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Tém tit - Thity tinh TeOz - B20s - ZnO - NazO - Dy20s dugc ché
tao bang phuong phap nong chay. Chu tric cta vat liéu duoc xac
dinh thong qua phép do nhiéu xa tia X. Tinh chit quang ciia vét liéu
duoc nghién ctru thong qua phd kich thich va phd phéat quang. Phd
phat quang cuia vat liéu cho thy, hai dai c6 cudng do manh, twong
tmg dich chuyén *Fer2 —5H1s2 (483 nm) trong viing xanh duong va
4Fgr, —5H132 (575 nm) trong ving vang. Dua vao két qua do phéd
phat quang, khi dugc kich thich bdi budc song 385 nm thi toa do
mau ciia vat lidu da dugc xac dinh. Tir két qua cho thy, vat liéu thily
tinh TeO2 - B203 — ZnO - NaO2 pha tap Dy**c6 kha nang tmg dung
trong ché tao LED tréing, c4c thiét bi quang tir va tmg dung hién thi.

Tir khéa - ion Dy®*; dat hiém; thiy tinh borate-tellurite; tinh chét
quang; LED trang; TeO2 — B20s

1. Gi6i thiéu

Nhiing nam gan day, cac nha khoa hoc dang tap trung
tim kiém cac vat liéu mai ing dung vao trong doi song. Déc
biét, vat liéu thuy tinh pha tap cac nguyén t6 dat hiém dang
dwoc quan tim nhiéu nhit. Béi n6 co rat nhidu ng dung
quan trong trong cac linh vyc nhu: Chiéu sang, truyén thong,
thiét bj khuéch dai, thiét bi hién thi, laser,... [1-17]. Trong
s cac thiy tinh thi thuy tinh borat ndi bat b01 né co6 nhleu
tinh cht wu viét nhu: D& dang pha tap cac nguyén t6 dat
hiém, nhiét do néng chay thép, on dinh nhiét cao, do trong
sudt ctia thuy tinh cao [1-6]. Tuy nhién, thity tinh nay lai hit
4m manh, theo thoi gian thi chiét suit va mot s6 céac tinh chat
quang cua né lai thay doi, cling nhu nang luong phonon cua
n6 kha 16n. Nham giam thiéu cac nhugce dlem cta thuy tinh
borat thi nguoi ta da ) sung vao nén mot s6 oxit nhu PbO,,
Bi,0s, TeO,... dé tir d6 tao ra mot loai thity tinh cé c4c tinh
chét nhu: Do bén hoa hoc cao, strc bén co hoc tbt va hiéu
suét phat quang cao [2, 5, 10, 11, 15]. Pic biét, oxit TeO, c6
ning lugng phonon thap. Do d6, viéc bd sung oxit TeO, vao
trong thuy tinh borat s€ lam giam nang lugng phonon cua
thity tinh ndy. Hay ndi cach khac 1a n6 lam giam céc qué
trinh phuc hoi da phonon trong cac ion dat hiém, vi vay lam
hiéu suat phat quang cuia vat lidu ting lén [2, 5, 15, 17].

Trong sb cac ion dat hiém thi ion Dy3* dwoc sir dung
kha nhiéu trong cac tmg dung thuc té. Dic biét phd phat
quang cua Dy?3* xuét hién hai dai phat xa kha manh va kha
don sac, sy pha tron hai dai phat xa nay theo mot ti 1€ thich
hop s€ tao ra anh sang trang Ngoai ra, nho sy phu thude
manh va ¢ qui luat vao nén cia chuyén doi “Forz — *Huzi
nén ion Dy% co thé dugc s dung nhu mot dau do dé
nghién ciru cac ddc diém cua truong ligand [2, 4, 13, 15].

Abstract - TeOz - B203 — ZnO - Na20 - Dy,03 glasses were made
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Véi su két hop cac wu diém cia B2O3 va TeO,, cling véi
vai tro quan trong ctia ion Dy** trong linh vuc quang hoc thi
nhitng ndm gan ddy c6 kha nhiéu cac nghién ciru vé tinh chat
quang ctia ion Dy3* trong cac nén thiy tinh B2O3 va TeO,c6
cac thanh phan nén khac nhau [2, 4, 7, 10-17]. Tuy nhién,
cac nghién ciru vé tinh chat quang ciia vat lidu thiy tinh voi
cac thanh phan TeO; - B203- ZnO- Na,O — Dy,03 img dung
trong ché tao LED tréng chua dugc nghién ctu. Vi vy,
nghién ctru ché tao va tinh chat quang cua thuy tinh nay la
véan dé co tinh thiét thuc va tinh thoi su.

Trong nghién ctru ndy, nhom tac gia tip trung nghién ctru
ché tao va tinh chat quang cua thily tinh TeO2-B203-ZnO-
NaO- - Dy,03 tir d6 dinh hudng ung dung cua vat liu nay.

2. Thuc nghiém
Vat li¢u thuy tinh TeO,-B,03-Zn0O-NaO»- Dy»03 dugc
ché tao bang phuong phap nong chay. Bang 1 trinh bay ki
hiéu mau nghién ctru va ti 16 cac hoa chit ban dau.
Bing 1. Ki hiéu va thanh phan cac hba chdt trong
cdc mau thuy tinh

STT| Kihiéu TeO2 |H3B203|Zn0O | Na2C O3 | Dy203
1 | TBZND-01 | 59,9 20 10 10 0,1
2 | TBZND-05 | 59,5 20 10 10 05
3 | TBZND-10 | 59,0 20 10 10 1.0
4 | TBZND-15 | 58,5 20 10 10 15
5 | TBZND-20 | 58,0 20 10 10 2,0
6 | TBZND-25 | 57,5 20 10 10 2,5

Qua trinh ché tao mau duoc thuc hién trén thiét bi 1o
dién Carbolite (Anh), thong s6 nhiét cuc dai 1400 °C. Céc
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buéce thue hién nhu sau:

- Bude 1: Céac hoa chit duge tron va nghién & nhiét do
phong trong moi trudng khong khi.

- Bu6e 2: Say hdn hop da dugc nghién trong 24 gid &
nhiét d6 100°C.

- Bude 3: Hon hop duoc cho vao 10 nung va nung &
nhiét d6 1300°C trong thoi gian 2 gio trong modi truong
khong khi. Sau d6 ha tir tir xuong nhiét d6 phong.

- Buéc 4: Thuy tinh thu dugc ¢ budc 3 dugc u 5 gid &
nhiét d6 350°C.

-Bbfé'c 5: Hoan thién vat li€u thuy tinh thu duogc béng
cach cat, mai va danh bong.

yat liéu sau khi ché tao dqu kiém tra cdu tn'lq béng
nhiéu xa tia X. Cac phép do phd kich thich va pho phat
quang dugc thyc hién tai Trung tdm Tinh todn hiéu nang
cao va Khoa hoc vat li¢u thugc Khoa Vat li, Truong Dai
hoc Su pham — Pai hoc Ba Nang.

3. Két qua va thao luin
3.1. Céc dic tinh vé ciu triic

Phép do nhiéu xa tia X ctia cAc mau nghién ctru duoc
thuce hién trén may Bruker D8 Advance Eco v&i ngudn Cu-
Ko (A = 1,54056A). Gian d6 nhidu xa tia X cua cac mau
ghi trong ving tir 15° d&én 75° dugc trinh bay twong tmg voi
cac duong cong trong Hinh 1.
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Hinh 1. Gidn dé nhiéu xa tia X ciia cde mau TBZND-01,
TBZND-05, TBZND-10, TBZND-15, TBZND-20, TBZND-25

Tir Hinh 1 cho théy, cac mau c6 gian dd nhiéu xa tia X
la mot dai rong, co cac vung nhicu xa 16n va c6 cyc dai
trong khoang goc 25° Két qua nay da chung to rang, voi
qui trinh ché tao mau ciia nhom tac gia thi cac tién chat ban
dau da hoan toan nong chay va vt liéu ché tao c6 cau tric
thay tinh [1, 3, 7, 11, 16].
3.2. Cdc tinh chit quang hoc
3.2.1. Phé kich thich phét quang

Ph6 kich thich phét quang tai nhiét o phong ctia mau
TBZND-10, dugc thuc hién trén hé do ngiba Fluorolog 3
FL3-22 va dugc trinh bay ¢ Hinh 2. Pho kich thich phat
quang nay cho thay, khi thay doi budc song kich thich trong
vung tr 300 nm dén 500 nm thi cuong do cua chuyén doi

4Fai2 — ®Hiap2 (ng véi blic xa 575 nm) cia ion Dy®* thay
d6i. Pho kich thich ciia Dy** trong ving budc song tir
300 nm dén 500 nm bao gém 7 dai, ing voi cac dich
chuyén tir trang thai co ban ®Hisp 1én cac muc *“Mizp
(325 nm), 8Pz (350 nm), ®Ps2 (365 nm), *l132 (385 nm),
‘G (425 nm), s (452 nm) va *Fgp (472 nm). Cac dich
chuyén nay chu yéu la cac chuyén doi electron tir mirc ning
luong ®Hisp2 1én cac mirc cao hon. Pay ciing 1a cac chuyén
doi f — f dic trung trong ion Dy®* [4, 7, 11, 12, 17]. Mt
khéac, dwa vao két qua thu duoc tir phd kich thich, cho thay
cac vung kich thich nay twong tmg véi cac ving phat xa
cua cac LED va laser hi¢n nay. Day 1la mot loi thé rat 16n
dbi véi cac vat lidu phat quang.

*Hysp — Ao =575nm
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Hinh 2. Phé kich thich phdt quang ciia ion Dy®* ciia
mdu TBZND-10 (Aem = 575 nm)

3.2.2. Phé quang phdt quang

Hinh 3 trinh bay phd phat quang ctia ion Dy3* trong mau
TBZND-01, TBZND-05, TBZND-10, TBZND-15,
TBZND-20 va TBZND-25 vé&i bude song kich thich
385 nm dugc thyc hién & nhiét dd phong. Tét ca cac miu
déu c6 phd phat quang 1a cac viing phat xa, c6 dinh phat xa
tai 483 nm, 575 nm va 664 nm tuong g véi dich chuyén
1 *For2 —®Hisz, “Forz —>°Haap, *For —®Hi1 [11-17].
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Hinh 3. Phé phat quang ciia ion Dy** trong médu TBZND-01,
TBZND-05, TBZND-10, TBZND-15, TBZND-20,
TBZND-25 (Aex = 385 nm)

Duya vao két qua do phd kich thich phat quang va phd
phéat quang, nhém tac gia xay dung dugc mot sé6 mirc nang
lugng trong gian do nang lugng cta ion Dy®* trong nén
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thity tinh borate-tellurite. Gian d6 nay dugc trinh bay trén
Hinh 4. Tir gian d0 cac mirc ning lugng nay co thé giai
thich cac chuyén doi khong phét xa va phat xa cua ion Dy
trong nén thiy tinh borate-tellurite [4, 10, 14, 16].

Tir Hinh 3 cho thdy, mat di thay d6i ndng do pha tap
cua ion Dy®" trong thiy tinh borate-tellurite nhung hinh
dang phd, d6 rong cua phd va vi tri dinh phét xa hau nhu
khong thay doi. Diéu nay co thé dugc giai thich 1a do trong
ion Dy®" thi cac electron hoa tri cua n6 & 16p 4f° khong bi
tac dung bdi moi trudng bén ngoai vi nd duge bao vé boi
céc 16p 5s2 va 5p®. Hai dai c6 cudng dd manh (mg véi dich
chuyén *Fg, —®His2 (483 nm) trong ving xanh duong va
“Fgi2 —%Hia2 (575 nm) trong ving vang s& quyét dinh mau
sdc cua anh sang phat quang. Theo cac tac gia [4, 13, 15] thi
cuong d6 phat quang cua dich chuyén *Fop —®Hisp tly
thudc vao nén thuy tinh nén nd dwoc goi la chuyén doi siéu
nhay, nguoc lai thi cuong d6 phat quang cia dich chuyén
“Fgi» —®Hisy; lai it thay ddi theo nén thiy tinh. Trong nghién
clru ciia nhém tac gid, cudng do hai chuyén doi nay co su
thay dbi, sy thay doi ndy khong phai do nén ma do ndng do
Dy**. Cu thé, khi tang nong d¢ Dy** dén 1% mol thi cuong
d6 phat quang tang, tiép tuc ting nong do Dy3* thi cuong do
phat quang giam. Day chinh la hién twong dap tat cuong do
phat quang do nong do, hay noi cu thé hon d6 chinh la do
su truyén ning lugng gilta cdc ion Dy®, van dé nay nhém
tac gia sé trinh bay chi tiét hon trong mot nghién ctru khac
khi sir dung m6 hinh truyén ning luong Inokuti-Harayama
két hop véi li thuyét Judd — Ofelt dé xac dinh cac thong sb
clia qua trinh truyén ning lwong ciing nhu co ché twong tic
gilta cac ion. Cling theo céc tac gid [4, 13, 15] da chi ra,
vung phat xa mau vang la co ché chinh trong phd phat quang
ctia ion Dy® nam trong moi truong cd dbi xung thap, didu
nay ciing phu hgp trong nghién ctru ciia nhoém tac gia khi
Dy** ndm trong nén thuy tinh borate- tellurite.
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Hinh 4. Gidn dé mét s6 mitc ndng liwong cia ion Dy** trong
thily tinh borate-tellurite

Bang cach phong dai phd, nhom tac gia nhan thiy, bén
canh cac dich chuyén “Fg; —%H; co cuong d6 16n thi con
¢6 dich chuyén 4I15/2—>6H 152 (tvong g voi phat xa vung
457 nm) c6 cudng do yéu. Hién twong xuat hién dai phat
xa c6 cuong do yeu nay, co thé giai thich nhu sau: Dya vao
gian dd & Hinh 4 cho théy, ion Dy3+ khi dugc kich thich boi
burc xa 385 nm thi dich chuyén tir mirc nang lugng ®His
1én trang thai c6 mirc ning lugng *li3. Tir trang thai “liz,

nay thi ion Dy3* ngay lap tirc dich chuyén khong buc xa
xudng cac mirc ning lugng thip hon do khoang cach gilia
cac murc ning lugng nay khodng 500 cm™ [2, 4, 7, 10]. Mt
khac, do khoang cach giita giita hai muc ning luong *lis
va “Fg2 khoang 900 cm™ nén khi dich chuyén dén mirc *l152
thi téc do hoi phuc bi cham lai vi luc nay co ché da phonon
xay ra. Tuy nhién, vi khodng cich giira hai mirc nang luong
*l15/2 VA *For2 nho nén do phan bd nhiét thi cac dién tir & muc
*Fg;; cling dé dang 1én mirc *l152. Do d6, cac electron tap
trung & mirc *lis, tir d6 dich chuyén phat quang vé mirc
nang lugng SHis va twong tng thu duge birc xa 457 nm.
3.2.3. Toa do mau cua vat liéu khi dwoc kich thich boi birc
xa 385 nm

Nhu phén tich & phan phd phét quang & trén, ddi véi vat
li¢u thuy tinh nghién ctru cua nhom tac gia khi pha tap ion
Dy?* thi ¢6 hai viing phat quang c¢é cuong dd manh tuong
mg véi dich chuyén *Fe; —®His (483 nm) trong ving
xanh duong va 4Forz —®Hi312 (575 nm) trong vung vang. Su
ton tai cta hai dai sang kha don séc trong pho phét quang
cua ion Dy va hai dai nay c6 dudng ndi di qua vung anh
sang trang cua gian do CIE 1931 cho thay, vat liéu thuy
tinh nghién ctru ctia nhém tac gia khi pha tap ion Dy** ¢
thé ché tao 1am dén chiéu sang. Hinh 5 mé ta toa d6 mau
clia birc xa phat ra 1an luot tir mau TBZND-01, TBZND-
05, TBZND-10, TBZND-15, TBZND-20 va TBZND-25
ung vai budce song kich thich 385 nm. Bang 2 trinh bay toa
d6 mau ctia cac mau TBZND-01, TBZND-05, TBZND-10,
TBZND-15, TBZND-20 va TBZND-25.
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Hinh 5. Toa dé mau cia cdc mau thuy tinh khi duoc
kich thich boi buoc song 385 nm
Bdng 2. Toa d¢ mau cua cac mdu TBZND-01, TBZND-05,
TBZND-10, TBZND-15, TBZND-20 va TBZND-25

Mau  |Toa d6 mau (khi kich thich Le=385nm)|Ki hi¢u
TBZND-01 | (0,3337698; 0,3655160; 0,3007142) | @
TBZND-05 | (0,3587227; 0,4016793; 0,2395980) | A
TBZND-10 | (0,3670883; 0,4072451; 0,2256666) | 4
TBZND-15 | (0,3667417; 0,4062052; 0,2270530) | Yk
TBZND-20 | (0,3606564; 0,3987027; 0,2406409) | | |
TBZND-25 | (0,3644664; 0,4025095; 0,2330240) | @
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S0 s&nh toa mau & vat liéu nghién cru ciia nhom tac gia
khi dugc kich thich ¢ birc xa 385 nm véi toa do vung anh
sang tring trén gian d6 CIE 1931. C6 thé khing dinh, viing
phat quang cta ion Dy® trong vat liéu nghién ctru cua
nhom tac gia hiu nhu nam sat bién cua ving anh sang
trang. Pac biét voi mau TBZND-01 khi dugc kich thich boi
btrc xa 385 nm thi ¢ toa d6 nam kha gan véi diém sang
trang trong cac thiét bi chiéu sang [4, 7, 11, 13, 17]. Diéu
nay thé hién tiém nang vat liéu thiry tinh borate-tellurite khi
pha tap ion Dy® trong viéc ché tao didt phat quang anh
sang tring.

4. Két ludn

Vit lidu TeO; - B203-Zn0O-Na,O — Dy,03 di dugc ché
tao bang phuong phap néng chay. Céu trac cia vat lidu da
duogc xac dinh qua gian dd nhidu xa tia X. Dya vao két qua
khéo sat tinh chat quang thi toa d6 mau cua vat li€u da dugc
xéc dinh. Tir cac két qua thu duoc, nhom tac gia nhan thay,
vét liéu thuy tinh TeO, - B03-Zn0O-NazO - Dy,03 c6 thé
dung dé ché tao diot phat quang dnh sang tring. Trong thoi
gian tdi, néu c6 diéu kién nhém tac gia s& tiép tuc nghién
ctru sau rong hon nhu: Thay ddi ti 1& hop phan thanh phan
mang nén TeO,, B,O3; Cac thanh phén lam bién dbi mang
Zn0, Na,0; Thay dbi nhiét do nung, nhiét d6 1 va thoi gian
Ui cling nhu thay dbi ti 16 pha tap, ... dé tim ra cac tri s6 tdi
uu cua vat li¢u thuy tinh nay.

Loi cam on: Nghién clru ndy duoc tai trg boi Quy Phat
trién Khoa hoc va Cong nghé - Dai hoc Pa Nang trong dé
tai co ma s6 B2021-DN03-02.
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