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Tém tat: Thay tinh pha tap Tb*/Sm* c6 hop phan TeO; - B,Os - ZnO - Na,O - RE,O; (RE:Tb, Sm) dwoc
ché tao bang phuong phap néng chay, céc tinh chat quang cla cac mau thiy tinh nay dwoc khao sét

théng qua phéd phat quang va phd kich thich phat quang. Phé phat quang ctia mau thiy tinh chi pha tap
ion Tb3 khi kich thich bing bwéc séng 379nm thi phét ra birc xa mau xanh dic trung tai viing 543nm
(°D4—"Fs). Phd phét quang ctia mau thdy tinh chi pha tap Sm®* khi kich thich bang budc séng 401nm thi
phét ra blrc xa mau dé déc trwng tai vang 600nm (*Gs;—°Hp). V&I mau ddng pha tap Tb*/Sm?, khi
kich thich bang bwéc séng 379nm thi cé sy truyén nédng lwong tir Th® sang Sm3*. Qua trinh truyén nang
lwong nay dwoc gidi thich théng qua gidn dd cac mic néng luong.

T khéa: ion Th®; ion Sm3; thay tinh Tellurite; truy&n nang lweng va tinh chét quang.

1. Gi&i thiéu

Nghién ctu va phat trién cac vat liéu phat quang da
va dang thu hat dugc sy quan tdm dic biét cua cic nha
khoa hoc trén thé giéi. Mot s cac nghién ciu ndy dan
dén su ra doi cua céc thiét bj cong nghé mai nhu: thiét
bi chiéu sang tiét kiém ning luong than thién voi moi
treong, man hinh ¢& I6n, dac biét 1a sy ra doi cia dén
LED tring ciing nhu cac san pham cong nghé c6 ¥ nghia
nhu dén compact, chup cat I6p vi ki thuat sé hay cong
ngh¢ danh ddu hong ngoai [1-6].

Dé c¢6 duogc cac tng dung nhu vy, dau tién ngudi
ta chd y tim céc vat lidu c6 niang lwong phonon nho dé
giam qué trinh phat xa nhiét da phonon va nang cao tiét
dién quang cua cac ion pha tap. Truéc day, thuy tinh
Silica c6 ning lugng phonon kha 16n (1100cm ). Trong
khi d6, thay tinh Chalcogenide ning luong phonon kha
thap (khoang 300cm™) nhung thuy tinh Chalcogenide
lai khéng c6 cac tinh chat nhu thuy tinh Silica, d6 1a su
6n dinh co, bén héa va bén co hoc. Vi vay, thuy tinh
kim loai nang c6 hop phan TeO, - B,O3 - ZnO - Na,O
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dai dién cho sy két hop nay (c6 nang lugng phonon
khoang 650 - 750 cm?) [7-11].

Trong bai b4o nay, ching t6i béo céo cac két qua
khao sét tinh chit quang hoc cia cac mau thay tinh
TeO, - B03 - ZnO - NayO pha tap Th20s, pha tap
Sm,03 va dong pha tap Tby03s/Sm,0s. Tur két qua do
phd phat quang va phé kich thich phat quang, ching toi
da thu nhan dugc théng tin vé sy truyén niang luong tir
ion Th3 sang Sm3*, ma khéng c6 su truyén niang luong
tr Sm®* sang Tb®*. Sir dung toa d6 mau, ching t6i da
xéc dinh dugc toa d6 mau cua cac mau da ché tao.

2. Thwc nghiém

T4t ca c&c mau thuy tinh duoc ché tao bing phwong
phép néng chay vdi cac hoa chit ban dau: TeO,, H,BOs,
Zn0, Na,COs3, Th,03 va Eu,03 theo ty 1€ sau:

50Te02-29B,03-10Zn0-10Na;0-1Th,03 (ki hiéu
mau la TBT);

50Te0,-29B,03-10Zn0-10Na;0-1Sm>03 (ki hiéu
mau 1a TBS);

50T802-288203-1oznO-lON&zO-lszOs-lsmzog
(ki hiéu m3u 1a TBTS).
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Cac hoé chét dugc tron, nghién véi ti 1¢ thich hop
nhu trén va say ¢ nhiét do 100°C trong thoi gian 24 gio.
Sau d6 cho vao 10 nung dién voi tbe do gia nhiét
10°C/phat tir nhiét do phong 1én dén nhiét @6 1350°C va
giit & nhiét o nay trong 2 gio, sau do ha tir tir xubng
nhiét d6 phong. Tat ca cac mau déu trong sudt, sau doé
cac mau duoc mai va danh bong trude khi tién hanh céc
phép do quang hoc.

T4t ca cac mau sau khi ché tao déu dugc tién hanh
kiém tra cAu trac bang nhiu xa tia X trén may nhiéu xa
XRD-D5000 va phd hap thu dugc thuc hién trén hé thiét
bi UV-VIS-NIR, Carry-5000, Varian, USA tai Vién
Khoa hoc vat liéu - Vién Han 1&m Khoa hoc va Cong
nghé Viét Nam. Phd phat quang va kich thich phét
quang duoc thyc hién trén hé thiét bi FL3-22
spectrometer, Vién nghién ctu phat trién, Truong dai
hoc Duy Tan.

3.Két qua nghién ctru va khao sat
3.1. Cac dic tinh vé cau trac

Két qua nhidu xa duogc trinh bay trén Hinh 1. Ti
gian d6 nhiéu xa cho thdy cac mau déu c6 cu tric vo
dinh hinh. Hay ndi cach khac, véi quy trinh ché tao vat
liéu d3 lwa chon thi hdn hop cac chit ban diu dd nong
chay hoan toan va san pham thu duoc c6 dang thiy tinh.

Cuing do (d.v.t.d)
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Hinh 1. Gidn dé nhiéu xa tia X cia cdc m4gu TBT TBS
va TBTS

3.2. Tinh chat phat quang cta cac mau thay
tinh TBT va TBS
3.2.1. Tinh chat phat quang cia mau TBT

Hinh 2 trinh bay cac két qua do phd phat quang va
kich thich phat quang cuaa ion Th3* trong mau TBT. Su
dung budc séng kich thich 379nm, phd phét quang cua

ion Tb® trong mau TBT gom cac dai phét xa dic trung
cua ion Tb®. Céac cuc dai khoang 488, 543, 586 va
621nm twong tng Véi nang heong dugc giai phdng bai
qua trinh hdi phuc cua dién tir tir mic °D4 xudng cac muac
Fy; (J=6, 5, 4, 3). Trong &6, dich chuyén 5D;—Fs
(543nm) c6 cuong do I6n nhat va két qua nay phu hop
Vai cac cong b [12, tr.13]. Phé kich thich phat quang cua
ion Th3* trong mau TBT duoc thyc hién bang cach ghi su
thay d6i cuong d6 buc xa 543nm tng véi chuyén doi
5D,—7Fs cuia ion Th® khi thay doi nang lugng kich thich
trong dai 325 dén 525nm. Két qua cho thay phd gdm cac
vach kich thich déc trung cta céc chuyén doi f — f cia ion
Th3*. Cac dinh kich thich quan sat duoc chi yéu do su
dong gop bai cac chuyén doi dién tir tir mac 7Fs 18n céc
mirc ning luong cao hon cta ion Th%. Theo cac cong
bé [14-17], céc dich chuyén nay tuong tng l1a: "Fe—°H-
(319nm), 7Fe—>5Lg (341nm), 7Fe—>5L9 (352nm), 7Fe—>SGs
(359nm), "Fe—°Lio (369nm), "Fe—>Ge (379nm) va
"Fe—°D4 (488nm). Cuong d6 vach kich thich tuong tng
v6i chuyén doi "Fe—5Gg (379nm) khé manh va co do
rong phd hep, trong khi cac chuyén doi con lai co cuong
d6 yéu hon. Dya vao gia tri niang luong céc dai kich
thich cua ion Th3*, chling ta c6 thé thiét lap gian do mot
s6 mirc nang lwong dién tir cua trang thai kich thich cua
ion Th®* (Hinh 4a). Céac két qua nay cho thay vat liéu
thay tinh nay khi pha tap Tb® phat quang mau xanh I&
cay c6 thé ung dung 1am vat liéu ché tao LED phat
quang anh sang mau xanh 14 cy.

Dy-TFy
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Hinh 2. Phe kich thich (a) va phé phét quang (b) ciia
ion Th3* pha tap trong mau TBT

3.2.2. Tinh chat quang cia miu TBS

Hinh 3 mé ta phd phat quang va phé kich thich phat
quang ctia ion Sm®" pha tap trong thuy tinh TBS. Khi st
dung budc song 401nm dé kich thich cho mau thuy tinh
TBS, phd phat quang gém céc dai phat xa dic trung ciia

17



TrGn Thj Héng

ion Sm** ¢6 cac dinh phat xa khodng 562, 600, 645 va
710nm twong Ung v&i nang lugng dugc giai phong boi
qua trinh hdi phuc cta dién tir tir mic *Gs;2 xudng cac
muc ®Hy, (3= 5/2, 7/2, 9/2, 11/2) [18-22].

Phd kich thich phat quang ciia mau TBS chi pha
tap Sm®* duogc thuc hién béng cach ghi su thay doi
cudng do bic xa 600nm tng voi chuyén doi
4Gs/p—%Hy)p ctia ion Sm3* khi thay doi nang luong kich
thich trong dai 350 dén 500nm. Ciing giéng nhu trong
truong hop ciia ion Tb3, Hinh 3 cho thay phd gdm céc
vach kich thich dic trung ctia cac chuyén doi f — f cia
ion Sm3*. Cac dinh kich thich quan sat dugc chi yéu
do su déng gbép boi cac chuyén doi dién tr tir mirc
®Hs/, 1én cac mitc ning lugng cao hon cta ion SmS*.
Theo cac cong bd [18 — 22], cac dich chuyén nay
tuong L'rng la 6H5/2—>4D3/2 (362nm), 6H5/2—>6P7/2
(375nm), 6H5/2—>4F7/2 (401nm), 6H5/2 — 6F’s/z (417nm),
®Hsj, — “Gorz (439nm) va *Hsiz — *lo2 172,132 (476nm).
Tir day, ching ta thiét 1ap gian d6 cac mic ning luong
dién tir cia céc trang thai kich thich ion Sm®** va dugc
trinh bay ¢ Hinh 4b. Cac két qua nay cho thay vat liéu
thily tinh nay khi pha tap Sm®* thi phat quang mau dé
cam c6 thé ung dung lam vat li¢u ché tao LED phat
quang anh sang mau do cam.
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Hinh 3. Phg kich thich (a) va phé phét quang (b) cua
ion Sm3* trong mau TBS
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Hinh 4. Gian d6 cac mire ning lirong cua ion Th3* va
Smé* trong mau TBT (a) va TBS (b)

3.3. Tinh chat phat quang cia mu thiy tinh
TBTS. Sw truyén nang lwong tir Th** sang Sm3
Hinh 5 va 6 trinh bay phé phéat quang ciia mau
TBTS ddng pha tap ion Tb3* va ion Sm®* duoc kich
thich & cac budc song khac nhau 379nm va 401nm.
Str dung budc song kich thich 379 nm cho méiu ddong
pha tap ion Tb3*/Sm3* (Hinh 5), phd phat quang cta
mau TBTS gdm cac dai phat xa cé cuc dai khoang
488, 543, 562, 600, 645 va 710 nm. Khi so sanh v&i
cong bd [9, 12 - 13, 16, 18] cho thiy dai phat xa c6
cuc dai tai 488 nm va 543 nm la chuyén doi tuong
trng voi 5D4— Fe, 5D4—7Fs ctia ion Tb%*. Cac dai phat
xa con lai 562, 600, 645 va 710nm la chuyén doi
tuong tng véi *Gs;p—Hsz, *Gsa—OH7/2, *Gsz—CHa
Va 4Gs/z—°Hiyz cia ion Sm3*. Trong khi d6, néu su
dung budc song kich thich 401nm cho mau dong pha
tap ion Tb%/Sm3* trong mau TBTS (Hinh 6) thi pho
phat quang gdm cac dai phat xa ddc trung cia ion
Sm?* ¢é cac cuc dai khoang 562, 600, 645 va 710nm,
ma khong thdy cé su xuét hién cic chuyén doi cua
ion Tb3*. Cac dai phat xa ndy tuong Gng véi ning
lugng duoc gidi phong boi qua trinh phuc hdi cua
dién to tr muc *Gs xudng cac muc ®Hy, cu thé 1a
*Gsi2—Hspa, *Gsz—°Hap, *Gsp—°®Hor Va “Gsp—°Hiupn

cua ion Sm®*,
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Hinh 5. Phé phat quang ciza mau TBTS véi buéc séng
kich thich 379nm
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Hinh 7. Phé phat quang ciia mdu TBT (nét diit) va pho
hap thu cua mau TBS (nét lién)

Vi tri cyc dai va do rong phé cua cac dai phat xa
thay d6i khong nhiéu so véi mau thuy tinh TBS chi pha
tap ion Sm3. Nhu viy, két hop cac phd phat quang cua
mau dong pha tap ion Tb¥/Sm3* & Hinh 5, Hinh 6 va su
che phii gitta phd phat quang ciia ion Tb3* pha tap trong
mau TBT véi phd hap thu ctia ion Sm3* trong mau TBS
thé hién trén Hinh 7, khang dinh trong mau TBTS dong
pha tap ion Tb3*/Sm3* ¢6 su truyén nang lugng tir ion
Tb® sang ion Sm® khi kich thich & budc song 379nm,
ma khong cé su truyén ning luong nguoc lai tir ion
Sm3* sang ion Th® khi kich thich & buéc séng 401nm.
Sy truyén ning luong nay cé thé giai thich cu thé hon
thong qua gian dd cac mirc ning lwong cia Tb3* va
Sm® trong Hinh 8. Sau khi hép thu ning lugng anh
sang c6 budc song khoang 379nm, dién tir trong ion
Th3 & trang thai co ban “Fe chuyén 1én trang thai kich
thich 5Gg, sau d6 phuc hoi khong buc xa vé mirc thap
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Hinh 6. Phé phét quang ciia mau TBTS véi budc séng
kich thich 401nm
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Hinh 8. Gian d6 cac muic ning hrong cia ion Th* va Sme*.
Sw truyén nang lirgng va phat Xa cua Cac cgp ion
Th3*/Sm®* trong mau TBTS

nhét cta trang thai kich thich °Dy. Tir day, dién tir tiép
tuc giai phong nang lugng dé tro vé trang thai co ban va
blrc xa ra anh sang mau xanh 14 cay dac trung cua ion
Th3* (A = 543nm).

Mit khac, mic ning luong dién tir °Dy4 ctia ion Th3*
Xap xi véi ning luong dién tr “Gy; cua ion Sm3*. Vi
vay, ning luong phét xa cua ion Th3* s& truyén cho cac
dién tir trong ion Sm3* va dua céc dién ti trong ion Sm**
tur trang thai co ban ®Hsy, 18n trang thai kich thich *Gyp.
Sau d6, cac dién tir tir trang thai kich thich Gz, phuc
hoi khéng bic xa vé muc thap nhat cia trang théi kich
thich *Gsp. Tir trang théi Kich thich *Gsp,, dién tu trong
ion Sm3* tiép tuc thyuc hién cac chuyén doi vé trang théi
co ban va phét ra cac buc xa dic trung cta ion Sm3* lién
quan dén céc chuyén doi giita cac mirc nang lugng dién
tir cua ion Sm* la 4Gs/g—>6H5/2, 712, 912, 11/2. Nhu Vfgiy, qua
trinh truyén nang luong tir ion Th3* dén ion Sm3* trong
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thay tinh nay kha gidng véi su truyén ning luong tir ion
Th3* d@én ion Sm3* trong cac cong b gan day [23 - 26].

Hinh 9. Toa d¢ mau cia mau TBT (a),
TBS (b) va TBTS(c)

Str dung toa @ mau (Hinh 9) ta xdc dinh toa do
mau cuia cac mau TBT, TBS va TBTS tuong tng khi
kich thich & budc séng 379nm, 401nm va 379nm. Tu
Hinh 9 cho biét toa dd mau cua cac mau nhu sau: TBT
(0,2875; 0,5856; 0,1269); TBS (0,5875; 0,3118, 0,1007)
va TBTS (0,3975; 0,4056; 0,1969). Nhu vay, miu ddng
pha tap TBTS phat quang mau vang cam. Do 1a sy tron
cua hai buc xa mau dé cam va xanh la cay phat ra tir
Sm3* va Tb3*, mau d6 cam cua Sm®* dich chuyén vé
ving ¢6 budc séng ngan hon, con mau xanh 14 cdy cua
Tb3* dich chuyén vé viing c6 bude song dai hon.

4.Két luan

Ché tao thanh cdng cac mau thuy tinh vai cac hop
phén TeO; - B,0O3 - ZnO - NayO - RE,O3 (RE = Tb, Sm)
bang phuong phap noéng chay. Tir d6 tién hanh khao sat
ciu tric va cac tinh chat quang cua chung. Qua d6 cho
biét c6 sy truyén ning lwong tr Th3* sang Sm3* ma
khong c6 su truyén ning lwong tir Sm®* sang Th3* va co
su dich chuyén toa do mau khi ddng pha tap Th3*/Sm3*.
Két qua nay da mo ra huéng nghién ciru méi 1 ta c6 thé
pha tap thém nhiing thanh phan nao d6 dé cho toa do
mau dich chuyén vé ving &nh sang tring dé ché tao
LED tring.
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SPECTRAL ANALYSIS OF Tb* /Sm** ION DOPED IN TeO;- B;O3- ZnO - Na,O GLASS

Abstract: The Tb*/Sm*" doped glass with its composition of TeO,-B,03 - ZnO - Na,O - RE,O3; (RE=Tb, Sm) has been synthesized
via the melt quenching method; their luminescence properties are investigated through excitation and emission spectra. The
photoluminescence spectrum of the Tb* ion singly doped glass shows a prominent green emission at 543nm (°*D,—'Fs) with an
excitation of Ae=379nm ("Fe—°G¢). The photoluminescence spectrum of the Sm*" doped glass reveals a bright red emission at 600nm
(“Gs2—°H712) with an excitation of 401nm (°Hs,—*F7). The Th*/Sm® co-doped glass with an excitation of Ae:=379nm exhibits an energy
transfer from Th® to Sm®*. This energy transfer process is explained by means of schemata showing energy levels.

Key words: Th* ion; Sm*® ion; Tellurite glass; energy transfer and luminescence properties.
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