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Tom tit

Bot huynh quang Sr,TiO, pha tap ion Ev’* da dwoc tong hop bang phuong phap phan &ng xiy ra 0 pha rin voi nhiét
d9 nung thiéu két & 1200°C trong khong khi véi nong do pha tap 1-6%. Vit li¢u thu dugc co ciu tric perovskite
thugc nhém khong gian I14/mmm va nong d¢ pha tap ion Eu* khong lam thay ddi cau triic cia vit liéu. Nhom khong
gian dic trung nay cua vat liéu ciing dwoc khao sat théng qua pho tan xa Raman véi cac dinh dac trung & cac vi tri
145, 240, 448 va 699 cm! , twong irng cac mode dao dong véi cac trang thai 2A +2E_ dac trung cia vat li¢u Sr, TiO,.
Két qua cho thay, vat liéu hap thu manh trong vung tir ngoai va anh sang xanh v@i cac dinh dic trung ciia mang nen
Sr,TiO, va ion Eu*, cho _phat xa manh trong vung anh sang d6 v6i cac dinh phat xa dac trung cia ion Eu* trong
mang nen khi dich chuyén tir trang thai kich thich °D, ve trang thai ’F, (j = 0, 1, 2, 3...). Hi¢n twgng dap tit huynh
quang ciing duwgc quan sat thay o nong d¢ pha tap 4% ion Eu*'. Vit liéu ché tao dwgc phu hgp cho cac ing dung
phi trén chip LED nUV-LED.

Tir khod: perovskite, Sr,TiO, pha tap Eu, vét li¢u huynh quang pha tap Eu.
Chi s6 phén logi: 2.5

1. Mé dau ¢6 do chéi cao gay hai cho mat néu dung trong céc thiét b

. o . i chiéu sang. Do d6, dé phat huy nhiing tinh uu viét cia loai
Diot phat xa anh sang trang dugc coi la thiét bi chiéu sang LED ndy cin bé sung mot loai bot hugnh quang phat xa
thé hé mai dan thay thé céac thi€t bi chiéu sang truyén thong manh trong viing 4nh sén;g d(”). du(';i s kich thich ciia énl‘l
nhu: dén soi dot va huynh quang. Boi nhimg thict bi chicu btic xa ctia chip blue. Cac nghién ctru chi ra rang, nhom vat
sang ndy co nhur,lg uu diém noi tri so véi cic thiét bi huynh liéu huynh quang c6 cau trac perovskite khi pha tap ion kim
quang truyén thong nhu d6 befl cao, tiét kiém nang lugng, loai chuyén tiép va ion dat hiém c6 thé dap g tdt cac yéu
kich thudc nho va khong 6 nhiem moi truong vi khong phat .3, nay [11].
thai thily ngan ra moi truong [1-3]. Hién nay c6 3 phuong T o .
héo chil véu dé ché tao dén LED phat xa anh sine tr Trong s0 cac vt li¢u huynh quang c6 cau truc perovskite
ap chu yéu dé ché tao dén at xa anh sang tran .
Prap el yet de ehe 1o ¢ phat xa 4 SIS AN (4 perovskite keép thi ching t6i nhan thiy, nhém vat liéu
(WLED) gom: phu bot huynh quang phat xa anh sang mau

vang nhu YAG 1én diot phat xa mau xanh lam InGaN [4-6];

phu cac bot huynh quang phat xa anh sang xanh lam va anh

Sr,TiO, khi pha tap ion Eu*" co thé cho phat xa manh trong
ving 4nh sang do véi hiéu suat huynh quang cao [12-20].

sang mau vang 1én nUV-LED; tron 3 bot huynh quang phat 2. Thuc nghiém

xa 3 mau co ban 1én cac chip LED. Véi phuong phap dung Hg vat liéu Sr,_Eu TiO, pha tap ion Eu** véi x=0,05, 0,1,

diot phat xa mau xanh lam InGaN két hop véi bot huynh
quang phat xa vang Y,Al,O ,:Ce** thuong cho WLED véi
chi s6 hoan mau thap (thudng <80%) vi su thiéu hut ving
phat xa do so voi anh sang mat troi ¢ vung trén 600 nm [7-
10]. Vi vay, cic WLED ché tao theo cong nghé nay thuong
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0,2,0,3,0.4, 0,5 va 0,6 dugc tong hop theo phuong phap phan
{mg pha rin truyén thong sir dung cac tién chat ban dau, gom
cac oxit hodc mubi carbonate cua cac kim loai twong g nhur:
SrCO,, TiO, va Eu,0, cua Hang Merck voi do sach 99,9%.
Céc bot oxit hodc mudi kim loai nay duogc séy kho & nhiét do
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Abstract:

Fluorescent powder Sr,TiO, doped with Eu’* ions was synthesised by the solid-phase reaction method with a
sintering temperature of 1200°C in the air with a 1-6% doping concentration. The resulting material has a perovskite
structure of I4/mmm space group, and the Eu*" ion doping concentration does not change the material’s structure.
This characteristic space group of the material was also investigated through the Raman scattering spectrum with
characteristic peaks at positions 145, 240, 448, and 699 cm™ corresponding to vibrational modes with 2A  + 2Eg
characteristic states of Sr,TiO, material. The results showed that the material absorbs strongly in the ultraviolet
and blue light regions with characteristic peaks of the Sr,TiO, matrix and Eu*" ions to emit strongly in the red
light region with characteristic emission peaks of Eu®*" ions in the background network when moving from the
excited state °D, to state 7Fj (j is a positive integer number). Fluorescence quenching was also observed at a doping
concentration of 4% Eu®" ions. The fabricated material is suitable for coating applications on nUV-LED LED chips.

Keywords: Eu-doped fluorescent materials, Eu-doped Sr,TiO, perovskite.
Classification number: 2.5

200°C trong 4 gio, sau d6 dugc can theo ty 1¢ hop thirc biang
can dién tr vdi do chinh xac £0,1 mg. Cac mau duge ché tao
bang phuong phap phan ung pha ran theo phuong trinh sau:

28rCO, + TiO, — Sr,TiO, + CO, + O,
3. Két qua va ban luan

3.1. Khao sdt céu tric

phéng mang dac trung (001), (010), (103), (110), (105),
(006), (200), (116), (107), (213), (206), (116), (220) va
(311) [21]. Két qua thu dwoc cho thay, vi tri cac dinh nhidu
xa ctia vat lidu tong hop duoc tring véi thé chuan. Piéu do
chung té ré‘lng, vat liéu thu duge c¢6 do két tinh cao va chit

lwong tinh thé t6t.

Trén hinh 1 13 gian d6 nhiéu xa
tia X clia cic mau Sr,TiO, pha tap
1% ion Eu** cung véi thé chuan
JCPDS 00-039-1471. Két qua phan
tich cho théy, vat liéu thu dugce cod
cdu truc tir gidc (Tetragonal) thudc
nhom khong gian [4/mmm. Day 1a
nhom khong gian dac trung cta vt
lidu c6 ciu trac perovskite dugc
kéo dai vé phia truc tung khac voi
ciu tric perovskite nguyén thiy.
Doi chiéu voi thé chuén JCPDS —
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00-039-1471 thi ciu triic cla vat SR
liéu Sr,TiO, v6i nhom khong gian
[4/mmm tuong Gng véi cdc mat
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20 (d9)
Hinh 1. Gian dé nhiéu xa tia X ciia mau Sr,TiO, pha tap 1% (A) va 1-6% Eu (B) nung & 1200°C.
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Dé khao sat sy anh huong ciia ndng do pha tap ion Eu’*
dén céu tric cua vat liéu, chung toi da tién hanh khao sat
gian dd nhidu xa tia X cta cac mau vat liéu Sr, TiO, pha tap
ion Eu* véi ty 18 1-6%, két qua thu dugc ¢ hinh 1B. Két qua
cho thay, vi tri cac dinh nhiéu xa tia X gan nhu khong thay
d6i khi thay ddi nong d6 pha tap 1-6%. Vi tri cac dinh nhidu
xa ndy véi cac mat phiang mang (001), (010), (103), (110),
(105), (006), (200), (116), (107), (213), (206), (116), (220)
va (311) & vi tri cac goc nhiéu xa 26=23,67, 28,07, 31,16,
32,26, 35,46, 43,39, 46,48, 54,67, 55,96, 57,07, 65,12,
66,22, 67,99 va 77,25° gan nhu khong thay doi khi thay doi
ndng do pha tap 1-6%. Két qua nay chimg to ring, khi pha tap
ion Eu** vao mang nén ctia vat liéu Sr,TiO, khong lam thay
doi cau trac tinh thé cta vat li¢u. Di€u nay co thé dugc giai
thich 1a do cac ion Eu** chi thay thé cac ion Sr** & trén bé mat
vat liéu hodc luong ion Sr** bi thay thé chwa du 16n dé c6 thé
lam thay ddi cau triic tinh thé ctia vat lidu.

Nhu vay, chtiing t6i da ché tao thanh cong vatli¢u Sr, TiO,
pha tap ion Eu’* véi ty 1& 1-6% co chat lugng tinh thé tét.
Trén co s6 nhitng mau vat liéu Sr,TiO, pha tap ion Eu** véi
ty 18 1-6% nay, ching toi tién hanh do phd tin xa Raman,
phé kich thich huynh quang va phd huynh quang cta ching
dé khao sat tinh chit quang cua vat liéu.

3.2. Tan xa Raman

Dé khao sat cac mode dao dong dang trung cua vat licu
ciing nhu anh huéng cta sy pha tap Eu vao mang nén dén sy
lién két, chung t6i da tién hanh do phd tan xa Raman cuia cac
mau vat liéu Sr,TiO, pha tap ion Eu’* véi ty 1¢ 1-6% nung
thiéu két ¢ nhiét do 1200°C. Két qua thu duoge ¢ hinh 2A cho
théy, vat liéu co cac dinh phé dac trung cho cac mode dao
dong cua vt liéu Sr,TiO, ¢ cac ) song: 145, 240, 448 va
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699 cm!. Cac dinh nay tuong tng véi cac mode dao dong
v6i cdc trang thai 2A, + 2E . Dinh 145 cm dugc gan cho
trang thai E g tuong u’ng voi hen két O,-Ti-Sr; dinh 240 cm’!
tuong ung mode dao dong A2u, 2(Sr—02) va cac bdi cua
ching (448 va 699 cm™) [22].

Khi khao sat phd tan xa Raman cua cac mau vat liéu
Sr TiO, pha tap ion Eu** VO‘l ty 16 1-6% trén hinh 2B thi thdy
rang, vi tr1 cac dinh phd gan nhu khong thay doi. Dleu do
ching t6 ring, qué trinh pha tap ion Eu®* vao mang nén vat
lidu khong 1am thay doi ciu triic ctia vat liéu nén. Két qua
thu duoc nay phu hop vai két qua khao sat sy phu thude cdu
trac tinh thé cua vat liéu vao néng do pha tap khi khao sat
XRD cua vat liéu.

3.3. Tinh chit quang cua vt liéu

Vi cac mau Sr,TiO, pha tap ion Eu** tong hop duoc, chung
t6i tién hanh do phd huynh quang ciia chiing & nhiét do phong.
Hinh 3 14 phd huynh quang cta mau Sr,TiO, pha tap 5% ion
Eu’. Két qua cho thdy, vat liéu phat xa manh trong ving 4nh
sang do tir khoang 575 dén 710 nm véi cac dinh phat xa 577,
592,612, 626, 650 va 700 nm. Cac dinh phat xa nay dugc quy
cho qué trinh chuyén doi ctia ion Eu®* trong mang nén tinh thé
ctia vat liéu Sr,TiO, pha tap ion Eu*". Cac qua trinh chuyén
doi nay 12 577 nm v6i qua trinh dich chuyén cua dién tir tir
trang thai kich thich °D, vé trang thai ’F . Dinh 592 nm 1a quéa
trinh dich chuyén cua dién tir tir trang thai kich thich °D —

F ; dinh vung phat xa tir 610-630 nm v&i hai dinh 612 va 626
nm la qua trinh dich chuyén ctia dién tr tr trang thai kich thich
°D,— F,; dinh 650 nm la qua trinh dich chuyén cua dién tir
tur trang thal kich thich °D;— ’F, va dinh 700 nm la qua trinh
dich chuyén cua di¢n tir tr trang thai kich thich D — "F..
Dai phat xa 614 va 700 nm tuong ung voi cac chuyen doi

ludng cuc dién °D, - 'F, va

@) =

145E,,
u, 5
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Cuong dg (d.v.t.y)
Cuwong do (d.v.t.y)

°D, - F, cua ion Eu’. Vé
nguyén tac, cac chuyén doi
ludng cyc dién nay bi cAm
boi quy tic loc lwa Laporte,
tuy nhién khi ion Eu®* nam
trong mang nén chét rin, thé
truong tinh thé (V) tac dong
té1 Hamiltonian cua ion Eu’”,
nhirng s6 hang 1& cia trudong

tinh thé c6 thé ting cuong lién
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Hinh 2. Phé tan xa Raman ctia mau Sr,TiO, pha tap 4% ion Eu* (A) va cac méu Sr,TiO, pha tap 1-6% ion Eu** (B),

nung 1200°C, do & nhiét d phong v&i bwéc song quét 532 nm.
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Hinh 3. Phé huynh quang cta mau Sr,TiO, pha tap 5% ion Eu*, nung &
1200°C, do & nhiét d6 phong vé&i bwéc song kich thich 363 nm.

Dé khao sat ngudn gbc cua cac dinh phat xa nay, ching
t6i tién hanh khao sat phd kich thich huynh quang cua
chiing, két qua dugc thé hién & hinh 4. Pho kich thich bao
gdbm mot dai kich thich rong 325-450 nm va mét sb dinh
vach sic nét ciia sy chuyén tiép dic trung ciia Eu®*. Déi rong
nay chinh la dai truyén dién tich (CTB - Charge transfer
band) dugc giy ra boi mot sé qua trinh chuyén ddi dién tich.
Két qua thu dugc cho théy, vat liéu hép thu manh trong ving
tir ngoai va tir ngoai gan voi dai song 300 dén 475 nm. Céc
dinh kich thich quan sat dugc chi yéu do sy dong gop boi
cac chuyén doi dién tir tir mirc ’F, va’F 1én cdc mic nang
lugng cao hon ctia ion Eu™’, twong tmg 1a 'F - °L, (393 nm),
F, -°L, (396 nm), ’F -°D, (414 nm) va’F - °D, (464 nm).
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Hinh 4. Phé kich thich huynh quang ctia mau Sr,TiO, pha tap 5% ion Eu*,
nung & 1200°C, do & nhiét A6 phong vé&i cac dinh phat xa 572, 592, 627
va 701 nm.
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Ngoai ra, sy bat ddi ximg ciia ving hap thu CTB cia
mang nén trong ving budc séng tir 325 dén 390 nm cho
thiy, trong ving kich thich huynh quang nay c6 su chong
chap ham song ctia mang nén tinh thé voi qua trinh hép thu
ctia ion Eu** & cac trang thai hap thu tir ’F, - °H, (296 nm),
’F, - *H,, 'F, - °D,, F, - °D,, F, - °G, va 'F, - 5G,. C6 thé
thay, cuong do cac vach kich thich twong timg véi cac chuyén
doi'F,-°L,F -°D, va’F, -°D, kha manh va phd hep, trong khi
cac chuyén doi con lai ¢6 cuong do yéu hon [2, 7].

Trén co so vat liéu hap thu manh trong ving tir ngoai
v6i cac bude song phan tich néu trén. Ching t6i di do phd
huynh quang ctia vat li¢u v6i cac budc song kich thich khéac
nhau & cac gia tri 363, 393 va 464 nm dé tim ra buc xa ma
vat liéu c6 kha nang phat quang tot nhat. Két qua thu duoc &
hinh 5 cho thay, vat liéu phat xa manh trong ving anh sang
d6. Tuy nhién, voi cac budce song kich thich khac nhau thi
cuong do huynh quang cta vat liéu la khac nhau nhung vi
tri cac dinh phat xa gén nhu khong doi.

8 Ex: 363 nm

Ex: 393 nm

Ex: 464 nm
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Hinh 5. Phé huynh quang clia mau Sr,TiO, pha tap 2% ion Eu*, nung &
1200°C, do & nhiét d6 phong vé&i bwéc séng kich thich 363, 393 va 464 nm.

Vi bude song kich thich 363 nm (day 1a budc song hp
thyu manh cta mang nén tng véi giai CTB cua vat liéu nén
Sr,TiO,) thi vat liéu cho phat xa manh ¢ 2 dinh phat xa 576
va 626 nm. Hai dinh phat xa nay hep hon nhiéu so véi khi
kich thich vat liéu & budc song 393 va 464 nm. Két qua nay
cho thdy, khi kich thich & budc song 363 nm véi budc song
h?ip thu manh ctia mang nén va kich thich tim sau cua cac tim
phat xa tir ion Eu** va qué trinh nay khong anh huéng dén
nhiéu loan do truong tinh thé gay ra. Nhung khi kich thich ¢



budc song 393 va 464 nm thi do anh huong cla truong tinh
thé va chong chap ham song ctia ion Eu** ciing nhu mang nén
nén cac chuyén doi bi cdm do quy tic loc lwa dwoc phép, qua
trinh nay lam ting d6 ban rong cua cac vach phd.

5 1% Eu’
2% Eu**
= l 3% Eu**
=
4% Ev’
= ( —— 5% Eu*
*; , —— 6%Eu*
"
S
@
=]
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£ z
5 ]
o
0
/I
AN
——— T T = T /‘/:\ T
550 575 600 625 650 675 700 725 750

Buwéc song (nm)

Hinh 6. Phd huynh quang ctia mau Sr,TiO, pha tap 1-6% ion Eu*, nung &
1200°C, do & nhiét do phong véi bwéc song kich thich 363 nm.

Trén co s& vét liéu cho phat xa tot nhét khi kich thich &
budc song 363 nm. Ching t6i di tién hanh khao sat s anh
hudng cta ndng do pha tap Eu 1én tinh chat quang cua
hé vat liéu nay. Hinh 6 1a phd huynh quang cia ho vét liéu
Sr,TiO, pha tap Eu** véi ndng do 1-6%, budc song kich thich
0 363 nm, do ¢ nhiét d§ phong. Két qua khao sat cho thay,
vat li€u phat xa manh trong vung anh sang do voi cac phat
xa dic trung cta ion Eu®* trong mang nén cua St,TiO,. Két
qua cho thay, khi ndng d6 pha tap Eu** ting Ién thi cuong do
ctia cac dinh huynh quang c6 xu hudng ting. Két qua nay
duoc gii thich 1a khi ndng d6 pha tap Eu** tang 1én thi mat
dd tam phat xa tang 1én 1am cho cudong d§ huynh quang cua
cac dinh c6 xu huéng ting. Tuy nhién, chung t61 quan sat
thdy & cac vi tri dinh phat xa khac nhau thi cuong do huynh
quang cuc dai ing v6i ndng do pha tap 1a khac nhau. Vi
dinh phat xa 576 va 627 nm thi cuong d¢ dinh nay dat gia
tri cuc dai 1a 2% Eu; voi dinh phat xa 394, 618 va 701 nm
thi cuong do cuc dai twong (mg véi mau pha tap 6% Eu. Két
qua nay cho théy, voi dinh 576 va 627 nm da xay ra hién
tuong dap tit huynh quang do nong d6 tng véi 2%.

4. Két luan

Trong bai bao nay, bot huynh quang Sr, TiO, pha tap ion
Eu®* v6i ndng 1-6% dugce tong hgp bang phuong phap phan
mg xay ra ¢ pha ran. Pho kich thich huynh quang cua vat
lidu 1a mot dai rong, 1a qua trinh chong chap cua qua trinh
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hap thy mang nén Sr,TiO, va ion Eu’*. Cuong d6 dinh kich
thich 16n nhat ¢ vi tri 363 nm, day la dai hap thu CTB cua
mang nén. Khi vat lidu dugc kich thich & bude song 363 nm
s& cho phat xa voi cuong d6 16n nhat. Cac dinh phat xa cua
vat liéu 1a qua trinh chuyén muc ning lwong cua ion Eu®*
trong mang nén véi qua trinh dich chuyén mirc nang luong
tlr trang thai kich thich D, vé& 'F, . Hién tuong dap tat huynh
quang cua vt ligu trong mang nén Sr,TiO, khi pha tap ion
Eu** ciing duoc tim thdy ¢ ndng do pha tap 2% Eu. Két qua
cho thiy, vat liéu phu hop cho cac tng dung trong chiéu
sang trang khi sir dung cac chip nUV-LED (395 nm) ciing
nhu chip Blue-LED (460 nm).

Bai bao nay dugc hd trg kinh phi boi dé tai Quy Phat
trién Khoa hoc va cong nghé Québc gia (NAFOSTED), ma
s6 103.03-2020.30. Céc tac gia xin chan thanh cam on.
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