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This paper reports the effect of AI** content on luminescence properties
of CeO,:Eu®", AI** phosphor was successfully synthesized using solution
combustion followed by annealed at high temperature. The crystal
structure, chemical element composition, morphology, and
photoluminescence properties of the phosphors were investigated using
X-ray diffraction (XRD), scanning electron microscopy (SEM), energy-
dispersive X-ray spectroscopy (EDS), and luminescence analysis. The
XRD results confirmed the formation of the single-phase cubic CeO,
with high crystallinity. SEM analysis exhibited cubic-like particle
morphology with an average size of about 30 nm. Under 393 nm
excitation, the phosphors emitted intense orange red emissions at 595,
615/631, 650, and 700 nm, corresponding to the °Dy — 'F; (j =1, 2, 3, 4)
transitions of Eu*, respectively. Significantly, the orange-red emission
intensity of the AI3+ doped sample was significantly enhanced compared
to the un-doped sample. This phenomenon is due to the presence of AI**
on CeO,:Eu*, AI** phosphor formed oxygen vacancy and destroyed the
symmetry of the crystal field of host lattice. These results suggested that
the CeO,: Eu, Al phosphor is suitable for optoelectronic applications.
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Phuong phap dot chay
Phat xa da cam-do
Vit liéu CeO,:Eu, Al
Quang dién tu

Khuyét oxy

Bai bao nay bdo cdo vé anh huong cua ndng do AT dén tinh chat phat

quang cua vat ligu CeO: Eu®*, AI** téng hop bing phuong phap dbt chay
két hop xir Iy & nhiét do cao. Cau tric, thanh phan nguyén t6 hoa hoc,
hinh thai bé mat va tinh chéat huynh quang cua vat liéu duoc khao sat, sir
dung cac phép phan tich nhiéu xa tia X (XRD), pho tan sic ning lugng
tia X (EDS), va pho phat quang. Két qua XRD xac nhan sy hinh thanh
don pha cubic ctia CeO, véi d6 két tinh cao. Phan tich hinh thai bé mat
cho thay vat liéu thu dugc gém cac hat hinh dang cubic véi kich thudc
trung binh ¢& 30 nm. Duéi kich thich 393 nm, vt liéu cho phat xa manh
vung mau cam-do & buoc song 595, 615/631, 650, va 700 nm, tuong tng
V6i cac chuyén doi °Dy — 7F (=1, 2,3, 4) cua ion Eu** Dang cht y,
cudng d6 phat xa mau da cam-do cua vt li¢u ddng pha tap AI** ting 1én
dang ké so v6i mau khong pha tap. Hién twong nay 1a do sy hién dién cua
AP trong Vit ligu CeO,: Eu®, AP da tao ra céc nut khuyét oxy va pha
V& tinh d6i xing truong tinh thé mang nén. Cac két qua nay chi ra rang
vt ligu CeO,: Eu, Al phu hop cho cac tng dung trong quang dién tu.
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1. Gioi thigu

Deén LED phat anh sang trang (WLED) c6 cac dic tinh vuot trdi nhu do bén cao, tiét kiém
nang luong, do do6 no dang dugc sir dung rong rai trong cong nghé cing nhu trong doi sdng con
ngudi [1] — [3]. Cac dén WLED thuong mai duoc ché tao bang cach két hop chip blue-LED va
bot phat xa mau vang hodc két hop giita chip NUV véi bot phat xa mau xanh duong, xanh nudc
bién, va mau do [3], [4]. Tuy nhién, cac h¢ dén nay dang t6n tai mot s6 nhuge diém nhu nhiét do
mau cao va chi s6 hoan mau (CRI) thap, nguyén nhan do thiéu thi phan anh sang mau do [5] -
[7]. Do vay, phat trlen cac loai vat liéu phat xa mau do mdi c6 hiéu sudt cao dé nang cao chat
lwong dén WLED 1a rit can thiét.

Eu®* 1a ion dét hiém duoc st dung phd b1en nhét lam tam phat quang trong vat liu phat xa
mau do. Anh sang phat xa mau do cua Eu® ¢6 nguon gbe tir chuyen doi ludng cuc dién, phu
thudc manh vao do bit ddi xung cua truong tinh the mang nén [8] — [10]. Theo do, khi Eu®
chiém céc vi tri khong c6 tim d6i xtg trong mang nén, dan dén néi 16ng tinh cam [3], [11], [12],
két qua 1a xac suat chuyén doi ludng cuc dién ting, lam ting cudng d6 phat xa mau do. Dua theo
nguyén 1y nay, nhiéu nhoém nghién ciru trén thé gioi da va dang tap trung nghién ctru st dung dong
pha tap cac ion c6 ban kinh nho nhu AI¥, Li*, Na* vao mang nén nhim lam giam tinh d6i xtng ctia
mang nén va ting cudng do phat xa mau do cua Eu®* [13] — [15 Sun va cong sy [16] da thu duoc
két qua tang cucmg do phat xa mau do cua vat liéu CeO;: Eu®* sir dung dong pha tap Bi**, do su hién
dién cia Bi** trong mang nén tao nén cac vi tri khuyét oxy (oxygen vacancy) dan dén pha v tinh
dbi xu'ng trong mang nén. Su hinh thanh cac vi tri khuyét O dan dén ting cudng d6 phat xa mau do
ctia Eu®* ciing duoc quan sat thiy trong cong trinh cia Huang va cong su [17]. Trong khi do, sy
hién dién ctia ion AI*" khi dong pha tap vao vat liéu phat quang dan dén 1am giam tinh d6i ximg cta
mang nén, lam ting cuong do phat xa mau da cam, mau do cia Eu®* da duoc quan sat thiy trong
nhiéu cong trinh trude day [5], [14], [18] — [20]. Tuy nhién, theo hiéu biét ciia chiing t6i, anh hudng
cua ham lugng A" dén tinh chét phat xa mau da cam-dé cua vat li€u CeO,:Eu, Al ché tao bé“mg
phuong phéap ddt chay van chua dugc nghién ciru mot cach hé thong.

Do viy, trong nghién ctru ndy, chiing t6i tip trung ché tao va lam rd anh hudng cia ion AI**
dén dic trung phat xa ciia vat liéu CeO,:Eu, Al. Pic trung tinh chét ciia bot phat quang CeO,:Eu,
Al duogc nghién ctru bang gian d6 nhidu xa tia X (XRD), anh hién vi dién tir quét phat xa truong
(FE-SEM), phén tich thanh phan nguyén t6 (EDS), va pho quang phat quang (PL).

2. Thuc nghiém

Bot phosphor CeOy: Eu®*, AP duogc tong hop bang phuong phap dbt chay, st dung tién chat bao
gom cac mudi Ce(NOs)s, Eu(NO3)s, AI(NO3); va ure voi do sach cao. Céc dung dich Ce* (0,5M),
Eu** (0,1M), va Al3+ (0, lM) dugc tao thanh bang cach hoa tan cac mubi ban dau trong nude khir
ion. Trong d6, ndng d6 Eu®" duogc giit ¢ dinh 13 0,5% mol, ndng d6 AI** thay d6i 0, 1, 2, 3 va 4%
mol so véi Ces+, cac mau dugc ky hiéu twong (mg nhu trong Bang 1. Dung dich hdn hcyp dugc tron
theo ti 1& da tinh toan va hoa tan trong 30 phut, véi diéu kién khudy tir & 80 °C. Sau d6, ham luong
20% mol ure (so v&i Ce*") duge thém vao dung dich hdn hop trén, khudy tir & 80 °C trong 4 gio,
thu dugc dung dich dang gel c6 do nhét cao. Hon hop phan mg sau d6 dugce nung & 400 °C trong 4
gior dé thuc hién phan tmg ddt chay. Chat ran sau phan tmg dugc U nhiét & 900 °C trong 4 gio thu
dugc bdt phosphor CeO,:Eu, Al.

Bang 1. Ky hiéu cdc mau nghién ciru

Vit ligu Nong do AI** (mol %) Ky hiéu
Ce0,:0,5Eu* 0 MO
Ce0,:0,5Eu*, 1AIP* 1 M1
Ce0,:0,5EU*", 2AP* 2 M2
Ce0,:0,5EU*, 3AP* 3 M3
Ce0,:0,5EU*, 4AF* 4 M4
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Nghién cuu cAu tric tinh thé caa vat liéu CeOy:Eu, Al duge thuc hién béng phuong phap
nhiéu xa tia X (XRD), st dung may D8-Advance (Bruker, KaCu = 1,54060 A). Anh hinh thai bé
mit caa vat lidu duoc thuc hién trén may HITACHI S-4800, két hop phép phan tich thanh phan
nguyén t6 (EDS). Trong khi d6, pho phat xa cua vat liéu CeO,:Eu, Al duoc tién hanh trén hé
NANOLOG (Horiba, USA) ngudn kich thich I dén xenon 450 W.

3. Két qua va thao luan
3.1. Tinh chit cdu triic ciia vit liéu

Hinh 1 13 két qua gian d6 nhidu xa XRD cua mau M0, M1, M2, M3, va M4 ché tao bang
phuong phap dot chay két hop 1 nhiét & 900 °C. T4t ca cac dinh nhleu xa quan sat thdy trén hinh
1 déu thudc vé ciu truc truc thoi kiéu fluorite cua CeOz (PDF # 01-075-8371) v6i nhom khong
gian Fm3m. Cau trac ciia CeO, bao gom ion Ce*™ voi sd phdi tri tim (tdm nguyén tir O bao
quanh gan nhat) va ion O* dugc bao quanh bai bdn ion Ce* [5]. Hon nita, cac mau déu cho thiy
cuong do cac dinh nhiu xa manh va sic nét, chung to6 vat liéu thu duoc c6 do két tinh cao. Cac
mit phan xa dién hinh cta cau trac tryc thoi CeO, duge quan sat nhu (111), (200), (220), (311).
Dic biét, cic mau dong pha tap AI** (M1, M2, M3, va M4) cho thiy cac dinh nhiéu xa c6 cudng
d6 16n hon voi gid tri ban do rong 1a 0,3 do (mau M3 ‘tuong mg vo1 mét phan xa {111}), trong
khi mau khong pha tap AI¥ ¢6 @6 ban rong 1a 0,352, két qua nay chi ra rang sy hién dién cua AI**
da lam ting muc do két tinh cua vt lidu. Nhimng | két qua thu duoc c¢6 thé 1am ting cudng do phat
xa cua vat liéu [21], [22]. Hon nira, cac dinh nhiéu xa ctia pha tap chit khong dugc quan sat thiy
trong cac miu, chimg t6 mau da dugc tong hop thanh cong va co do tinh khiét cao.
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<
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Hinh 1. Gidn dé XRD ciia mbu MO, M1, M2, M3, va M4

3.2. Hinh thdi bé mdt va thanh phin nguyén té ciia vit li¢u

Hinh 2 (a va b) hién thj anh hinh thai bé mat (SEM) cia mau MO (a) va M3 (b). Véi mau
khong pha tap AI**, cho thdy hinh thai dang gan cau véi kich thugc trung binh ¢& 30 nm. Trong
khi mau pha tap AI** cho thay kich thudc va hinh thai thay doi khong dang ké. Vi vay, su thay
ddi nay khong phai 1a thong s6 chinh anh hudng dén tinh chét phat quang cua vt liéu. Bén canh
d6, thanh phan nguyén t6 hoa hoc cia cac mau duoc hlen thi tuong ng trong hinh 2¢ va d. Quan
sat hinh 2¢ (MO) ta thay sy hién dién ciia cac nguyén td O, Ce cua mang nén CeO, va nguyén t6
pha tap Eu. Trong khi hinh 2d (M3) con ¢6 su hién dién cia nguyén t& AI** bén canh céc nguyén
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t6 O, Ce, va Eu, chang to da thanh cong trong viéc dua ion AP vao mang nén CeO,:Eu. Trong
cac mau, khong quan sat thay sy xuat hién ctia cac nguyén to6 tap chat, diéu nay ching td6 mau ché
tao duoc co do sach cao.

(C) 0 Ce AL(%
o 7644
Ce 22,57
Eu 099

Cuong d6 (d.v.t.y.)

8
Ning luong (keV)

(d) Ce At (%

o 727
Ce 2532
o Eu 104

Al 0,95

Cuong d6 (d.v.t.y.)

o h B o 2 4 6 8 10 12
IMS-NKL 5.0kV 4.7mm x60.0k SE(M) Nang luong (keV)

Hinh 2. Anh SEM ciia cdc mdu (a) MO, (b) M3 va phé EDS ciia cdc mau (c) MO, (d) M3

3.3. Tinh chdt phdt quang ciia vt ligu

Hinh 3a hién thi phé kich thich cua cac mau tiéu biéu MO va M3 st dung budc song phét xa &
631 nm. Nhu thé hién trén hinh 3a, ving hap thu rong tir 300 — 420 nm véi dinh cuc dai ¢ 356
nm dugc quy cho qué trinh truyén dién tich tir O d&én Ce*/Eu®". Cac dinh hép thy nhon dic
trung & 395, 465 nm twong Gng vai chuyén muc ‘Fo — 5L va 'Fo — °D, cua ion Eu®*. Tuy nhién,
dinh hap thu & 395 nm chong chap véi cac dai hip thu truyén dién tich O* - Ce*/Eu® nén cuong
d6 dinh 395 nm khong dugc quan sat rd rang. Dac biét, miu M3 ¢o cuong d6 hap thu cao hon so
v6i mau khong pha tap AI**, két qua nay co thé dan dén sy ting cudng do phat xa cua vat liéu.
Hinh 3b 1a phé phat xa clia cac mau M0, M1, M2, M3 va M4, véi budc séng kich thich 395 nm.
Tat ca cac mau cho thay su phat xa Manh Vung mau da cam-do (595-615/631 nm) tuong Ung Voi
chuyén doi °Dg — 'F1/°Dy — 'F, ctia ion Eu®". Trong khi 0, céac mau con thé hién Vung phat xa yeu
o vung doé (590, 650, va 710 nm), tuong g Vadi cac chuyen doi °Dy — 'Fo, °Do — 'F3 va °Dg — 'Fy
cua ion Eu®*. Cudng d6 phat xa mau da cam-do thay doi theo nong do AI** pha tap (Hinh 3c).
Trong d6, dinh phat xa ¢ 595/631 nm dat cuc dai tng véi nong do 3% mol A" pha tap, khi nong
do6 AIP* 16n hon, cuong do phat xa cua cac mau glam do hiéu tng dap tit huynh quang do nong
do [23], [24]. Déang chu y la, mau dong pha tap AP co cuong do phat xa tang 1én dang ké so voi
mau khong pha tap. Hién tugng ting cuong do phat xa do ddng pha tap AI** vao vat liéu
CeO;:Eu, Al 12 do su tao thanh céc nut khuyet O (vacancy oxygen) va pha v& tinh déi xtng xung
quang vi tri Eu®, dan dén ting cuong xdc sudt chuyén doi phat xa caa Eu®* [5], [6], [16]. Hon
nira, hinh 3d hlen thi két qua thoi gian sdng caa muc kich thich °Dg (Eu ") cia cac mau MO va M3
Vi budc song kich thich 395 nm va budc song phat xa 631 nm. Két qua nay gitip chung ta hiéu
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16 hon vé co ché lam tang cudng do phat xa cua vat liéu khi dong pha tap AI**. Thoi gian séng

tuong ddi (z) ca cac mau phu hop tét nhit véi quy luat ham mi [3]:
Y=yt Ale_t/f1 + Ayet/m (1)
trong do y la cuong do phat xa cua mau ¢ thoi diém t. yo 1a cuong do ban dau. A, va A, 1a cac
hé s6. 71 1a thoi gian Song Clia tAm phat quang & cac vi tri trén bé mat hat hogc vi tri dlen ké.
Trong khi 7, 1a thoi gian séng ciia tim phat quang chiém cac vi tri thay thé trong mang nén. Cac
gia tri A, 7 duoc tinh toan va hién thi trong bang 2. Khi d6, thoi gian séng trung binh ciia cac mau

duoc xac dinh nhu sau:
_ A T3+A,73 @)
AT+ AT,

Theo d6, thoi gian séng trung binh (7) ciia cac mau MO va M3 dugc tinh toan twong tng la
1,42 ms va 1,55 ms (Bang 2). Sy hién dién cua AI*" trong hé thong dZm dén lam ting do bat ddi
Xxung xung quanh Eu®* va kha nang truyén nang luong kich thich dén Eu*, do d6 lam giam téc do
hoi phuc khong phat xa, tir d6 tang thoi gian song cua trang thai kich tthh °Dy [20]. Két qua thoi
gian séng cua cac mau phu hop voi két qua phd phat xa dd quan sat trén hinh 3b. Vat licu
CeO,:Eu, Al cho thay cuong do phat xa manh mau da cam-do v6i thoi gian sbéng l6n (1,55 ms),

cho thay day 1a vat lidu tiém ning cho cac tng dung chiéu sang ran.
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Hinh 3. (a) Phé kich thich ciia cdc mau dién hinh MO va M3; (b) ph07phat xa cua cac mau
MO, M1, M2, M3 va M4; (c) su phu thugc cuong do phat xg mau da cam, mau do vao nong do AI**;
(d) thoi gian séng ciia cdc mau MO va M3

Bang 2. Két qud tinh todn thoi gian séng Ciia cdc mau MO va M3

M?lu Al T1 Az T2 T (mS)
MO 344 1,77 440 0,845 1,42
M3 298 1,90 330 0,68 1,55
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4. Két luan

Vit ligu phat xa manh ving mau da cam-d6 CeQO,:Eu, Al da duoc tong hop thanh céng bang
phuong phép d6t chay két hop xir Iy nhiét & 900 °C trong méi trudng khong khi. Két qua XRD
cho thay sy hinh thanh cau trac truc thoi CeO, don pha, voi d6 két tinh cao. Khi dugc kich thich
bai bude song 395 nm, vt liéu CeO,:Eu, Al cho phat xa manh viing mau da cam-do, véi cac dinh
dic trung cta ion EU®* ¢ 595, 615/631, 650, va 700 nm. bac biét, mau dong pha tap APP* da cho
thiy cuong do phat xa da cam-do ting 1én dang ké so véi mau khong pha tap. Két qua nay la do
su hinh thanh cac vi tri khuyet 0, khi dong pha tap AI**, ddn dén lam giam tinh ddi Xung cua
mang nén, tir d6 nai long quy tac cAm va lam tang xac sudt chuyén doi phat xa cua ion Eu®* trong
vt lidu. Cac két qua cho thay, sir dung ion AI** dong pha tap 1a con duong hiéu qua dé lam ting
hiéu suét phat xa cua Eu®".

Lol cam on

Nghién ctru nay dugc hoan thanh trong khuén kho dé tai ciia Bo Gido duc va Dao tao, ma sd:
B2023-SPH-06. Cac tac gia chan thanh cam on.
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