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Tém tat: Vat liéu phat quang Li,SrSiO, pha tap ion dat hiém (RE) dwoc ché tao bang phwong phap phan
(rng pha ran, nung thiéu két trong moéi trweng khie bang khi CO. Két qua nhiéu xa tia X (XRD) cho thay
vat liéu ché tao dwgc c6 cAu trdc tinh thé luc phwong. Phd kich thich phét quang va phd phét quang cla

Li,SrSiO:Eu?* va Li;SrSiO,:Ce® cling dwoc tim hidu. Két qua phan tich cho thdy phd kich thich cia
Li,SrSiO4:Eu?* gdbm hai dam réng nam trong ving t& ngoai va xanh lam, phd phat quang cé dang dam

réng déc trwng cho ion Eu?; phd kich thich cla Li,SrSiO,:Ce? gébm hai dam ndm trong ving t& ngoai,

phd phat quang c6 dang dam rong trong viing t& ngoai gan- xanh lam cho thdy ion Ce?* thich hgp lam
tam téng nhay trong céc vat liéu ddng pha tap phéat birc xa viing nhin thay.

Tir khéa: vat lidu phat quang; dat hiém; LED; phd phat quang; phd kich thich.

1. Gii thiéu

Hién nay, cong nghé ché tao LED trang dang duoc
cac nha khoa hoc quan tdm phét trién nham thay thé cho
c4c thiét bi chiéu sang dang st dung 1a dén huynh quang
va dén néng sang truyén thong do cac uu diém vuot
troi: hiéu suit phat quang cao, tuéi tho dai, thiét ké linh
hoat, tranh dugc sy 6 nhiém thuy ngan [2]. Pic biét,
cdng nghé ché tao LED tring cang tré nén diy hwa hen
khi n6 gitp con ngudi tiét kiém duoc ning lugng. Trong
cdng nghé LED trang, vat liéu phat quang dong vai tro
rat quan trong nén viéc ché tao duoc vat liéu phét quang
¢6 hiéu nang cao, dugc kich thich bang buc xa tir ngoai
hoic xanh, c6 thé phat ra cac buc xa trong ving kha
kién tro thanh van dé& khoa hoc cong nghé dugc quan
tam hang dau. Pho phét quang cua LED tring st dung
vat liéu phéat quang phu thudc chu yéu vao ion tap va
ciu trac tinh thé cia mang nén. Céc loai vat liéu phat
quang c6 mang nén dang kiém - kiém thé silicate theo
cac nghién ctu trude day cho thdy né l1a mang nén thich
hop dé pha tap cac ion dat hiém va kim loai chuyén tiép.
Céc vat liéu nay khi pha tap c6 thé duoc kich thich bang
c4c buc xa trong ving tir ngoai gan - xanh va phat cac
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birc xa trong ving kha kién, d6 nhay phat quang cao dap
ung tét yéu cau vé vat liéu phat quang ché tao LED
tring. Trong bao céo nay, ching tdi trinh bay viéc ché
tao va khao sét tinh chét quang cua Li,SrSiOa: RE.

2. Thwe nghiém

Vat lidu LiSri1xSiOs: XRE (RE=Eu?*/ Ce3")
(x=0,5;0,75; 1,0; 1,5 va 2,0% mol) duoc ché tao béng
phuong phép phan tmg pha rén. Cac vét liéu ban dau
bao gdm Li;COs, SrCOs, SiO, vd Eu,03 hoic CeO;
dugc can theo ty 1& hop thirc dé tao thanh san phim
mong mudn. VAt liéu ban dau dugc phéi tron va nghién
min trong c6i ma néo trong thoi gian 1 gid. Sau do, vat
liéu dugc nén vién dinh hinh rdi nung thiéu két ¢ 850°C
trong thoi gian 3 gio. Toan bo qué trinh nung thiéu két
dugc thuc hién trong méi truong khir bang khi CO sinh
ra nho dét chay Cacbon ¢ nhiét dd cao. Muc dich cua
qué trinh nung trong moi truong khtr 1a nham dwa ion
Eu vé hoa tri 11 va ion Ce vé héa tri I11. Vat ligu sau khi
ché tao dugc nghién min va thuc hién phan tich ciu tric
tinh thé trén nhidu xa ké tia X Bruker D8 - Advance
(buc), phép do phd quang phat quang va phé kich thich
phat quang trén hé do quang phd FL3-22 cta hing
Horiba Jobin Yvon.

3.Két qua va thao luan
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3.1. Khao sat cau truc vat liéu

Sau khi ché tao duoc vat liéu, ching toi tién hanh
kiém tra cau tric dwa vao phd nhidu xa tia X (XRD).
Dbi voi hé vat lidu nay, nhom tac gia Ye Li [5] va
Mubiao Xie [4] nhan thiy cdu tric pha cua hé vat liéu
Li;SrSiOs phu hop véi file dr ligu JCPDS (Joint
Committee on Powder Diffraction Standards) 47-0120
cua Li;EuSiOs, do d6 chung t6i ciing su dung file di
liéu nay dé kiém tra cau tric cia hé vat liéu ma ching
t6i da ché tao.
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Hinh 1. Anh XRD cua LizSr1,SiO4:xEu?* (x=0,5 %mol),
nung thiéu két ¢ 850°C trong 1 gio: (a) va trong 3 gio (b)

Cuong do tuong doi

Hinh 1 la anh XRD cua Li>SrSiO4 pha tap 0,5% mol
Eu?* khi nung & 850°C trong thoi gian 1 gio (duong a) va
trong 3 gio (duong b). Két qua cho thiy trén duong a
ngoai pha tinh thé mong mudn con cé cac dinh cua
nhitng pha tinh thé khac khéng mong muén chua xac
dinh. Tuy nhién, néu tang thoi gian nung thiéu két tir 1
gio thanh 3 gio thi gian do nhiéu xa tia X ¢ dwong cong
b cho thay vt liéu thu dugc 14 hoan toan don pha, viéc
pha tap ion Eu?* khéng Iam anh huéng dén ciu trdc tinh
thé. Tinh thé c6 ciu tric kiéu luc phuong (hexagonal),
cac thong sé mang a=b=5.02700A; c=12.47000A;
0=B=90°; y=120°, thé tich 6 mang V=272,9A. Nhu vay,
diéu kiéen céng nghé ché tao vat liéu Li,SrSiO, la nung
thiéu két ¢ 850°C trong 3 gio.

3.2. Khao sat phd phat quang va phé kich thich
cua vat liéu LiSr14SiO4:xEu?*
- Phé phét quang cua LioSriSiOs:xEu

Phé phat quang cia hé mau LizSryxSiOsxEu? (x%
mol) nung trong méi trudng khi khir CO, kich thich bang
birc xa ¢6 budc song 410nm duoc chi ra trén Hinh 2.
Phé phét quang c6 dang dam rong ddc trung cho ion

Eu?*, hinh dang phé phét quang cua cac mau vat liéu voi
nong d¢ tap Eu?* khac nhau 1a twong tu nhau véi cuc dai
birc xa & budc song khoang 563nm. Cuong do bic xa
tang dan khi nong do tap ting va dat cyc dai Gng véi
nong do6 x=1,0% mol, sau d6 cudong do bic xa giam do
hiéu g dap tat vi nong do.

Trong mang tinh thé cua Li>SrSiOs, ¢6 hai vi tri ma
ion Eu?* ¢6 thé thay thé khi duoc pha tap vao trong vat
liéu nén, d6 1a vi tri caa ion Li* va cuaa ion Sr2*. Phd
phat quang cua vat lidu LizSri«SiO4:XEu?* thu duoc ¢6
dang d4m rong va chi c6 mét dinh, c6 nghia 13 ion Eu?*
khi di vao mang nén chi c6 thé thay thé vao mét trong
hai vi tri néu trén ma thoi. Xét vé phuong dién hinh thai,
phd XRD cho thay Li;SrSiO4 dong hinh véi LiEuSiOs
nén Eu?* c6 kha nang thay thé vi tri cua Sr¥. Xét vé
phuong dién twong tac luc cua ion, ban kinh tuong tac
ion cua ion Li* 12 0,73A, ion Sr2* 1a 1,26A va cua Eu?*
la 1,25A cho thiy ion Eu?* phii hop véi Sr?* hon 1a Li*.
Tur phan tich & trén, c6 thé du doan rang khi pha tap ion
Eu?* vao trong vt lidu nén Li,SrSiO, thi ion Eu?* s&
chiém vi tri cua ion Sr?* trong mang nén.
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Hinh 2. Phé phét quang (PL) cua vat ligu LizSriSiOa:
XEu2* (x %mol), kich thich bang b Xa ¢6 buéc séng 410nm

- Phé kich thich ciia LizSr1SiOs:xEu?*

Pho kich thich phat quang (PLE) cia cia mau
Li>Sr1«SiO4: XEu?* (x% mol) dugc khao sat tng véi birc
Xa phat quang c6 budc séng 565nm dic trung cho chuyén
doi kich thich cua ion Eu?* trong mang Li>SrSiOs duoc
trinh bay trén Hinh 3. Phd PLE gom hai dai rong, c6 cuc
dai & khoang 310nm va 410nm. Céc dai nay duoc quy
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cho chuyén doi duoc phép 4f7(8S72)—4185d caa ion Eu?*.
Khi nong d6 thay ddi, cuong d6 phét quang cua cac mau
thay d6i nhung vi tri ciia cac dam kich thich phat quang
khong thay doi.
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Hinh 3. Phé kich thich phat quang vat lidu Li,Sry.
xSi04:XEU%*(x %mol), ¢ budc song birc xa 565nm

3.3. Khao sat phd phat quang va phé kich thich
cua vat liéu Li>Sr;4SiO4:xCe®*

- Pdc trung phé phat quang cua vt liéu LioSri.
«Si04:xCe%*

Dbi véi vat lieu LioSrSiOs pha tap ion Cerium,
chung t6i da tién hanh nung thiéu két vat liéu trong moi
truong khtr bang khi CO nham chuyén cac ion Ce vé
héa tri I11.

Phé phat quang cua hé vat liéu LizSrixSiO,: xCe3*
(x = 0,5; 0,75; 1,0; 1,5; 2,0% mol) khi duoc chiéu xa
bai buc xa 350nm duoc chi ra trén Hinh 4. Két qua cho
thiy pho PL c6 dang dam rong trong ving tir ngoai gan-
xanh lam, nhu vay ion Ce®* thich hop cho viéc dung lam
tam tang nhay trong cac vat liéu ddng pha tap phat buc
Xa ving nhin thiy. Khi thay d6i ndng do tap ion Ce3*
cuong do buc xa cyc dai cua vat lidu thay di nhung
dang dai rong caa phd khong thay dbi. Cuong do buc xa
tang dan khi nong do6 tap Ce3* tang dan bt dau tir 0,5%
mol va dat cuc dai v6i ndng do 1,5% mol, sau d6 cuong
d6 burc xa giam do hiéu ung dap tat vi ndng do.
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Hinh 4. Pho phét quang cua vt liéu LiaSrixSiOa:
xCe3* (x %mol), kich thich bang b Xa ¢6 buéc séng 350nm

Tuong tu nhu Li;SrSiO4 pha tap ion Europium, do
ban kinh tuong tac ciia ion Ce3* 1a 1,004A gan véi béan
kinh tuong tac ion ctia Sr?* hon so véi ion Li%* nén khi
vao mang nén, ion Ce® ¢6 xu huéng chiém git vi tri
cua Sr*,

- Ddc trung phé Kich thich phat quang cua vat liéu
LizSr1.4Si04:xCe%*

Phé kich thich phat quang (PLE) cua cia mau
Li2Sr1xSiO4:xCe®* (x% mol), véi ndng do tap ion Ce®
khac nhau, thay déi tir 0,5 dén 2,0% mol, ung véi birc
Xa phat quang c6 budc song 420nm déc trung cho
chuyén doi kich thich caa ion Ce®* trong mang nén duoc
trinh bay trén Hinh 5. Phé PLE cua vt liéu nay gom 2
dai ¢6 cuc dai lan luot & khoang 275nm va 359nm. Day
I nguyén nhan ma vat liéu Li,SrSiOs4: Ce3* ¢ thé duoc
kich thich tét bang céc buc xa tur ngoai.
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Hinh 5. Phé kich thich phéat quang cua vt liéu
Li2Sr15Si04: xCe3* (x% mol), do & bic xa phat quang cé
buéc séng 420nm
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3.4. Panh gia

Vit ligu phat quang nén Li,SrSiO4 pha tap ion dt
hiém Eu?* hoic Ce®* dwoc nung thiéu két trong moi
truong khir bang khi CO ¢ nhiét d6 850°C trong thoi
gian 3 gio. Nhiét do va thoi gian nung thiéu két ma
ching t6i da thyc hién thap hon so vai cac nhém tac gia
khac da cong bd [1], [3], [4]. Vat ligu thu duoc cb cau
trac don pha, phat quang manh, cho buc xa phét quang
trong vung kha kién. Vat liéu LiSr1xSiO4:xCe3" phat
buc xa trong ving tir ngoai - xanh trong khi vat liéu
Li>Sr1xSiO4:XEu?* lai hdp thu manh trong ving nay,
diéu nay mo ra kha nang truyén nang luong tir tam Ce3*
sang tam Eu?* khi ta dong pha tap ca hai loai dat hiém
trén vao trong cling mot mang nén.

4.Két luan

Vit liéu silicate kiém - kiém thd Liz (Ca, Sr)SiOq 12
mang nén cé su on dinh héa hoc cao, it hat 4m. Vit liéu
nén sau khi pha tap ion dat hiém Eu hoic Ce c6 kha
nang phét quang cac biic xa trong ving kha kién, cuong
do phat quang dat cuc dai ung véi nong do pha tap
khong 16n Iim nén tiét kiém dat hiém. Do kha ning
truyén nang luong tir ion Ce3* sang ion Eu?* nén can ché
tao va nghién ciru co ché truyén ning luong cua hé vat
liéu khi dong pha tap ca hai loai ion dét hiém nay.
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CREATING AND INVESTIGATING LUMINESCENT PROPERTIES OF Li,SrSiO4:RE

Abstract: Li,SrSiO, phosphor doped with rare earth (RE) were prepared using a high tempereture solid-state reaction technique
with CO gas. The X-ray diffraction (XRD) result showed that the material produced had a hexagonal crystal structure. The
photoluminescence (PL) and photoluminescence excitation (PLE) of Li,SrSiO,Eu?* and Li,SrSiO,:Ce®" were also investigated.
Analysis results showed that the PLE spectrum of Li,SrSiO,:Eu?* had two wide bands in the UV blue region; the PL spectrum had a
wide band typical of the Eu?* ion; the PLE spectrum of Li,SrSiO,:Ce®* had two bands in the UV region and the PL spectrum shaped
like a wide band in the near blue UV regioned showed that the Ce®*ion could function as an energy transfer ion in many co-doped

phosphor materials that emit visible radiation.

Key words: phosphor; rare earth; LED; photoluminescence; photoluminescence excitation.
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