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Abstract

Phosphor materials based on rare-earths ion doped akermanites have recently attracted interest of many scientist
groups in and outside the country due to their potential applications in white light emitting diodes. In this paper we
present results of our research on the fabrication, structure and optical properties of xCa0.Mg0.2Si0,: Eu*" phosphor -
a phosphor that has the ability to emit light both in the blue and green regions. The method used for preparation of the
material is co-precipitation method. The obtained phosphor material has xCa0.Mg0.2Si0, akermanites network
structure with high chemical and thermal stability. Under an UV excitation, the phosphors showed two strong broad
emission bands, namely blue and yellowest-green bands, peaking at 450 nm and 530 nm, respectively, which can be
attributed to the transitions of the Eu®" ion in the host lattice. The material is therefore very promising for applications
in lighting device in general and especially for white light emitting diodes to its two emission bands which are two of
three primary colors of the white light.
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1. GIOI THIEU

Mic du 1a mét linh vire nghién ctru méi trén thé
gidi, cho dén nay c6 kha nhiéu cac nghién ciru vé vat
liéu phat quang pha tap dat hiém cho tng dung trong
ché tao diot phat quang 4anh sang tring (WLEDs)
dugc cong bd; nhidu loai vat lidu sau nghién ciru ché
tao cling da dua vao chuyén giao, san xuét & quy mé
16n va dat duoc cac thanh tyu nhét dinh. O trong
nudce, day 1a mot linh vyc nghién ctru rat méi, mic
du da co mot sd nghién ctru khoi tao ban dau, tuy
nhién trong dleu kién cong ngh¢ con nhiéu han ché,
nhiéu van d& vé hiéu suit phat quang, do bén va kha
ning tmg dung vao thyc té cua cac vat liéu nay van
chua duoc nghién ciru va giai quyét mot cach hé
thong. Tong quan cac két qua nghién ctru da cong b6
cho thay, trong giai doan dau, hau hét cac bot huynh
quang dung cho WLEDs déu 1a cac vat liéu dua trén
chat nén 1a hop chit cia luu huynh (vi du nhu ZnS:
Cu”*" hay SrGa,S,: Eu*"...) [1, 2]. Tuy nhién, nhém
vat liéu huynh quang nay cé su 6n dinh vé hoa hoc
thap, din toi han ché d6 bén va thoi gian lam viéc
cia WLEDs. Nham giai quyét vin dé nay, nhoém vat
li¢u th hai da dugc nghién ciru cho WLEDs 1a cac
vat liéu huynh quang trén nén cta hop chét nito (vi
du nhu B-SiAION:Eu*’, Ca-0-SiAION:Eu*"...), vdi

cAu trac mang nén c6 do 6n dinh vé hoa hoc va do
6n dinh nhiét cao hon [3+5]. Géan day, cac vat liéu
phosphors trén nén akermanites pha tap Eu di duoc
quan tdm nghién ctu cho ung dung trong WLEDs
do sy 6n dinh hoéa hoc va d6 bén nhiét tét hon cua
cAu tric mang nén. Pong thoi loai vét liéu phosphor
nay cé dai kich thich va dai phat xa rong, cuong do
phat quang manh, pham vi mau sic tuong Ung véi
cac bude song phat xa mau do, mau lyc va mau lam
1a rat thich hop dé tao ra WLEDs [1]. Mot trong sO
cac bot phosphors tiém ning trén nen akermanites
pha tap Eu, 1a xCa0.Mg0.2SiO,:Eu*". Céac nghién
clru vé cdu trac va tinh chat quang cua vat liéu nay
da duoc cong bd boi mot sé nhom nghién ciru nhur
nhom Q. Su [6], nhém J. Holsa [7+9], nhém L. Jiang
[10] va nhém C.K. Chang [11]. Mot diém chung cua
cac két qua cong bd 1a cong thirc duoc Iya chon cua
vat lieu la Ca,MgSi,0;:Eu”" (tuong ung voi
xCa0.Mg0.28i0,; x = 2) va vt liéu dugc ché tao
bang phuong phap phan tmg pha ran tir cac ngudn
vat liéu ban dau la muoi cacbonat va cac oxit kim
loai. Cac vt lidu ngudn dugce trén voi ty 18 thich hop
va duogc thiéu két ¢ nhiét do cao tir 1300+1350 °C dé
tao nén pha Ca,MgSi,O7:Eu”" [6=11].

Véi muc dich nghién ctu dé ché tao ra loai vat
liéu phosphor akermanites co sy 6n dinh hoa hoc va
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dd bén nhiét cao, c6 thé ung dung trong ché tao
WLED trong nuéc, chung t6i da tién hanh nghién
ctru ché tao vat litu xCa0.MgO.2Si0,:Eu*" bang
phuong phap dong ket tda va di tor cac nguon vat
liéu ban dau la cac mudi nitrat. Khac v0i cac két qua
dad duoc cong bo trugc day vé ché tao
xCa0.Mg0.28i0;: Eu”’ bang phuong phéap phan tng
pha réan, trong phuong phap dong ket taa, dé ché tao
ra phosphor xCa0.MgO0.2Si0,:Eu*", nhiét do thiéu
két vat liéu thap hon, chi ¢& 1250 °C. Cac thong s6
phan tmg nhu d6 pH c6 thé diéu chinh dé dang cho
phép diéu khién duogc kich thudc hat. Bang phuong
phap nay, ching toi dd ché tao dugc mot loai
phosphor m&i ma thanh phan gdm hai pha chinh 1a
pha Ca,MgSi,0; (xCa0.Mg0O.285i0,; x = 2) va pha
Ca;MgSi,05 (xCa0.Mg0.28i0,:Eu*’; x = 3). Khi
Eu”" pha tap vao vat lidu, trong trudng tinh thé ciia
pha Ca,MgSi,0; s€ cho phat xa viung anh sang mau
vang-lyc va trong truong tinh thé pha Ca;MgSi,Oq
s€ cho phat xa vung anh sang mau lam vdi cuong do
phat xa twong duong khi kich thich & 370 nm [12].
Véi tinh  chit quang nhu trén, phosphor
xCa0.MgO0.2Si0,:Eu*" ma chung toi ché tao du
doan co thé két hop tot véi UV LED dé tao ra
WLEDs. Cac két qua thuc nghiém vé ché tao va tinh
chét cua vat liéu s& duoc trinh bay chi tiét trong bai
bao nay.

2. THUC NGHIEM

Vat liéu xCaO.MgO.ZSiOZ:Eu2+ dugc ching toi
ché tao bang phuong phap dong két tia tir cac vat
lidu ban dau dé tim va gia thanh khéng cao.

Vi lugng cac chit ban dau duoc pha theo ti 1€
tinh toan, ching t6i da ché tao vat lidu phosphor
xCa0.Mg0.2Si0,:Eu*" theo quy trinh duoc thé hién
trén hinh 1. Trudc hét cac mudi Ca(NOs),
Mg(NOs), dugc hoa tan trong nude khu ion (H,O)
bang may khudy tir. Si(OC,Hs)s (TEOS) duoc thuy
phén trong dung dich CHs;OH (H,O0), trong thoi
gian 1 gi¢ (h¢ dung dich dugc khudy bang may
khudy tir trong sudt thoi gian phan tng). Sau dé, hai
dung dich nhan dugc, dugc tron voi nhau va tiép tuc
ding méay khudy tir khudy déu hdn hop dung dich
trong thoi gian 1 gio.

Song song véi qua trinh trén, Eu,O3 dugc hoa tan
trong HNO;, rdi 16t tir tir dung dich dd hoa tan nay
vao hon hop dung dich trén. Hon hop dung dich hoa
tan cia cac mudi, TEOS va Eu,0; duoc tiép tuc
khuay tron trong thoi gian 2 gio. Tién hanh nhé tir tir
dung dich NH,OH vao dung dich dé tao két tiia dong
thoi cac kim loai dudi dang cac hydroxit. Tiép tuc
khuay déu hdn hop va dong thoi gia nhiét tai 100 °C
trong khoang thoi gian tor 5+7 gio, voi muc dich hoa
tron hon hop két tiia nay va dong thoi dé nude con

Téng Thi Hao Tam va cong su

lai trong hon hop bay hoi, chung t6i nhan duoc hon
hop két tua déng déu. Két tia nhan duoc sau do
duogc sdy ¢ nhiét do 200 °C trong thoi gian 4 gio dé
thu duoc bdt min mau tréng. Pay chinh la bot
phosphor géc ma ching toi st dung dé ché tao bot
huynh quang xCaO.MgO.2Si0,:Eu’" bing cach
thiéu két & cac nhiét d6 khac nhau trong moi truong
khéng  khi. vat  lidu  cudi  cung
xCa0.Mg0.2Si0,:Eu*" nhin dugc bing cach khir
bot xCa0.Mg0.2Si0,:Eu’" trong méi truong khi
khtr 10%H, + 90%N, & nhiét @6 1250 °C trong 2 gid.

| Ca(NO,), + Mg(NO,), +H,O TEOS+C,H,0H(H,0)
Eu,0,; +HNQ,
Khulywén2 h
Dung dich trong sut
] NH,0H
h 4
- Két tiia tring
H,0, khuly
trén 5=7 h,
gianhiét c¥ ¥
100°C Két tia triing ddng nhét
Sy 200°C
B6tkh6 | _
Thiéu két trong
khéng khi

Bt xCa0 Mg0.28i0,: Eu?* -
) : Thiéu két trong

1-7‘ méi trudmg
10%H,/90%N,

Bt xCa0.Mg0.28i0,: Fu*

Hinh 1: Quy trinh ché tao vat liéu
xCa0.Mg0.2Si0,:Eu**

Trong quy trinh diéu ché, TEOS duoc thily phan
theo qua trinh sau:
nSi(OC,Hy), + H,0 — nSi(OH), + 4nC,H ,OH
Cac mudi duoc hoa tan trong nudc va tao Kkét tua
khi nho tir tr NH,OH:
M(NO,), + NH,OH — Mg(OH), + NH,NO,
(M =Mg,Ca)
Khi dugc thidu két, cac oxit hinh thanh theo qua
trinh:
Si(OH),—"— Si0, + H,0
M(OH),—"—s MO+ H,0 (M = Mg,Ca)
_Bot phosphor thu dugc c6 mang nén 1a dang hop
phan héa hoc cua céac oxit xCa0O.Mg0.2Si0,.
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CAu trac cia vat liéu duge chung t6i nghién ctu
thong qua phép do phd nhiéu xa tia X (XRD) & nhiét
do phong trén h¢ SIEMENS D5005 v6i anot 1a Cu,
budc song tia X 1a 1,54056 A, goc do 2-theta duge
quét tir 10°+80°, budc quét 1a 0,03°/1 gidy va cong
suit tia X c¢& 750 W. Céc phép do quang dugc thuc
hién trén hé do NANO LOG, dung ngudn kich thich
la dén xenon.

3. KET QUA VA THAO LUAN

Trén hinh 2 1 két qua khao sat phd XRD cua 3
mau bot duoc thiéu két & ba nhiét do khac nhau 1a
900, 1200 va 1250 °C. Tir hinh 2 c6 thé thiy, khi
thiéu két ¢ nhiét do thap 900 °C trong mau ton tai 3
pha tinh thé khac nhau la Ca;MgSi,04, Ca,MgSi,04
va CaMgSi,0g, trong d6 pha Ca;MgSi,0Og la pha chu
yéu, va mot ham luong rat nho pha Ca,MgSi,O; va
CaMgSi,O¢. Khi nhiét d6 thiéu két ting 1én dén
1200 °C, trong khi cudng d6 cac dinh nhiéu xa dic
trung cho pha Ca;MgSi,Os thay d01 khong dang ké,
pha CaMgSi,0¢ hau nhu bién mat, thi cudng do cua
cac dinh nhiéu xa lién quan dén pha Ca,MgSi,0;
tang rat manh. Didu nay cho thiy & nhiét do thiéu
két 1200 °C, Ca,MgSi,O; da trd thanh pha c6 ty 1é
16n nhit trong miu. Khi miu duoc thiéu két &
1250 °C, ciu trac pha cua vat liéu khong thay ddi
dang ké so voi mau thiéu két ¢ 1200 °C va chi bao
gém hai pha Ca,MgSi,0; va Ca;MgSi,0s. Nhu vay,
khi thiéu két & cac nhiét do khac nhau 900, 1200 va
1250 °C thi sy hinh thanh pha Ca;MgSi,Os l1a tuong
d6i 6n dinh ngay & nhiét do thap (900 °C) va ty 1é
pha nay hau nhu khong d6i. Trong khi d6 ty 1¢ thanh
phan pha Ca,MgSi,O, ting manh theo nhiét do thiéu
két va chi dat trang thai on dinh & nhiét d6 cao c&
1250 °C.

Theo cac tai liéu da cong bd [6% 1],
Ca,MgSi,07 co cAu tric dang akermanite, vdi cau
trac tinh thé tetragonal, thudc nhom khong gian

A

P42,m tuong Ung voi 6 co s¢ cod kich thude
a=b=17,8658 A, c =4,8138 A. Cau trac bao gdm
cac 16p cua cation Ca™" va 16p ciia cac don vi lién két
Mg(Si,0,) nim xen k& nhau theo phuong vudng goc
v6i phuong tinh thé theo truc ¢ (hinh 3). O d6 Si,O;
dugc tao thanh do ion O, trong mang nén két ndi hai
td dién SiO, thanh mot don vi lién Kkét (S1,07).
Trong mang tinh the c6 3 vi tri doc 1ap cua cac ion
Ca’, Mg®" va Si*". Cation Ca’" trong mang nén
chiém mot vi tri duy nhat (vi tri d6i ximg Cs) phdi
hop boi 8 nguyén tir oxy voi do dai lién két Ca-O
trung binh 13 2,573 A, va ca hai cation Mg”" va Si*"
chiém vi tri lién két voi cac O*" trong khéi tir dién
voi mot khoang cach Mg-O va Si-O c6 gid tri trung
binh 1an luot bang 1,916 A va 1,624 A. Dya vao ban

Phirong phdp ché tao, cdu triic va...

kinh ion hiéu qua cua céac cation voi s6 lwong phdi
hop khac nhau, c6 thé du doan ring khi pha tap
Eu’" vao Ca,MgSi,0, ion Eu*" thich hgp chiém vi
tri cua ion Ca*" vi ban kinh ion cua Eu®" (1,25 A)
tuong thich voi Ca®™ (1,12 A) va vi mat khac, ban
kinh cua Si*" (0,26 A) va Mg* (0,57 A) trong mang
nén 1a qua nho dé Eu" c6 thé thay thé. Eu*" khi thay
thé vao vi tri duy nhat Ca®" cho dai phat xa mau lam

[11].

| 0 Ca,MgSi,0,
Ca,MgSi,Oq 4
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20, do
Hinh 2: Phd XRD cua vit liéu ngO.MgO.ZSiOZ:
-4 %Eu®" sau khi dd duogc thiéu két & cac nhiét do
900, 1200 va 1250 °C

Hop chat cua CazMgSi,05 cb cAu trac tinh thé
monoclinic (hinh 4), thuéc nhém khoéng gian
P2, m , bao gom khéi tir dién SiOy va khdi ngii dién
MgQOs, tuong tng véi thong sé cua 6 co so 1a
a = 13,079 A, b =5357 A, ¢ =9308 A va
B = 91,4°. Khac véi ciu triic tetragonal, trong cau
tric monoclinic, cation Ca** ¢6 3 vi tri khac nhau.
Mbi vi tri ndy c6 sb phdi tri v6i oxi 1a khac nhau va
do dai lién két Ca-O & mdi vi tri nay la khac nhau,
mét vi tri voi sb phéi tri 12-Ca(I) va hai vi tri vdi sb
phéi tri 10-Ca(ILIII). Trong d6 Ca(I)-O c6 do dai
lién két 13 16n nhit nén anh hudéng cua trudng tinh
thé 1én vi tri nay 1a nho nhat va khi Eu®" thay thé vi
tri Ca(I) s€ cho dai phat xa mau lam. Con hai vi tri
Ca(IL, 1IT) c6 do dai lién két Ca-O ngén hon nén anh
huong cua trudng tinh thé 1én hai vi tri niy manh
hon va khi Eu®" thay thé vao céc vi tri nay sé& cho dai
phat xa mau luc [13+15].

Ngoai ra, trén gian dd XRD cua vat liéu ché tao
duogc khong xuét hién thanh phan pha chura Eu, diéu
nay chung t6 khi pha tap vao mang nén, Eu da thay
the vao cac vi tri ctia jon Ca®* trong tinh thé mang
nén.

Bang 1 so sanh thong s6 6 co s& cla cau tric
tinh thé cua vat liéu trong nghién ciru ciia chiing toi
v6i két qua trong mot sd nghién ctru khac. Két qua
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trong bang cho thdy cac thong s6 gan tuong duong
nhau.

Bdng 1: Thong sb ciu trac ctia cac hop chit
CazMgSi207 va Ca3MgSizOg

Hop chat Cauxtruc ’tmh Don vi ciu tric
thé, nhom (O co s6)
khong gian
a=b=7,8338A
c=5,0082 A
. Tetragonal, |[[11]

Ca,Mg51,0, P4 2m S6 liéu thuc nghiém:
a=b=17,8658 A
c=4_8138 A
a=13254 A
b=5,293 A
c=9,328A
B=91,90°

. Monoclinic, |[14]

Ca;MgSi,0s P2;/m Sé liéu thyc nghiém:
a=13,079 A
b=5,357A
c= 9,308 A
B=914°

Ca Mg Si a

0 ¢

Hinh 3: Qﬁu tric tetragonal cjia Ca,MgSi,07;
Vi tri doi xting ctia Ca: Phoi tri 8-Ca [15]

Hinh 5 1a phd phat xa (PL) ciia cac mau bot
xCa0.Mg0.2Si0,:4%Eu*" thiéu két & cac nhiét do
900, 1200 va 1250 °C khi dugc kich thich bodi dén
Xenon budc séong 370 nm. O nhiét do thiéu két
900 °C, phé PL nhan duoc chi bao gém mot dinh
phat xa manh trong ving xanh lam véi cuc dai phd
tai budc song ~ 470 nm. Phd co dang bat dbi xtng
nhe va mo rong hon vé phia budc song dai, cho thay
duong nhu ton tai mot dai phat xa co cuong do yéu
trong ving nay. Dbi v6i mau duge thiéu két & nhiét
do6 1200 °C, trong cung diéu kién kich thich 370 nm,
trong khi cuong d6 dinh 470 nm thay doi khong

Téng Thi Hao Tam va cong su

dang ké, dang phd phat xa da thay ddi v6i sy hinh
thanh mot vai phat xa tai budc song ~530 nm. Két
qua nay rd rang cho thdy sy hinh thanh cta ving
phat xa thtr hai tai ~530 nm trong mau duge thiéu
két tai 1200 °C. O nhiét do thiéu két 1250 °C, phd
phét xa ciia mau duoc ding trung bdi hai ving phat
xa c6 cuong do gan tuong dwong va cyc tri twong
{mg tai budc séng ~ 450 va 530 nm. Két hop véi két
qua do phd XRD nhu da trinh bay & trén, ching t6i
cho rang, déi phat xa mau lam (~ 450-470 nm) la do
chuyén muc phat xa cua tdm phat quang Eu*" trong
mang nén CazMgSi,0g hodc CaMgSi,O¢ va dai phat
xa mau lyc (~530 nm) 1a do phét xa ciia Eu®" trong
mang nén Ca,MgSi,O;. So sanh véi két qua nghién
cuu tuong tu cia Q. Su et al. [6], vat liéu phosphor
Ca,MgSi,07:Eu*" dugc nghién ctu ché tao bing
phwong phap phan tmg pha rin di tir cac vat liéu ban
dz‘iu la CaCO3, MgO, HzSiO3, SiOz, H3BO3 va
Eu,0;. Mau duoc nung & nhiét do 1573 K trong 6
gio voi méi truong khir yéu. Khi kich thich vat ligu
v6i cac bude song trong ving UV, mau phat xa hai
dai mau ¢ 450 nm (blue) va 535 nm (yellowish-
green). Cuong dg phat xa cia 2 dinh nay phu thudc
vao budc song kich thich va cuong d6 2 dinh manh
nhat khi kich thich & budc séng 375 nm, nhung d6i
v6oi moi budce song kich thich thi cuong d6 phat xa
dinh 450 nm 1a rat yéu so v6i dinh 535 nm. RS rang
két qua nay khac véi két qua nghién ctru cta ching
toi da thu dugc, dinh 450 nm trong nghién clru cla
chung t6i c¢6 cuong d¢ manh tuong duong voi dinh
530 nm do sy hinh thanh ciu trac 2 pha tuong tng
trong két qua XRD thu dugc nhu theo phan tich &
trén. Ciling theo nghién ctru nay, Q. Su et al. chua
dua ra cac két qua cu thé dé chi ra sy hinh thanh cu
trac pha cua vat liéu, don pha hay da pha. Va nghién
ctru chua 1am rd sy xudt hién vai phat xa yéu xung
quanh vi tri 450 nm.

‘ Si0,: Tetrahedra
‘ MgO;: Octahedra

.“.. @) - ..
$,i‘.“ .."l‘.. ..,0 )
o 6o ® 0.

Phéitri 12-Ca(ly  Phéitri10-Ca(ll)  Phéi tri 10-Ca(IIl)
Hinh 4: Cau trdc monoclinic cia Ca;MgSi,Og;

Céc vi tri khac nhau cia Ca [16]
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450 - 470 nm

530 nm

Cuong d6 chuin hoa

400 450 500 550 600 650 700
Budc song, nm
Hinh 5: Pho phat xa (PL) ciia xCaO.MgO.2Si0,:
-4 %Eu’" khi dugc thiéu két & cac nhiét do khac
nhau trong moi truong khong khi trong 3 gio va
dugc khir trong moi truong khi No/H, & nhiét do
1250 °C trong 2 gi®, budc song kich thich 370 nm

Cuong do

L 450nm ]

5%

- 4% g

400 450 500 550 600 650 700
Budc song, nm
Hinh 6: Phd phat xa ctia xCa0.MgO.2Si0,:Eu*" voi
cac ndng do pha tap khac nhau khi dugc thiéu két &
1250 °C trong méi truong khong khi 3 gio va tiép
tuc duoc thiéu két trong moi trudng khi khir Np/H,
2 gi0, dudi budc song kich thich 370 nm. Va XRD
tuong tmg ctia cac mau chit nay

Nhu véy c6 thé cho ring, voi viée hinh thanh 6n
dinh 2 pha Ca,MgSi,0; va Ca;MgSi,Og khi dugc
thiéu két ¢ nhiét do 1250 °C, cho thiy hai dai phat xa
rd rang, dai mau lam va dai mau vang luc. Dai mau
lam van 1a do su chuyén tiép phat xa 4f-5d cia Eu*’
trong mang nén cua pha Ca;MgSi,O nhung co su
dich chuyén sang vung budc séng ngan xung quanh
vi tri dinh 460 nm. Dai mau vang-luc xung quanh vi
tri dinh 530 nm do sy chuyén tiép phat xa
4f°5d' — 4f cua Eu’" trong mang nén pha
CazMg81zO7.

Hinh 6 1a phd phat xa cia hai miu bot
xCa0.MgO.25i0,:Eu’" véi ndng do Eu”" pha tap 4
va 5% cung duoc thi€u két & nhiét do 1250 °C.
Twong ty nhu trong hinh 5, d6i v6i mau duogc thidu
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két & 1250 °C, ph6 PL nhan dugc bao gém hai dinh
phat xa tach biét voi cuc tri ~ 450 va 530 nm. Nhu
vdy, cac mau chat ciing déu cho phat xa dai rong voi
hai dai mau lam va mau vang-lyc lan can xung
quanh vi tri dinh twong tmg lan luot 1a 450 nm va
530 nm. Két qua ching to sy 6n dinh vé tinh chat
quang cua vat lidu voi cac diéu kién ma chung toi
nghién ctru ché tao mau.

4. KET LUAN

Vit ligu hu}‘/nh quang moi
xCa0.MgO0.28i0;: Eu’’ da dugc nghién ciu ché tao
thanh cong bang phuong phap dong két tha di tir
nguon vat liéu ban dau tuong dbi dé tim kiém va co
thé mua vai gia thanh khong cao. Vi phuong phap
nay tuong dbi dé tién hanh dong thoi c6 thé dé dang
diéu khién do pH va lién két ion cia moi truong két
tua dé khéng ché duogc kich thudce hat va déng thoi
tac dong lén thanh ph?ln va dién tich bé mit cua vat
lidu. Véi cac diéu kién vé nhiét do va thoi gian thidu
két mau ma chung t6i nghién ciru, bot huynh quang
ching t6i ché tao c6 thanh phan pha chinh la
Ca,MgSi,07 va pha Ca3MgSQOg Dang cau tric cua
céc thanh phan pha nay co6 sy 6n dinh hoa hoc va do
bén nhiét tot. Dong thoi loai vat liéu phosphor nay
c6 dai phat xa rong khi kich thich boi bude song tur
ngoai, cuong do phat quang manh, pham vi mau sic
ma nd tuong tng voi cac budc song phat xa mau luc
va mau vang-lam, rit thich hop dé tao ra dén
WLED.

Loi cam on: Nghién ciu duwoc tai tro boi Chuong
trinh chiéu sang ran (Bo Gido duc va Dao tao), ma
s60 B2011-01-20-CT.

TAI LIEU THAM KHAO

1. C.C. Lin and R. S. Liu. Advances in Phosphors for
Light-emitting Diodes, The Journal of Physical
chemistry Letters, 2, 1268-1277 (2011).

2. Anant A. Setlur. Phosphors for LED-based Solid-
State  Lighting, The Electrochemical Society
Interface, 32-36 (2009).

3. N. Hirosaki, R. J. Xie, and K. Kimoto.
Characterization and properties of green-emitting -
SiAION:Ev’* powder phosphors for white light-
emittingdiodes, Applied Physicsletters, 86, 211905
(2005).

4.  Rong-JunXie and Naoto Hirosaki. Eu’" doped Ca-a-
SiAION: Ayellow phosphor for white light-emitting
diodes, Applied Physics Letters, 84(26), 5404-5406
(2004).

5. L. Yuhuan, L. Rushi. New Rare-Earth Containing
(Sr1.y,Euy),:ALSi oNuOy Phosphors for light-Emitting



TCHH, T. 52(3), 2014

10.

11.

Diodes, Journal of Rare Earths, 25, 392-395 (2007).

M. Zhang, J. Wang, W. Ding, Q. Zhang, Q. Su.
Luminescence properties of M>MgSi>O»:Eu’" (M =
Ca, Sr) phosphors and their effects on yellow and
blue LEDs for solid-state lighting, Optical Materials,
30, 571-578 (2007).

J. Holsd, J. Niittykoski, M. Kirm, T. Laamanen, M.
Lastusaari, P. Novak and J. Raud. Synchrotron
Radiation Study of the M>MgSi>Or:Eu’" Persistent
Luminescence Materials, ECS Transactions, 6(27), 1-
10 (2008).

J. Holsd, M. Kirm, T. Laamanen, M. Lastusaari, J.
Niittykoski, and J. Raud. Synchrotron Radiation
Study of Ca;MgSi,O,:Eu’" Persistent Luminescence
Materia, ECS Transactions, 6, 833-834 (2008).

T.Aitasalo, J. Holsd, M. Kirm, T. Laamanen, M.
Lastusaari, J. Niittykoski, J. Raud, R.Valtonen.
Persistent luminescence and synchrotron radiation
study of the CagMgSi207.'Eu2+, R’ materials,
Radiation Measurements, 42, 644-647 (2007).

L. Jiang, C. Chang, D. Mao, C. Feng. Concentration
quenching of Eu’' in Ca,MgSi;O:Eu’" phosphor,
Materials Science and Engineering B, 103 (2003).

C. K. Chang and T. M. Chen. White light generation
under violet-blue excitation from tunable green-to-

Lién hé: Tong Thi Hao TaAm

Vién Tién tién Khoa hoc va Cong nghg,
Trudong Pai hoc Bach khoa Ha Noi
40F, Ta Quang Btru, Ha Noi

Email: haotamit@yahoo.com

DT: 0913520505.

362

13.

14.

15.

16.

Téng Thi Hao Tam va cong su

red emitting Ca,MgSi,O;: Eu, Mn through energy
transfer, Applied Physics Letters, 90, 161901 (2007).

. T. T. H. Tam, N. V. Du, N. D. Chien, P. T. Huy, N.

T. K. Lien, N. D. Hung. Preparation and
characterization of blue, green-emitting
M,MgSi,O,:Ev’" (M: Sr, Ba, Ca) phosphors for white
light-emitting diodes, International Conference on
Advanced Materials and Nanotechnology (ICAMN),
978-604-911-247-8, 183-186 (2012).

Y. Yonesaki, T. Takei, N. Kumada, N. Kinomura.
Crystal structure of Eu’*-doped M;MgSi>Os (M: Ba,
Sr, Ca) compounds and their emission properties,
Journal of Solid State Chemistry, 182, 547-554
(2009).

C. H. Park, S. T. Hong, D. A. Keszler. Superstructure
of aphosphormaterial Ba;MgSi,Og determined by
neutron diffractiondata, Journal of Solid State
Chemistry, 182, 496-501 (2009).

T. Laamanen. Defects in persistent luminescent
materials, PhD Thesis, University of Turku (2011).

W. B. Im, Y. I. Kim, H. S. Yoo, and D. Y. Jeon.
Luminescent  and  Structural — Properties  of
(Sr,Ba)MgSiO:Eu: Effects of Ba Content on the Eu’"
Site Preference for Thermal Stability, Inorganic
Chemistry, 48, 557-564 (2009).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


