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ABSTRACT

Far-red emitting SrMgAl017 co-doped Cr*and Na* materials have been
studied and fabricated by the co-precipitation method. The phase structure,
morphology, composition, and luminescent performance of the phosphor were
investigated in detail by X-ray diffraction (XRD), field emission-scanning
electron microscopy (FESEM), energy-dispersive X-ray spectroscopy (EDX),
photoluminescence (PL), and photoluminescence excitation (PLE). The
analysis results showed that the materials had a strong absorption at 547 nm
and far-red emission in the wide spectral region from 650 nm to 750 nm with
amaximum peak at 691 nm. The optimal doping concentrations were 0.3 mol%
Cr® and 5 mol% Na*. The addition of Na* co-doping to the SrMgAl10017
matrix helps to increase the emission centers leading to an increase in
luminescence spectral intensity. The fabricated fluorescent powder had a long
lifetime. Experimental coating on LED chips showed that the far-red emission
spectrum had color coordinates x = 0.2909, y = 0.2776, color temperature
(CCT) of 6489K, and color rendering index (CRI) of 86.5. Research results
show that the fluorescent powder SrMgAli10017 co-doped with Cr¥* and Na*
has potential applications in solid lighting.

TOM TAT

Vat liéu SrMgAloO17 dong pha tap Cr¥*va Na* phat xa dé xa da dwoc nghién
cibu ché tao bdng phwong phap dong két tia. Cdu tric pha, hinh thai, thanh
phan va tinh chdt quang ciia mau da diroc khao sat bang nhiéu xa tia X (XRD),
kinh hién vi dién tir quét (SEM), phé tan sdc nang heong tia X (EDX), pho
huynh quang (PL) va phé hupnh quang kich thich (PLE). Két qua phan tich
cho thay vt liéu hap thu manh & 547 nm va phat xa do xa trong vungpho rong
tir 650 nmdén 750 nm véi dinh cuc dai ¢ 691 nm. Nong dé pha tap t6i wu la
0,3% mol Cr3* va 5% mol Na*. Viéc dong pha tap thém Na* vao mang nén
SrMgAl0O17 gitip lam tang cdc tam phat xa dan den cuwong dg phé phat quang
tang. Bot huynh quang ché tao ¢ thoi gian song dai. Thuc nghiém phii lén
chip LED cho thdy phé phdt xa dé xa c6 toa dé mau x = 0,2909; y = 0,2776,
nhiét d¢ mau (CCT) 6489K, chi s6 hodn mdu (CRI) 86,5. Két qua nghién ciru
chi ra rang bot huynh quang SrMgAlhoO1r dong pha tap Cr** va Na* ¢6 tiém
ndng ing dung trong chiéu sang ran.
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1. GIOI THIEU

Chiéu sang trang thai rén 13 st dung dén LED
ban din dé tao ra anh sang thay vi sir dung céc soi
hoic cac chat khi giéng nhu trong bong dén sgi dot
hodc dén huynh quang. Loai anh sang nay mang lai
nhiéu loi ich, chiang han nhu ting hiéu Suat nang
lugng, mau séc va chat luong anh sang tdt hon, do
bén va kéo dai thoi gian sdng (Cao et al., 2016; Ding
et al., 2016). C6 hai huéng tiép can chinh: i — chiéu
sang dan dung cho cac led chiéu sang tring, ii —
chiéu sang chuyén dung cho cac led néng nghiép
cong nghé cao, da va dang nghién ctru rong rai trong
nhitng nam gan diy va ngdy cang dugc (ng dung
manh mé trong chiéu sang nham thay thé cac loai
bong dén chiéu sang truyén thdng (Shur &
Zukauskas, 2005).

Hién nay, cac bong deén chiéu sang tring dua trén
diode phat anh sang (LED) dugc ché tao ra bang
céch két hop blue led (dioed phat anh sang xanh
duong) vai bot huynh quang phat xa 4nh sang vang
YAG: Ce** nham tao ra anh sang tréng c6 hiéu suat
6n dinh. Tuy nhién, nhugc diém cua sy két hop nay
1a chit lugng 4nh sang trang khong cao vi chi s6
hoan mau (CRI) thdp va nhiét d6 mau (CCT) cao
(Chi et al., 2018). Nguyén nhén 1a do thiéu thanh
phan anh sang do, do d6 can nghién ctru tong hop
cac loai bot huynh quang phat anh sang do co gia
thanh thap nham bd sung ving anh sang do dé ting
chat lugng anh sang cho cic WLED. Bén canh d6,
linh vuc chiéu sang chuyén dung ciing dang dugc
quan tim nhat 1a anh sang & ving hong ngoai gan
hay d6 xa c6 anh huong dén sy sinh trudng va phat
trién & thuc vat ciing nhu cac qué trinh sinh 1y cua
chung, do dic thu hap thy anh sang cua 14 ciy chu
yéu trong ving tir 4nh sang tir ngoai toi xanh lam va
d6 xa t6i hdng ngoai gan (<750 nm) nén cac dén
LED chiéu sang chuyén dung trong néng nghiép chu
yéu duoc ché tao hodc san xuit dya trén cac chip
LED phat xa trong ving tir tr ngoai dén xanh lam
két hop véi bot huynh quang phat quang trong vung
d6 xa téi hong ngoai. Tuy nhién, nhugc diém cua su
két hop nay 1a bot huynh quang sau khi thanh pham
thuong co6 gia thanh kha cao so v6i cac dén WLED
sir dung trong chiéu sang dan dung. Do dé, viéc
nghién ciru va ché tao mot sé loai bot huynh quang
phat anh sang trong ving do xa nhiam ché tao duoc
cac LED chiéu sang néng nghiép co gia thanh ré, c6
phd phat quang phu hop véi phd hap thy cua cay
trong da dugc quan tim nghién ctu (Cao et al.,
2016; Ding et al., 2016).

Dé giai quyét hiéu qua cho ca hai linh vyc trén
trong viéc tim ra thanh phan anh sang do, cac nha
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nghién ctru dd tim hiéu va phat trién cac loai bot
huynh quang phat xa 4nh sang d6 dua trén mang nén
1a cac gbe oxit kim loai (Al,Os, SrO, MgO, ...) pha
tap céc ion kim loai chuyén tiép bang phuong phap
don gian, it ton kém va nhiét do nung thiéu két
khong cao hira hen day tiém ning tng dung trong
chiéu sang ran (Xie et al., 2004; Park et al., 2006).
Trong nghién ctru nay, StMgAl;0017 ddng pha tap
Cr¥ va Na* duoc chon ché tao bang phuong phap
ddng két tua.

2. QUY TRINH THUC HIEN THi NGHIEM

2.1. VAt li¢u va héa chat

Bot huynh quang SrMgAl1O17 dong pha tap
Cr¥* va Na* dugc ché tao bang phuong phép dong
két tiia. Céc tién chét str dung gom Mg(NOs),.6H,0,
Al(N03)3 9H20 ST(NO:;)z, CI’(NOs)g 9H20 NaN03
va dung moi NH4OH = 99%, do hang Merck san
Xuit. Qua trinh ché tao mau dugc tién hanh trong
diéu kién phong thi nghiém.

2.2. Quy trinh ché tao

AI(NOs)s.9H20 va Cr(NO3)3.9H20 dugce hoa tan
vao nudc cat va khudy tir trong thoi gian 30 phut tao
thanh dung dich 1 trong subt. Hoa tan Sr(NOs); va
NaNOs vao nudc cét, khudy tir trong thai gian 30
phat tao thanh dung dich 2 trong suét.
Mg(NO3)2.6H,0 duoc hoa tan vao nudc cat, khudy
tur trong thoi gian 30 phut tao thanh dung dich 3
trong suét. Ba dung dich 1, 2, 3 dugc hoa tan tao
thanh dung dich 4 va khudy tir trong thoi gian 30
phiit & dung dich tré nén trong su6t. NH4OH dugc
nho timg giot vao dung dich 4 cho dén khi pH = 10,
sau d6 khudy tir gia nhiét & nhiét 6 80°C trong thoi
gian 4 gio thu duoc mau bot. Mau bot tiép tuc duoc
sdy & nhiét d6 200°C trong thoi gian 2 gio, sau do
tién hanh nung thiéu két mau & nhiét do tir 900°C
dén 1200°C trong khoang thoi gian tir 1 gio dén 4
gio trong khéng khi thu dugc bot huynh quang
SrMgAl;,017 ddng pha tap Cr3*, Na*.

2.3. Cac phwong phap khao sat tinh chit vat

ligu

Sau khi ché tao, bot huynh quang SrMgAl;o017
ddng pha tap Cr3* va Na* dwoc khao sat cu trac tinh
thé bang nhidu xa tia X trén thiét bi D8 Advance vdi
bic xa Cu — Ka tai 4 = 1,54 A. Hinh thai hoc cua
vt liéu dugc quan sat trén kinh hién vi dién tir quét
phat xa truong (FESEM). Cac tinh chét quang cia
vt liéu dwoc khao sat bang phuong phap do phd
huynh quang (PL) va phé kich thich huynh quang
(PLE) trén hé do NanoLog, Horiba. Cac thong so
cua vat liéu sau khi dugc phu 1én chip LED sé duoc
khao sat trén qua cau tich phan G118431CA833116.
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3. KET QUA VA THAO LUAN
3.1. CAu tric tinh thé cha vat liéu

Céu trac pha tinh thé cia bot huynh quang
SrMgAl1017 déng pha tap Cr3* va Na* duoc nung
thiéu két & nhiét d6 900°C, 1000°C, 1100°C va
1200°C trong thoi gian 4 gio sé dugc khao sat boi
gian dd nhiéu xa tia X (XRD).
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Hinh 1. Nhiéu xa tia X ciia vt ligu STMgAl10O17:
0,3% mol Cr* va 5% mol Na* dwgc nung thiéu két
tir 900°C dén 1200°C trong 4 gio

Két qua phan tich nhidu xa tia X caa bot huynh
quang SrMgAl;0017: 0,3% mol Cr®, 5% mol Na*
dugc nung thiéu két & cac nhiét do khac nhau tir
900°C dén 1200°C trong thoi gian 4 gio. Két qua
dugc so sanh véi thé chuan JCPDS 026 — 0879 cho
thdy vat liéu da hinh thanh pha tinh thé mang nén
SrMgAl10017 (Zhong et al., 2017). Tai nhiét d6 nung
thiéu két 900°C, vat liéu da hinh thanh pha tinh thé
mang nén SrMgAl;o017, tuy nhién bén canh cac dinh
nhiéu xa cua pha mang nén SrMgAl;017, nhidu xa
tia X con xuat hién mot s dinh cua pha phu SrAl,O;
{rng véi thé chuan ICDD 00-030-1276 (Singh et al.,
2020). Khi ting nhiét do thiéu két tir 1000°C dén
1100°C, cuong d¢ cia cac dinh nhiéu xa ciing ting.
Nhiét d6 thiéu két tiép tuc dugc ting 1én dén 1200°C
thi cuong do cac dinh nhidu xa cua pha mang nén
SrMgAl;00;7 ting manh so véi mau dugc nung thidu
két & nhiét do 1100°C. Bén canh do, cac dinh nhidu
xa cua pha phu SrAl,07 giam dang ké. Nguyén nhan
1a do khi nung & nhiét do thép 900°C va 1000°C, pha
tinh thé chi mai bit dau hinh thanh ¢ng véi dinh phd
thip, ngoai ra con c6 sy Xuét hién cua cac pha phu
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do Cr3* chua hoan toan thé vao vi tri cua AP, sy
dao dong nhiét gitta cac mang tinh thé cham, céu
tric mang chua dan né dan dén su xuét hién cua pha
SrAl,0; va tinh thé c6 kich thudc nho. Khi ting
nhiét d6 nung thiéu két 1én 1100°C va 1200°C cac
pha phu SrAl,O; bt dau suy giam, pha dic trung
SrMgAl;0017 Vé6i dinh phd nhiéu xa cao va hep vé
hai bén ching t6 da hinh thanh cac don tinh thé voi
d két tinh, d6 tinh khiét cao va kich thudc 16n trong
{ing V&i cac goe nhidu xa 26: 20, 32, 34, 36, 42, 44,
58, 59 va 67 do. Tuy nhién, & nhiét do nung thiéu
két tai 1200°C van con xuat hién mot dinh phd nho
cua pha SrAl,O7, nguyén nhan la do ¢ nhiét d6 nung
thiéu két tai 1200°C ciing chua phai 12 nhiét d6 nung
t6i wu cho hé vat liéu nay. Theo Han et al., (2019)
dé hinh thanh dang phé nhiéu xa cia SrMgAl10i7
dung theo thé chuan JCPDS 026-0879 thi mau phai
duoc nung ¢ nhiét do cao hon 1200°C. Do su tuong
ddng vé dién tich, ban kinh ion (Cr®* ~ 0,063 nm;
AF* ~0,0535 nm) nén ion Cr** pha tap vao da thay
thé vi tri cua ion AI** ma khong lam pha hong mang
nén SngA|10017.

Tur do ban rong cua cac dinh nhidu xa tia X va
thong s do ciia nhidu xa ké, tinh thé trung binh duoc
tinh toan kich thuéc bang cach 4p dung cong thirc
Scherrer (Patterson, 1939).

K. A
~ Bcosh

Trong do:
D: Kich thuéc tinh thé.
K = 0,89: hé s6 hiéu chinh.

A Buéc song tia X nhidu xa (Acy—ka =
0,154 nm).

B: Do ban rong cia vach nhiéu xa.
0: Goc nhiéu xa (d6 /radian).

Bing 1: Bang tinh todn kich thwéc tinh thé ¢ 900,
1000, 1100 va 1200°C

Nhi¢t dd nung Géc nhiéuxa  Kich thwéc
thiéu két (°C) 26 (d) tinh thé (nm)
900 37 ~5
1000 37 ~8
1100 35,75 ~10
1200 35,75 ~17

3.2. Hinh thai bé mit va kich thwéc hat cia

vit liéu

Quan sat anh FESEM cua bot huynh quang
SrMgAl10017: Cré* va Na* dugc nung thiéu ket tai
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nhiét d6 900°C trong thoi gian 4 gio cho thiy vat
liéu da hinh thanh dang hat véi duong bién vat liéu
rd rang, kich thuéc hat khong dong déu ddi véi
nhirng hat I6n ¢ kich thuéce trung binh khoang 5 um
va nhitng hat nho kich thudc trung binh khoang
1 um. Nguyén nhan kich thuéc hat khong ddng déu
1a do khi nung & nhiét do thap pha tinh thé chi méi
bit dAu hinh thanh, ion Cr3* chwa hoan toan thay vao
vi tri caa AIR* (do su twrong dong vé ban kinh ion)
dan dén hat c6 kich thuéc Iorn Khl mau ducrc nung

x100 50kV SEI SEM WD 8.0mm 09:51:57

x 100
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thiéu két tai nhiét d6 1200°C (Hinh 2) cho thiy &
nhiét d6 nay pha tinh thé da hinh thanh, ion Cr3* da
hoan toan thé vao vi tri cua AI** trong mang nén dan
dén bé mit caa cac hat c6 sy trong dong va phan bd
kich thuéc hat ddng déu, kich thudc hat trung binh
¢ 3 um va ¢6 dang 1a hinh nhidu mat. Két qua cho
théy, vat liéu hinh thanh kich thudc hat va két tinh
t6t nhét khi duoc nung & 1200°C, phu hop dé ung
dung trong linh vic chiéu sang rin hién nay.

10.0kV SEI

Hinh 2. Anh FESEM ciia miu dwoc nung thiéu két tai 900°C va 1200°C trong 4 gio

3.3. Phén tich thanh phén cic nguyén tb cha vat ligu

. Spectrum 2
At%

(o) 57.5

Sr

Mg

6 8

0 2 4

keV

Hinh 3. Phd EDX ciia miu vt ligu SrMgAlioO17: 0,3%mol Cr3*, 5%mol Na* dwge nung thiéu két &
1200°C trong 4 gio

Két qua phan tich cho thiy khong c6 nguyén to
nao khac ngoai Sr, Mg, Al, O trong phd EDX. Ddng
thoi, phd cho théy ti 1é thanh phan gan dung vai ti 1é
hén hop cua cac hop chat ban dau. Tuy nhién, két
qua cho thay khong ghi nhan dugc tin hiéu cua
nguyén t6 Cr va Na, diéu nay c6 thé duoc ly giai 1a
do ham lugng pha tap 1a nho so véi d6 phan giai va
sai s6 ciia phép do nay (Chi et al., 2018).
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3.4. Tinh chit phat quang cua bgt huynh
quang SrMgAl1017 dong pha tap Cr3*
va Na*

Tinh chit quang 12 mét trong nhimng tinh chat
guan trong cua vat liéu huynh quang, do d6 viéc
khao sat va phan tich tinh chat quang cua vat liéu
dugc tap trung nham giai thich cho cac tinh chét
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méi, tdi wu cac didu kién ché tao dé thu bot huynh
quang c6 kha ning ng dung tét nhat cho LED. Bot
huynh quang SrMgAl100;7 ddng pha tap Cr3* va Na*
dugc khao sat tinh chat quang qua cac phép do phd
huynh quang va kich thich huynh quang, khao sat
anh huong cua nhiét dé nung, nong doé pha tap 1én
tinh chat quang cua vat liéu. Bac biét, khao sat su
gia tang cuong d0 phat quang cua vat liéu
SrMgAl;00;7 khi ddng pha tap Cr¥* va Na* vao
mang nén so véi vat liéu SrMgAl;oO17 chi pha tap
Cr3* da duoc nghién cru.

1 a)

—900

Cwéng d6 phat xa P.v.ty)

660 680 700 720 740
Buwéc song (nm)
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3.4.1. Anh huong cua nhiét d nung thiéu két
lén tinh chat quang cua vt liéu

Dé tim ra nhiét 46 nung thidu két t6t nhat cho vat
liu huynh quang SrMgAl;Os7 dong pha tap ion
Cr¥ va Na*, cac mau lan luot dwgc nung thiéu két &
nhiét do tir 900°C dén 1200°C trong 4 gid nham tim
ra nhiét do nung thiéu két toi uvu ma tai d6 chat luong
cuia bot huynh quang 14 tot nhét.

v . . . —
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Nhiét 33 nung thiéu két (°C)

Hinh 4. a) Phé PL ciia mAu nung thiéu két tir nhi¢t d 900°C dén 1200°C trong 4 gitr va b) db thi biéu
dién su phu thugc caa cwong do huynh quang vao nhiét d¢ nung

Quan sat phd PL (Hinh 4) cua vat liéu cho thiy
tai nhiét do nung thiéu két 900°C va 1000°C, hinh
dang va cuong d6 phd PL dic trung cho su phat xa
cia ion Cr® van chua dugc hinh thanh rd rang.
Nguyén nhan 1a khi nung & nhiét do thap, pha tinh
thé chi mai hinh thanh din dén sy dao dong nhiét
cua cac ion Cr3* khi thé vao vi tri ciia ion AR* va ion
Na* vao vi tri ctia ion Sr2* trong mang nén cham lam
cho cic tdm phat xa hinh thanh véi s6 lugng it.
Chinh vi vay, cuong do PL thap va chua rd rang. Khi
tang nhiét d6 nung thiéu két tir 1100°C dén 1200°C,
cuong do PL tang manh so véi cic vung nhiét do
khac. Phd PL caa mau bao gdm mét dinh phd néi
bat & bude séng 691 nm trong viing phd rong tir 650
nm dén 750 nm. Dinh phd tai budc séng 691 nm
tuong tng véi sy chuyén muc nang lwong cua cac
dién tir trong viing cAm 2E — %A, cua ion Cr¥*, cho
thiy Cr3* da chiém mot sb vi tri trong cAu trac bat
dién caa ion AIF*. Mau duoc nung thiéu két & nhiét
d6 1200°C duoc cho 1a téi wru, do ¢6 cudng do phat
guang cao nhat va rd nhét trong nghién ciru nay.

T T T T T
547 nm 4
=
=
-
= 4
=)
<
P
-
-
= 4
=
s
=3
L]
-]
g 425 nm
T T T T T .
350 400 450 500 550 600

Buwréc séng (nm)

Hinh 5. Pho PLE ciia bt huynh quang
SrMgAl1017: Cr¥*, Na* duge nung thiéu két &
1100°C trong 4 gio

Quan sat ph6 PLE (Hinh 5) caa mau khi nung &
nhiét 6 1100°C trong thoi gian 4 gio cho thy vat
liéu hap thu trong viing 4nh sang xanh lam dén ving
anh sang nhin thdy véi hai dinh tai 425 nm va
547 nm tuong ng V4i budc song phat xa 691 nm.
Nguyén nhan cua sy hap thu nay 1a do sy chuyén doi
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cua céac dién tir tir trang thai co ban *Ayy — “Tyg
(ving 4nh sang tir ngoai) va sy chuyén doi tir Ay
— 4Ty (viing 4nh sang mau xanh lam). Két qua cho
thdy bot huynh quang ché tao dugc c6 thé két hop

691 nm

Cwong 46 phat xa (D.v.ty)

— SAM 0.003Cr, 00ING
—— SAM: 0.003Cr", 0.08Na"
— SAM: 0.003Cr", SN
= SAM: 00030, QOGN

SAM: 0.003Cr, DOTHA"|

= SAM: 0.003Cr", (LOBNa"

Buwdc song (nm)

650 675 700 725 7

Tap 58, S6 chuyén dé: Khoa hoc tur nhién (2022)(1): 164-171

véi chip UV-LED ting dung trong chiéu séng trang
va chieu sang trong nong nghiép.
3.4.2. Anh hudong cua néng dg Na* pha tap lén
tinh chat quang cua vt liéu

Cwong d6 phat xa (D.v.t.y)
/

005 004 005 006 007 008
Nong @6 mol Na™ (mol)

Hinh 6. a) Phé PL ciia SrMgAl10017 dong pha tap 0,3% mol Cr®, (3 —8%mol) Na* va b) dé thi biéu
dién quan hé giira cwong d§ phat xa véi nong d pha tap Na*

Sau khi xac 1ap dugc hai thong s6 quan trong 1a
nhiét d6 nung va budc song kich thich tét nhét, su
anh huong cua ndng do Na* 1én cudng do phat
quang cta bot huynh quang SrMgAl1017: 0,3% mol
Cr3*, Na* duoc tién hanh nghién ciu. Ty 1¢ % mol
pha tap cua ion Na* trong mang nén SrMgAl;0i7:
0,3% mol Cr3tir 3% dén 8%. Hinh 6 cho thay & nhiét
do phong, phé PL cua bot huynh  quang
SrMgAl;10017: 0,3% mol Cr¥* ung véi nong do Na*
khac nhau.

O Hinh 6, hinh dang phé PL cua SrMgAl o017
ddng pha tap 0,3% mol Cr3* va Na* gan nhu khong
d6i nhung cudng do dinh phat xa d6 phu thudc nhiéu
vao ndng do pha tap Na*. Cudng d6 PL ting 1én khi
tang ndng d6 pha tap Na* tir 3% dén 5% mol, nhung
sau d6 giam khi ndng d6 vuot qua 5% mol (Hinh 6).
Day 13 hién tuong dap tit huynh quang do ndng do.
Két qua nay phi hop véi cac nghién ciru cua Nguyen
& Nguyen (2019) trén mang nén SrMgAl1O17. Nhu
vay, nong do pha tap tét cia mau nghién ciru 1a
SrMgAl19017: 0,3% mol Cr3* va 5% mol Na*.

Nong d6 pha tap cua vt liéu ciing anh huong 1én
thoi gian phan rd cua mau. Tién hanh khao sat thoi
gian séng ciia mau theo ndng do pha tap, két qua cho
thdy thoi gian song cua bot huynh quang ting khi
tang ndng do mol pha tap Na* tir 4% dén 5% va dat
gia tri 16n nhat tai 5%. Khi ndng d6 mol Na* vuot
quéa 5 % thi thoi gian sdng suy giam (Hinh 7). Do
nong d6 ion Na* tang 1én, khoang cach giita hai ion
ngan lai, khi d6 muc do tuong téc giita chiing s& tang
1én va xay ra su truyén nang lugng giita cic cap ion

cho nhau. Day cling 1a nguyén nhén lam suy giam
thoi gian séng. Dua vao két qua tinh toan ctia Jin et
al. (2013), thoi gian séng trung binh cho tirng mau
duoc tinh thong qua Bang 2.

Bing 2. Thoi gian séng trung binh cia vit ligu
theo nong dd pha tap

x (mol) 0,04 0,05 0,06 0,07
Thoi gian song trung binh 0.4281,002 0.9250.580
T (Ms)

Théi gian song (ms)

oo

o B
Néng a4 pha tap Na* (mel)

Cuimg d§ (Chuin héa)

—0.003 Cr*, 0.04 Na~

0.003 Cr", 0.05 Na™
—0.003 Cr*", 0.06 Na~
=—0.003CF", 0.07 N&©

’ ’ lT“hﬁi gianll.ihﬁn rd (:ujs) ® *
Hinh 7. Puong cong phén ri ciia SrMgAl101
dong pha tap 0,003 mol Cr®* va x mol Na*

(x =0,04; 0,05; 0,06; 0,07)

3.4.3. So sanh cuong do PL cua SrMgAl10017
dong pha tap Cr3*, Na* va SrMgAloOx7
don pha tap Cr3* nung thiéu két &
1100°C trong 4 gio

So sanh cuong do PL cia mau SrMgAl;c017 don
pha tap 0,3% mol Cr¥* v&i mau SrMgAl; o017 dong
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pha tap ion 0,3% mol Cr3*, 5% mol Na* déu dugc
nung thiéu két & nhiét d6 1100°C trong thoi gian 4
gio. O Hinh 8 cho thiy cuong do phat quang cua
mau khi pha tap thém Na* ting 288% so v&i mau chi
don pha tap Cr®*. Nguyén nhan 1a do ion Cr** khi
thay vao vi tri ciia AR* trong mang nén vai vai tro
gitp hinh thanh cac tdm phat quang, con viéc pha
thém Na* vao s€ gilip tang cac tdm phat xa va lam
han ché qua trinh truyén niang lugng giira cac cap
Cr3* - Cr¥*. Piéu nay din dén cuong do6 phd PL cua

T T T
—— SAM:0.003CT"
691 nm

—— SAM:0.003Cr", 0.05Na"

Cwimng dd (D.v.1y)

Cwong a6 phatxa (B.v.ty)

ES‘ID 755
Buéc song (nm)

T
675 720
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bot huynh quang ddng pha tap ion Cr3*, Na* c6
cuong d6 PL cao hon bot huynh quang chi don pha
tap ion Cr3. Ngoai ra, ion Na* gitip lam cén bang
dién tich nham tranh nhitng sai hong vé mang nén
do cac ion don pha tap gdy ra, chang han nhu
SrMgAl1,017 don pha tap Mn** din dén hinh thanh
céc 16 trong khong phat xa khi Mn** thé vao vi tri
ciia AI** va day ciing chinh 1a diém yéu cua cac loai
vat ligu don pha tap.

m 0.003 mol Cr™, 0.05 mol Na*

W 0.003 mol Cr**

0.003 mol Cr¥*

0,003 mol Cr™, 0.05 mol Na*

Ti 1§ pha tap (mol)

Hinh 8. So sanh cwong d9 PL ciia mau SrMgAle017: 0,3% mol Cr3* va SrMgAloO17: 0,3 % mol Cr3*,
5 % mol Na*" nung thiéu ket 1100 °C trong 4 gio

3.5. Thi nghiém bt huynh quang
SrMgAl10s17 : Cr3*, Na* trong ché tao
LED

Dé danh gia tiém ning ing dung cia bot huynh
quang SrMgAl;0017: 0,3% mol Cr®, 5% mol Na*

trong linh vyc chiéu sang dan dung bang cach két
hop giira bot huynh quang ché tao dugc két hop véi
bot huynh quang phat xa mau do vang (630 nm) va
bot mau xanh 14 (537 nm) thuong mai, sau dé duoc
phu 1én chip LED xanh duong (460 nm).

1.200

1.000

0.8000

0.6000

g LE um

0.4000

0.2000

Q
350 600

Wavelength (nm)

725

g CIE1931 EVERFINE_ 2

x = 0.2909 y = 0.277
Tc = 6489

Ol |

Hinh 9. a) Pho phit xa trén Chip LED sir dung bt SrMgAl0017: 0,3% mol Cr¥, 5% mol Na*, b)
Bang toa dd mau (CIE) ciia mau

Thong qua thyc nghiém, bot huynh quang
thuong mai duoc sir dung c6 va khong co két hop
bot huynh quang SrMgAl;c0:7:Cr**, Na* phu vao
chip LED két hop st dung qua cau tich phan va phan
mém HAAS dé khao sat CRI voi dong dién 100 mA.
Két qua cho thay khi phu bot huynh quang ché tao
duoc két hop bot thuong mai 1én chip LED thu duoc
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hinh dang phd phat xa (Hinh 9) cho thdy mau bot
huynh quang SrMgAl10017: 0,3% mol Cr3*, 5% mol
Na* dugc nung thidu két tai nhiét do 1200°C c6 toa
dd mau (x = 0,2909, y = 0,2776) theo chuong trinh
tinh toan CIE1931, CCT la 6489K nam trong ving
anh sang trang va c6 CRI 14 86.5 (>85). Khi chi sir
dung bét huynh quang thuong mai phu vao chip
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LED, két qua CCT 14 6059K va CRI 1a 78 4. Két qua
thir nghiém minh chimg rang viéc thém thanh phan
anh sang do6 bude song 691 nm cua bot huynh quang
SrMgAl10017: 0,3% mol Cr®, 5% mol Na* trong
nghién ciru nay ¢6 nhiéu tiém ning ang dung trong
linh vyc chiéu sang dan dung néi chung va chuyén
dung noi riéng.
4. KET LUAN

Bot huynh quang SrMgAl;017 dong pha tap ion
Cr3*, Na* phat xa do xa da dugc nghién ctru ché tao
thanh cong bang phuong phap dong két tua. Pho
phat xa cuc dai & 691 nm trong ving phd rong tir
650 dén 750 nm véi ndng do pha tap toi wu 1a 0,3%
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