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NGHIEN CUU PHO QUANG HQC CUA ION Tb* VA Sm* PONG PHA TAP
TRONG THUY TINH BORAT-KIEM

¢ Hoang Sy Tai®, Tran Ngoc!)
Tém tit

Cdc tinh chdt phé cia ion Th** va Sm** dong pha tap trong thiy tinh borat-kiém cé thanh phan
(70-x-y)B,0,.15Li,CO,. 15Na,CO .xTh,0.ySm,0, (BLN: Tb, Sm), ché tao bang phwong phdp nung
nong chay da dwoc nghién cuu. Cuong do phat quang phu thuéc nong dé pha tap Th** va Sm’** va
nong dé toi wu ciia ion Th** va Sm** pha tap lan heot la 0,75 mol% va 1,0 mol%. Cdc két qua cho
thdy vdt liéu thuy tinh borat-kiem dong pha tap Th™* va Sm™* birc xq dnh séng kép (mau xanh va mau
do) khi dwoc kich thich bang dnh sang tir ngoai gan, rat thich hop dé ché tao dén LED trang sir dung

trong ky thudt chiéu sang.

Tir khéa: ion Th** va Sm**, thiy tinh borat-kiém, ddp tdt vi nong dg.

1. Mé dau

Trong cac nén thuy tinh khac nhau thi thay
tinh borat-kiém khi dugc pha tap cac ion dat hiém
(RE) ¢6 kha nhiéu tinh chét dic biét bai thanh phan
nén va tap tao nén. H¢ vat li€u thuy tinh nay tap
trung cac wu diém nhu: ning lwong phonon thép,
on dinh co, nhiét, hoa cua cac oxide noi chung.
Mit khéc, su ¢6 mat cta kim loai kiém trong thanh
phéan thuy tinh sé& tao cho thily tinh ¢6 do trong sudt
cao, on dinh nhiét va do hoa tan ion dat hiém tot
[7], [8], [9]. Ngoai ra, thuy tinh chtta RE la vat
lidu c6 thé dung nhu dau do rat hidu qua dé danh
gia cac moi truong cuc bd xung quanh ion RE vi
céc chuyén doi f - f cia nd cung cap nhiéu thong
tin hiru ich vé& cdu trac cua trudng tinh thé xung
quanh ion do [2], [3], [4].

Trong sb céac ion dat hiém hoéa tri 3 (RE*)
thi ion Sm** va ion Tb** phat cac vach burc xa hep
hau nhu don sic, c¢6 thoi gian sdng dai. Pay 1a mot
trong cac vat liéu RE duoc str dung nhiéu trong san
xuét cac thiét bi trong linh vuc chiéu sang ving
nhin thay (trong viing anh sang d6 véi ion Sm* va
vung anh sang xanh v6i ion Tb*"). Tinh chat quang
cua cac ion tap chét trong vat licu ran 1a chu dé rat
dugc quan tam [17], [5]. [6], [7], chu yéu [a vi tim
quan trong ctia no trong sy phat trién vat liéu chiéu
sang hiéu suat cao (trang thai ran) dung lam ngudn
sang tring. Didt (diode) phat quang anh sang tring
v6i nhiéu wu diém vuot troi nhu: tudi tho 1ém, co
kha nang chiu nhiét va hiéu sudt phat quang cao
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[5], [8]. Do @6, dén LED mau tréng duoc du doan
s& 1a mot ngudn anh sang chi yéu dung trong linh
vuc chiéu sang trong twong lai gan.

Trong bai bao nay, chung t6i trinh bay cac
két qua nghién ctru vé phd quang hoc cua ion
Tb* va Sm’ trong thuy tinh borat-kiém (BLN).
Sy biic xa anh sang kép khi dugc kich thich bang
anh sang tr ngoai gan cia vat liéu thuy tinh dong
pha tap Tb* va Sm*" (BLN: Tb**, Sm**) thich hop
dé ché tao dén LED tréng sir dung trong k¥ thuat
chiéu sang [9].

2. Thwe nghiém

Thuy tinh BLN: Tb**, Sm** da duogc ché tao
bang k¥ thuat nung nong chay va lam ngudi thong
thuong. Thanh phan hoa hoc cua thuy tinh BNL 1a
(70-x-y) B,0,-15Na,0-15Li,0-xTb,0,-ySm,O,.
Hop chat dugc nung trong khong khi ¢ nhiét do
1323 K trong 1,5 gi¢ va k¥ thuat 1am ngudi nhanh.
Mau thuy tinh thu duoc trong sudt, déng déu,
khong c6 bot sau d6 duogc cit, mai, danh bong
tao thanh hinh tru khdi c6 do day d=1,0 mm, ban
kinh r = 6,0 mm (dugc st dung trong cac phép do
quang phé); mot phén duoc nghién léy hat kich
thudc 76-150 um duoc str dung dé do nhidu xa tia
X. Pho phat quang thu dugc bang hé Flourolog - 3
mau FL3 - 22 ¢6 do phan giai 0,3 nm, kich thich
bing 4ng sang dén xenon.

3. Két qua va thao luin

3.1. Pho nhiéu xa tia X ciia thiiy tinh BLN:
Tb*, Sm*

Kiém tra chat lugng pha két tinh ciia thuy
tinh béng viéc thuc hién phép do nhiéu xa tia X.
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Hinh 1 14 gian d6 ciia phép nhidu xa tia X thu duoc
ciia mau BLN ndng d6 tap 1a 1,0 mol% Tb** va
1,0 mol% Sm?* dai dién trong nhém mau da ché
tao duoc.

Gian d6 nhiéu xa tia X ctia cdc mau thay tinh
BLN dugc ghi trong vung goc 26 ¢6 gia tri tir 10°
dén 70°. Pho gdm mot dai nhidu xa rong véi ving
nhiéu xa cuc dai tuong tng véi goc 26 & khoang
250. Piéu nay cho thay vat lidu c6 ciu triic dang
v0 dinh hinh, 1a ddc trung cta vat li¢u thuy tinh,
két qua thu dugc pht hop véi mot sé cong bd vé
thuy tinh [1], [7].

il
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Hinh 1. Gian d6 nhiu xa tia X ciia miu BLN: 1,0
mol% Tb*, 1,0 mol% Sm**

3.2. Pho phat quang cia cia cac ion Tb*,
Sm** trong thuiy tinh BLN: Tb*", Sm**

Chung t6i thyuc hién khao sat phd phat quang
ctia cic mau thity tinh BLN: Tb**, Sm* khi thay
d6i ndng dd mol% cuia cac ion dat hiém pha tap.
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Hinh 2. Phd phit quang ciia thity tinh BLN: 0,75
mol% Tb*, y mol% Sm** véi sw thay doi ciia nong d
ion Sm*

Ph6 phat quang cua thuy tinh BLN:
0,75Tb*,ySm?*", trong d6 ndng d6 mol% cta Tb**
dugc giit nguyén 14 0,75 mol%, con ndng do ciia
ion Sm** thay ddi tir 0,75 mol% dén 1,75 mol%,
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thé hién & Hinh 2. Chung t6i thay rang, khi thay
d6i ndong do ion Sm3* thi phd phat quang co su
thay d6i img v6i dai phat quang dic trung cua ion
Sm?* tir 550 nm dén 720 nm, cac dai nay twong
{rmg ning lugng dugc giai phong bai cac chuyén
doi tir mire ‘G, , xuéng céc mirc °H, - °H,,, ‘H, ,,
H11 ,,- Trong do, chuyen doi *G,,, xuong mirc °H, |
c6 cudng d6 16n nhit trong khoang tir 590 dén 600
nm. Mit khac, vi tri xuat hién cac cuc dai phat
quang cua ion Sm*" khong chiu anh huong cua ion
Tb**, ddng thoi sy thay d6i ndng d6 cta ion Sm’*
ciing khong anh huéng dén dai phat quang cta ion
Tb**. Chung t6i ciing thiy rang, khi ting nong do
mol% ctia ion Sm** tir 0,75 mol% dén 1,0 mol%
thi cuong do phat quang Urng vai dai phat quang
dic trung ciia ion Sm?* tang nhung khi tiép tuc ting
nong do ion Sm** thi cudng do phat quang giam.
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Hinh 3. Pho phit quang ciia thiiy tinh BI:N :
x mol% Tbh*, 1,0 mol% Sm** véi su thay doi cia
nong do ion Th*

Ph phét quang cua thay tinh BLN: x Tb*,
1,0 Sm*, trong d6 ndng do mol% ciia Sm*>* dugc
gilt nguyén 1a 1,0 mol%, con ndng do ctia ion Th**
thay doi tir 0,5 mol% dén 1,5 mol%, thé hién ¢
Hinh 3. Chung t6i thiy rang, khi thay d6i ndng do
ion Tb* thi phd phét quang c6 sy thay d6i img voi
dai phat quang dic trung cta ion Tb*" tir 480 nm
dén 660 nm, cac dai nay twong Umg nang lugong
duoc giai phong boi cac chuyén doi tir mire °D,
xudng céac muc 'F,,’F,,'F,, ’F,. Trong d6 chuyen
doi°D xuong muc 7F co cuong d6 16n nhat trong
khoang 540 nm. Mat khac, vi tri xuat hién céc
cuc dai phat quang cua ion Tb* khong chiu anh
hudng cta ion Sm**, ddng thoi su thay dbi ndng do
ctia ion Tb** ciing khong anh huong dén dai phat
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quang cta ion Sm*. Chung tdi ciing thiy rang,
khi tang ndng d6 mol% cua ion TH*" tir 0,5 mol%
dén 0,75 mol% thi cuong do phat quang tmg véi
dai phat quang dac trung cua ion Tb** tang nhung
khi tiép tuc ting nong d6 ion Tb*" cuong do phat
quang giam.

Nhu vay, chung t6i thdy trong hé thuy tinh
nay ton tai hai loai tim phat quang 1a Tb* va Sm**
va sy phat quang cua cac tdm nay la doc lap voi
nhau. Cuong do phat quang phu thudc ndng do
pha tap Tb* va Sm** va ndng d6 t6i uu cta ion
Tb* va Sm* pha tap lan luot 12 0,75 mol% va
1,0 mol%.

3.3. Gian d0 toa dd mau thiy tinh BLN:
Tb3+’ Sm3*

Nhim dinh huéng ting dung vt liu trong ché
tao cac vat li¢u quang hoc, chung t6i da tién hanh
tinh toan va xac dinh toa do mau CIE (Commission
Internationle Eclairage 1931). Hinh 4 1a gian d6
toa d6 mau CIE cua thuy tinh BLN: Tb*", Sm**
khi duoc kich thich bang anh sang tir ngoai hodc
tir ngoai gan. Chiing ti thdy rang, toa d6 mau cia
btrc xa da dugc tinh toan va cho gia tri x = 0,4158,
y=0,5121 tng v6i ndng d6 tap BLN: 0,75 mol%
Tb*, 0,75 mol% Sm**, phd nam trong vung anh
sang mau vang va tiép giap ving anh sang xanh
thé hién ¢ Hinh 4 (a). Toa d6 mau CIE cua thuy
tinh BLN Tb*, Sm*" cho gia tri x = 0,4289, y =
0,5042 tmg v&i nong do tap 0,75 mol% ion Tb**
1,0 mol% ion Sm**, ph6 nam trong ving anh sang
mau vang Hinh 4 (b).

Tuong ty, Hinh 4 (c) 1a toa 6 mau CIE cua
thuy tinh BLN Tb**, Sm** v6i nong do tap 0,75
mol% ion Tb*" va 1,25 mol% ion Sm*" duoc tinh

toan cho gia tri x = 0,4029, y = 0,5199. Chting t6i
thiy ph6 déu nam trong viing 4nh sang mau vang
va tiép giap ving anh sang mau do.

@ (b) (©)

Hinh 4. Gian do toa do mau CIE cia thuay tinh BLN:
Tb**, Sm3*: (a) BLN: 0,75 mol% Tb?*, 0,75 mol%
Sm*"; (b) BLN: 0,75 mol% Tb*', 1,0 mol% Sm**; (c)
BLN: 0,75 mol% Tb*', 1,25 mol% Sm**

Nhu véy, vat liéu thuy tinh dong pha BLN:
Tb**, Sm* birc xa anh sang kép do - xanh khi duoc
kich thich mgt cach hiéu qua bdi anh sang tir ngoai
hoic tir ngoai gan.

4. Két luan

Céc tinh chat pho phat quang cta ion Tb**
va Sm** ddng pha tap trong thuty tinh borate-kiém
¢6 thanh phan (70-x-y)B,0;.15Li,CO,.15Na,CO,.
xTb,0,.ySm,O, (BLN: Tb, Sm), ché tao bang
phuong phdp nong chay da dugc nghién cuu. Su
dap tat phat quang xay ra khi nong do chat pha
tap cia Tb*" va Sm*" twong ting 1a 0,75 mol% va
1,0 mol%. Pic diém ctia cac tim phéat quang Th**
va Sm* va mdi quan hé gitta chiing di dugc thao
ludn. Cac két qua cho thay vat liéu thay tinh dong
pha tap Tb** va Sm* (BLN: Tb*, Sm*") buc xa
anh sang kép khi dugc kich thich mot cach hi¢u
qua boi dnh sang tir ngoai hodc tir ngoai gan, rat
thich hop dé ché tao dén LED trang str dung trong
k¥ thuat chiéu sang va hién thi, dic biét 1a ngudn
anh sang mau trang./.
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STUDYING OPTICAL SPECTRAL OF Tbh* AND Sm** IONS CO - DOPED
IN ALKALI BORATE GLASSES

Summary

Spectroscopic properties of Tb** and Sm** ions doped alkali metal borate glasses (70-x-y)
B,0,.15Li,CO,.15Na,CO,.xTb,0,.ySm, O, (BLN: Tb, Sm) fabricated by melting method have been
studied. The emission intensity BLN: Tb, Sm glasses is influenced by the Tb** and Sm** doping content,
and the optimum concentrations of Tb** and Sm*" are 0,75 mol% and 1,0 mol%, respectively. The
results indicate that BLN: Tb*" and Sm** glasses produce double emission (green to red color) via nearby
ultraviolet light stimulation and can be promising for white light emitting diodes.

Keywords: Tb** and Sm** ions; alkali metal borate glass, the concentration quenching mechanism.
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