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Ché tao va tinh chat quang ctia thity tinh TeO,-B,03-Zn0-Na,O
pha tap Er¥*
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Tom tat

Trong nghién ctru nay, thuy tinh boro-tellurite TeO2-B203-Zn0O-Na;O (BTZN) pha tap Er®* véi ndong d6 khac nhau
dugc tong hop bang phuong phap nong chay nhiét d cao. Cac nghién ciru nhidu xa tia X da chi ra mau sau khi ché tao
¢6 cdu trac vo dinh hinh dic trung cia thuy tinh. Anh hién vi dién tir quét, SEM, thé hién bé mat mau nhin, phang va
ddng déu. Pho phat quang ctia thiy tinh thu duoc dudi kich thich 378 va 532 nm thé hién cac birc xa trong vung nhin thay
0 530 va 547 nm tuong u'ng v6i cac chuyén doi phat xa 2H11/2 - *l1s2 VA *Sarz - “lisi2 va trong viing hong ngoai gan tai 980
nm do chuyén ddi *l11/2 - *l1si2 ctia ion Er3* trong nén thity tinh BTZN gay ra. Cudng do phat quang ciia cac mau thay doi
theo néng d6 pha tap va n6ng d6 Er** t6i wu duge xac dinh & 2.0 mol%.

Tir khéa: thuy tinh, boro-tellurite, Er®*, phat quang hong ngoai
Abstract

In this study, Er**-doped boro-tellurite glass with the composition TeO>—B:0>—ZnO-Na:O (BTZN) and varying
dopant concentrations was fabricated by the high-temperature melt-quenching method. X-ray diffraction (XRD) analysis
showed that the prepared samples exhibit an amorphous structure characteristic of glass. Scanning electron microscopy
(SEM) images revealed that the sample surfaces are smooth, flat, and homogeneous. The photoluminescence spectra of
the glasses, obtained under 378 nm and 532 nm excitation, exhibit visible emissions at 530 nm and 547 nm, corresponding
to the 2Huus2 - *l1si2 and *Sgp2 - #1152 transitions, respectively, as well as a near-infrared emission at 980 nm attributed to the
#1112 - *l1512 transition of Er** ions in the BTZN glass matrix. The luminescence intensity of the samples varies with dopant
concentration, and the optimal Er** concentration was determined to be 2.0 mol%.
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1. Gié6i thi¢u

Thuy tinh boro-tellurite chira cic thanh phan
B203, TeO2 va Na2O la mot loai thuy tinh quan
trong dugc tmg dung trong nhiéu linh vuc khéac
nhau nho cac dic tinh cia B2Os. Thanh phan
B2Oj3 trong thily tinh c¢6 thé tao thanh cac nhom
trigonal borate (BOs) hodc tetragonal borate
(BOs) 1am ting tinh linh hoat vé cdu triic va bén
hoéa hoc [1, 2]. Cau trac thuy tinh chira borate,
tellurite thé hién tinh chat vat 1y tt nhu do
truyén qua cao, khong doc hai, hoa tan tdt cac
dat hiém va khoi luong nhe [3-5]. Thém vao do,
mét sd oxide nhu NazO, Li,O duge thém vao
nham giam nhiét d6 nong chay, lam ting do bén
co hoc cua thuy tinh [6, 7]. Do d9, trong cac vat
liéu thanh phan borate thudng xuat hién cic
oxide Na0, Li,O nham gia tang cic tinh chét tot
cta thuy tinh. Thuy tinh chira cac ion dat hiém
RE duogc nghién ctru nhiéu cho cic muc dich
khéac nhau nhu khuéch dai quang hoc, laser ran,
va vat lidu phat quang [8-10]. Trong s6 do, biic
xa clia nguyén to dat hiém Er®* trai dai tir ving
nhin thiy sang ving hong ngoai va dugc tmg

dung trong nhiéu linh vuc khéac nhau. Buc xa cia
Er®* duoc sir dung trong khuéch dai quang hoc
trong vién thong soi quang voi budce song lam
viéc 1530 nm [11, 12], pha tap vao tinh thé BaF>,
(SrBa)F, dé dung trong laser [13, 14], va str dung
trong hién thi [15]. Ngoai ra, ion Er®* duoc dong
pha tap v6i Yb®* trong vt liéu nén Y7OeFs dé
thuc hién qua trinh chuyén ddi nguoc anh sang
hiéu qua phu hgp v6i ing dung quang xuc tac
hodc vat liéu pin mat troi [16]. Cho dén nay, Er®*
pha tap vao thily tinh TeO2-B203-Zn0-NazO van
chua dugc nghién ctru, do do, trong nghién ciru
nay, vat lidu thily tinh voi thanh phan TeO,-
B203-Zn0-NaO pha tap cac nong d6 Er®* khéc
nhau s& dugc tong hop va khao sat cau trac cling
nhu tinh chit quang ctia vat liéu thu duoc.

2. Ché tao vit liéu va cac phép do phén tich

Hé mau thity tinh boro-tellurite ¢ thanh phan
(30-x)B203-50Te02-10Zn0-10Naz0- x.Er203 (x
=0.1, 0.5, 1, 2, 3) duoc téng hop béng phuong
phap nong chay. Thong tin ti 1¢ cac thanh phan
trong mau va ki hiéu mau tuong tmg dugc liét ké
0 Bang 1.

Bang 1. Ki hiéu mau va ti 1é cic thanh phan twong ting

Ki hiéu mau

Thanh phan

BTZN-01Er
BTZN-05Er
BTZN-10Er
BTZN-20Er
BTZN-30Er

29,9B203-50Te0,-10Zn0-10Na20-0,1Er203
29,5B,03-50Te02-10Zn0O-10Na20-0,5Er,03
29,0B203-50Te0,-10Zn0-10Na20-1,0Er203
28,0B203-50Te02-10Zn0O-10Na20-2,0Er203
27,0B203-50Te0,-10Zn0-10Na20-3,0Er203

Céc tién chat gém cO cac oxit B203, TeOy,
Zn0O, Na2O va Er,03 dugc can theo ti 1€ thanh
phan va nghién tron bang cdi ma nio trong 3,0
gio dé tang kha ning tron 1an cua cac hop chat.
Hén hop sau dé duge cho vao cde nung dé thuc
hién qua trinh néng chay & nhiét 46 1250°C &
thoi gian 2,0 gid. Sau khi lam nguoi, cidc mau
dugc cit va danh bong trude khi thuc hién cac
phép phén tich cu tric va quang pho.

Céhu trac pha cua vat liéu sau ché tao duoc
khao sat bang ki thuat phan tich nhiéu xa tia X

(D8-Advance; Bruker, Germany) va hinh thai bé
mit miu duoc danh gia bang anh hién vi dién tir
quét SEM (SEM-Jeol 6490, JED 2300; Japan).
Pho phat quang va kich thich phat quang dugc
khao sat bang phd quang phat quang (PL) sir
dung h¢ do FL3-22 Horiba véi nguén kich thich
Xe-450W va laser 532 nm.

3. Két qua va thao luin

Mau TeO,-B20s-Zn0-Na2O:Er sau khi ché
tao dugc tién hanh khao sat cdu trac pha thong
qua phan tich gian db nhiéu xa tia X (XRD). Céc
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mau BTZN-01Er va BTZN-20Er dugc sir dung
dé phan tich XRD trong ving nhiéu xa 20 - 70°
va két qua gian dd XRD duoc trinh bay trén Hinh
2. Gian dd XRD cuia cac miu thé hién phd nhidu
Xa clia cac mau c6 hinh dang twong tu nhau va
dic trung boi dai rong 6 vi tri 28 va 45°, diéu nay
cho thiy cac mau thu duoc c6 ciu trac vo dinh

s

Hinh 1. Anh mau thuy tinh sau khi ché tao.

Dé danh gia hinh thai bé mit thiy tinh sau ché
tao, mau BTZN-01Er duoc lya chon dé tién hanh
khao sat anh hién vi dién tir quét (SEM) va két
quéa duge trinh bay trén Hinh 3. Anh SEM thu
duoc cho thdy mau thuy tinh boro-tellurite
BTZN-01Er thu dugc c6 bé mat dong déu va
khong quan st thay sy xuat hién cac tinh thé trén
bé mit du ¢ thang do micromet. Két hop két qua
c4u trac tinh thé tir gian @6 XRD va anh hién vi
dién tir quét SEM d chi ra rang cic mau vat lidu
boro-tellurite TeO2-B203-Zn0O-Na20O pha tap Er
sau khi ché tao c6 cu triic vo dinh hinh va bé
mit dong déu.

Phé phat quang cua Er®* thé hién cac bic xa
rat phong phu trai dai tir ving nhin thiy t6i ving
hong ngoai. Trong ving nhin thiy thuong xuat
hién cac dinh phat xa hep dac trung & 530 nm,
547 nm, va 670 nm tuong mg cho cac chuyén
doi 2Haz - *lisr2, *Sarz - *lisiz, va *Fep2 - #1152 [16,
17]. O ving phat xa hong ngoai, Er®* ¢6 cac dinh
hep dic trung ¢ vung bude séng 856 nm, 980 nm

Cuong do (dvty)
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hinh va c6 d¢ 1ap lai cao. Bén canh d6, cac gian
dd XRD khong xuét hién cac dinh nhiéu xa hep
dic trung cho ciu triic tinh thé, két qua nay chi
ra rang cac thong s cong nghé da str dung 1a phu
hop dé ché tao thanh cong vat liéu boro-tellurite
Te02-B,03-Zn0O-Naz0 pha tap Er ¢6 cau triic vo
dinh hinh dac trung cho thuy tinh.

BTZN-20Er

20

BTZN-01Er
T T

30 40
26 (d6)

50 60

Hinh 2. Két qua nhiéu xa tia X cua cac mau BTZN-01Er

va BTZN-20Er.

va 1540 nm tuong tmg vé6i cac chuyén doi dién
tir *Sar2 - *liar, i - sz, va s - *lis [16-
18]. Su da dang cua cac dinh burc xa da gitp cho
Er®* dugc ung dung trong nhiéu linh vuc khac
nhau tir chiéu sang, thong tin quang hay laser.
Trén Hinh 4 13 két qua phd phat quang cta cac
mau thity tinh boro-tellurite TeO2-B,03-ZnO-
Na2O pha tap Er d ché tao thu tai nhiét d6 phong
duéi kich thich bang buc xa 378 nm. Phd phat
quang cuia cic mau tuong tu nhau, chi khac biét
vé cudng do buc xa, trong d6 gébm c6 cac dinh
phat xa manh & 530 va 547 nm tuong Ung vi
cac chuyén doi phat xa 2Huiz - “lisp VA *Sgp -
*l1572 [16, 17] ctia ion Er®* trong mang nén thuy
tinh BTZN. Két qua phd phéat quang trén Hinh
4 con cho thiy su thay d6i cuong do phat xa theo
ndng d6 pha tap Er®*. Khi nong do thap, mat do
tam quang hoc bé nén cudng do phat xa yéu, tiép
tuc tang thi cuong dJ phat xa tang dan va dat cuc
dai tai 2.0 mol%. Cuong do phat xa sau d6 giam
dan néu tiép tuc ting ndng do pha tap, day la két
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qua ciia hiéu Gmg dap tit huynh quang do nong
dd (concentration quenching effect). Do do,
trong hé mau da ché tao, néng do Er®* ¢ muc 2.0

Cwong doé (dvty)

Hinh 3. Anh SEM ciia mau thuy tinh BTZN-01Er.

Nhu di dé cdp & phan trudc, birc xa cua Er®*
ngoai cac dinh phat quang hep ¢ viing nhin thay
thi con c6 nhidu dai & ving hdng ngoai voi nhiéu
tmg dung trong thuc té. Do d6, dé tim hiéu thém
cac dai phat xa hong ngoai cta Er** trong nén
thity tinh BTZN, miu BTZN-20Er dugc tién
hanh phan tich phd phat quang tmg véi kich
thich 378 nm tir ngudén Xe 450W va kich thich
532 nm tir ngudn laser, két qua dugc trinh bay
trén Hinh 5. Duéi kich thich 378 nm, Er** phat
ra hai burc xa ¢ viing mau xanh luc do cac chuyén
doi 2Haz - *lisiz, *Sarz - #lasp, trong khi kich thich
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mol% 1a tot nhit, thiy tinh TeO2-B,03-ZnO-
NazO pha tap Er thu dugc c6 cuong do tdt hon
so voi cac mau con lai.
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Hinh 4. Ph phét quang cua cac mau sau khi ché tao duéi

kich thich bang buc xa 378 nm.

bang laser 532 nm s& thu thém duoc bic xa &
ving hong ngoai 980 nm do chuyén doi *l11 -
*l15/2 ctia ion Er®* trong nén thuy tinh BTZN gay
ra. Pay 13 chuyén doi quan trong cua Er®* khi nd
duogc su dung trong cong ngh¢ sgi quang va cac
ung dung sinh hoc. Hinh 6 1a hinh &nh minh hoa
cac chuyén doi cua ion Er¥* trong nén thay tinh
BTZN di ché tao duoc, trong d6 cac buc xa co
cuong do manh xuét phat tir cac murc kich thich
2Hi172, *Saiz, *l112 vé mue co ban *lis2 cia dién
tir trong ion Er®*.
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Hinh 5. Phé phét quang caa mau BTZN-20Er duéi kich thich

bang birc xa 378 nm ngudn Xe 450W va laser 532 nm.

4. Két luan

Thuy tinh boro-tellurite (30-x)B203-50TeO,-
10Zn0O-10Na20- x.Er203 (x = 0.1, 0.5, 1, 2, 3)
v6i ndng d6 khac nhau duoc tong hop thanh
cong bang phuong phap néng chay & 1250°C.
Két qua khao sat nhidu xa tia X da cho thay thiy
tinh sau khi ché tao ¢ ciu trac vo dinh hinh.
Hinh thai bé mat miu thu duoc dat d6 dong déu
va phang thong qua phén tich anh hién vi dién tir
quét- SEM. Dudi kich thich 378 va 532 nm, Er®*
phat cac birc xa ¢ ca trong ving nhin thiy va
ving hdéng ngoai: dudi kich thich 378 nm thé
hién céc burc xa trong ving nhin thay & 530 va
547 nm tuong tmg véi cac chuyén doi phat xa
2H11/3 - *l1s/2 VA *S312 - *l1sj2; duéi kich thich 532
nm mau xuat hién phét xa trong viing hong ngoai
gan tai 980 nm do chuyén doi *l11/2 - *l15/2 ctia ion
Er®* trong nén thily tinh BTZN gay ra. Nong do
pha tap Er¥* t6i uu duoc xac dinh ¢ 2.0 mol%
thong qua két qua phan tich cuong d6 phat quang
clia cac mau thuy tinh.
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