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1. Gigi thigu

Vit liéu phat quang c6 mdt vai tro quan trong trong cong nghé hién dal V6i céc ung dung trong
céc linh vuc khac nhau nhu cam bién quang hoc, chiéu sang trang thai ran, 6ng dan song va thiét bi
quang dién tur [1] — [6]. Dac biét, co rat nhiéu tng dung cua vat lidu phat quang trong chiéu sang
chat ran bao gém chiéu sang dan dung, chiéu sang ngh¢ thudt, chiéu sang duong phd va chiéu sang
phét trién cho thyc vat [1], [3]. Cu thé hon, trong so céc loai photpho khac nhau, sy chi y ve cac
loai photpho phat ra mau do va do xa gan day da ndi 1én do sy dong gop quan trong cua chung vao
quang phd phat xa cua cac didt phat quang (LED) cho cac ung dung chiéu sang lam vuon hoic
chiéu sang trong nong nghiép da duoc nghién ctu [1], [3], [6]. Cho dén nay, cac photpho phat ra
mau do cha yéu dya trén cac vat lidu phat quang duoc kich hoat bang dat hiém nhu cac photpho
pha tap cac ion Eu®* Eu3+ Sm*, va Pre* [3], [7] - [13] hodc céc kim loai chuyén tlep nhu Cr, Mn
[6], [14], [15]... Mot s6 bot huynh quang truyén thong phat xa anh sang do c6 thé ké dén nhu
Y,05:Eu®, Y803 Eu® [16], [17]... Tuy nhién nhiing bot huynh quang thuong mai nay thudng co
nhiét do mau cao, phat xa manh ving anh sang d6 nén khi ttng dung trong cac LED phat xa anh
sang tring (WLED) thudng cho chét lwong anh sang thip (c6 do chéi cao).

Trong chuc nam tré lai day, dén LED phat xa anh sang trang (WLED) dugc coi la thiét bi
chiéu sang thé hé moi dang dan dan thay thé cac thiét bi chiéu sang truyén théng nhu: dén sgi
dbt, dén huynh quang, dén huynh quang compac boi dén LED ¢6 nhung uu diém vuot troi so véi
cac thiét bi phat quang truyén thong nhu c6 d6 bén cao, tiét kiém ning luong, khong 6 nhidm méi
truong [18] - [25].

Hién nay c6 ba phuong phap chu yéu dé ché tao dén LED phat xa anh sang trang: (1) phu bot
huynh quang phat xa anh sing mau vang 1én blue-chip [26]; (2) phu cac bdt huynh quang phat xa
anh sang xanh lam va anh sang mau vang 1én UV-chip; va (3) phuong phap tron ba bot huynh
quang phat xa ba mau co ban (xanh luc, xanh lam va do) 1en cac chip LED. Vi phuong phap (1)
va (2) khi phu bot huynh quang phat xa vang Y3AlsO,.: Ce® 1én Blue-chip GaN thi cac LED phat
Xa anh sang trang véi chi s6 hoan mau thap (thuong < 80%) vi dai phat xa caa nhitng thiét bj nay
thiéu hut viing phat xa do so véi ving phat xa cta anh sang mat troi ¢ ving budc séong 600 nm
[27], [28]. Chinh vi vdy, ma cac WLED ché tao theo cong ngh¢ nay thuong c6 do choi cao gy
hai cho mit néu dung dai ngay. Véi phuong phéap thtr (3) khi tién hanh phu bot huynh quang ba
phd 1én cac chip-LED thi nguoi ta thuong ding cac bot huynh quang phét xa do truyén théng nhu
Y,03:Eu® bai loai bot huynh quang nay c6 hiéu suat huynh quang cao, co giai phat xa hep trong
vung anh sang do. Tuy nhién phuong phap nay cing khong mang lai hiéu qua cao trong viéc
nang cao chit lvong cua cac WLED bai dai phat xa cua chung van thiéu hut mot ving 16n trong
ving anh sang d6 so véi dai phat sang cta dnh sang mat troi. Do d6, dé phat huy nhiing dic tinh
ndi bat cia WLED thi nhu cau cap thiét 1a bd sung mét loai bot huynh quang phat xa manh trong
ving anh sang d6 hodc d6 xa dudi sy kich thich cua chip blue. Cac nghién ctru gan day chi ra
rang nhom vat liéu huynh quang co ciu tric perovskite khi pha tap ion dat hiém hoac kim loai
chuyén tiép co thé dap tng tot cac yéu cau nay [29] — [34]. Nén viéc nghién ciru, ché tao vat li¢u
SrTiO; pha tap ion Eu®" phat xa manh trong ving 4nh sang do va do xa 1a can thiét cho viéc nang
cao chat lugng ciia cac dén LED phat xa anh sang trang.

2. Thwc nghiém
2.1. Thuc nghigm ché tao

Vit liéu SrTiO; pha tap ion Eu®* duogc tong hop bang phuong phép phan ing pha ran véi cac
tién chét ban dau gom SrCOs, TiO, va Eu,0s5. Cac tién chat ban dau duorc tinh toan theo horp phan
tuong ng voi ty 1€ pha tap tur 1 dén 6% nguyén tir Eu. Sau d6 céc tién chét duoc nghlen so bd
bang may nghién co véi toc dd 300 vong/phiit trong ethanol. Sau 46 vat licu duoc sdy kho, ép
vién roi nung so bo & 800 °C. Mau sau khi nung so by duge pha mau, nghién va ép vién dé nung
thiéu két & nhiét d6 1100 °C trong khoang thoi gian 12 gio.
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2.2. Thuc nghigm do dac va khdo sdt hinh thdi bé mgt, Céu triic va tinh chét quang

Vit lidu sau khi duoc tong hop di duoc ching t6i tién hanh khéo sat hinh thai bé mat bing
anh SEM, trén hé may HITACHI S-4800; khao sat ciu tric trén hé may D2-Phaser (Bruker,
KaCu = 1,54060 A), khao sat vi cdu trac cua vat liéu trén hé Micro Raman cua Horiba, véi budc
song kich 785 nm va khao sat tinh chat quang cua vat liéu trén hé huynh quang Nanolog, Horiba
Jobin Yvon dung dén Xe véi cong suat 450 W.

3. Két qua va thao luan
3.1. Hinh thdi bé mgt cia vt ligu

Trén hinh 1 13 anh hién vi dién tr quét cua vat lidu ¢ nhiét do nung so bd 800 °C va nung thiéu
két & 1100 °C. Két qua cho thay véi mau nung so bo ¢ 800 °C thi kich thudc hat bé, bién hat hinh
thanh chwa rd rét va c6 kich thudce phan bé trong khoang tir 20 dén 50 nm. Khi nung thiéu két &
nhiét do 1100 °C thi thdy kich thudc hat ting 1én va bién hat hinh thanh sdc nét, véi kich thuéc
phan bé trong khoang tir 200 dén 500 nm. Két qua nay cho thay khi nhiét ¢ nung thiéu két ting
1én thi qué trinh moc mam tinh thé trd nén tét hon va cac hat thu duge c6 kich thudc 16n hon so
V61 qua trinh nung so bd.
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nung thiéu ket ¢ 800 va 1100 °C pha tap 1% Eu nung ¢ nhiét dg 1100 °C
3.2. Cdu tritc tinh thé ciia vit liéu
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Hinh 3. Gidn do nhiéu xa tia X ciiamau SrTiO;  Hinh 4. Phé dn xa Raman ciia mau SrTiO, pha tap 1-
pha tap tir 1 - 6% Eu nung ¢ nhiét d@6 1100 °C 6% ion Eu®*, nung 1100 °C, do ¢ nhiét dé phong, véi
budc song kich thich 785 nm
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Khao sat cu tric tinh thé ciia mau vat ligu bang gian d6 nhidu xa tia X (trén hinh 2) chung toi
thu dwoc vat liéu c6 cdu trac perovskite voi nhom khong gian 14p phuong, v6i cac dinh nhidu xa
dic trung tuong (g Vi cac mat phang mang (100), (101), (110),(111),(200),(210),(21
1),(220),(221),(310),... [35].

Trén co s& d6 chiing t6i trién khai khao sat sy anh huong cia nong do pha tap ion Eu** dén
Cau trac tinh thé cua vat liéu. Hinh 3 1a gian do nhleu Xa tia X cua cac mau SrTiO; pha tap Eu tur
nong do 1 dén 6% nguyén tir. Két qua cho thay nong do pha tap Eu khong anh huéng dén cau
tréc tinh thé caa vat liéu.

3.3. Phé tin xg Raman ciia vit liéu

Chung t6i da tién hanh khao sat vi vau tric cta vat lidu bang cach do phd tan xa raman cua vat
liéu vai bude song kich thich 785 nm trong khoang tir 50 ¢én 1000 cm'™.

Hye Ji Jang va cac cong sy dd quan sat thiy cac dinh phé cua vat lidu nay dugc xac dinh tai
cac vi tri 121 em™ (TO,); 143 cm™ (LO,); 172 cm™ (LO, + TO,); 240 cm™ (TO,); 327 cm™(LO,):
450 cm™(LO3); 540 cm™ (TOy4) va 800 cm™ (LO,) [36]. Pho tan xa trén hinh 4 cho thay cac dinh
tan xa ndy la nhitng mode dao dong dic trung cua cac lién két O — Ti — O (143cm™); O-Sr—-0
(172 cm™); Ti — O — Ti (240 cm™); Ti — O (540 cm™) trong mang nén SrTiO;. Nhitng dinh tan xa
con lai tuong ung véi cac dao dong ¢ cac muc nang lugng la to hop cua cac mtrc nang lugng
thudc cac mode dao dong dic trung cia mang nén SrTiO; noi trén va nhitng mode dao dong bac
cao hon [35].

3.4. Tinh chdt quang cia vt ligu
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Hinh 5. PL ciia mdu SrTiO; pha tap 4% ion Hinh 6. Phé PLE cia mau SrTiO; pha tap 4%
Eu®*, nung ¢ 1100 °C, do ¢ nhiér dé phong véi  ion Eu**, nung ¢ 1100 °C, do & nhiét d phong
buoc song kich thich 393 nm VOi cdc dinh phat xa 616 nm

Dé khao sat tinh chit quang cta vat lidu, ching toi da tién hanh do phd huynh quang (PL) va
ph kich thich huynh quang (PLE) clia miu ¢ nhiét do phong. Hinh 5 1a PL cua vat liéu SrTiO;
pha tap 4% ion Eu®". Két qua cho thdy vat liéu phat xa manh trong ving 4nh sang d6 véi cac dinh
phat xa 580, 590, 616, 630, 683 va 700 nm.

Cac dinh phat xa nay dugc quy cho qua trmh chuyén mirc ning lugng ciia ion Eu’* trong
mang nén tinh thé SrTiO; tir trang thai kich thich *D, vé trang thai 7F G=0,1,2,3,4)[35]-37]
trong d6 dinh phat xa ¢ vi tri 590 nm c6 cudng d6 16n nhat. Pinh phat xa ndy la qua trinh dich
chuyén ning luong ctia ion Eu’" tir trang thai °D, 2 'F,, cdc dinh con lai gdm 580 nm (’D, >
"Fy), 616 nm (°Dy > 'F,); 630 "Dy > 'F3) va dinh tir 680 - 720 nm (°Dy > "Fa).

Dé khao sat ngudn gdc cia cac dinh phat xa nay, chung toi tién hanh do phd kich thich huynh
quang ctia vét liéu tmg v6i dinh phat xa 616 nm (dinh c6 niang lugng tich phan 16n nhét).

Hinh 6 1 pho kich thich huynh quang cia mau SrTiO; pha tap 4% ion Eu’’, do & nhiét do
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phong, (mg v6i budc song phat xa 616 nm. Két qua thu duoc cho thay vat li€u cé dai kich thich
nam trong khoang tir 350 den 500 nm v&i mot dai rong tir 350 dén 380 nm. Dai kich thich nay
dugc cho la qua trinh truyén dién tich (CTB) duoc gy ra boi mot s6 qua trinh chuyén doi dién
tich trong mang nen SrT103 Va mot s dinh sic net & cac vi tri 393, 414 va 464 nm [35] [37] Cac
chuyén doi nay gom: 'F, - L6 (393 nm), F, - °Ls (396 nm), 'F, - °D; (414 nm), 'F, - "D, (464
nm). Ngudn goc cua cac chuyén doi mirc ning lugng trong dai phat xa va dai kich thich huynh
quang ctia vat liéu co6 thé duoc giai thich boi so dd mirc ning luong sau trén hinh 7.
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Hinh 7. So dé mitc nang luong cua vt ligu SrTiOs Hinh 8. PL cia mau SrTiO; pha tap 4% ion
pha tap ion Eu* Eu*, nung ¢ 1100 °C, do & nhiét do phong véi

budc song kich thich 254, 393 va 464 nm

Trén co s vat lidu hap thy manh trong ving tr ngoai, tung Gtng Véi qua trinh chuyén mirc
ning luong cua ion Eu®* tir trang thai co ban 1én cac trang thai c6 mirc ning lwong cao hon.
Chung t6i di tién hanh do pho huynh quang cia vat liéu nay véi cac bude song kich thich khac
nhau véi cac gia tri 254 nm (254 nm la buC Xa Cua hoi thiy ngdn dung trong cdc dén huynh
quang), 393 va 464 nm dé tim ra btc xa phu hop ma vat liéu hap thu dé cho qua trinh phat quang
t6t nhat. Két qua thu duogc trén hinh 8 cho thay, vat liéu khi kich thich ¢ budc song khac nhau thi
cuong d6 huynh quang cua vat liéu 1a khac nhau nhung vi tri cac dinh phat xa gan nhu khong doi.
Vit liéu cho phat xa tot nhat khi kich thich & budc song 393 nm. Vi két qua nay thi vat lidu phu
hop cho ung dung trong cac LED chuyén dung phat xa anh sang d6 hoac WLED dung chip UV-
LED véi budc song phat xa ctia chip 1a 395 nm.

Trén co s& Vat liéu cho phat xa manh nhat khi kich thich & budc song 393 nm. Chung t6i da tién
hanh khao sat sy anh huong cua ndng do ion Eu®* 1én tinh chat quang cua vat liéu, voi bude song
kich thich 393 nm.

Hinh 9 1a ph huynh quang ciia mau SrTiO; pha tap Eu, vi nong do pha tap tr 1 dén 6%,
kich thich & budc song 393 nm, do & nhiét do phong. Két qua khao sat cho thiy rang vat li¢u phat
Xa manh trong vung anh sang d6 vé6i cac phat xa dic trung cua ion Eu®* trong mang nén SrTiOs.
Khi nong d¢ pha tap ion Eu** ting 1én thi cuong d cua cac dinh huynh quang c6 xu hudng ting
nhung vi tri cdc dinh phat xa gan nhu khong thay doi. Két qua nay duogc giai thich 1a khi ndng do
pha tap ion Eu®* ting 1én thi kha nang thay thé cua ion Eu®* cho ion Sr** ting. Qua trinh thay thé
nay lam mat do tim phat xa ting lén lam cho cuong d§ huynh quang ting lén. Khi nong d6 pha
tap 1én dén 4% thi cuong d6 cac dinh huynh quang 1a 16n nhat. Khi ting 1én trén 4% thi cuong do
huynh quang c6 xu huéng giam. Két qua nay cho thdy trong mang nén SrTiO; thi hién tugng dap
tat huynh quang da xay ra & ndng do pha tap Ién hon 4%. Hién tuong dap tat huynh quang do
nong do6 pha tap c6 nhiéu nguyén nhan khac nhau, nhung nguyén nhan chu yéu 14 (1) do qua trinh
chuyén ddi nguoc ning luong gitta cac tim phat xa khi ndng d6 tam phat xa 16n; (2) do qua trinh
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CO cum ciia cac ion pha tap khi ¢ trang thai nong d9 cao. Liic nay céc ion pha tap tach khoi mang
nén va tao thanh cac dam oxit cua cac ion pha tap.
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Hinh 9. PL ciia mdu SrTiO; pha tap 1 - 6% ion Eu®*, nung ¢ 1100 °C, do & nhiét dé phong
Vi budc song kich thich 393 nm

4. Két luan

Vit lieu huynh quang SrTiO; pha tap ion Eu®* ¢6 céu trac perovskite voi nhom khong gian 1ap
phuong. Céu truc tinh thé cua vat liéu khong phy thude vao ndng do pha tap ion Eu®* vao mang
nén. Vit liéu co kha nang hap thu manh trong vung tr ngoai va tir ngoai gan véi cac dinh kich
thich huynh quang dic trung cua ion Eu®* khi chuyén muc nang lugng tir trang thai co ban 1én
trang thai c6 muc nang lugng cao hon. Vat liéu phat xa manh trong vung anh sang dé khi kich
thich ¢ budc song 393 nm véi cac dinh phat xa dac tru’ng cua ion Eu®* gom:

°Do > 'Fo (580 nm), °Dy > 'Fy (590 nm), *Dy > F, (616 nm), °Dy > 'F5 (630 nm), °Dy >
F, (680 -720 nm). Hién tuong dap tat huynh quang cua vat li¢u xay ra voi nong do pha tap 4%
ion Eu®". Vat liéu c6 kha nang dap tng t6t cho cac tng dung phu trén cc chip UV-LED dé tao ra
cac LED phat xa anh sang trang hodc cac dén LED chuyén dung cho chiéu sang thuc vat.

Loi cam on
Cong trinh nay dugc tai tro boi Pé tai Khoa hoc va Cong nghé cap Bo thuc hién tir ndm 2021
véi ma s6 B2021-TNA-14.
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