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CHE TAO VA NGHIEN CUU TINH CHAT CUA
VAT LIEU ZNO PHA TAP AG
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TOM TAT
Bai b&o nay trinh bay két qua nghién cizu ché tao vdt liéu ZnO pha tap Ag bang
phwong phdp phan #mg pha ran ¢ nhiét dé cao. Cac tinh chat vdt ly cia mdu dioc
nghién ciu bang gidn do nhiéu xa tia X, phé EDS, phé tan xg Raman, phé hupnh
quang. Két quda cho thdy mdu ¢6 dé sach cao, kich thuée hat Ién (tir 1,8-5,3 pm).
Cdc phép do cdu tric va tinh chat quang cho thdy Ag da khuéch tan vao mgng tinh

thé ZnO sau khi nung ¢ nhiér dg 1200°C.

Tir khoa: Mau khoi, ZnO:Ag, phan ing pha ran, hupnh quang

1. Giéi thigu

ZnO la vat liéu ban dan thu hut duoc
su quan tam tir lau caa cac nha khoa hoc
vt liéu do né c6 nhiéu tinh chat quy bau
va kha nang tng dung to Ion [1, 2]. ZnO
c6 thé duoc ché tao boi rat nhiéu phuong
phép ly hoa khac nhau [2-4].

Trong thoi gian gan day, mang oxit
dan dién trong sudt (TCO) dugc tng
dung rong rai trong linh vuc dién tur.
Vé6i muyc tiéu giam gia thanh san xuét,
giam thiéu do doc hai, ting o bén, cac
nha khoa hoc da lua chon vat liéu ZnO
pha tap cac nguyén t6 nhu Al, Cu, N, ...
dé ché tao TCO véi nhiéu wu diém nhu:
gia thanh ré va dac biét than thién vai
moi truong. ZnO khdng pha tap la ban
dan loai n. Tuy nhién, d¢é phuc vu nhu
cau tng dung trong linh vuc quang dién
ter doi hoi nghién ctu ché tao vat liéu
ban dan ZnO loai p. Nguyén t6 Ag la
maot lya chon tét dé pha tap vao ZnO.
D6 1a vi khi pha tap Ag vao tinh thé
Zn0, Ag c6 kha ning sé& thay thé vi tri
cuaa nguyeén tur Zn, tao ra muc acceptor
ndng trong ving cim, cung cap cac 15
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tréng va lam cho ZnO c6 kha ning tro
thanh ban dan loai p [5-9]. Muc tiéu cua
nghién ciu ndy 1a ché tao ra vat liéu
Zn0O pha tap Ag.

2. Thuc nghiém

Vit liéu ZnO pha tap Ag vai cac ty
Ié khdi lwong Ag khac nhau (0%, 1%,
2%, 4%) duoc ché tao bang cach thay
doi ty 1é bot ZnO va bot AgNO; (25g:
Og, 24,75g: 0,25g, 24,509: 0,59, 249:
1g). Bot AgNO;3 dugc hoa tan hoan toan
trong 75ml con 90 d6 va khudy tir tai
nhiét d6 200°C trong 20 phut. Sau do,
bot ZnO dugc thém vao dung dich
AgNO3 di hoa tan. Hon hop trén duoc
khudy tir trong 6 gio & nhiét d6 200°C
cho dén khi bot khd hoan toan. 0,4 g
polyvinyl alcohol dugc hoa tan trong 4g
H,0 rdi dugc tron vao luong bot trén.
Sau d6 bot dugc nghién trong cdi ma
ndo cho dén khi thu duoc bdot min va
ddng déu. San pham cudi duge do vao
khubn inox va ép vién dudi ap luc ép
~7 tdn/cm? Mau sau d6 duoc nung
trong 4 gio, & cac nhiét do 600°C,
800°C va 1200°C trong khdng khi dé
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nghién cttu anh hudng cua nhiét do 1én
qué trinh Ag khuyéch tan vao vat liéu
ZnO. Viéc nung thiéu két cac mau khoi
duoc thyc hién bang 10 nung
Nabertherm LF 15/14(buc) tai Bo mon
Vit ly Chat rian, Khoa Vat ly, treong
bai hoc Khoa hoc Tu nhién, Pai hoc
Quéc gia Ha Noi.
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Hir]h 1: Gian dé nhiéu xa tia X ciia mdu
khoi ZnO (a) va ZnO:Ag: 1% (b); 2% (c)
va 4% (d) nung ¢ 600°C trong khong khi
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Hinh 3: Gidn d6 nhiéu xa tia X cia
mau khoi ZnO (a) va ZnO:Ag: 1% (b);
2% (c) va 4% (d) nung ¢ 1200°C trong

khéng khi

3. Két qua va thao luan

Két qua nghién cau cau truc bang
nhiéu xa tia X (Hinh 1, 2, 3) cho thy
vat liu ZnO:Ag nung & cac nhiét do
600°C, 800°C, 1200°C sau 4 gid trong
khong khi déu c6 cau tric luc giac
wurtzite Cgy vOi cac dinh nhiéu xa
tuong ung voi cac mat (hkl) la: (100),
(002), (101), (102), (110), (103), (200),
(112) va (201).

f
o —_—
P o N
w4~ <1 - —_
217gE g8 = JRE
= = -— — |2|a
= [ lv S
2 td ) S
=T]
£ c |
&)
b [N
UL ) [
7

30 40 50 60
Goc 2 theta (do)
Hinh 2: Gidn do6 nhiéu xa tia X ciia méu

khoi ZnO (a) va ZnO:Ag: 1% (b); 2% (c)
va 4% (d) nung ¢ 800°C trong khong khi
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Hinh 4: Phé EDS ciia mau khoi ZnO:
Ag (4%) nung ¢ 1200°C trong khéng
khi
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Gian d6 nhidu xa tia X & nhiét do
nung thap 600°C va 800°C c6 xuat hién
cac dinh phd nhidu xa tai goc 26:
38,01°%; 44,30°%; 64,34° lién quan dén sy
hinh thanh cua pha tinh thé Ag. Céc
dinh nhiéu xa nay c6 cuong do ting khi
néng d6 Ag tang. Tuy nhién, khi nang
nhiét do u 1én 1200°C, cac dinh nhiéu
xa cua pha tinh thé Ag trén cac mau
ZnO:Ag (1%, 2% va 4%) bién mat. Két
qua nay cho thiy vat liéu thu duoc 1A
don pha ZnO va tap Ag c6 thé da
khuéch tan hét vao mang tinh thé ZnO.

Gian d6 XRD ciing cho thiy ¢ su dich
nhe cac dinh nhidu xa vé phia goc 20
thap khi ting ndong do pha tap Ag ban
dau sau khi nung u & nhiét o cao. Két
qua tinh toan tir bang 1 cho thay, ¢ nhiét
do6 nung 1200°C, mau ZnO pha tap Ag
c6 hing sé6 mang ¢ lén hon hang sb
mang ¢ caa mau ZnO. Piéu d6 co thé la
do bén kinh ion Ag* (~1.22 A) 16n hon
ban kinh ion Zn?* (~0.74 A) nén di lam
dan dang ké mang theo huéng truc ¢ khi
Ag dugc khuéch tan vao mang ZnO.

Bang 1: Gid tri hang s6 mang tinh thé va kich thuéc tinh thé trung binh cia
mau khoi ZnO, ZnO:Ag theo nong do pha tap Ag i 6 1200°C

Hang s0 mang

STT Tén miu khoi c(R) a(A)
1 Zn0O 5,193 3,246
2 ZnO:Ag (1%) 5,198 3,247
3 Zn0O:Ag (2%) 5,205 3,248
4 ZnO:Ag (4%) 5,201 3,249

Phd EDS (hlnh 4) cho thay trong
mau khéi chi ton tai cac nguyén to gom
Zn, O va Ag, khong chira cac nguyén to
tap chat khac.

Hinh thai hoc bé mat caa mau khdi
duoc thé hién trén anh SEM (hinh 5) cho
thay kich thudc hat lon (tir 1,8-5,3 um),

d6 xép chat cao va it 15 tréng. Anh
SEM ciing cho thay tap Ag trong mang
tinh thé ZnO khong lam anh huong
nhiéu dén kich thudc hat. Tuy nhién,
anh SEM chi ra rang c6 thé do xép chat
caa mang bi giam di khi pha tap &
nong do cao.

Hinh 5: Hinh anh SEM ciia mdu khoi ZnO (a) va mau khéi ZnO pha tap Ag: 1% (b);
2% (c) va 4% (d) nung ¢ 1200°C
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Pho huynh quang cia mau khoi
Zn0:Ag Véi cac nong do khac nhau (0%,
1%, 2%, 4%) sau khi nung & 1200 °C
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Hinh 6: Phé huynh quang ciia mau khoi

ZnO (a) va mau khoi ZnO:Ag: 1% (b); 2%

(c) va 4% (d)

M3au ZnO va ZnO:Ag Véi cac nong
d6 khac nhau déu c¢6 cac dinh huynh
quang hep ¢ 378 nm va mét dinh huynh
quang rong trong khoang 510-525 nm
dac trung cua ZnO. Tuy nhién, & mau
pha 2% Ag va 4% Ag, ta thiy c6 xuat
hién thém dinh huynh quang ~390 nm.
binh 378 nm la su phét xa do tai hop
lién quan dén cac exciton tu do, dinh
nay khong bién mat ma xuat hién bén
trai cua dinh ~390 nm. Hon nira, dinh
phét xa 390 nm c6 nang luong la 3,18 eV -
c6 gia tri nho hon nhidu so véi ning
luong phat xa exiton tu do (3,28 eV).
Theo céc két qua tinh to4n mirc ning
luong cua cac sai hong trong ZnO,
khoang nang lrong tir day ving dan dén
nat khuyét Zn (Vzy) 1a 3,06 eV, ning
lwong tir mirc dién k& Zn (Zn;) d&én viing
hoa tri 14 2,96 eV, hiéu nang luong gitra
mirc lién quan dén dién k& oxi (O;), hay
nat khuyét oxi (Vo) va ving dan lan
luot 12 2,28 eV; 1,62 eV déu thap hon
nang luong 3,18 eV cua dinh 390 nm.
Piéu nay cho thay dinh 390 nm khéng
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duoc thé hién trong hinh 6 véi budc
song kich thich 1a 325 nm.
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Hinh 7: Phé Raman ciia mau khéi ZnO
(a) va ZnO:Ag (b: 2%, c: 4%) nung o
1200°C

phai do cac dich chuyén electron lién
quan dén cac don sai hong noi tai cua
ZnO. Pinh 390nm c6 thé 1a bang ching
cho su tdn tai cua tim phét xa lién quan
dén tap Ag trong mang ZnO nhu da
duoc phét hién trong mot sé cong bd
khéc [10-11].

Hinh 7 trinh bay pho Raman cua
mau ZnO va ZnO:Ag nung & 1200°C.
Céc mau khéi déu co dinh Epn (437 cm™),
A1(TO) (380cm™), 3Ez4-E2(331cm™) -
day la cac dinh co ban dic trung cho
cac mode dao dong cua mang tinh thé
Zn0O [6]. Eon 1a mode dao dong cua ion
oxi, A1(TO) va 3Ezn- Ez. la mode dao
dong caa Zn so voi O. Phé Raman cua
mau ZnO:Ag khdng xuat hién thém
dinh la cho thiy Ag khong lam thay doi
mang tinh thé ZnO. Két qua nay phu
hop véi gian ¢ XRD d3 quan sat duoc
trén cac mau.

4. Két luan

Mau ZnO:Ag da duoc ché tao thanh
céng bang phuong phap phan tng pha
ran. Bé mat mau min, it 15 tréng, 46 xép
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chit cao. Gian XRD, phd huynh quang
da chi ra rang trong sb cac nhiét ¢ u da
khao séat, Ag chi khuéch tan vao mang
tinh thé ZnO va khéng lam thay doi cau
trdc mang tinh thé ZnO khi nhiét d6 u la
1200 °C. Céc két qua nghién ciru ciing

goi y rang mau pha tap 1% c6 do xép
chit cao hon cac mau cd noéng do tap
cao hon. Do d6 mau pha tap 1% Ag da
ché tao cd chat luong tt, phd hop dé
lam bia trong phuong phap vat ly tao ra
cac mang ZnO:Ag.
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PREPARATION AND CHARACTERISTICS OF AG DOPED ZNO
ABSTRACT
This paper presents the results of preparation ZnO doped with Ag by solid state
reaction at high temperature. Physics properties of the samples were investigated
thoroughly by X-ray diffraction, energy dispersive spectroscopy, Raman scattering,
photoluminescence measurements. The results show that the samples are pure, and
have large grain size (from 1.8 — 5.3 um). Analysis of structural and optical
properties the samples suggests that Ag diffused into ZnO host lattice after being
annealed at 1200 °C.
Keywords: Bulk sample; ZnO:Ag; solid state reaction; photoluminescence
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