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Tém tat. Vat liéu phat quang Ca2ALSiO7 dong pha tap Ce¥ va Sm* duoc ché tao bang phuong phap
phan tng pha rén. Gian d6 nhiéu xa tia X cho théy vat liéu c6 ciu trac pha t giac. Pho biic xa ctia vét
liéu Ca2Al2SiO7:Ce?,Sm? gobm moét dai rong co cuc dai bire xa 6 budce song 420 nm, déc trung cho chuyén
doi cta ion Ce® va cac vach hep 6 bude song 563, 602, 645 va 712 nm d4c trung cho chuyén doi cua ion
Sm?*. Hién tuong truyén nang luong tir ion Ce® sang ion Sm* ciing dwgc trinh bay va thao luan.
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Abstract. Luminescent materials Ca2ALSiO7 co-doped with Ce® and Sm* were prepared with the solid-
state reaction method. The XRD diffraction patterns show that the samples have a single tetragonal phase
structure. The luminescent spectra of Ca2Al:SiO7: Ce*,Sm?* phosphor have a broad band with a peak at
420 nm, characterizing the transition of the electronic configuration of Ce*" ion and narrow lines peaked
at about 563, 602, 645, and 712 nm, representing the transition of the Sm3 ion. The energy transfer from
Ce?* to Sm®* was presented and discussed.
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1 Mo dau

Viéc phat minh ra déen LED da khéi dau mot
cudc cach mang quan trong cho linh viec chiéu sang
cua thé ky nay. Pen LED da thay thé den soi d6t
hodc dén huynh quang nho hiéu suét phat quang
cao, tiéu thu dién ning thap va dac tinh than thién
véi moi treong. LED tréng dwoc ché tao dua trén
chip LED phat btic xa ttr ngoai gan hodc chip LED
mau xanh duoc pht mét 16p vat liéu phat quang
giup chuyén déi birc xa ban dau hodc bd sung mau
cho qua trinh tao ra LED trang. Trong nhitng ndm
gan day, vat liéu trén nén silicate da dwgc ché tao
va nghién cttu rong rai. Trong sd d6, vat liéu trén
nén silicate alumino kiém thé (Sr,Ca)2AlSiO7 pha
tap cac ion dat hiém dang dwgc cac nha khoa hoc
quan tam nghién ctu. Nam 1992, véi muc dich
nghién cttu d€ tao ra vat liéu tng dung lam laser
di6t (Laser Diode — LD), Larry va cs. da c6 cong bo
vé vat liéu CAS pha tap kim loai chuyén tiép Cr#
[1]. Tiép theo, mdt loat cac nghién ctru vé dac trung
quang phat quang cua vat liéu CAS pha tap, dong
pha tap cac ion RE* (Eu®, Er’, Ce?, Tb*, v.v.) da
duoc thue hién [2-6]; nghién cttu hién tuong truyén
nang lueong (Energy Transfer — ET) gitta cac cdp ion
Ced* va Tb* [5], Ce3* va Mn2*[7], Tm* va Dy [8] va
xac nhan cac ion Ce? va Tm?* déng vai tro la tam
tang nhay (tam S — Sensitizer), cac ion Tb%, Mn?,
Dy déng vai tro la tam kich hoat (tam A -
Activator). Tuy nhién, chwa c6 cong trinh nao cong
bd vé hién tuong truyén nang luong gitta ion Ce3*
vaion Sm* trong mang nén Ca2A1:Si07. Bai bao nay
trinh bay cac két qua nghién ctu vé dic trung
quang pho vat liéu Ca2Al:SiO7 dong pha tap ion
Ce3* va ion Sm3 duoc ché tao bang phuong phép

phan tng pha ran.

2 Thuc nghiém

Vat liéu phat quang Ca2Al:Si07 (CAS) dong
pha tap ion (Ce®, Sm¥) duoc ché tao bang phuong
phap phan ting pha ran. Cac nguyén liéu st dung
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gom: CaCOs (99,9%, Trung Qudc), Al20s (99%,
Trung qudc), SiO2 (99,9%, Han qudc), CeOz (99,9%,
Merck) va Sm20s (99,9%, Merck). Hon hop duoc
can theo ti 16 hop thitc; chat chay B20s duoc thém
vao voi ti 1& 4% khoi lwong san pham. Phéi liéu
duoc nghién tron bang c8i ma nao trong mot gio,
sau d6 hdn hop duwoc nung & 1280 °C trong mot gio
[9-12]. Gian d6 nhiéu xa tia X duoc ghi trén nhiéu
xa k& Bruker D8-Advance; ph6 phét quang (PL) va
phd kich thich phat quang (PLE) duoc ghi bang
pho k& huynh quang FS5 Spectrofluorometer cua
Edinburgh Instruments Ltd.

3 K&t qua va thio luan

31 Ct qua va thio ludn struments Lt

Ca2AlL2Si0y7: Ce?, Sm3+

Két qua phan tich nhiéu xa tia X trén Hinh 1
cho thdy, vat liéu ché tao duwgc ¢ cdu truc pha
mong mudn la CaAlSiO;, thudc pha ti gidc
(tetragonal) [9, 10, 13]. Mt khdc, trén gian d6 nhidu
xa khong xuat hién cac dinh dac trung cta cac ion
dat hiém cting nhu cac thanh phan phdi liéu ban
dau. Diéu nay ching to rang, cac ion dat hiém khi
duoc pha tap vao mang nén véi ham luong bé

khong lam thay ddi cau trtc pha caa vat liéu.
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Hinh 1. Gian d¢6 XRD ctia hé mau CAS: Ce®* (1% mol),
CAS: Sm* (1% mol), CAS: Ce?* (1% mol), Sm* (1% mol)
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3.2  Tinh ch nhiéu x cinh ch nhiéu Ca2A1:SiO~:
Ce3*, Sm3*

Su truyén nang luong xay ra khi c6 su phu
hop nang luong gitta nang lwong bitc xa cia tam S
va nang luong hap thu ctaa tam A [11, 14]. Két qua
thu dwoc trén Hinh 2 cho thdy, phd PLE cua vat
liéu CAS: Ce?* do ¢ btec xa phat quang la 420 nm c6
dang dai rong véi budce séng tir 300 dén 400 nm va
c6 cue dai & khoang 350 nm. Bén canh d6, phd PL
cua ion Ce¥ trong mang nén CAS duoc kich thich
bang bitc xa 350 nm, c6 dang dai rong véi bude
song ttr 365 dén 525 nm va cuc dai biic xa & budce
song 420 nm. Trong khi d6, trén pho PLE cua vat
liéu CAS: Sm3* (1% mol) do & birc xa 602 nm xuat
hién cac vach hep dac trung cho chuyén doi hap
thu cta ion Sm? véi bude song tir 300 dén 500 nm.
Két hop phd PL cta ion Ce3 va phd PLE cua ion
Sm?3 (Hinh 2), dai btrc xa ¢6 budce séng tir 365 dén
550 nm ctia ion Ce3 véi cuc dai ¢ 420 nm chong phu
1én dai phd PLE (374, 390, 411, 422, 437 va 472 nm)
cua ion Sm3*[13, 15]. Diéu nay cho thdy, cd thé co
hién twong truyén nang luwong tir ion Ce3* dén ion
Sm* trong mang nén CAS. Trong vat liéu CAS
dong pha tap ion Ce? va ion Sm*, ion Ce3* dong vai

tro la tdm S con ion Sm* ddng vai tro la tam A.

Két qua khao sat phd PL cua cdc mau CAS
don va dong pha tap Ce®, Sm* cung dugc kich
thich bang btic xa vdi budc séng Aex= 350 nm chi ra
trén Hinh 3. Két qua nay cho thay, ph6 PL ctia CAS:
Sm?¥ c6 dang vach hep vdi curc dai btee xa 6 602 nm,
ung vai birc xa ddc trung ctia ion Sm3. Pho PL cta
CAS: Ce3* c6 pho btic xa dang dai rong voi cuc dai
btic xa 6 budc séng 420 nm. Day la chuyén doi bic
xa ddc trung cta ion Ce®. Vat liéu CAS dong pha
tap ion Ce*, Sm?* cho bttc xa ddc trung ctia ca ion
Ce* vaion Sm* gom cac vach hep & budc séng 563,
602, 645 va 712 nm, ddc trung cho chuyén doi cua
ion Sm?* va dai rong co ciec dai bitc xa ¢ 420 nm,
dac trung cho ion Ce® [11, 13]. Tuy nhién, cuong
dd cuc dai cta btic xa 420 nm ctia mau CAS dong
pha tap giam di rdt nhiéu so véi mau CAS don pha
tap ion Ce3* khi dugc pha tap cung nong do va
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Hinh 3. Phd PL ctia CAS: Ce* (1% mol) (1), CAS: Ce3*
(1% mol), Sm** (1% mol) (2) va CAS: Sm* (1% mol) (3)
cung kich thich & Aex =350 nm
cuong do bic xa cua ion Sm* lai tang 1én dang ké
so véi mau CAS: Sm3*. Déng thoi, két qua trén
Hinh 2 chting t6 bttc xa phat ra ctia ion Ce¥ trung
hop v6i bec xa hap thu cta ion Sm3. Diéu nay thé
hién sy truyén nang luong tir ion Ce* sang ion

Sm? trong mang nén CAS.

Dé lam r6 hon co ché truyén nang luong tir
ion Ce* sang ion Sm* trong vat liéu CAS: Ce®,
Sm?¥, chang t6i tién hanh khao sat pho PL cta hé
CAS: Ce* (0,5% mol), Sm3 (x% mol) v6i nong do
Ce¥ duoc gitt nguyén khong d6i ¢ 0,5% mol, nong
d6 ion Sm3 thay d6i tit 0 dén 3% mol, cung do
trong cling mot diéu kién va kich thich bang btic xa
350 nm (Hinh 4). Két qua cho thdy rang, phd btic

xa cua mau dong pha tap c6 cac dich chuyén déc
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trung cta ca ion Ce? vaion Sm3*. Khi tdng nong do
tap ion Sm3* tir 0 dén 3% mol thi vi tri btic xa cuc
dai cua ion Ce* va ion Sm* trong phd PL déu
khong thay d6i, dong thoi cuong dd biic xa cua
Sm?¥ tang 1én va cta ion Ce¥ giam di. Hién twong
nay cho thdy, mac du néng do cua ion Ce? khong
thay doi nhung cuong d6 buc xa déc trung cho ion
Ce* giam di dang ké khi tang nong d6 pha tap ion
Sm3. K&t qua nay mot lan nita khang dinh c6 su
truyén ndng luong hiéu qua tir ion Ce3* sang ion
Sm? trong mang nén CAS. Bén canh d6, ¢ Hinh 5
khi khao sat phd PLE cua CAS: Ce3* (0,5% mol),
Sm3* (x% mol) do ¢ btrc xa 602 nm ctia ion Sm?¥* ¢d
cac dich chuyén hap thu ddc trung cho ca ion Ce3*
va ion Sm?. Cu th€ la trong khoang budc song ti
300 dén 375 nm, phd c6 dang dai rong véi cuc dai
btrc xa ¢ 350 nm, dac trung cho hdp thu cua ion
Ce*. Trong khoang budc song tir 375 dén 500 nm,
pho kich thich gom céc vach hep déc trung cho
chuyén doi hap thu cta ion Sm?¥. Két qua nay cho
thdy rang, trong vat liéu CAS dong pha tap ion Ce>
va Sm*, bén canh chuyén doi hap thu cua ion Sm3*
con c6 su déng gop chuyén doi hdp thu cua ion
Ce? d€ phat ra birc xa cta ion Sm3*. Ttr két qua thu
dwoc trén Hinh 4, ching t6i cling xac dinh duwoc
nong do pha tap t6i wu ctia ion Sm* trong hé mau
CAS: Ce? (0,5% mol), Sm3 (x% mol) la 1% mol.
Néu tiép tuc tdng néng do pha tap ion Sm3 thi
cuong d¢ phat quang cuc dai ctia ca ion Ce* va ion

Sm?3* déu giam do hiéu tng dap tit do nong do.
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Hinh 4. PhS PL cia hé mau CAS: Ce¥ (0,5% mol), Sm3*
(x% mol), ex = 350 nm
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Hinh 5. Ph8 PLE ctia hé mau CAS: Ce (0,5% mol), Sm?*
(x% mol), kem = 602 nm

4  Kétluan

Vat liéu CAS: Ce3*, Sm3* c6 cdu truc pha ti
gidc da duoc ché tao thanh cong bang phuong
phap phan ting pha ran. Phd PL ctia mau CAS: Ce¥*
c6 dang dai rdng, c6 curc dai 6 buredc song ¢ 420 nm
ddc trung cho chuyén doi dién tit cia ion Ce?. Pho
PL ctia mau CAS: Sm* c6 dang c4c vach hep véi
cuiec dai 0 budc séng 563, 602, 645 va 712 nm, dac
trung cho chuyén doi dién tit ctia ion Sm3. Hién
twong truyén nang luong tir ion Ce3* dén ion Sm3*
xudt hién trong mang nén CAS. Cuong d¢ phat
quang manh nhat ctia hé mau CAS: Ce**(0,5% mol),
Sm3* (x% mol) véi x =0, 0,25, 0,5, 1,0, 1,5, 2,0, va 3,0

t61 wu khi ndong d6 ion Sm3 1a 1,0% mol.
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