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Abstract: The nanostructured ZnO film is fabricated by us using thermal evaporation technique to create
a Zn metal film on a glass substrate covered with transparent conductive material ITO, then annealing
in air at different temperatures 300°C, 350°C, 400°C, 450°C, 500°C for 3-4 hours. to create zinc oxide
(Zn0) films. After thermal oxidation, the membranes were studied for their structural characteristics,
phase composition and morphology. To study the photovoltaic properties of the fabricated ZnO film, a
photovoltaic cell containing an electrolyte solution containing 1 M KCI and 0.1 M Na2S§ with a counter
electrode of a Platinum film, shines with a halogen lamp and UV. The results show that ZnO incubated at
450°C gives the best results (VOC and JSC under halogen lamp are 261 mV and 30 uA/cm2, while these

values are 323 mV and 50 uA/cm?2 under UV lamp).
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1. Pit vin dé

ZnO 1a ban dan loai n ¢6 ciu tric tinh thé dang
hexagonal véi nhiéu tinh chét dic biét nhu ¢6 hiéu
sudt lugng tir kha cao, boi do rong ving cAm thang va
kha rong (Eg= 3.4 Ev), nang luong lién két exciton
16n (60meV). Bén canh d6 chiing con c6 rat nhiéu
trong ty nhién, gid thanh ré va it ddc hai, dac biét
la sy da dang vé hinh thai hoc cua ching. ZnO cé
tinh chit ban dan da phan, tc 13 ¢6 kha ning dan
dién & nhiét o cao va khong dan dién & nhiét do
thip. ZnO ciing c6 kha niang phat quang khi duoc
kich thich boi anh sang, diéu nay lam cho né hiru
ich trong viéc san xudt cac thiét bi phat sang nhu dén
LED [1]. ZnO dugc st dung trong viéc san xuit cc
bd loc quang dién, cam bién, vi mach va transistor.
Trong Y hoc, vi tinh chit khang khuan va khang nim
ctia nd, ZnO duoc sir dung trong cac san phdm cham
soc da, bang vét thwong va céc vat liéu y té khac [2].
ZnO ¢6 tinh chat quang, dién va co hoc dac biét khi
¢6 kich thudc nano, didu nay da mo ra nhiéu tmg dung
trong linh vyc vét liéu nano, nhung can su nghién ctru
va phat trién tiép theo. Trong bai bao nay ching toi
nghién ctru tinh chit quang dién ciia mang mong ZnO
ché tao bang phuong phap bdc bay nhiét trong chan
khong dinh hudng lam dién cuc thu dién ti trong té
bao quang dién hoa. Mang mong Zn sau khi dugc ché
tao bang phuong phap bdc bay chin khong duogc u
trong khong khi & cac nhiét do 300 °C, 350 °C, 400
°C, 450 °C, 500 °C trong 3-4 gio dé tao mang oxit
kém (ZnO). Két qua cho thidy mang ZnO u ¢ nhiét do
450 °C cho V. va J . khi chiéu dén halogen la 261

mV va 30 pA/cm?, trong khi d6 céac gia tri nay la 323
mV va 50 pA/cm? duédi dén UV.
2. Noi dung nghién ciru
2.1. Thi nghiém

Dé ché tao mang ZnO chiing t6i tién hanh bdc bay
tao mang mong kim loai Zn sau d6 6xy hoa nhiét dé
tao mang ZnO. Céc dé ITO (Indium Tin Oxide), Si
duogc xir Iy bang nude khir ion va rung siéu am, sau
d6 ching duoc gin vao ga dé cua may bdc bay nhiét
VHD-30.

a) Cdc diéu kién boc bay nhw sau:

-Vat liéu nguon 1a Zn véi d6 sach 99,99 %;

- Thuyén dién trd 1a thuyén 1a volfram;

- Ap suét duy tri trong thoi gian ling dong ~10-
Storr;

- Nhiét d6 dé duy tri 100 °C;

- Cudng d6 dong dién qua thuyén 1a ~30 A-40 A;

- Téc d6 bde bay khdng ché & mirc 5 nm/phit;

- Po 6 day tai chd bang thiét bi do do day ding
dao dong thach anh.

b) Oxy héa nhiét tao mang ZnO

Mang Zn dugc ling dong & cac do day khoang
600 nm. Mang Zn nhan dugc c6 mau thim anh lam,
min va bam dé tét. Sau do mang Zn dugc dua vao u
nhiét trong khong khi. Téc do gia nhiét 5 °C/phut.
Kha ning hap thu anh sang, tach va dan dién tir ciia cac
dién cuc dugc danh gid thong qua viéc do dac trung (J-
V) khi chiéu sang chiing. Ngudn sang dugc sir dung 1a
den halogen 300 W va deén tr ngoai c¢6 budc song 365
nm. Khoang cach tir dén halogen va dén tir ngoai dén
té bao quang dién hoa cd dinh cho moi mau 13 20 cm.
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Hinh 2.1: So' do cdu tao cia té bao quang dién héa.
2.2. Két qua va théo luin
2.2.1. Pac diém cdu triic va hinh thdi hoc cia mang
Zn0

Dé khao sat anh hudng cua nhiét do u 1én cAu tric
va hinh théi hoc ciia mang ZnO, mang kim loai Zn
duoc ling dong trén dé Si. Cac mau nay sau d6 dugc
tién hanh u nhiét trong khong khi tai cac nhiét d 300
°C, 350 °C, 400 °C, 450 °C, 500 °C trong 6 gio. Céc
mau tuong Ung véi nhitng nhiét do 1 nhu trén duoc
ky hiéu 1an luot 14 Z1, 72, Z3, Z4, Z5. D6 day cta cac
méu nay khoang 600 nm. Hinh 2 13 gian db nhiéu xa
tia X ctia mau Z1, Z2, Z3, Z4, Z5. Tir gian nhiéu xa
tia X cho thdy & nhiét d6 1 300 °C, hinh 2 a, (mau Z1)
mang Zn méi chi dugc oxy hdéa moét phan. Cac dinh
nhiéu xa & vi tri goc 2 theta khoang 36,3°; 39,0°; 43,2°
14 ctia kim loai Zn van con xuét hién voi cuong do kha
16n. Khi nang nhiét d6 t 1én 350 °C thi cac dinh twong
g v6i pha kim loai Zn bién mit hoan toan. Gian
dd nhidu xa cua cac mau Z2, Z3, Z4 khong con dinh
nhiéu xa nao thudc vé kim loai Zn hay bét ct tap chat
nao khac. Mau Z3 va Z4 cho thdy cac dinh & vi tri 2
theta 1a 31,7°; 34,4°; 36,3°; 47,5° 56,6° va 62,8° tuong
ung vdi cac ho mat (100), (002), (101), (102), (110) va
(103) 1a ctia ZnO pha luc giac (thé chuan s6 36-1451).
Tai nhiét d6 & 350°C, mang Zn d chuyén hoan toan
sang ZnO nén chung toi chi tién hanh khao st cau triic
va tinh chit quang dién cua cac miu Z2, Z3, Z4, riéng
mau Z5 chi khao sét cAu trac, do nhiét do G cia mau
nay (500 °C) vuot qua nhiét do néng chay cua thuy
tinh. Qua gian d6 nhidu xa tia X, mang ZnO u & nhiét
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Hinh thai hoc cia mang ZnO duogc chi ra trén dnh
SEM hinh 2.3a. Theo d6, mang dong déu, do xdp cao.
Chiing dugc xem nhur 1a céc hat nho gén véi nhau theo
kiéu “hoa” nano. Céc canh hoa c6 kich thudc ~ 50 nm.
Hinh 2.3b 14 anh SEM mit cit, qua d6 c6 thé thay rang
mang ZnO kha dong déu Va‘1 ¢6 su bam dé tot.

Hinh 2.3: Anh SEM bé mdt (a) va canh (b) cia

mang ZnO.

Nhu vay bang phuong phuong phap bbc bay
nhiét truyén thong, két hop véi qua trinh xtr 1y nhiét
trong khong khi, chung toi da ché tao thanh cong
mang ZnO c6 cau trac nano xdp, co su dong déu cao,
d6 bam dinh dé t6t.

2.2.2. Tinh chat quang dién ciia mang ZnO

Céc két qua khao sat gian do nhiéu xa tia X cia
mang ZnO cho thdy ¢ nhiét do u 450 °C, cho thy
mang ZnO c¢6 céu trac tinh thé tot nhat do d6 chung
t6i sir dung mau ndy lam dién cuc thu 4nh sang
(photoanode) trong té bao quang dién hoa, dién cuc
db6i1a Pt, dung dich diénly 14 0,1 M Na,Sva 1 MKCL

Phuong phap do déc trung J- Vduorc chung 6i tién
hanh khi chiéu anh sang dén halogen va dén UV. Cac
két qua do dic trung J-V cho ca hai truong hop ciing
nhu dap tng ciia dong quang dién voi chu ky tat/bat
anh sang dugc chi ra trén hinh 2.4. Hinh 2.4. cho thay
su dap ung cta dong quang dién khi chiéu sang tai
cac gia tri cua dién thé. Cac két qua trén cho thay
mang ZnO ché tao dwuoc nhay véi ving birc xa UV.
Su ting va giam rat nhanh cua cuong d6 dong khi bat/
tat sang cho thdy cac khuyét tat (tim bay hat tai) khu
tra trong mang ZnO giam nén céc hat thiéu s6 khuéch

tan ra chét dién ly nhiéu hon lam ting hiéu suét tach
200

d6 450 °C cho két tinh t6t nhat nén ching
to1 dung mau nay dé nghién ctru tinh chat 10
quang dién cta chung.
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Hinh 2.2: Gidn d6 nhiéu xa tia X ciia
mang Zn u tai cac nhiét do khac nhau.

V(i)

Hinh 2.4.: (a) Pdc trung J-V khi chiéu sing bang dén halogen

(1) va bang dén UV (2) lén dién cwe ZnO/ITO; (b) Su dép vimg

dong quang dién ¢ hiéu dién thé xdc dinh khi chiéu dén UV lén
dién cue ZnO/ITO véi chu ky chiéu 4 gidy.
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cdp hat tai sinh ra khi chiéu sang [3]. Tir duong dic
trung J-V khi chiéu sang bang dén halogen va dén
UV, hinh 2.4.a, cac gia tri cua thé ho mach va dong
ngin mach dugc chi ra trén bang 2.1. Theo d6 V,

va J . cta dign cuc ZnO/ITO khi chiéu dén halogen
la 261 mV va 30 uA/cm?, trong khi d6 cac gia tri nay
1a 323 mV va 50 pA/cm? dudi dén UV.

Bang 2.1: Giatri V. oc Sy twong ung cua dién cuc ZnO/

ITO khi chiéu sing bang den halogen va den UV.

Loai dén chiéu Méiu Z4
ocC (l’l’lV) Jq(‘ (MA/CIIIZ)
halogen 261 30
uv 323 50

3. Ket luan

Bing phuong phap bbc bay nhiét trong chan
khong chung t01 da ché tao thanh cong mang ZnO co
cau triic nano x4p va & nhiét do 1 450 °C, mang cho
hiéu mg quang dién t6t nhit. Két qua khao sat tinh
chit quang dién cho thiy ring ngoai tac dung dan
dién ti, dién cuc ZnO/ITO con dong gép vao hi¢u
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suét quang dién do hap thu viing birc xa UV. Két qua
nay la tién dé cho viéc nghién ciru tlep theo, do la co
thé phu 16p nhudm mau (chat ban dan nhay sang nhu
CdS, CdSe, CdTe, CulnS,, InP) 1én mang ZnO dé
tang cuong kha ning hap thu anh sang mat troi trong
vung kha kién. Tir d6 co thé ung dung lam dién cuc
thu dién tir trong cac pin Mit troi thé hé méi.
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Vai tro cua giao vién trong giang day... @i theo trang 129)

trong viéc day nghe hién nay. D01 v6i SV nganh ngén
nglr Trung Qudc giai doan so cdp, sy giai thich cua
GV, viét 1én bang, nhéc lai, thuat lai anh hudng truc
tlép dén viéc nang cao trinh d6 nghe ciia SV. GV phai
chi y dén viéc giang giai, giai thich cho SV hiéu noi
dung. Vi dy, d6i v6i mot so tir c6 bdi canh vin hoa,
chi qua 10i giai thich cia GV, SV méi hiéu dugc y
nghia vin héa ddng sau tir ngit va hiéu dugc toan bo
bai nghe. Néu SV nghe 2, 3 1dn ma van khong hiéu thi
GV can giai thich thay vi yéu cau SV phai hiéu bang
cach tam dung, n6i cham lai, nhéc lai... GV dong vai
trd chi dao rat quan trong trong viéc day nghe tiéng
Han ¢ giai doan so cap.
*Sau khi nghe
Mac du SV da hoan thanh cac nhiém vu nghe trén
16p nhung diéu d6 khong c6 nghia la viéc day nghe da
két thiic. Nhidu GV cho rang chi cin SV chon céu tra
101 dung hay tra 101 ding cau hoi thi muc dich giang
day s€ dat dugc, nhung diéu d6 hoan toan 1a chua du.
Nghe 1a k§ nang quan trong trong nghe, ndi, doc va
viét, c6 lién quan dén dau ra cia cac k¥ ning tiéng
Han khéc. Ngoai viéc luyén tap trén 16p, GV con cod
thé chuan bi mot s6 bai tap khac nhu yéu cau SV tom
tat ndi dung bai nghe, néi 1én quan diém ciia minh vé
nhitng gi duoc nghe... Bing cach nay, GV ¢6 thé nim
bét duoc trinh d6 nghe cua SV tir nhiéu goc do khac
nhau, ddng thoi ciing co thé 1am ting sw himg tha coa
ca 16p va gitip SV khong roi vao mot phuong thirc
giang day duy nhét 1a nghe tai liéu va dua ra dap an

theo tai liu.

Véi dic diém cua gio hoc nghe, rat kho dé giao
bai tap viét. Vi vdy, viéc luyén nghe hau hét dugc thuc
hién trén 16p hoc. Trén co s¢ do, viéc xay dung va
nghién ctru cac bai nghe phu hop cling 1a mot trong
nhitng cach quan trong & GV hudng din SV nang
cao kha niang nghe. Vi du nhu cho SV nghe mot s6
doan phim, video hay bai hat, doan nhac GV chuén bi,
ngoai ra GV ciing c6 thé yéu cau SV chu dong tim cac
doan phim, doan nhac... dé nghe thay vi thu dong cho
cac bai tap GV dua.

3. Két luan

GV 4p dung PP day nghe diing khong chi c6 thé
nhanh chéng nang cao kha ning nghe tiéng Han ctia
SV ma con anh huong truc tiép dén viéc hinh thanh PP
hoc tap cua SV dbi vi mon nghe tiéng Han, dac biét
1a ¢ giai doan so cap, khi SV mdi tiép can véi ngon
ngit nay trong thoi gian chua lau. Bé gitip SV hinh
thanh quan diém hoc tip ding din va théi quen hoc
tap tot doi hoi mdi GV day tiéng Han phai cham chi
hoc tap cho dén khi tim ra PP hoc phu hop nhét cho
SV ctia minh.
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