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by solid-state reaction method at 1200 °C. The obtained material is a

Revised:  26/11/2024 myltiphase structure with main phases La,SrTiOs, SrTiO; and La,O5, with an
Published: 26/11/2024 average size from 3 to 4 pum, with the structure almost independent of Eu
doping concentration. The obtained material strongly absorbs in the ultraviolet

and visible regions with characteristic absorption peaks of LSTO substrate

KEYWORDS material with CTB band at 288 nm and fluorescence excitation peaks of Eu®*

La,SrTiO; ions at positions 361, 375, 384, 395, 402, 414, 465, 474, 526 and 536 nm. The
material gives the best emission when excited at 395 nm, corresponding to the
energy level transition of Eu® ion from the ground state 'F, to the state °Ls.
Fluorescent materials When excited at 395 nm, the fluorescent powder emits strongly in the red-
Eu-doped fluorescent materials orange region, with an emission band from 575 to 725 nm, this emission band
is the state transition of Eu®* ion from °Dy to 'F; (j = 0, 1, 2, 3, 4). The
phenomenon of fluorescence quenching due to the concentration of the
material system is observed at 5% Eu. The obtained fluorescent powder has
potential applications in improving the quality of WLEDs when using nUV-
LED chips with an emission wavelength of 395 nm.
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Ngay nhan bai: 24/10/2024 Bo6t huynh quang LSTO pha tap ion Eu® voi n6ng do tu 1 dén 6%, béng

) phuong phap phan tng pha ran ¢ nhigt d 1200 °C. Vit ligu thu & dang da pha

Ngay hoan thi¢n: 26/11/2024 ¢4y trac vé6i cac pha chinh La,SITiOg, SrTiO; va La,0s, ¢6 kich thudc trung
Ngay diing: 26/11/2024 binh tir 3 dén 4 pm, ¢6 ciu triic gan nhu khong phu thuge vao ndng do pha tap

Eu. Vit liéu thu dugc hip thu manh trong ving tr ngoai va vung kha kién voi

\ . cac dinh hap thu dic trung cua vét ligu nén LSTO véi giai CTB ¢ vi tri 288 nm
TU KHOA va céc dinh kich thich huynh quang cua ion Eu®* & cac vi tri 361, 375, 384,

La,SrTiO; 395, 402, 414, 465, 474, 526 va 536 nm. Vit ligu cho phat xa tot nhat khi kich
thich & budc song 395 nm, twong Gtng Vi qua trinh chuyén mirc nang luong
cua ion Eu" tir trang thai co ban 'Fy 1én trang thai °Le. Khi kich thich & buéc
Vat ligu huynh quang song 395 nm bot huynh quang phat xa manh trong viing do - cam, véi dai phat
Vit lieu huynh quang pha tap Eu  Xa tir 575 dén 725 nm dai phat xa nay la qua trinh dich chuyén trang thai ctia
ion Eu’" tir °Dy v& 'Fy (j = 0, 1, 2, 3, 4). Hién tugng dap tat huynh quang do
nong do cua he vat IIeu dugc quan sat thiy & ty 1¢ 5%Eu. Bt huynh quang thu
dugc o tiém nang wng dung trong viéc cai thién chét lugng caa cac WLED khi
dung chip nUV-LED véi budc séng phat xa 395 nm.
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1. Gigi thigu

Trong nhiing thap nién gén day, dén LED d4 tré nén pho bién va thay thé cac thiét bi chiéu sang
truyen thong nhu dén soi dot, dén huynh quang va huynh guang compact béi chung c6 nhimg dac
diém noi troi so véi cac dén truyén théng nhu ¢6 hiéu Suét lugng tur cao, do bén co, nhiét cao, c6
tudi tho I6n hon rat nhiéu so véi nhitng dén truyén thong va tiét kiém ning lwong [1]-[3].

Trong chiéu sang dan dung nguoi ta thuong st dung dén LED phat xa anh sang tring
(WLED). Hién nay, WLED thuong mai duoc ché tao bang cach phu 1én chip LED phat xa xanh
duong (blue LED) mot 16p bot huynh quang phat xa vang (YAG:Ce®"), hodc pha bot huynh
quang 3 mau lén chip LED phat xa cén tir ngoai (NUV-LED) [4]-[8]. V6i cac WLED ché tao
bang phuong phap nay thuong c6 chi s hoan mau thap (CRI < 80) va nhiét d0 mau cao do dai
phat xa thiéu hut thanh phan do. Bé khic phuc nhuge diém nay, nguoi ta thudng bd sung vao phd
phat xa ciia dén bing cac loai bot phat xa manh trong cung anh sang doé [9]-[12]. Viéc b sung
anh sang do 1a can thiét dé nang cao chat luong cia WLED.

Nhiéu nghién ctru gan day cho thdy bot huynh quang trén nén vat liéu co ciu tric perovskite
va perovskite kép khi pha tap Eu [13]-[15] hoic mét s6 kim loai chuyén tiép nhu Mn [16]-[22]
cho phat xa manh trong ving anh séng do, c6 thé cai thién dugc chat lugng cua cac thiét bj
WLED khi str dung chip nUV — LED. Bong thoi khi s dung céc loai bot huynh quang nay c6 thé
g dung dé trang trén céc thiét bi chiéu sang cho cay trong.

Trong nghién ctru nay, chung toi da téng hop vat lieu LSTO pha tap ion Eu** bang phuong
phap phan pha ran, ¢ nhiét do 1200 °C, Vv6i nong do pha tap ion Eu* thay doi tir 1 — 6%. Anh
huéng caa ndng do pha tap ion Eu* dén céu trac va tinh chat quang cua vat liéu da duoc chung
to1 phén tich va khéo sat.

2. Thuc nghiém
2.1. Theec nghiém ché tgo

Bot huynh quang LSTO pha tap ion Eu®* voi nong d6 pha tap tir 1 dén 6% duoc tong hop bang
phuong phap phan ung pha ran, V6i cac tién chit ban dau La,03; SrO; TiO, va Eu,03 cua Merck
vo1 d6 sach 99,9%. Ban dau cac mau dugc nung so bd ¢ 800 °C va sau d6 nghién 1an 2 roi nung
thiéu két & nhiét do 1200 °C trong 24 gio.

2.2. Thuc nghiém do dac

Vit lidu sau khi duoc tong hop di duoc chiing t6i tién hanh khao sat cau tric tinh thé bang
phép phan tich gian do nhiéu xa tia X (XRD) dua trén hé do D2-Phaser (Bruker, KaCu = 1,54060
A). Hinh thai bé mat cua cac mau dwoc quan sat bang anh hién vi dién tir quét phat xa trudng
(FESEM) dura trén thiét bi FESEM-JEOL/JSM-7600F. Phé huynh quang (PL) va phd kich thich
huynh quang (PLE) duoc phan tich bang thiét bi F1000 cua hang Edinburch, véi ngudn kich 1a
dén Xenon co cong sudt 450 W.

3. Két qua va thao luan
3.1. Khdo sdt cau triic

Hinh 1 13 gian d0 nhidu xa tia X cia mau LSTO nung thiéu két & nhiét do 1200 °C véi nong
d6 pha tap ion Eu® tu 1 dén 6%. Ket qua nghién ctu cho thiy, vat lidu thu duoc 1a vat lieu da
pha cau tric, V6i cac cdu tric chinh gom La,SrTiOg, La,0s, SITiO; (LSTO) vei ty 1€ pha cu trac
La,SrTiOg chiém ty I& 16n trong vat ligu. Pha ciu trac ndy thudc cau triic perovskite kep thuge
nhém khong gian P121/n [13], [17], [23], véi cac dinh nhiéu xa dic trung (1 1 0), (1 12), (22 0),
(310),(132),(400)va(l16)¢ cac vitri 2023,67; 27,41; 39,32; 48,03; 54,20; 63,68 va
69,54 cua pha cau trac La,SrTiOq. Céc dinh nhiéu xa nay phu hop véi the chuan (JCPDS No. 70-
4252) dbi voi mang nén La,MgTiOs [23] c6 tinh twong ddng.
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Hinh 1. Gidn do nhiéu xg tia X ciza mau LSTO nung ¢ 1200 °C Véi nong dé Eu khdc nhau

Céc dinh nhiéu xa con lai c6 cuong d6 bé hon clia cac pha cAu tric La,05 va SrTiO; phu hop
V6i cac thé chuan (JCPDS No. 73-2141) [24], [25] va (JCPDS no: 35-0734) [26]-[28]. Sy hinh
thanh cac pha nay dugc cho la qua trinh tong hop vat liu chua dat dugc nhiét do t01 uu dé c6 thé
t6ng hop duoc vat liéu don pha ciu trac. Dong thoi két qua chi ra rang khi thay ddi nong do pha tap
ion Eu® khéng lam thay ddi cdu trac tinh thé cua vét liéu. Diéu nay cho thdy ion Eu*" di thay thé
t6t vao vi tri ciia ion La* boi hai ion nay c6 ban kinh xap xi nhau. Ban kinh ion cia Eu®* 1a 0,947
A, ban kinh ion ctia La* 1a 1,045 A trong khi d6 ban kinh ion Sr** (0,74 A) va Ti** (0,61A) [13].
3.2. Hinh thdi bé mgt va kich thwéc hat ciia vdt liéu

&;iiii

Hinh 2. 4nh FESEM cuia mdu LSTO pha tap 1% ion Eu®* nung ¢ nhiér dé 800 va 1200 °C

Pé khao sat hinh thai bé mat cua vat liéu LSTO pha tap ion 1% ion Eu3+, chung t6i da tién hanh
chup anh FESEM cua hai miu & ché d6 nung so bd 800 °C va mau nung thiéu két & 1200 °C. Két
qué trén Hinh 2 cho thdy v6i mau nung so bo & 800 °C, kich thudc hat phan bd trung binh khoang
150 nm dén 250 nm, con mau nung thiéu két & 1200 °C thi kich thudc hat phan b trung binh
khoang 3 pm. Két qua nay cho thdy khi nung u & 1200 °C thi kich thudc hat ting 1én do qua trinh
két tinh theo nhiét d6. Do do, c6 thé noi rﬁng bot huynh quang ma chung t6i ché tao duoc co kich
thudc kha phu hop cho tmg dung phii 18n cac chip LED trong céc thiét bi chiéu sang.

3.3. Tinh chdt quang cia vt li¢u

D¢ khao st tinh chat quang cua vat liéu, ching toi da tién hanh do phd huynh quang (PL) tai
395 nm va kich thich huynh quang (PLE) tai 609 nm cua mau LSTO pha tap 5%Eu*, nung &

http://jst.tnu.edu.vn 302 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(14): 300 - 306

nhiét do 1200 °C, trong mdi trudng khong khi, voi thoi gian nung 24 gio, bude séng kich thich
395 nm. Két qua phd PL trén hinh Hinh 3 cho thay vét li¢u phat xa manh trong ving do tir 575
nm dén 725 nm, Véi cac dinh phat xa dic trung cua ion Eu®* khi chuyén tir trang thai kich thich
°Dy Vé trang thai 'F; =0, 1, ...) [13], [29]. ‘Trong céac dai phat xa nay thi ving phat xa trong
khoang 605 dén 635 nm cé cucmg do lon nhat, dal phat xa nay dugc quy cho qua trinh chuyen
muc nang luong tir trang thai Dy V& trang thai 'F, cia ion Eu®*. Pay 1a trang thai dich chuyén
ludng cuc dién duge wu tién trong mang nén vat lieu LSTO. Nhitng dinh phét xa con lai ¢6 cuong
d6 nho hon vi qua trinh dich chuyén mic ning luong bi cAm boi quy tic loc lya trang thai coa
ion Eu®* trong truong tinh thé ciia vat ligu. Két qua nghién ctru nay cho thay ion Eu®* da thay thé
vao vi tri cia ion La>* trong mang nén cua vt liu La,SrTiOg [13]-[15], [29].
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Hinh 3. Phé PL cua bgt LSTO pha tgp ion 5 %Eu®" Hinh 4. Phé PLE do tai buéc séng 609 nm ciia mau
nung ¢ nhiét @6 1200 °C, do ¢ nhiét do phong LSTO:5% Eu** nung 1200 °C do & nhiét dé phong
Pé xac dinh ngudn gdc caa cac qua trinh hip thy cua vat liéu va danh gia kha nang ung dung

cua vat lidu trong cac thiét bi chiéu sang, chiing toi di tién hanh do phd kich thich huynh quang

(PLE) tai budc séng 609 nm cua bot huynh quang LSTO pha tap 5% ion Eu®* & nhiét do phong,

va két qua duoc trinh bay trén Hinh 4. Két qua chi ra rang, vat liéu hap thu manh trong ving tir

ngoai dén ving xanh dwong, véi cac dinh kich thich huynh quang & céac vi tri 361, 375, 384, 395,

402, 414, 465, 474, 526, 536 nm va mot dai hép thu réng ¢ vung 288 nm. Dai kich thich rong

trong vung tir Ngoai voi dinh 288 nm dwoc cho 1a do qua trinh chuyén muc dién tir tir ion

Eu**—0% (CTB) ciia mang nén LSTO.

Céc dinh sic nét con lai 14 qua trinh hap thu cua ion Eu® tir cac trang thai co nang luorng thap F;
(j = 0 — 4) 1én cac trang thai ning luong cao hon. Cac qua trinh dich chuyén nay gdbm: 'Fo — °D,
(361 nm), 'Fo — °G, (375 nm), 'Fy — °G, (384 nm), 'Fy — °Lg (395 nm), 'Fy — L (402 nm), Fy
— °D; (414 nm), 'Foy — °D, (465 nm), "Fy — °D; (526 nm) va 'F; — °D; (536 nm) [13], [29].

Trén co s& phd PLE thu dugc, ching toi da tién hanh do phd PL cua mau vat liéu LSTO pha
tap 5% ion Eu® voi cac bude séng kich thich khac nhau.

Hinh 5 1a két qua nhan dugc caa phd PL véi cac bude song kich thich 288, 395, 465 va 536
nm cua Vit liéu LSTO:6% Eu**. Qua quan sat ching t6i thiy rang vat liéu phat xa manh trong
ving anh sang cam-d6 Vai cac vi tri dinh phat xa gan nhu khong doi khi thay doi budc song kich
thich. Cac dinh phat xa nay 1a cac dinh phat xa ddc trung cia ion Eu** ma khong phat hién thay
bat ky dinh phat xa la nao khac. K&t qua chi ra rang vat liéu phat xa véi cu:c‘mg d6 manh nhét khi
klch thich & budc song 395 nm. Pay la dinh kich thich dic trung cia ion Eu®" tir trang thai co ban

Fy 1én trang thai kich thich °Le. Piéu d6 cho thdy vat liéu huynh quang ma ching toi che tao
dugc ¢o tiém nang wng dung cho WLED khi st dung chip nUV-LED 395 nm lam ngudn kich
thich. Bong thoi ching toi quan sat thiy rang, vi tri ciia cac dinh phat xa tuy thay dbi khong dang,
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nhung cuong d6 phat xa phu thudc rat manh vao budc song kich thich. Cudng d6 phat xa manh
nhét thu duoc khi kich thich tai budc song 395 nm. Piéu nay ciing kha phu hop véi phd PLE
quan sat trén Hinh 4. Do d6, chung t6i chon budc song kich thich 395 nm dé thuc hién cac nghién
ctru tiép theo.
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Hinh 5. Phé PL cia mau LSTO:6% Eu®*" nung ¢ Hinh 6. Phé PL ciia cdc mdu LSTO nung ¢ 1200 °C

1200 °C, véi buéc séng kich thich 288 nm, 395 nm, V6i nong dg phatap 1+ 6% Eu®, do & nhiét do
465 nm va 536 nm, do ¢ nhiét do phong phong voi budc séng kich thich 395 nm

3.4. Anh hwong ciia néng dp EU** Ién tinh chdt quang cia vit liéu
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Hinh 7. So' d6 mirc ndng lwong va qud trinh truyén nang heong va dich chuyén mize nang lhrong trong
vdt ligu LSTO pha tap ion Eu®*

Trén co s¢ phan tich kha nang hép thu caa ho vat liéu nay, chung t6i da tién hanh do phd PL
clia cac mau LSTO pha tap ion Eu** & cac ndng pha tap khac nhau, véi budc séng kich thich 395
nm, thu duoc két qua trén Hinh 6. Két qua phan tich cho thay vat liéu phat xa manh trong vung
anh sang d6 véi cac dinh dic trung cta ion Eu®*. C6 thé thay ring hinh dang cua cac phd 1a gan
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nhu khong thay doi khi thay d6i nong do pha tap ciia ion Eu®*. Tuy nhién, cuong do PL phu
thuoc rat manh vao né)ng do Eu® pha tap. Pau tién, khi nf”)ng do ion Eu* tang lén tr 1% dén
5%Eu®" thi cudng d6 huynh quang cua cac dinh ting 1én va sau d6 cudng do PL giam xudng khi
tiép tuc tang ndng d6 EU** 1én 6%. Piéu nay co thé giai thich nhu sau: khi ting ndng do Eu®" tir
1% dén 5%, qua trinh thay thé ion Eu* cho ion La* trong mang nén ting, dan dén lam ting mat
d6 tam phat quang Eu®* tang va tang cuc‘rng d6 phat xa trong mau. Khi nong d tiép tuc ting 1én
6%, khoang céch giira cac 10n Eu® - Eu® dat dugc dén ban kinh t6i han (Rc), din dén qua trinh
truyén néng luong ion Eu®* nay sang Eu®* khac va két qua 1a lam cho cuong d phat xa cua mau
giam xuong. Hién tugng nay goi 1a hién twong dap tat huynh quang do nong d6. Bé rd rang hon
V6i cdc qua trinh hap thu va phat xa cua ion Eu®* trong mang nén LSTO, gian d cac mirc nang
luong chi ra cac qua trinh hap thy, phat xa cta vat liéu dugc trinh bay trén Hinh 7.

Trong nghién ctru nay, vat liéu LSTO pha tap ion Eu®* cho phat xa tét nhat khi mau nung tai
nhiét ¢6 1200 °C vai nong do pha tap 5%.

4. Két luan

Chung t6i di ché tao thanh cong bot huynh quang LSTO pha tap ion Eu** véi ndng do tir 1 — 6%
bang phuong phap phan ng pha ran & nhiét 6 nung thidu két 1200 °C. Vit liéu thu duogc c6 kich
thudc hat trung binh tir 3 — 4 um. Két qua cho thay vat liéu LSTO thu dwoc hap thu manh ving can
tr ngoai (NUV) xung quanh budc séng 395 nm va phat xa trong viing anh sang cam do (575-725
nm). Biéu kién thyc nghiém tbi wu dé bot huynh quang LSTO:Eu®* cho phat xa manh nhat khi u tai
1200 °C va pha tap 5%Eu®. Két qua cho thiy vat liéu LSTO:Eu®" chung t6i ché tao dugc phu hop
vai ting dung ché tao WLED trén co s& st dung chip NUV-LED lam ngudn kich thich.
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