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Red to farred emitting Mn* and Cr** co-doped Y3Als012/YAIOs
YAG/YAP:(Cr**, Mn*") phosphors were successfully synthesized using a solid-
state reaction method at high temperature. X-Ray diffraction results indicate that
Cr** and Mn** ions simultaneously replace AI** ions in the octahedral [AlOs]
sites of both host lattices, YAG and YAIO:s. Field emission scanning electron
microscope images show that the YAG/YAP:(Cr**, Mn*") materials annealed at
1500 °C have a particle size of approximately 2 pwm. Photoluminescence and
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photoluminescence excitation spectra analysis reveal that the YAG/YAP:(Cr*",
Mn*") materials exhibit strong emission in the red to far-red region, peaking at
694 nm, and show good excitation at wavelengths of 404 nm and 560 nm. The
maximum photoluminsecence intensity was recorded for the YAG/Y AP sample
doped with 1.3% Cr* and 0.05% Mn**, which was annealed at 1500 °C for 5
hours in air. The presence of co-doped Mn*" ions enhanced the emission
intensity of the YAG/YAP:1.3%Cr* sample by 3.47 times compared to the
YAG/YAP:1.3%Cr*" sample without co-doping. This enhancement is attributed
to the energy transfer process from Mn** ions to Cr** ions within the YAG/YAP
lattices. The results obtained demonstrate that Y3AlsO12/YAIOs:Cr** co-doped
with Mn*" ions has significant potential for applications in plant growth LEDs.
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Bot huynh quang phat xa do - do xa Y3Als012/YAIO;:Cr** (YAG/YAP:Cr*")
ddng pha tap voi ion Mn** dugc ché tao thanh cong bang phuong phéap phan
ung pha rin ¢ nhiét 6 cao. Két qua gian dd nhidu xa tia X chi ra ring ion Cr**
va Mn** dong thoi thay thé cho ion AI** trong 6 bat dién [AlOg] ctia hai mang
nén Y;Al;s01, (YAG), YAIO: (YAP). Anh hién vi dién tir quét phat xa trudng
cho thiy vt liéu YAG/YAP:(Cr**, Mn**) nung & 1500 °C c6 dang hat v&i kich
thude ¢& 2 pm. Phan tich phd huynh quang va phé kich thich huynh quang cho
thdy vat liéu YAG/YAP:(Cr**, Mn*") cho phat xa manh trong ving dé - do xa
v6i dinh 694 nm va kich thich t6t ¢ hai budc song 404 nm va 560 nm. Cuong
d6 huynh quang cuc dai thu duoc tmg véi mau YAG/YAP pha tap 1,3%Cr** va
0,05%Mn*" nung tai 1500 °C trong thoi gian 5 gid ngoai khong khi. Sy ¢6 mat
cia ion ddéng pha tap Mn* dd lam ting cuong d6 phat xa miu
YAG/YAP:1,3%Cr*" 1én 3,47 lan so voi mau don pha tap. Sy ting cudng nay
dugc ly giai 1a do dong gop cua qua trinh truyén ning lugng tir ion Mn** sang
Cr** trong mang nén YAG/YAP. Bén canh d6, miu t6i wu c6 kha ning dap ting
duogc 15,54% ving dé - d6 xa trong phd hép thu cia phytochrome dé xa Py.
Céc két qua thu dugc chimg to rang vat liéu Y3Al012/YAIOs:Cr’* dong pha
tap v6i ion Mn** ¢6 tiém nang g dung 16n trong ché tao dén LED chiéu sang
chuyén dung cho cay trong.
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1. Gidi thiéu

Hién nay, viéc nghién ciru bt huynh quang nham tng dung cho cac thiét bi chiéu sang chuyén
d6i huynh quang (pc-LED) da khong con qua xa la trong cong dong nghién ctru trong va ngoai
nudc. Méac du da nhan duoc rat nhiéu sy quan tam, viéc nghién clru ché tao vat liéu huynh quang
phat xa d6 duong nhu van can dugc thyc hién nham t6i uru hoa vé cuong do, ban do rong phd phat
xa ciing nhu hiéu suat phat quang. Cho dén nay, rat nhiéu cac cong trinh khoa hoc lién quan da
dugc cong bd ma c6 thé nhic dén nhu: CaAl 12019: Mn*" [1], Ca1sGaj0ZneOss:Mn*" [2],
BaMgAli¢O17: Cr’* [3], LiGaTiO4:Cr** [4]. C6 thé thay rang cong cudc nghién ctru bt huynh quang
phat xa d6 gin lién véi cac ion Cr** va Mn**. Pdy 14 cac ion kim loai chuyén tiép nhom 3d?, véi
phan 16p d chua duoc dién day. Thong qua viée chiém giit vi tri bat dién trong cac trudng tinh thé,
cac muc nang luong duge phan tach ma chuyén mirc tir *A; — *T) va *A; — *T thuong gin lién
voi phat xa do [5], [6]. Nham phét huy t6t nhat vai tro phat quang cua ion pha tap, viéc lua chon
mot mang nén huynh quang phu hop 1a diéu tat yéu. Trong do, su két hop cua cac oxit ALOs va
Y205 kéo theo su hinh thanh cua mot loat cac hé mang nén v6 cung bén bi. Trén co s gian dd pha
da duoc bao cdo bdi Gandhi va cong su [7], két qué cua su két hop nay co thé dan dén sy hinh
thanh cua ba pha tinh thé Y3Al:01: (YAG), YAIOs; (YAP), Y2AL:0o (YAM) tily vao diéu kién ché
tao ciing nhu ty phan vat liéu ngudn khac nhau. Xét dén sy wa thich hon cua cac tim tap Cr*
Mn** trong trudng bat dién thi mang nén YAG va YAP duoc uu tién xét dén hon ca [6], [8]. Cho
dén nay, hang loat cic nghién ctru lién quan da dugc trién khai nhu: YAG:Cr* [9], [10], YAP:Cr**
[11], YAG:Mn* [12], YAG/YAP:Mn* [11], v.v. Song, viéc két hop dong thoi ca hai ion nay vao
cung mot hé mang nén bao gdm ca vat liéu garnet YAG hay perovskite YAP dudng nhu chua duoc
suy xét t6i. Vi sy twong dong vé cdu hinh dién tir ciing nhu su sai khac khong déng ké cua Mn**
(r=0,53 A; CN = 6) va Cr*" (r = 0,615 A; CN = 6) véi AP (r = 0,535 A; CN = 6), cc ion nay
hoan toan ¢6 kha ning ton tai ddng thoi trong cing mot pha tinh thé cta Y3Als012 va YAIO;. Thong
qua mot sb nghién ctru da dugc bao cao trude do, voi su tuwong déng vé cAu hinh dién ttr, cac muc
nang lu0'ng dac trung cua Cr** va Mn*" tuong ¢ d6i gan nhau, dan dén kha ning truyén nang luong
giita cac ion nay co thé xay ra khi dugc dat gin nhau [9], [10]. Bén canh do, su tuong dong nay
cting keo theo kha nang phat xa tai cac dai buc xa tuong dbi gan nhau. Thong thuong, Mn*" thuong
thé hién kha nang phét xa trong ving do - d6 xa, con Cr trong ving do xa — gan hong ngoai (NIR).
Do d6, viéc dua ca hai ion nay vao cting mot mang nén tinh thé hoan toan c6 thé dwgc mong doi
voi cac dac tinh phat xa dugc cai thién.

Trong nghién ciru nay, ching t6i trinh bay quy trinh ché tao vat liéu YAG/YAP: (Cr3+ Mn*")
bang phuong phap phan tng pha ran & nhiét do cao. Anh hudng cia nhiét do va ndng do dong pha
tap Mn4+ 1én tinh chit quang cta vat liéu YAG/YAP:1,3%Cr>" duoc nghién ctru chi tiét. Co ché
truyén ning luong tir ion Mn*" sang Cr’** nhim lam ting cudng phat xa cia vat liéu
YAG/YAP:1,3%Cr*" dugc dé xuit va thao ludn.

2. Phuwong phap nghién ciru
2.1. Héa chit

Trong nghién ciru nay, ‘gién chat duoc str dung bao gdm cac oxit Y203 (99,99%; Merck), Al,O;
(99,99%; Merck), cac muoi tap CrCls.6H20 (99,99%, Merck), MnCl,.4H,O (99,99%; Merck) va
nudce khir ion.
2.2. Quy trinh thuwc nghi¢m

Hé vat liéu YAG/YAP:(1,3%Cr**; x%Mn*") dugc ché tao bang phuong phap phan tmg pha ran
véi sy ho trg cia may nghién bi hanh tinh, @ & nhiét do cao tir 1000 °C dén 1500 °C. Quy trinh cy
thé duoc thuc hién bao gdm cac budc sau: dau tién, lwong tién chit cho ting miu trong hé
YAG/YAP: (1,3%Cr*"; x%Mn**) (x = 0 — 0,5%mol) s& duoc tinh toan cin than va dem di can. Vit
lidu ngudn sau d6 s& duoc tron véi 20 ml nude khir ion nhdm phan tén cac ion pha tap véi cac oxit
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ngudn. Hon hop w6t s& duge 1am kho nho viée sdy trong nhidu gio tai 120 °C nhim loai bo hoi
nudce. Viée nghién tron va 1am nho hat cho hdn hop bot kho dugc thuc hién véi su hd tro ciia may
nghién bi hanh tinh. Cubi cing, hé mau s& dugc dem di nung U trong khong khi trong sudt 5 gio
véi nhiét do duoc khao sat 1an luot tir 1000 — 1500 °C. Bot huynh quang YAG/YAP:(1,3%Cr*;
x%Mn*") thu duoc sau khi miu nung dugc dé ngudi tu nhién.

2.3. Phwong phdp phdn tich

Dic tinh ctia cac mau bot huynh quang sau d6 duogc khao sat thong qua cac phép do dac trung. Cu
thé, cAu triic tinh thé cta cic mau dugc nghién ciru théng qua gian do nhidu xa tia X (XRD) trong dai
goc nhidu xa 20 dugc quét tir 20° dén 80° sir dung ngudn birc xa Cu-Ka (1 = 0,1541 nm) trén co s&
thiét bi do XRD — D8 Advanced. Hinh thai bé mit va cac nguyén td hoa hoc cua mau s& duoc quan
sat dudi sy minh hoa ctia anh chup boi kinh hién vi dién tir quét phat xa truong (FESEM) trén co s&
thiét bi FESEM-JEOL/JSM-7600F. Tinh chét phat xa va kich thich ciia vét liéu dugc nghién ciru bang
phd huynh quang (PL) va phd kich thich huynh quang (PLE) dua trén thiét bi NanoLog (Horiba,
USA) véi kich thich cua dén Xenon 450W. Tét ca cac mau duge do & nhiét do phong.

3. Két qua va ban ludn
3.1. Két qud phén tich giin do XRD

Hinh 1a mé ta cau trac pha tinh thé ctia vat liéu YAG/YAP:(1,3%Cr*"; 0,05%Mn*") thong qua
gian dd nhidu xa tia X nung tai dai nhiét do tir 1000 dén 1500 °C trong 5 gior ngoai khong khi. Theo
chiéu tang dan nhiét do, cac dinh nhidu xa dic trung cla pha vét li€u nguén ALOs va Y,0s dan
dugc thay thé boi cac dinh nhidu xa ciia hai pha tinh thé Y3Als012 va YAIO; ma di duoc minh
chung dua trén hai thé chuan PDF # 33-0040 va PDF # 33-0041. Sy hién dién rd rét cia cac pha
tinh thé nay dugc quan sat tai 1500 °C. Trong d6, pha tinh thé Y3Al501> di dugce minh hoa boi cac
mat tinh thé (321), (400), (420), (332), (422), (521), (440), (532), (541), (444), (640), (721), (642),
(800), (840), (842) tmg v&i vi tri cac goc nhidu xa 20 = 27,79°; 29,61°; 33,33°; 35,16°; 36,69°;
41,22°; 42,65°; 46,71°; 48,98°; 52,77°, 55,14°; 56,24°; 57,58°; 61,78°; 70,07°; 72,13° con pha
YAIO; dugc minh chimg thong qua cac mat phang (111), (121), (201), (131), (212), (321) dit tai
cac vi tri goc 20 = 26,84°; 34,24°; 38,05°; 44,31°; 50,71°; 60,51°. CAu tric ciia hai pha tinh thé nay
da dugc hién dién hoa dwa trén cong cu hd trg Vesta mo ta trén Hinh 1b. Tai day, khong nhan thay
su ton tai clia bét clr pha tinh thé tap chat nao ctia Cr va Mn, ngu y rang cac ion Cr’* va Mn*" da
dugc thay thé vao 0 bat dién [AlOs] trong hé mang nén thanh cong.

Nhan dinh vé kha ning thay thé nay dugc xac dinh boi thong s6 sai khac ban kinh gitra ion pha
tap va ion duoc pha tap trong mang nén Dr ma dugc minh hoa boi cong thuce (1) [13]:

_ Rm(CN)=Rq(CN)
Dy = o 2 X 100 (1)

Trong d6, R va Ry 1an luot 1a ban kinh cta ion duoc thay thé va ion thay thé trong mang nén,
CN 1a s6 phi tri twong tng ciia cac ion duge xét dén. Dya trén co sé nay, su sai khac ban kinh cua
cac ion pha tap Mn*" va Cr3* véi cac ion trong mang nén da duoc tinh toan va trinh bay trén Bang
1. Cac ion trong mang nén chi nhuong chd cho céc ion tap chat khi sai s6 ban kinh giita ching D,
nho hon 30% [13]. Do d6, két qua chi ra trén Bang 1 da mot lan nita khang dinh rang Cr* va Mn**
khi di vao mang nén chi thay thé vao tim 6 bat dién noi ma A" chiém gitr.

Bang 1. Bdng thong sé D, gitka cdc ion pha tap va ion trong mang nén

Ton Bin kinh ion (&) D: Cr* (%) D Mn*' (%)
Y* (CN = 8) 1,019 39,65 47,99
AP (CN = 6) 0,535 14,95 0,94
AP*(CN=4) 0,39 57,69 35,90
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Hinh 1. (a) Gidn do6 nhiéu xa tia X ciia mau YAG/YAP:(1,3%Cr*; 0,05%Mn**) nung tai nhiét do T (T =
1000 — 1500 °C) trong 5 gio ngodi khéng khi; (b) Cdu triic tinh thé ciia pha Y3Al50,2 va YAIO; va (c) Co
ché thay thé ion Cr** va Mn** vdo mang nén YAG va YAP

3.2. Két qud phén tich anh FESEM
a) 1000 °C b) 1100 °C _

c) 1200 °C

h / o i ) ! b

Hinh 2. Anh FESEM ciia méu YAG/YAP:(1,3%Cr**; 0,05%Mn**) nung tai nhiét d3 T (T = 1000 — 1500 °C)
trong 5 gio ngoai khong khi

Hinh 2 mo ta anh hién vi dién ttr quét phat xa truong (FESEM) ciia mau YAG/YAP:(Cr**, Mn*")
tai cac nhiét do khac nhau tr 1000 dén 1500 °C. Két qua chi ra rﬁng, nhiét d6 1a mot trong nhiing
yéu t6 chinh thic déy su phat trién cta cac hat bot, biéu hién & viéc kich thudc hat tang dan theo
chiéu tang nhiét d6 va dat cuc dai tai nhiét do 1500 °C, khoang 2 pum, gﬁn véi kich thude cua nhiéu
loai bot huynh quang phat xa t6t da dugc nghién ctru trude do [14].
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Hinh 3. (@) Pho kich thich hupnh quang PLE va (b) Phé huynh quang PL ciia mdau YAG/YAP:(1,3%Cr>*;
0,05%Mn**) nung tai 1500 °C trong 5 gio ngoai khéng khi; (c) Sw chong chéap phé PL ciia YAG:(CrY,
Mn**) va YAP:(Cr3*, Mn**) trong phé PL ciia vit liéu YAG/YAP:(1,3%Cr*; 0,05%Mn*")

Hinh 3 mé ta ph6 hap thu kich thich huynh quang va phd huynh quang cua me~1u vat liéu
YAG/YAP:(1, 3%Cr3+ 0,05%Mn*"). Két qua quan sat dugc tai Hinh 3a cho thay rang mau co6 kha
nang hap thu tt tai hai ving tim va vang xung quanh budc séng 404 nm va 560 nm, gin lién voi
chuyén mirc phat xa *A;, — *T; (*F) va *A, — *T, (*F) dic trung cho sy hién dién ctia ion Cr** trong
truong tinh thé bat dién cua hé mang nén. Pic biét, phé kich thich dai rong xung quanh budc song
404 nm dap tmg mot phan phd hap thu cua phytochrome trong thyuc vat. Trén co s nay, phd phat
xa dua trén budc song kich thich 404 nm da dugc do va chi ra trén Hinh 3b. Dinh phat xa R gin
lién v6i chuyén doi dién tir 2E — *A, ciia Cr* duoc gan cho bude song 694 nm [15], [16]. Céac
dinh phat xa véi cuong do thép hon tai 707, 725, 732 nm gan lién voi cac dai dao dong phonon
Stoke trong khi cac dinh tai vi tri 676, 688 nm gin véi cac dai dao dong phonon phan Stoke déc
trung boi ion Cr hay tham chi n6 c6 thé duge dong gop bai cac chuyén mirc phat xa ciia Mn**
trong mang nén YAG/YAP [10], [15]. Tai day, suw chong chap pho phat xa giita YAG:(Cr**; Mn*")
va YAP:Cr** di dugc phén tach va lam rd. Trong khi YAG:(Cr**, Mn*") ¢6 thién huéng phat xa do
nhiéu hon thi YAP:(Cr**; Mn**) dudng nhu chiém wu thé hon véi phin phat xa trong ving do xa
(Hinh 3c). Do d6, cac phép do tiép theo s& lam 16 sy anh hudng clia ion nay 1én tinh chat quang
cua toan hé YAG/YAP:(Cr*", Mn*").

Hinh 4 tiép tuc dua ra céc co s& nham xac dinh dugc diéu kién ché tao tdi wu cua hé vat liéu
YAG/YAP:(1,3%Cr*; x%Mn*) nay. Cu thé, két qua phd huynh quang cia mau
YAG/YAP:(1,3%Cr*"; 0,05%Mn*") nung tai nhiét do 4 khac nhau trinh bay tai Hinh 4a d3 chi ra
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rang mau thé hién phat xa véi cudng do ngay cang cao va rd rét khi nhiét do ¢ ting dan, gin lién
v6i hai nguyén nhan. Nguyén nhén thir nhat dugc gan voi sy hinh thanh pha tinh thé YAP va YAG
theo chiéu tang dan nhiét do da duoc khao sat trude do tai Hinh 1a. Tht hai, cuong do tang co6 1€
do mat do tap duogc khuéch tan vao hé mang nén nhiéu hon tai nhiét dd 0 cao hon. Bén canh do,
Hinh 4b d3 chi ra sy anh huéng dang ké cua ion dong pha tap 18n tinh chit quang ctua mau

YAG/YAP:

—
Y]
~—
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Hinh 4. (a) Pho huynh quang theo nhiét do v cia mau YAG/YAP:(1, 3%Cr; 0,05%Mn**) va (b) Phé
huynh quang theo nong dé pha tap cua Mn“'+ trong hé YAG/YAP:(1,3%Cr*; x%Mn**) nung tai 1500 °C
trong 5 gio ngoadi khong khi; (c) Co ché truyen nang lwong giira ion Mn** va Cr* trong mang nén huynh

quang YAG/YAP; (d) Gidan do toa do mau CIE va (e) Phé so sanh su twong thich véi viing hap thu ciia
phytochrome do xa cuia vt liéu YAG/YAP:(1,3%Cr*", 0,05%Mn*")

Cu thé, vé6i su ¢ mit cta ion Mn**

‘ n*, ban du, cuong do phat xa tang, nhung sau d6 giam lai khi
nong do Mn*" vuot qua 0,05% va gan nhu bi dap tat hoan toan khi nong do nay dat dén 0,5%. Giai
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thich cho su ting cudng huynh quang khi 0,05% Mn** dugc dong thoi dwa vao hé YAG/YAP: Cr,
co ché truyén niang lugng tir Mn** sang Cr** dd duoc d& xuét tai Hnh 4c. Do sy tuong dong vé ciu
hinh dién tr, cing nhu ban kinh ion, sy pha tap thay thé ctia ca hai ion tap nay déu nham dén vi tri
bat dién [AlOs] trong hé mang nén, do dé, sy phan tach mirc nang lugng trong nd 1a tuong tu nhau.
V6i sy nhinh hon vé cac mirc nang lugng, cac dién tur cua Mn*" khi dugc kich thich 1én cac mirc
cao hon s& c6 xac suét truyén sang cho Cr**, gop phan nang cao kha ning tai hap thu va phat xa
cua cac dién tr trong Cr** tir trang thai kich thlch ve trang thai co ban. Tuy nhién, khi luong pha
tap ctia ion Mn*" dugc dua vao cang nhiéu, khoang cach giita cac tim tap dugc rit ngin va dat dén
t61 han, dan dén hién tuong truyén ning luong khong phat xa gitra ching, gay nén hién tugng dép
tat huynh quang theo nong do [17]. Tom lai, v6i nong d6 phu hop 0,05%; Mn** da g6p phan thac
day cuong d¢ phat quang ctia mau YAG/YAP:1,3% Cr** 1én dén 3 AT lan. Gi4 tri ting cuong nay
1a dang chu ¥ so véi bao cao ctia nhom tac gia J. Ou va cac cong sy vé hé vat liéu La,ZnTiOs: Cr3*
Mn*" [18]. Tai day, véi sw gop mét ctia Mn*", phat xa dac trung clia ca Cr’* (740 nm) va Mn** (710
nm) trong mang nén La,ZnTiOs d3 dugc quan sat dong thoi, gop phan thuc day su ting truong vé
cuong d6 huynh quang thém 1,6 14n so v6i hé don tap La;ZnTiOs: Cr** [18]. Gan day hon, viée
ddng pha tap Cr** va Mn** vao mang nén MgALO4 d3 dugc nhom tac gia F. Zou thuc hién va béo
c4o trén tap chi Ceramic International vao nam 2024 [19]. Viéc ché tao va khao sat song song cac
hé don pha tap MgALO,: Cr**, MgALO4: Mn** va ddng pha tap MgALO4: Cr**, Mn*" d3 duoc trién
khai. Su ting cuong phat xa ciia hé ddng pha tap so v6i ting hé don pha tap da duoc tac gia lam
13, song, mot gia tri ty 1é ting cuong phat xa nhat dinh chua duoc quan tdm va dé cip trong nghién
ctru ndy. Khac véi nghién ctru vé YAG/YAP:(1,3%Cr**; 0,05%Mn*"), két qua chi ra tai day cho
thy rang, dudi cac budc song kich thich khac nhau, su ting cudng huynh quang c6 thé duge dong
gop dua trén viée truyén nang lugng giita Cr’* va Mn4+ hay kha nang m¢ rong phd boi phd phat xa
ddng thoi clia ca hai ion pha tap nay [19], [20]. Nghién ctru co. ché truyén nang lugng tir Mn** sang
Cr** co thé dya trén phép phén tich thoi gian song cua cac mau [19]. Hinh 4d minh hoa toa d6 va
mau sic cta mau bot huynh quang YAG/YAP:(1,3%Cr*; 0,05%Mn*") nung tai 1500 °C trén gian
dd toa d6 mau CIE 1931. C6 thé théy réng, toa d6 mau cia mau bot duge minh hoa tai ria ving do
ctia gian @, minh hoa cho mot gia tri d6 tinh khiét mau dang mong doi, hoan toan dap ung duoc
vung hip thu mau d6 cua thue vat. Dya trén tinh toan ciia phan mém ColorCalculator theo 1y thuyét
chi ra tai cong thic (2), gia tri nay duoc ude tinh 1én dén 100% [20].
VE=x)2+(r=y?

Vxa=x)2+a—y)? )

Tai day, (x, y); (Xi, yi) va (Xd, ya) lan luot gin hen v6i toa do mau minh hoa cho su phat xa cta
bot huynh quang, sy phat xa chuan ctia anh sang tring (0,3333; 0,3333) va phat xa cta bude song
t6i wu. Dai phat xa ciia mau toi vu YAG/YAP:(1,3%Cr**; 0 OS%Mn‘“) hoan toan nam trong ving
hép thu ctia phytochrome d6 xa Py ma ty 1 dap ung di dugc tinh toan va trinh bay trén Hinh 4e,
dat khoang 15,54%. Tir cac co s nay, YAG/YAP:(Cr**, Mn*") dugc danh gi 14 vat liéu tiém ning
trong (mg dung cho dén LED chiéu sang trong néng nghiép.

4. Két luan

Do tinh khiét mau =

Trong nghién ctru ndy, sy anh hudng cia ion dong pha tap Mn** 1én cac dic trung phat xa do -
d6 xa cua bot huynh quang Y3Als012/YAIO;:Cr3* ché tao bang phuwong phap phan tmg pha rin di
dugc nghién ctru chi tiét. Pho phat xa trai dai trong khoang tir 620 — 800 nm, xung quanh dinh phat
xa R tai vi tri bu6c séng 694 nm cia chuyén doi 2E — *A, dic trung béi ion Cr3*. Vi su c6 mit
dong thoi cia ion Mn** trong hé YAG/YAP:Cr**, cuong d6 phat xa ctia mau t6i uu YAG/YAP:1,3%
Cr**; 0,05% Mn* ting thém 3,47 lan so voi mau don pha tap YAG/YAP:1,3% Cr** ma nguyén
nhan chinh gin lién v6i co ché truyén ning luong tir ion Mn** sang Cr**. Thong qua ty 1& dap tng
phd phytochrome trong ving d6 - d6 xa dat duoc 1a 15,54%, tiém ning ing dung ciia vat liu trong
nghién ctru ché tao dén LED d6 - d6 xa img dung trong néng nghiép mot 1an nira di dugc xac nhan.
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Loi cam on

Nghién ctru duoc tai trg béi Bo Khoa hoc Cong ngh¢ thuge Chuong trinh phat trién Vat Iy giai
doan 2021-2025 dudi ma so DPTPL.CN-32/2023.
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