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Abstract: In recent materials research trends, methods for manufacturing and studying the properties
of ZnO materials are receiving attention due to its applicability in many different fields. Currently,
Zn0 is being researched to find new physical properties, under different technological conditions, is
especially important for optimizing materials for different applications. The article presents an overview
of the fabrication method of ZnO and ZnO: Al films and research results on the optical and fluorescence

properties of ZnO and ZnO. Al films.
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1. Pit vin dé

Trong cac xu hudng nghién ciru vat lidu gan day,
cac phuong phap ché tao va nghién ciru tinh chat vat
liéu ZnO dang dugc quan tam do kha nang ung dung
cuand trong nhiéu linh vuc khac nhau. Hién nay ZnO
dang duoc tap trung nghién ctru nhiéu dé tim cac tinh
chat vat Iy méi, trong cac diéu kién cong nghé khac
biét, c6 y nghia dac biét quan trong dé t6i wu hoa vat
liéu cho cac ing dung khac nhau. Bai bao nay trinh
bay khai quat phuong nhap ché tao cac mang ZnO va
ZnO : Al va két qua nghién ctru Tinh chét quang va
huynh quang cac mang ZnO va ZnO : Al .

2. N¢i dung nghién ctru
2.1. Phwong phap ché tao mang ZnO va ZnO : Al

Céc mau mang mong ban dan (goi tit 1a mang)
dugc ché tao bang phwong phéap phun xa catdt [1].
Co s¢ cua phuong phap nay la st dung cac ion cua
nguyén ti khi tro argon (dang plasma cua Ar dugc
chi ra & (hinh 1) dé bén pha bé mit bia cua vat liéu
can tao mang lam bat cic nguyén tir ra khoi bé mat
cta bia va sau d6 duogc ling dong trén dé da bd tri
san.

Céc mang ZnO va ZnO:Al duoc ché tao bang
phun xa r.f magnetron trén dé thuy tinh v&i nhiét do
dé ¢ nhiét d6 phong, ap suat khi argon 1a 8,8.103
torr, cong sudt phiin xa r.f bién dbi tir 70 + 200 W.

Céc mang ZnO va ZnO:Al la cidc mang da tinh
thé v6i cu trac luc giac va phat trién theo hudng truc
¢ vubng goc v6i mit phang dé.

2.2. Tinh chit quang cdac mang Zn0O va ZnO: Al
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Hinh 2.3: Phé truyén qua cdc mang ZnO trén dé thiy
tinh
Budc song clia anh sang toi mau g vdi cac cuc
dai va cuc tiéu trong phd truyén qua ciing dugc sir
dung dé do do day cia mang, st dung mbi lién hé
sau:
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trong d6 n 14 chiét suit ciia mang.

Ttr phd truyén qua trén hinh 2.3, ching ta c6 thé
xac dinh d6 day d cia mang ZnO. Ching han véi cac
bude song A= 491,5nm, Xm.m =4333nm van =
2,06. B¢ day d dugc tinh tir biéu thtc (1.1) cho gia
tri bang 445 nm.

Ph hap thu quang cac mang ZnO & nhiét do
phong dugc danh gia ¢ hinh 2.4. Pinh phd ching to
su ¢c6 mat cua hép thu exciton.

Heé s6 hap thu v6i cac ban din chuyén mirc thing,
tuan theo méi quan hé sau .

a()hv =A(hv-E,)"
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Hinh 2.4: Pho hap thu quang cua mang ZnO trén
dé thiy
Wavelength (nm)
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Hinh 2.5: D6 thi cia [a(v)hv]?
hv(eV)

trong d6 hv la nang lugng photon, E_ 1a d¢ rong
ving cam.

Ning luong ving cdm duoc ngoai suy tir phan
tuyén tinh cta dd thi [o(v)/hv]? di v6i hv toi [o(v)/
hv]> =0 (hinh 2.5).

V01 cac mang ZnO khong pha tap, nang lu’orng
ving cam 1a 3,24 eV, két qua nay phi hop véi nhiéu
tac gia khac.

Phé truyén qua cua mang ZnO:Al dugc chi ra
trén hinh 2.6. Do rong ving cim E, duorc tinh bang
cach ngoai suy tu binh phuong hé sb hép thu trong
dang thuc (1.2) dbi véi nang lugng cua photon, duge
chi ra trong hinh 2.6. D9 rong ving cdm E, cia mang
ZnO:Al 1a ¢& 3,60 eV. Sy ting d6 rong vung cam
Zn0:Al so v6i mang ZnO chimg to ring, cac trang
thai thip nhat ciia ving dan ¢ cic mang ZnO:Al da
bi chiém déy cac dién tir tu do, mac Fermi da nam
bén trong vung dan. Kich thich quang hoc cua dién
tir hoa tri 1én day ving dan khong con kha ning do
céc trang thai dd bi chiém. Nhu vay ngudng hip thu
da dich chuyén vé phia ning luong cao hon. Do phu
hop voi hiéu tmg Burstein - Hoss ma nhiéu tac gia
khéc cling quan sat duoc.

2.3. Tinh chit hupnh quang cdc mang ZnO va
ZnO0: Al

Phép do phd huynh quang ctia mau bot ZnO duoc

thuc hién ¢ nhiét do phong 300 K. Khi kich thich
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mau bang birc xa dién tir c6 bude song 300 nm (ving
nang lugng kich thich Et 16n hon nang lugng ving
cAm cta ZnO) chung t6i thiy phd huynh quang xudt
hién: mot dinh rat yéu tai 382 nm (hinh 2.7a) va mot
dinhll}?hé rat rong bao phu tir 450 + 600nm.

Ay hef*2

Hinh 2.6: Phé truyén qua ciia mang ZnO: Al dirgc
ché tao trén d@é thiyy tinh véi do day 1,9um tir cong
sudt phiin xa rf 350W va dp sudt khi argon

Do anh huong cuia ham bac hai cua budc song
kich thich miu 1én phd huynh quang nén phai st
dung budc séng kich thich 300nm dé ghi nhan dinh
382nm dé ghi nhan dinh 382nm, con mién phd rong
duoc ghi nhan 16 rét hon khi dung budc song kich
thich la 365nm (Hinh 2. 7b)
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Hinh 2.7: Phé huynh quang tai nhiét dg phong cdc
mau ZnO (a)

A =300nmva (b) A = 365nm

Ph6 huynh quang cia mang ZnO duogc do & ving
nhiét do tir 11K dén nhiét d6 phong 300K véi budce
song tich thich 300nm. Phd huynh quang tiéu biéu tir
cdc nhiét do khac nhau duge chi ra ¢ hinh 2.8. Pho
huynh quang cua cac mang ZnO & 11K thé hién 3
dinh tai cac budc soéng 370 nm (tuwong ung véi nang
lugng hv = 3,350 eV, 375 nm (twong Uing voi nang
luong hv = 3,306eV) va 390 nm (twong Urng v&i ndng
luong hv = 3,17¢V). Nhu thdy & hinh v& trong phd
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huynh quang & 11K cudng do & dinh 370nm béng
cuong do ¢ dinh 375nm (hinh 2.2 a). Céac dinh huynh
quang & cac ving budc song xanh va do déu rat nho
so v6i dinh huynh quang & budc song 380 nm ( mién
tir ngoai gan), chimg to cdc mauZnO dugc ché tao
bang phuwong phap phun xa catt it sai hong va do
hop thitc cao so voi cac phuong phap khac.

Cps.
GOO000  — S—
400000 |-
200000 -
Ly
360 390 420 450
Wavelength (nm.)
Cps.
200000
1 50000 -
100000 +

50000 -

’ 360 390 4200 450
Wavelength (nrm.)

Hinh 2.8: Cdc phé huynh quang ciia mang ZnO voi
buoc song kich thich 300nm ti cac nhiét do khac
nhau: a) 11K, b) 30K, c) 51K, d) 17K, e) 100K, f)

Khi nhiét d6 ting, cuong do twong ddi cua ching
bién d6i. Cuong d6 cua dinh 370nm giam nhanh va
& nhiét do 70K trong khi dé dinh 375nm hau nhu
khong bién d6i vi tri dén tan nhiét ¢ 162K. Cao
hon nhi¢t d6 200K dinh 375nm dugc mo rong va
hoi dich vé budc song dai va dinh nay tng véi budce
song 379nm (tuwong ung voi nang lugng hv = 3.271
eV) & 300K. Trai nguoc véi dinh 375nm, dinh phd
rong 390nm dugc md rong sang vung song dai khi
nhiét do tir S0K va dinh ung voi bude song 1a 403nm
(twong Gng véi nang lugng hv = 3,076 eV) ¢ 100K
va & nhiét do cao hon 160K dinh nay s& bi tat. Dudi
cac didu kién nhu vay, dinh phat quang méi véi bude
song 384nm (twong ung voi nang lugng hv = 3,228
eV) da dugc phat hién (hinh 2.8, b, ¢, d, ¢, f). O nhiét
d6 cao hon 160K dinh 375nm mé rong vé phia song
dai va két hop voi dinh 384nm, cho nén trong phd
huynh quang chi ¢c6 mot dinh véi bude song 379nm
da duogc quan sat (Hinh 2.8, j).
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Hinh 2.9: Phé huynh quang ciia mang ZnO: Al & cdc
nhiét do khac nhau: a) 11K, b) 100K, c) 270K
Dinh huynh quang 370 nm c6 thé quy cho cip

exciton lién két donor - trung hoa (D°X). Pinh huynh
quang 375nm 1a tai hop burc xa cua dién tir lién két
v6i donor va 15 tréng tu do trong ving hoa tri (BF).
Su tach nang lugng gitta cac dinh huynh quang
375nm va 384nm la 78meV, cung bac v4i nang luong
phonon quang doc trong ZnO. Nhu vay, dinh 384nm
duoc xem la 1ap lai phonon cta dinh véi budc song
la 375nm (BF- LO) Con dinh huynh quang voi budc
song 403nm co thé giai thich nhu két qua sy chuyén
btrc xa cua cdp dono-axepto (DAP).

Khi dua tap chat Al vao mang ZnO, giéng nhu
tam noéng loai n, cac nguyén to Al duoc dua vao
thay thé Zn trong mau (v6i ham luong 2Wt% dwa
vao trong bia) 1am thay d6i d6 dan cua mang ZnO:Al
khéng lam thay d6i nhiéu cdu triic cia mang .

Ph huynh quang ciia cac mang ZnO:Al duogc do
tir 11K dén nhiét do phong véi bude song kich thich
12 300nm. Phé huynh quang dic trung & 11K, 100K
va 270 K duoc chira ¢ hinh 2.9.

3. Két luan
Tac gia da trinh bay khai quat phuong nhap ché

tao cac mang ZnO va ZnO:Al va két qua nghién ctru

Tinh chit quang va huynh quang cic mang ZnO va

Zn0:Al. Két qua nghién ctru ndy gop phan thuc hién

dinh hudng xay dung Truong Dai hoc Tai nguyén va

Moi truong Ha N§i theo muc ti€u truong dai hoc ung

dung chét lugng cao.
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