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Nghién ciru tinh chat quang cua vat liéu MgGa,0, :Eu’* tong hop
bing phan {ng pha rin
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Cac chit phat quang MgGa,0,:Eu®* phat xa mau d6 da dwoc tong hop bang phan &ng pha ran cai tién. Vat liéu
dwgc hinh thanh va don pha & nhiét d6 nung trén 1200°C, c6 cau truc spinel dang lap phwong. Két qua phan
tich hinh anh FESEM vit liéu cho kich thwéc hat tir 500 nm dén 1 pm. Phé Kich thich huynh quang (PLE) cho
thdy cac mau thu dwoc c6 dai hdp thu rong trong khoang 270-500 nm, véi dinh hap thu manh tai 272, 394
va 465 nm. Trong dé, dinh hip thu & bwéc song ~394 nm c6 thé dwoc gan cho sw chuyén mikc ning lwong
’F,~°L, ctia ion Eu®*. Dwéi sy Kich thich & bwéc séng 394 nm, vat liéu MgGa,0,:Eu®* phat xa manh viing cam
- d6 (bwdrc song tir 570 dén 700 nm) véi cac dinh phat xa dé manh nhit & 613 va 616 nm. Ciwong dd phat
quang (PL) cao nhit dwgc quan sat khi nhiét d nung mau & 1300°C. Cac két qua nay cho thiy tiém nang lén
trong viéc st dung bot huynh quang MgGa,0,:3%Eu’* phat quang mau dé cho cac ng dung WLED.

Tir khéa: anh sang trang, MgGa,0 4:Eu3+, phan &ng pha ran, phat xa dé.
Chi sé phdn logi: 1.3, 1.4, 2.5
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Abstract:

Red-emitting MgGa,0,:Eu3* phosphors were synthesised via an improved solid-state reaction method.
The formation of a monophasic structure was confirmed at calcination temperatures exceeding 1200°C,
exhibiting a cubic spinel crystal structure. FESEM analysis revealed that the synthesised particles possessed
sizes ranging from 500 nm to 1 pum. Photoluminescence excitation (PLE) spectra showed a broad excitation
band in the 270-500 nm region, with prominent excitation peaks at 272, 394, and 465 nm. In particular, the
excitation peak located at approximately 394 nm can be attributed to the ’F —°L_ electronic transition of Eu3*
ions. Upon excitation at 394 nm, the MgGa,0,:Eu®* phosphors exhibited intense orange-red emission in the
570-700 nmregion, with the strongestred emission peaksat613 and 616 nm. The highest photoluminescence
(PL) intensity was observed for the sample calcined at 1300°C. These results demonstrate the considerable
potential of MgGa,0,4:3%Eu®* red-emitting phosphors for applications in white light-emitting diodes
(WLEDs).
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1. it van de

Cung vGi sy phat trién cia cong nghé noi chung, cong
nghé chiéu sang cling c6 nhirng cai tién ré rét. Trudc day,
ngudi ta st dung cac nguon chiéu sang dan dung 1a dén
dau hodc nén; sau d6 dung anh sang bang dén soi dot,
tuy nhién, dén soi dét c6 hiéu suit phat quang thap, tiéu
ton dién ning va téa nhiét 1ém. Tiép theo, viéc st dung
dén huynh quang tuy da tiét kiém hon so véi dén soi dét
nhuwng ciing c6 nhwgc diém st dung hoi thuy ngin anh
hwdng dén sirc khoé con nguwdi va chi sé hoan mau (CRI)
th4p, nhiét d® mau cao din dén chat lwong 4nh sang
khong t6t. Hién nay, ngwoi ta st dung cac dén LED than
thién moi trweong, tiét kiém dién nang. D& ché tao WLED
thwong mai hién nay, ngwoi ta thwong str dung bot YAG:
Ce®* pht 1én chip Blue LED [1-9]. Tuy nhién, WLED nay
c6 nhwoc diém 12 thiu viing 4nh sdng d6 nén chi s6 hoan
mau khéng cao [2]. D€ khic phuc nhwoc diém nay, cac
nha nghién ctru da ché tao cac bot huynh quang phat xa
d6 dwa vao suw phat xa cta ion Eu®* trong cic mang nén
khéc nhau [1, 2, 10]. Theo tim hiéu ctia ching téi, tuy da
c6 nghién ctru vé MgGa,0,:Eu®, viéc khao sat hé vat liéu
téng hop bang phan (rng pha ran cai tién trong dai nhiét
do6 nung cao 1000-1300°C, gin v&i thir nghiém ché tao

LED trén chip 395 nm, van can dwoc lam ro [11].

Trong nghién ciru nay, chung tdi ché tao vat liéu
MgGa,0,:Eu** bang phwong phap phan tng pha ran cé
cai tién két hop véi thiéu két & nhiét do cao dé nang cao
cwong do phat xa cia bot huynh quang. Chiing toi nghién
ciu anh hwdng cia nhiét dé dén ciu tric tinh thé va tinh
chat quang cta vat liéu. Dic biét, ching tdi thir nghiém
ché tao LED anh sang do tir vat liéu MgGa,0,:Eu’* va chip
395 nm. Cac két qua dwoc trinh bay chi tiét trong phin

két qua va ban luin.
2. Thuc nghiém va phuong phap nghién ciiu
2.1. Thwe nghiém

Vat liéu MgGa,0, pha tap Eu®* 3% dwoc tong hop
bang phwong phap phan rng pha ran cai tién, cac hda
chit ban dau gobm MgO, Ga,0, va EuCl,. Quy trinh ché tao

vat liéu MgGa,0,:Eu** duoc tién hanh nhw sau: Cho vao céc
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thay tinh dung tich 100 ml lwgng héa chit gobm 0,798 gam
MgO; 3,7489 gam Ga,0, va 0,194 gam EuCl, sau d6 thém 50
ml nuéc cit hai Ian, khudy déu bang may khudy tir, bat nhiét
do khudy tir & 100°C, tiép tuc khudy dén can. Mau dwoc siy
trong ti sdy thwomg & 200°C trong 5 gid, nghién min mau
bang c6i ma nio. Cudi cing, nung mau & nhiét d6 1000°C
dén 1300°C, 5 gitr trong khong khi dé thu dwoc cac vat liéu
MgGa,0,:Eu*.

2.2. Phwong phdp nghién ciru

Vat liéu MgGa,0,:Eu* sau khi ché tao dwoc nghién
ctru ciu truc tinh thé, hinh thai bé mat, thanh phan hoa
hoc, tinh chit quang cta vat liéu va thir nghiém ché tao
LED. Phan tich c4u tric tinh thé bang phép do nhiéu xa
tia X, phan tich hinh 4nh bé mait vat liéu bang phép do
hién vi dién t phat xa treong (FESEM), nghién ctvu tinh
chat quang bing phép do phd huynh quang (PL) va phd
kich thich huynh quang (PLE).

3. Két qua va ban luan
3.1. Két qud phdan tich cdu tric tinh thé cia vdt liéu

Dic tinh ciu tric cdc miu XRD cta cic bot huynh
quang MgGa,0,:3%Eu*" dwoc xtt ly trong khong khi, 5 gior
& cac nhiét d6 khac nhau tir 1000 dén 1300°C, duwoc minh
hoa trong hinh 1. Nung & 1000 va 1100°C chi quan sat
thiy cac pha tinh thé cla cac tién chit ban dau gbm cac
tinh thé MgO va Ga,0, [12, 13], cu thé & cac dinh nhiéu xa
20=36,83 va 42,8° twong tng véi mat phang (111) va (200)
va dinh nhiéu xa 28,24° ctia tinh thé Mg0 (g v6i thé chuin
JCPDS-4-829 [13]; con cac dinh nhiéu xa 20=47,16; 62,2°
twong tng véi mét phang (-203) va (-711) ctia tinh thé Ga,0,
rng véi thé chuin 43-1012 [12]. Khi cAc mau dwoc i & nhiét
do tir 1200 dén 1300°C, cac dinh nhiéu xa dic trung ctia ciu
tric tinh thé spinel MgGa,0, tinh thé 1ap phurong (thé chuan
JCPDS 10-0113) & 26=30,44°; 35,88°; 37,6°; 43,71°; 54,22°;
57,8°% 63,46° va 72,07° twong Ung v6i cac mit phang (220),
(311), (222), (400), (422), (511), (440) va (533) dwgc quan
sat thiy va khong c6 pha tinh thé nao khic dwgc nhan ra

[11]. Ngoai ra, can lwu y rang cé sw ting cudong cwomng dod
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ctia dinh nhiéu xa manh nhat & vi tri 26=35,9° khi nhiét do
tang tir 1200 dén 1300°C; tuy nhién, & nhiét d6 nung mau
trén 1300°C thi vatliéu bi chay. Diéu ndy c6 thé kétluan rang,
chat lwong tinh thé tot nhat clia pha MgGa,0, thu dwoc &
1300°C trong diéu kién nghién cru nay.
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Hinh 1. Gian dé nhiéu xa tia X cta vat liéu MgGa,0,:3%Eu* nung
& nhiét d6 1000-1300°C, 5 gio trong khong khi.

3.2. Két qud phdn tich hinh thdi va thanh phdn hod
hoc ctia vit liéu

Trén co s& vat liéu cho két tinh t6t nhit khi nung
thiéu két & 1300°C, chting tdi da tién hanh phan tich hinh
thai bé mat va kich thwéc hat cia vat liéu bang phép do
FESEM. Két qua hinh 2A cho thiy, vatliéu c6 dang hatkich
thwdc tir 500 nm dén 1 pm. Phan tich thanh phin héa hoc &
hinh 2B chi ra rang, thanh phan héa hoc ctia vat liéu chi gom
cacnguyén té Mg, Ga, O va Eu. Diéu nay chirng té vat liéu thu

dwoc khong phat hién tap nguyén t6 dang ké trong giGi han
phép do EDX va tinh chit quang chi do nguyén t6 Eu** trong
mang nén MgGa, 0, tao ra.

3.3. Két quad phan tich tinh chdt quang ctia vt liéu

bé khao sat khad niang hip thu cua vat liéu
MgGa,0,:3%Eu®*, chiing t6i da tién hanh do phd kich
thich huynh quang. Hinh 3A 1a phd kich thich huynh
quang ctia mau MgGa,0,:3%Eu’®* (ng v&i dinh phat xa
613 nm. Két qua thu dwoc cho thiy, chat phat quang thu
dwoc hap thu manh & cac bwéc séng ~272 nm va ~394
nm [11, 14, 15]. BPinh hap thu & bwéc séng ~272 nm ¢
thé dworc gidi thich b&i sw chuyén electron tir orbital 2p
hoan toan 14p diy cta ion 0% sang orbital 4f mot phan
14p day cda ion Eu® hoa tri ba [14, 15]. Pinh hip thu
& buéc séng ~394 nm c¢é thé dwoc gan cho sy chuyén
mirc nang lwong ’F —°L, cla ion Eu*. Thém vao d6, mot
dinh hép thu yéu hon khéc cé thé quan sat thiy & cac
buéc séng ~361 nm ("FO-°D,), 381 nm ("F —°G,), 413
nm ("F—°D,) va 465 nm ("F —5D,), ddc trung cho cac
chuyén doi electron f-f clia ion Eu® [15, 16]. Phé phat
quang (PL) trong hinh 3B cho thdy rang, du¢i bwéc
séng kich thich 272, 394 va 465 nm, chit phat quang
MgGa,0,:3%Eu’* phat xa trong viing cam - d6, véi pham
vi tir 570 dén 700 nm. Trong d6, cac dinh phat xa dé
manh tai ~613 va ~616 nm lién quan dén sy chuyén doi
lwdng cuc dién tir 5D0—>7F2 cua ion Eu* [11, 14, 15, 17].
Cac dinh trong vung cam, dac biét quanh 591 va 596 nm,
gan voi chuyén doi ludng cyc dién °D —7F [11, 14, 15, 17].
Ngoai ra, cac dinh phat xa tai ~653 nm va trong khoang
~680-710 nm c¢é thé dwoc quy cho cic chuyén ddi
electron twong tng °D —’F, va
5D,~’F, cta ion Eu’* [11, 14, 15,
17]. K&t qua thu dwoc tir hinh 3B
cling cho thiy khi kich b&i buéc

% Atomic
O 52,84
22,28

24,28 séng 394 nm, cwong do phat

0,6

quang manh hon dang ké so véi
khi kich thich & 272 nm, 465 nm.
biéu nay dwogc giai thich mac du
phé hip thu 272 nm manh hon
394 nm, nhwng phat xa manh &

Hinh 2. Hinh thai bé mat (A) va thanh phan hoa hoc (B) cua vat liéu MgGa,0,:3%Eu®* nung &

nhiét d6 1300°C, 5 gio trong khong khi.
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bwéc song kich thich 394 nmlado
xac sult chuyén doi cha dién tir &



trang thai °L, vé cac trang thai 7Fj. Trong khi d6 khi dién
ttr kich thich 1én dai CTB c6 thé da dAn dén qua trinh tai
hop khong phat xa khi dién tir dich vé trang thai trung
gian ctia tm phat xa, qua trinh nay lam cwong dé huynh
quang giam. Cac két qua nay chi ra rang, buéc séng kich
thich ~394 nm 14 phu hgp dé nghién ctru sdu hon vé tinh
chat quang hoc ctia vat liéu nay.
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Hinh 3. Phé kich thich huynh quang (A) va phé phat quang (B) cta
vat liéu MgGa,0,:3%Eu®* nung & 1300°C trong 5 gio.

Hinh 4 1a so d6 mic ning lwgng cta vat liéu huynh
quang MgGa,0, pha tap Eu** minh hoa trang thai ning
lwong ctia cac ion Eu®* cling véi co ché c6 thé xay ra clia
qué trinh truyén dién tich, chuyén déi birc xa va khong
birc xa gilra cac trang thai lwong t& khac nhau.
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Hinh 4. So’ dd minh hoa cac qua trinh quang vat Iy trong chat phat
quang MgGa,0, pha tap Eu®.

Phé phat quang cta vat liéu huynh quang
MgGa,0,:3%Eu* dwoc nung & cac nhiét do khac nhau,
trong khoang tir 1000 dén 1300°C dwoc nghién ctiru va
trinh bay trong hinh 5. K&t qua hinh 5 chi ra rang, phé
phat quang c6 hinh dang twong tw nhau déu cho phat xa
vung cam dén dd, phat xa manh trong vung anh sang dé
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va cuc dai & dinh 613 va 616 nm. Tuy nhién, cwong do
c6 sy thay doi ré rét, & nhiét @6 1000 va 1100°C cwong
do6 phat xa kha yéu, diéu nay ciing phu hgp véi cau tric
tinh thé b&i vi & nhiét d6 nay ciu tric tinh thé chwa hinh
thanh, nguyén nhan phat xa & nhiét d0 nung mau nay
12 MgO:Eu* va Ga,0,:Eu*. O’ nhiét d6 nung miu 1200,
1300°C cwong do huynh quang tang manh va phat xa
manh nhit & nhiét d6 nung 1300°C, diéu nay 1a do &
nhiét dd nung cao hon chit lwong tinh thé tot hon va sy
tang cwong khuéch tan Eu®* trong mang nén [18].
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Hinh 5. Ph6 phat quang ctia vat liéu MgGa,0,:3%Eu** nung & nhiét
do khac nhau véi bwéc séng kich thich 394 nm, do & nhiét do
phong.

D€ thém khang dinh &nh hwdng cua nhiét do nung
mAu dén tinh chit quang cta vatliéu, chiing t6i tién hanh
do phé kich thich huynh quang cia vat liéu theo nhiét do
nung mau. K&t qua hinh 6 cho thiy, nhiét d6 nung miu
thay d6i hinh dang phé twong tw nhau, vat liéu hip thu
manh & buéc séng 272 va 394 nm, ngoai ra vat liéu hip
thu dinh khéc véi ceong do yéu hon. biéu nay pht hop
hoan toan véi phd phat quang & hinh 5.
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Hinh 6. Phé kich thich huynh quang cua vat liéu MgGa,0,:Eu**
nung & nhiét do tir 1000 dén 1300°C, 5 gi® trong khong khi, do &
nhiét dé phong trng véi dinh phat xa 613 nm.
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3.4. Thir nghiém ché tao LED

Thr nghiém ché tao LED dwoc thuc hién bang cach
st dung bot huynh quang MgGa,0,:3%Eu® két hop véi
chip 395 nm. Hinh 7 thé hién két qua phé dién quang ctia
sw két hop gitra chip 395 nm va bot huynh quang, cing
véi dnh thuce té ctia LED. Két qua tir hinh 7 cho thiy, khi
str dung chip 395 nm va pht bé mit bang vat liéu huynh
quang, mét ving phat xa do ré rét da xuat hién, dong thoi
anh thuc té ctia LED thé hién mau dé sic nét. Tir nhitng
két qua nay, c6 thé két luan rang, vat liéu MgGa,0,:Eu**
c6 tiém nang ng dung lam bot phat xa do trong cac hé
théng WLED.
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Hinh 7. Phé dién quang va anh LED cua vat liéu ché tao dwoc phu
1én chip 395 nm.

4. Két luan

Trong nghién cdu nay, bdt huynh quang
MgGa,0,:3%Eu** dwoc ché tao thanh cong thong qua
phuwong phap phén rng pha ran cai tién véi quy trinh
téng hop don gian, d6 1dp cao va c6 tiém nang mé rong dé
ché tao bot huynh quang. Cac chit phat quang thu dwoc
c6 thé dwgc kich thich hiéu qua bang anh sang NUV &
buwéc song 394 nm dé phat ra dnh sdng d6 manh & dinh
613 nm. Cwong do PL cao nhit dat dwgc d6i véi chit phat
quang MgGa,0,:3%Eu*" dugc i & 1300°C trong 5 gio. Thir
nghiém thanh céng LED anh sang do tir bot ché tao va chip
395 nm. Nhitng két qua nay cho thay, MgGa,0,:3%Eu* c6
thé dwoc st dung lam chat phat quang phat ra mau do
trong WLED dwa trén NUV. Trong nghién ctru tiép theo,
chiing t6i sé nghién ctru tic dong cia ndng dd pha tap Eu®*
dén ddc tinh quang hoc ctia vét liéu MgGa,0,:Eu’".
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