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In this study, MgF.:Eu** ceramic samples with different Eu®*
concentrations (0, 0.2, 0.5, 1, 3 and 5%) were fabricated by plasma
sintering method. The structure and optical properties were studied
through ~ X-ray  diffraction,  photoluminescence  excitation,
photoluminescence emission and fluorescence lifetime measurements.
The results showed that Eu* can enter the MgF- crystal lattice without
changing the structural phase but causing a slight shift in the X-ray
diffraction pattern due to the substitution of Mg?" ions. The fluorescence
excitation spectrum recorded the characteristic absorption lines of Eu*",
with the strongest peak at 392 nm, suitable for excitation in red LED
applications. The luminescence intensity reached the maximum at an
Eu** concentration of 3%. The fluorescence lifetime decreases with
increasing Eu*" concentration. Eu** doping helps to create luminescent
centers, enhance the luminescence ability and expand the application of
the material in the fields of lighting, lasers and sensors.
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Trong nghién ctru ndy, cac mau gém MgF2:Eu** voi nong d6 Eu* khac
nhau (0, 0,2, 0,5, 1, 3 va 5%) dugc ché tao bang phuong phép thiéu két
plasma. Céu triic va cac tinh chat quang duoc nghién ctru thong qua gian
dd nhidu xa tia X, pho kich thich huynh quang, pho phat xa huynh quang
va do thoi gian song huynh quang. Két qua cho thay, Eu** ¢ thé di vao
mang tinh thé MgF. ma khong lam thay doi pha cau tric, nhung gdy dich
chuyén nhe trong gian dd XRD do sy thay thé ion Mg?*. Phd kich thich
huynh quang ghi nhan cac vach hap thu dic trung ciia Eu, véi dinh manh
nhit & 392 nm, phi hop dé kich thich trong tng dung LED d6. Cuong do
phat quang cao nhat duoc ghi nhén tai ndng d6 Eu’* 1a 3%. Thoi gian séng
huynh quang giam dan khi ndng d6 Eu®* tang. Viéc pha tap Eu®* giip tao
ra cac tdm phat quang, tang cuong kha nang phat quang va mé rdng ung
dung ctia vét lidu trong linh vuc chiéu sang, laser va cam bién.
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1. Gi6i thiéu

Vit liéu nano MgF, 1a mot trong nhimg vét liéu quang hoc quan trong nh¢ vao tinh 6 6n dinh hoa hoc
cao, d6 bén co hoc tot va kha nang truyén quang rong tir viing tir ngoai (~120 nm) dén ving hong ngoai
trung (~10 pm) [1] - [3]. Nho nhiing ddc tinh nay, MgF> da dugc st dung rong rdi trong nhiéu linh virc
nhu quang hoc, laser, vién thong, y sinh, va cong nghé cam bién hong ngoai [4] —[6]. Tuy nhién, MgF>
tinh khiét khong c6 kha ning phét quang, do d6 viéc pha tap cac ion dat hiém vao mang tinh thé MgF,
da duoc nghién ctru nham tao ra cic tim phat quang méi, mé rong ing dung cua vat liéu nay. Trong s6
cac ion dat hiém, Eu** 1a mot chét kich hoat quang hoc quan trong, c¢6 kha ning phat quang manh trong
vung anh sang d6 nho chuyen doi ndi vung f-f tir mire kich thich *Do dén cac muc 7F; [7], [8]. Khi pha
tap Eu®* vao Mgk, co thé xay ra qua trinh truyen nang luong tir khuyet tat mang dén ion Eu*, giup t6i
uu hoa hiéu suat phat quang. Ngoai ra, sy thay doi ciu tréic tinh thé khi pha tap Eu** ciing c6 thé tao ra
cac mirc nang lugng bay, anh hudng dén tinh chét nhiét phat quang ctia vat liéu, mo ra hudng nghién
clru méi trong do liéu buic xa va cam bién nhiét.

G6ém MgF, pha tap Eu** (MgF2:Eu**) 1a mot vat liéu tién tién véi nhidu wu diém ndi bat, dac biét
trong linh vie quang hoc va phét quang. Nho ¢ d6 trong sudt cao trong ving tir ngoai (UV), MgF; 1a
nén vt liéu ly twong dé pha tap cac ion hiém nhu Eu®* [9], [10]. Khi dugc pha tap, Eu®* tao ra kha ning
phét quang manh trong ving anh sang do, mang lai hiéu suat huynh quang vuot trdi, rat hitu ich trong
cac (mg dung nhu cam bién, laser rin va thiét bi chiéu sang [10], [11]. V4t liéu nay con c6 do 6n dinh
nhiét va hoa hoc cao, giup duy tri tinh cht phat quang 6n dinh trong diéu kién khic nghiét. Bén canh
d0, cau tric tinh thé cia MgF hd tro t6i wu cho sy kich thich va phat xa ctia ion Eu** [12]. Dic biét,
mirc d pha tap c6 thé dugc diéu chinh linh hoat dé dat hiéu suat t6i da theo timg muc dich sir dung.
Véi d6 bén co hoc tt, khong doc hai va than thién moéi truong, gém MgF,:Eu** duoc danh gia 1a vét
liéu tiém nang cho cac {mg dung cong ngh¢ cao hién nay va trong tuong lai.

Mic du da ¢ nhiéu nghién ctu vé vat liéu MgF, pha tap Eu*, phan lon cac nghién ciru tap
trung vao vt liéu dang bot khéi, trong khi cac nghién ciru vé vat liéu gobm MgF»:Eu** van con han
ché. Vi viy, nghién ctru nay hudéng dén muc tiéu tong hop va dic trung tinh chit quang ctia gdm
MgF, pha tap Eu**, tir 46 danh gia kha ning ing dung ciia vét liéu nay trong linh vuc chiéu sang.
Céc két qua thu dugc sé gitip 1am sang t6 anh huong ctia néng dd Eu** dén cau trac va kha ning
phat quang cua vat ligu.

2. Phuwong phap nghién ciru
2.1. Tong hop cic méu gom MgF,:Eu

Céac mau gbm MgF,:Eu voi ndng d6 Eu khac nhau (0,2, 0,5, 1, 3 va 5 %) da duoc tong hop bang
phuong phap thiéu két plasma. Hon hop bot tron MgF, va EuF; dugc cho vao khudn graphite hinh
tru ¢6 16 co duong kinh 10,4 mm. Hn hop duge nung thidu két bang cach cung cip dong xung
dién qua cum graphite trong 10 SPS. Nhiét dd dugc nang tir nhiét d6 phong 1&€n 600 °C voi tde do
gia nhiét 50 °C/phut dudi ap suét 5 MPa va sau d6 gilr trong 15 pht. Tiép theo, nhiét d6 dugc nang
1én 700 °C véi téc do gia nhiét 20 °C/phut dudi ap suat 50 MPa va sau do giit trong 10 phit, thu
duoc mau gém trong sudt MgF:Eu.

2.2. Céc phwong phdp dic trung tinh chit

Céu triic tinh thé cia mau dugc khao st bang may nhiéu xa tia X (SIEMENS D-5005). Pho
kich thich huynh quang, quang huynh quang va thoi gian song huynh quang dugc do bang may
FLS1000, Edingburgh.

3. Két qué va ban luin
3.1. Gidn d6 nhiéu xa tia X ciia vit ligu MgF,va MgF;pha tap ion Eu®*

Két qua do gian d6 nhidu xa tia X (XRD) ctia mau gém MgF, khong pha tap va pha tap ion Eu**

dugc trinh bay trong Hinh 1. Két qua quan sat tir gian d6 XRD cho thay cac miu MgF, khong pha
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tap va pha tap ion Eu’* déu Xuét hién céac vach nhiéu xa déc trung cua céu trac Tetragonal cia vat
liéu MgF, [13]. T4t ca cac mau pha tap Eu** van giir duge cau trac tinh thé cua MgF>, ching t6
rang Eu®* ¢6 thé di vao mang tinh thé ma khong 1am thay doi pha céu tric cta vat liéu nén. Khong
xuét hién cac pha cta tap Eu20s hoac EuFs, chiing té Eu®** phan bd déu trong mang tinh thé MgkF-.
C6 thé nhan théy céc dinh nhidu xa ciia MgF: pha tap Eu* ¢ su dich chuyén nhe v& goc 260 nho
hon khi tang néng do Ev’*. Hién tuong nay 1a do sy thay thé nhiéu hon ion Mg?* (ban kinh ~0,72
A) bang i ion Eu’** (ban kinh ~0,95 A), 1am thay d6i hang sd mang tinh thé [13], [14]. Cac dinh nhidu
xa dich vé phia goc 20 nhé hon, diéu nay cho thiy mang tinh thé bi dan ra do ion Eu* c¢6 kich
thudc 16n hon ion Mg,
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— -
>
2
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SN— ~
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?0 MgF,Eu’'1%
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26 (do)
Hinh 1. Gidn dé nhiéu xa tia X ciia mau MgF> va MgF»:Fu’* véi nong d¢ Eu khdc nhau

3.2. Pho kich thich huynh quang
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Mgl
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F,-"H,
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Hinh 2. Pho kich thich hupnh quang ciia MgF» va MgF»:Eu’*

do tai budc séng 616 nm (*Dy — "F») véi nong do 1%

Ph kich thich huynh quang (PLE) cua MgF: pha tap Eu’* cung cap thong tin quan trong vé cac
mirc nang lugng ma ion Eu* hap thy ning luong va chuyen 1én trang thai kich thich. Diéu nay giup
xac dinh cac budc song kich thich hiéu qua nhét dé t6i uvu héa cuong do phat quang. Phé kich thich
trong Hinh 2 duoc do bang cach thu tai budc song 616 nm (*Dy — "F) khi thay dbi bude song kich
thich tir 250-550 nm. Phé kich thich thu duoc cac vach kich thich dic trung cua cac chuyén doi f—
fcta ion Eu**. Cac dinh kich thich quan sat dwoc chii yéu do sy dong gop boi cac chuyén doi dién
tlr tir mic "Fo va 'F; 1én cdc mic ning luong cao hon ctia ion Eu* [7], [9], twong tmg 1a "Fy —H;
(295 nm), "Fy —°Hs (318 nm), "Fp —°D, (362 nm), "Fy —°G4 (376 nm), "Fy —Ls (392 nm), 'F,
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—7Ls (398 nm), F; —°D; (413 nm), "Fy —°D, (465 nm), "Fyp — °D; (524 nm) [10], [11]. C6 thé
thdy cuong do cac vach kich thich twong tng véi cac chuyén doi 'Fy — °Hs, "Fo — Dy, "Fy — °Ls
va 'Fy — °D; kha manh, trong khi cac chuyén doi con lai ¢ cudng d6 yéu hon. Trong cac tng
dung chiéu séng LED UV, dai Fo — °Ls (~392 nm) rat quan trong vi c6 cuong do hép thu manh.
Pho kich thich manh trong viing UV (~392 nm) phul hop dé ché tao LED d6 phat quang tir Eu®*.

3.3. Nghién citu tinh chit phdt quang ciia MgF; pha tap ion Eu’*

Pho phat quang ciia cac mau MgF»:xEu’* v6i nong d6 Eu (x) khac nhau, kich thich boi budc
song 392 nm ("Fy — °Ls) duoc trinh bay trong Hinh 3. O nong d6 Eu** = 0% (miu MgF: tinh
khlet) khong c6 dinh phat quang trong Vung nhin thay, do MgF. khong chita tim phat quang.
Pho phat xa ctia cac mau MgF, pha tap Eu®* xuat hién 5 dinh phat xa & cac bude song 579 nm
(°Do—"Fy), 590 nm (*Dy—"F), 616 nm (*Dy—"F3), 652 nm (*Dy—"F3) va 698 nm (*Dy—"F})
[8], [12], [14]. Cac dinh nay bt ngudn tir cic chuyén ddi dién tir trong ciu hinh 4/° cta cac ion
Eu’’. Trong vat liéu MgF2, cac mirc ning lugng ctia Eu®* bi anh huéng béi truong tinh thé, din
dén su tach muc ning luong. Piéu dang cha y 1a cdc electron 4/ trong cac ion Eu*" duoc che
chén hiéu qua boi cac orbital 5s° va 5p° da lap day, nén giam thiéu anh hudng cua truong tinh
thé 1én cac chuyén ddi f-f. Do d, cac chuyen d6i trong cau hinh 4f" thuong tao ra cic dinh sac
net trong quang phd phat xa [9], [11]. Nhu thé hién trong Hinh 3, cic dai phéat xa c6 ngudn gbc
ttr murc 3Dy chiém wu thé trong quang phd phat quang, trong d6 cac dai 'Dp—’ F, thé hién cuong
d6 manh nhat. Do d6, dai phat xa SDy—"F, ¢6 thé duoc st dung cho céc nguon phat laser néu
mit cit phat xa kich thich cta ching du 16n [8], [10], [13].

P
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A A /\ AMgrleu“’o.z% A

Mgk,

Cuong do huynh quang (dvty)
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Buéc séng(nm)
Hinh 3. Phé quang phat quang ciia vit liéu MgF»:Ew’* kich thich béi buede song 392 nm ('Fy —Le)
véi nong do Eu khdc nhau

Khi ndng do Eu®* tang 1én, cudng do phat xa cua cac dinh ting 1én do ting cudng cc tAm phat
xa. O néng d6 Eu** 1a 3% cuong d6 phat quang dat cuc dai. O néng d6 Eu* 1a 5%, cuong d6 huynh
quang giam xudng do sur tuong tac gitra cac ion Eu** ¢ khoang cach gan, dugc goi la hién twong
dap tat huynh quang do ndng d9 (concentration quenching). Dép tat huynh quang do ndng do xay
ra khi néng d6 ion Eu** vuot qua mirc toi uu, khién cac ion & gan nhau hon va d& xay ra twong tac
khéng burc xa. Nang luong kich thich truyén tir ion nay sang ion khac ma khong phat ra anh sang,
dan dén suy giam cuong do phat quang. Co ché truyén nang lugng khéng birc xa gom twong tac
trao ddi va tuong tac da cuc. Hién tuong nay thuong lam giam hiéu suat phat quang va gy mo
rong dinh phd. Cudng do phat quang ctia mau pha tap Eu* 1a 5% giam so v6i mau 3% do su truyén
ning lugng khong biic xa (non-radiative) gitra cac ion Eu*. C6 thé quan sat thiy sy mo rong dinh
phé do su tuong tac giita cac tim phat quang.
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3.4. Thoi gian song phdt quang

Thoi gian sdng phat xa 1a mot thong sb quan trong dé hiéu vé dong hoc cua qué trinh phat
quang trong vat liéu MgF: pha tap Eu®*. No6 gitp danh gia co ché phat quang, hiéu suat luong tir,
va cac hiéu tmg khong birc xa. Chiing t6i tién hanh thyc nghiém do thoi gian séng cua dai phat
xa 616 nm (°Dy—’F3), két qua dugc quan sat trén Hinh 4. Thoi gian sdng ciia cac mau dugc xac
dinh tir duong cong phén rd huynh quang bang cach 1am khép né voi hai ham e mii, dwoc cho
boi phuong trinh [7], [9]:

1(t) = 1o+ Xi Arexp (H/r,) (1)

Trong do, ; 12 thoi gian sdng ciia tim phat xa i va 4; 1a hé s6. Thoi gian sdng trung binh duoc
tinh bang phuong trinh sau [7], [9]:

) (0 =X, At/ Tl A @

Thoi gian song trung binh phu thudc vao hé s6 mii va thoi gian song cua ting thanh phan i. Céac
tham sb 4;, 7 va () cta dinh phat xa 616 nm duoc tinh toan cho tét ca cac ndng do va duoc liét ké
trong Bang 1. Két qua quan sat dugc trong Bang 1 cho thdy khi ndng do Eu tiang 1én thi thoi gian
song giam r6 rét. Hién tugng nay phan anh mot co ché vat 1y quen thudc trong cac hé vat liéu phat
quang, dugc goi la “dap tat do ndng do” [7], [8], [12]. Ban dau, khi ndng d6 Eu** con thip, cac ion
phat quang phan b6 roi rac trong mang tinh thé MgFo. M01 ion Eu** ¢6 thé hap thu ning luong (tir
ngudn kich thich) va sau d6 phat xa photon véi thoi gian song kha dai, do it bi anh huong boi cac tam
khac xung quanh. Khi ting dan ndng d6 Eu*, cac ion nay bat dau tién gan nhau hon trong ciu tric
tinh thé dan dén ting x4c suit tuong tac 1An nhau do cac hiéu tmg: (i) trao ddi nang luong khong birc
xa gitra cac ion Eu*", (i) hinh thanh cac cap hodc cum ion, noi nang luong bi mat qua qua trinh khong
bue xa, (iii) tang kha néng truyén nang luong dén cac tim biy hodc khuyét tit cau tric — noi nng
lwong bi mit di ma khong phat ra anh sang. Két qua 1a nhiéu trang thai kich thich bi “dap tat” trudc
khi kip phat ra photon dan dén thoi gian song huynh quang giam dan theo ndng do.

T \Mm

=
5 1
<O-
50 0.1 5 ﬂm
/§ ] — Mer,Eu02%
© ] — MgF Eu70.5% ‘) w ‘
MgF_:Eu’'1%
J —Mng:Eu3 3% » [ V
MgF,:Fu’'5% l ‘“
v v v v v
0o 200 400 600 800 1000

Thoi gian (ps)
Hinh 4. Duong cong suy giam huynh quang cua vt liéu MgF>:Ew’* do tai dinh phdt xa 616 nm (Dy—'F>)
voi nong d¢ Eu khac nhau

Bang 1. Cdc tham s6 lam khop tir duong cong suy giam huynh quang cia vt liéu MgF»:Eu’*
voi nong do Eu khac nhau

Miu Ai(%) 71 (ns) A2(%) 2 (ns) (D (us)
MgF:Eu 0.2% 34,5 123,5 65,5 668,5 620,2
MgF,:Eu 0.5% 31,3 115,8 68,7 538,8 501,1

MgF,:Eu 1% 32,8 132,4 67,2 385,8 349.4
MgF,:Eu 3% 29,6 119,6 70,4 279,9 255,5
MgF,:Eu 5% 32,1 128,7 67,9 229.8 208,6
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4. Két luan

Vit liéu gébm MgF pha tap Eu** dugc ché tao thanh céng bang phuong phap thiéu két plasma.
Két qua cho thay Eu** c6 thé di vao mang tinh thé MgF» ma khong lam thay d6i pha céu tric, nhung
gdy ra sy dich chuyén nhe trong gian d6 XRD do thay thé ion Mg?". Phd huynh quang cua vat liéu
cho thay cac vach phat xa sac nét dac trung cua ion Eu**, v6i cudng do phat quang manh nhét tai 616
nm (°Do — 7F). Khi noéng d6 Eu** ting, cudng do phat quang ciing ting va dat cyuc dai ¢ nong do
3%. Tuy nhién, & nong do 5%, cuorng do phat quang glam do hiéu tmg dap tat huynh quang do nong
d6. Thoi gian séng huynh quang giam dan theo sy gia ting ndng do6 Eu™, phan anh sy tang cuong
clia cac qua trinh truyén ning lugng khong birc xa giita cic ion Eu®. Nhimg két qua nay gitp hiéu &
hon vé dong hoc phat quang cua vat ligu MgF2:Eu** va khang dinh tiém nang ung dung cua vit liu
nay trong cong nghé chiéu sang, cam bién quang hoc va laser.
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