & P=48W, d6 day mang ¢ khoang 3, p= 14.37cm¥Vs va T = 90.48% dép tng du
d=630nm mang GZO dat dugc tinh chat quang  ti€u chi can thiét cia mang mong TCO.
dién tot p = 4.45x10Qcm, N = 9.73x10X e
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