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Tom tit:
Vatliéu Y AlsOu-YAlO pha tap ion Mn*" (YAG-YAP: Mn“*) dwoc ché tao thanh cong bang phwong phip phan ing pha ran
¢6 sur hd tro ciia nghién bi hanh tinh ning lwong cao. Két qua phan tich gian do nhiéu xa tia X (XRD) cho thay, vt li¢u ton
tai hai pha chinh 1a Y ALO,, (YAP) va YAIO, (YAG) khi u tai cac nhlet dd 16m hon 1300°C. Anh hién vi dién tir quét phat
xa truwong (FESEM) Va pho tan sdc nang lu’o’ng tia X (EDS) chi ra ring, vat liéu YAG-YAP:Mn* c6 dang hat véi kich thuée
trung binh khoéng 1-5 pm véi d¢ sach cao. Nghlen ciru pho kich thich huynh quang (PLE) va pho huynh quang cho thay, vat
liéu YAG-YAP:Mn* ¢6 thé dwoc kich thich tot tai hai budc song 305 va 477 nm; phat xa manh trong dai rng tir ving anh
sang d6 (674 nm) dén dé xa (715 nm). Nguon gbc ciia phat xa dé va dé xa lan lwgt dwoe Iy gidi 1a do sw chuyén mire dién tir
tir ’E—*A, ctia ion Mn** trong mang nen YAG va YAP. Duéi diéu kién thwe nghi€ém cia nghién ciru nay, cwong do pho huynh
quang manh nhit dwoc tim thiy trong miu YAG-YAP:Mn* pha tap 0,2% va i tai 1300°C trong thoi gian 5 gio ngoai khong
khi. Cac kf:t qua thu duge cho thay, vt liéu YAG-YAP:Mn*" ¢c6 tiém nang 16n trong ché tao dén LED chiéu sang chuyén dung
cho cay trong.

Tir khéa: bot huynh quang, chiéu séng ciy trong, phan ing pha rin, phat xa dé-do xa, Y,ALO,,-YAIO :Mn*.
Chi 56 phén logi: 1.3, 4.1

Study on the red/far-red emitting Mn* doped Y AL O, -YAIO, phosphors for plant growth lighting
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Abstract:

Mn*-doped Y,ALO,,-YAIO, phosphor (YAG-YAP:Mn*") material was successfully fabricated by a solid-state reaction method,
supported by a high-energy planetary ball milling. X-Ray Diffraction Pattern (XRD) analysis result shows that the obtained
product consists of two main Y,ALO , (YAP) and YAIO, (YAG) phases when the sample is annealed at higher temperatures
of 1300°C. Field Emission Scanning Electron Microscopy (FESEM) and X-ray Energy Dispersion X-Ray Spectrum (EDS)
spectra indicate that the high-purity YAG-YAP:Mn*" phosphor has a granular form with an average size of about 1-5 pm. By
Photoluminescence excitation (PLE) and Photoluminescence spectra investigation, the YAG-YAP:Mn*" phosphor, which could
be well excited at two wavelengths of 305 and 477 nm, emits strongly in a wide wavelength range from the red light region (674
nm) to the far red region (715 nm). The peaks at 674 and 715 nm are attributed to the ’E—*A, transition of Mn* ions in the YAG
and YAP lattices, respectively. Under the experimental conditions, the highest photoluminescence intensity is found in the YAG-
YAP:0.2%Mn* sample after annealing at 1300°C for 5 hours in the air. The obtained results suggest that the synthesised YAG-
YAP:Mn*" phosphor material has great potential for application in specialised plant growth LED.
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1. Dat van de

Nong nghiép luén 1a nganh phat trién thé manh trong
nén kinh té cua Viét Nam va hién nay nong nghiép cong
nghé cao dang duoc chu trong bai nd ¢6 thé mang lai hidu
qua kinh té cao [1]. Vi muc dich nang cao ning suit ciy
trong va san lugng néng nghiép, viéc nghién ctru va ap dung
cac cong nghé hién dai vao nong nghiép da va dang thu hut
rat nhidu sy quan tim cua cac nha khoa hoc trén toan thé
gidi [1]. Chiing ta déu biét rang, qua trinh thiic ddy su sinh
truong cua thuc vat nhat thiét phai thong qua ba yéu té co
ban 1a: nuoc, khong khi va anh sang [2]. Mt trong nhiing
tac nhan co thé can thiép bang cach nhéan tao d6 chinh la 4nh
sang [2]. Hién nay, viéc cac bong dén thap sang cho nong
trang vao budi t6i nham thuc ddy qua trinh sinh truéng cia
thuc vat 1a rat phd bién. Tuy nhién, hiéu biét vé co ché hap
thu anh séng clia cdy trong 13 yéu t6 can thiét trong viéc tim
ra cac nguon sang nhan tao thich hgp. Céac nghién ctru chi
ra riang, cdy trong khong hap thu hoan toan dai anh sang
ty nhién (Mit troi) ma chi hip thy mot s6 ving anh sang
nhit dinh nhu vung xanh lam (450-500 nm) va do - dé xa
(620-740 nm) [1, 2]. Trong dé, ving do - do xa dugc hap
thy boi hai sic t6 protein 1a phytochrome do (660 nm) va
phytochrome do xa (730 nm) [2-4]. Nghién ctru sau hon cho
thdy, sc td protein phytochrome do6 xa hap thu trong dai 4nh
sang rong, voi cuc dai nim trong ving do xa (730 nm) va
mot phé‘ln hép thu yéu hon trong vung dé (660 nm). Do do,
viéc nghién ctru tim ra loai bot huynh quang c6 thé phat xa
trong dai budc song rong tir do dén do xa 1a rat can thiét.

Theo cac bao cao trude day, dai phat xa dé va do xa
thuong dua trén cac ion pha tap kim loai chuyén tiép, hodc
kim loai dat hiém nhu Eu®*[5], Cr** [6], Mn*' [2].

Maéi ion déu cé cac wu va nhuge diém riéng biét. Trong
d6, Mn* 14 ion kim loai chuyén tiép c6 phan 16p d chua dién
day, cac muc chuyén doi nang lwong phi hop véi viing phat
xa d6 - do xa khi pha tap vao trong cac mang nén phu hop.
Hon nita, ion Mn*" lai ¢6 nguén vat liéu ddi dao va than
thién voi moi truong, do d6 san pham thu dugc thuong cd
gi4 thanh ré [2]. Thém vao d6, mang nén dugc biét dén 1a
mot trong nhimg yéu t& quan trong tic dong manh mé& 1én
vi tri, d6 rong vach ph6 phat xa va tudi tho cta bot huynh
quang. Nhom oxit (Al ,) va Ytrium ox1t (Y,0,) la céc
vat liéu ngudn co thé tao ra cic mang nén co dd bén co -
nhi¢t cao nhu Y, ALO, (YAM, don nghleng) YAIO, (YAP
perovskite) va Y Al O , (YAG, garnet) bang cach thay do6i
ty 1& cac oxit dau vao, cung nhu diéu kién ché tao [7]. Nhan
dinh nay dugc ching minh rd rang hon thong qua gian do
pha trinh bay tai hinh 1 [7]. Cu thé, theo ty 1& can bang ciia
cac oxit ngudn ALO, va Y, 0, nhim tao ra san phdm YAG
thi trong khoang nhiét d nhé hon 1400°C, trong khi céac
pha YAG va YAP hoan toan c6 thé dugc ché tao d(‘A)ng thoi
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dua trén ty 1€ mol% cua 3{203. Vi mbi pha tinh thé khac
nhau, s€ gdy anh huéng dén kha nang phat xa cta ion tam
tap Mn*" 1a khac nhau. Mic di YAG thudc ho mang nén
garnet con YAP thudc ho mang nén perovskite, nhung van
¢6 su twong dong vé ban kinh ion cua AP* véi Mn*". Cu
thé, xét vé s6 phdi tri CN=6 ddi véi cation A ¢6 ban kinh
1=0,535 A trong c4 hai mang nén YAG va YAP kha tuong
déng véi ban kinh ion Mn* 1=0,53 A. Bén canh d6, trong
YAG con ¢6 mot phan cac ion AIP* chiém vi tri tAm o tur
dién vai s6 phdi tri CN=4. Vi vi tri nay, ban kinh cta ion
AP hoan toan trung lip véi Mn* (CN=4, r=0,39 A). Khi
ion Mn*" thay thé cho ion AP* trong mang nén YAG c6 thé
cho phat xa trong ving do, va cho phat xa d6 xa khi Mn**
thay thé cho ion AI** trong mang nén YAP [8]. Do do, viéc
nghién ctru phét xa do - do xa trén co s& mang nén YAG-
YAP pha tap ion Mn*" ¢6 tiém ning va y nghia hét sirc cao
trong thuc tién.
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Hinh 1. Gian db pha AL,0,-Y,0, [7].

Trong nghién cru nay, ching t6i tdp trung nghién ciru
quy trinh ché tao bot huynh quang YAG-YAP pha tap Mn**
bang phuong phap phan mg pha rin, két hop véi nghién
bi hanh tinh ning lugng cao. Anh huéng ciia nhiét do va
ndng do pha tap 1én ciu trac va tinh chat quang cua vat
liéu YAG-YAP:Mn*" s& dugc thao luan chi tiét. Toa d0 mau,
d6 tinh khiét mau, sy phu hop gitta phd hép thu cua sic td
phytochrome va ph6 huynh quang ctia mau YAG-YAP:Mn**
cling dugc tinh toan.

2. Doi tuong va phuong phap nghién ciiu
2.1. Héa chit

Trong nghién ciru nay, cic hoa chit dugc sir dung
bao gém cac oxit ALLO, (Merck, d6 sach 99,9%, Xilong
Sciqntiﬁc, Trung Quoc) va Y, 0, (Merck, do sach 99,’9%),
muéi MnCl,.4H,0 (Merck, d¢ sach 99,7%) va nudc cat hai
lan.
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2.2. Quy trinh thuc nghiém

Quy trinh tong hop vat lidu YAG-YAP:Mn** duoc thuc
hién dya trén phuong phap phan tng pha rin c6 hd trg
nghién bi hanh tinh ning lugng cao. Ty 1& timg tién chat
ALO,, Y,0,va MnCl,.4H,0 dugc tinh toan dé ché tao vat
liu YAG-YAP:x%Mn* (x=0-2,0%mol). Pau tién, tron cac
vat ligu ALO,, Y,0, va MnCL,.4H,0 trong 50 ml nudc cAt
hai 1an bang may khudy tir & nhiét do phong dé thu dugc
hdn hop dong nhat. Sau dé, hdn hop dong nhét dugc siy
kho tai 120°C trong thoi gian 15 gio ngoai khong khi dé
loai bo hoan toan lugng nudc. Trong bude tiép theo, hdn
hop sau qua trinh sdy duoc nghién bi hanh tinh nang luong
cao trong khoang 30 phut véi toc do 200 vong/phut dé thu
dugc bot mau trang. Cudi cling, bot mau tring dwoc u nhiét
tai cac nhiét do khac nhau tir 1100 dén 1400°C trong thoi
gian 5 gid ngoai khong khi dé thu dugc bot huynh quang
YAG-YAP:x%Mn*".

2.3. Cac phwong phadp phdn tich

Céu trac tinh thé cua cac mau dugc nghién ctiu bang
phép do XRD véi goc nhidu xa 2 tir 20 dén 80° sir dung
nguén burc xa Cu-Ka (=0,1541 nm) trén co s& thiét bi do
XRD-D8 Advanced. Hinh thai bé mit va thanh phan nguyén
t6 hoa hoc trong mau duoc xac dinh bﬁng FESEM va EDS su
dung thiét bi FESEM-JEOL/JSM-7600F. Tinh chat phat xa
va kich thich cta vat liéu dugc nghién ctiru bang phd huynh
quang (PL) va PLE duya trén thiét bj NanoLog (Horiba, M¥)
véi kich thich ctia dén Xenon 450W. Tat ca cac mau dugc
do ¢ nhi¢t do phong.

3. Két qua va ban luan

Gian dd XRD cua mau YAG-YAP:0,2%Mn*" 0 tai cac
nhiét d6 khac nhau, tir 1100 dén 1400°C trong 5 gir ngoai
khong khi duoc trinh bay trén hinh 2. C6 thé thay rang, khi
mau  tai nhiét do thép hon 1200°C, gian dd XRD bao gém
cac dinh nhidu xa tmg véi cac pha tinh thé ngudn Y,0, va
Al O,. Cu thé, cac dinh nhicu xa tai vi tri 26=20,42°, 29,03°,
33,71°, 35,76°, 39,79°, 43,26°, 46,91°, 48,51°, 50,19°,
53,27°, 56,08°, 57,67°, 58,89°, 60,39°, 64,50°, 69,75°,
71,05°, 72,18°, 77,14° va 78,45° g v6i cac mit phang
(211), (222), (400), (411), (332), (431), (521), (440), (433),
(611), (541), (622), (631), (444), (721), (651), (800), (811),
(831) va (662) cia Y, O, (theo th¢ chuén PDF #41-1105) [9]
va cac dinh tai 26=25,48°, 35,05°, 37,73°, 43,18°, 52,30°,
66,54° va 68,18° twong mg véi cac mit phang (210), (020),
(121), (402), (420), (42-4), (424) ctua AL O, (theo the chuan
PDF #50-1496) ¢ hinh 2 [10].
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Hinh 2. Gian dé nhiéu xa tia X cla mé'u YAG-YAP:0,2%Mn* 0 tai
cac nhiét do khac nhau, tr 1100°C den 1400°C, thei gian 5 gio
trong méi trwong khéng khi.

Khi nhiét d¢ u tang Ién 1300°C, bén canh cac dinh dac
trung cho Y, 0, va ALO,, gian dd XRD cho thdy bat dau
xudt hién cac dinh nhifu xa méi ddc trung cho vat liéu
Y,ALO,, (YAG) va YAIO, (YAP). Cic dinh nhiéu xa tai goc
20=27,74°, 29,67°, 33,33°, 35,05°, 36,57°, 41,14°, 42,46°,
46,52°, 49,36°, 52,70°, 55,04°, 56,02°, 57,47°, 61,63°,
71,97°, twong Ung v&i mat tinh thé (321), (400), (420),
(332), (422), (521), (440), (532), (541), (444), (640), (721),
(642), (800) va (842) ctia pha tinh thé YAG (theo thé chuén
PDF #33-0040) [11]. Trong khi d6, cac dinh nhiéu xa tai goc
20=23,88°, 26,74°, 34,12°, 35,74°, 41,75°, 48,95°, 50,68°
va 60,61° ung v6i cac mit tinh thé (101), (111), (121),
(210), (220), (202), (212) va (321) dac trung cho pha tinh
thé YAIO, (theo thé chuan PDF #33-0041) [12]. Tiép tuc
ting nhiét d6 0 mau lén 1400°C, hai pha tinh thé YAG va
YAP chiém uu thé trong gian dd XRD. Piéu nay kha phu
hop véi gian db pha Y,0,-Al,O, nhu da phan tich ¢ hinh 2.
Théng qua gian &6 XRD, ching t6i c6 thé két luan rang, pha
tinh thé YAG va YAP bt dau dugc hinh thanh tai nhiét do
1300°C va chiém wu thé vuot trdi tai 1400°C.

Cac nghién ctru trudce dy chi ra rang, pha tinh thé YAG
v6i cAu trac 14p phuong thudc nhém ddi xting khong gian
Ia3d. Trong cu tric nay, ion Y3 duoc dat trong khéi da
dién 12 mit (YO,) con AP* lan luot dwoc dit trong cac tam
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khéi bat dién A1O , va tir dién AlO, theo ty 1¢ 2:3 [13]. Trong
khi d6, pha tinh thé YAP thudc ho mang nén Perovskite véi
cAu tric truc thoi lai duoc ciu thanh boi cac khdi 12 mat
YO, (CN=8) va khdi bat dién cua AlO . (CN=6) [14]. Do do,
su pha tap ciia ion Mn** vao hé mang nén nay hoan toan c6
thé dugc xét dén trong ca hai pha tinh thé YAG va YAP. Cu
thé, kha nang thay thé cia ion Mn** vao céc vi tri ion AI*
trong hai mang nén nay duoc xac dinh thong qua cong thirc
sai léch ban kinh sau [15]:

D, = Rm(CN)~Ra(CN) (1)

Rm(CN)

trong d6: R (CN) la ban kinh ion bi thay thé trong mang
nén; R (CN) 1 ban kinh ion thay thé; D 1 do sai léch ban
kinh giita cac ion tap va ion duoc thay thé trong mang nén.
CN 1a s6 phbi tri twong tng ciia ting ion.

Theo céac bao céo cua cac nghién ctru trude, cac tam tap
c6 thé dugc thay thé vao cac ion trong mang nén khi gia tri
Dr nh6 hon 30% [15]. Véi ban kinh ion Mn*" tai s6 phéi tri
CN=6 12 0,53 A, d0 sai léch D_khi xét dén su thay thé cta
jon Mn*" vao vi tri cua ting ion kim loai trong mang nén
dugc tinh toan dya trén cong thic (1). Két qua tinh toan
cho thiy do sai léch D_ khi Mn*" (r=0,53 A, CN=6) thay
thé cho AP (=0,535 A, CN=6), AI** (r=0,39 A, CN=4) va
AP (r=1,019 A, CN=8) c6 gia tri 1an luot 12 0,93; 35,89 va
47,99%. Piéu nay c6 nghia 1a ion Mn* chi c6 thé thay thé
cho ion AP (1=0,535 A, CN=6) trong ca hai pha YAG va
YAP.

I Phé EDS
% Nt
67,21
19,85

Hinh 3. Anh hién vi dién tir quét phat xa trwong (A), phé tan sic
ning lwong tia X (B), phd tan sac nang lwong tia X mapping tirng
nguyén té (C-F) va phé tan sic ning lwong tia X mapping téng (G)
ctia mau YAG-YAP: 0,2%Mn*.
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Anh FESEM ciia miu YAG-YAP:0,2%Mn* u tai
1400°C thoi gian 5 gid trong modi truong khong khi dugce
trinh bay trén hinh 3A. Két qua cho théy, vat liéu YAG-
YAP:0,2%Mn*" c6 dang hat vai kich thudce nam trong dai
rong tir khoang 1-5 pm. Phd EDS trén hinh 3B chi ra sy hién
dién cua tat ca cac nguyén td O (67,21%), Al (19,85%), Mn
(0,26%) va Y (12,68%). Khong c6 nguyén té tap chit nao
khac dugc phat hién. Pho EDS mapping trinh bay trén hinh
3 (C-F) mét 1an nita xac nhan sy c6 mat cia timg nguyén to
trong mau. Thém vao d6, phd EDS mapping tong thé trén
hinh 3G chi ra sy phan bé kha ddng déu cia cic nguyén to
trong mau. Két qua phan tich phd EDS chimg t6 mau YAG-
YAP:0.2%Mn** sau ché tao c6 do sach cao.
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Hinh 4. Phé kich thich huynh quang (A) va phd kich thich huynh
quang (B) dwoc fit thanh cac dinh thanh phan cia mau YAG-
YAP:0,2% Mn** do tai cac bwéc song phat xa dac trwng 674 va 716
nm. Phé huynh quang ctia mau YAG-YAP:0,2%Mn*" 0 tai 1400°C
th&i gian 5 gi® trong méi trwng khéng khi (C). So dé mé ta cac
qua trinh hap thu va phat xa cia ion Mn* trong mang nén YAG-
YAP (D).

Nham danh gia mtc d6 dap tng vé dai phd phat xa cua
vat liéu huynh quang YAG:Mn véi cac ving héap thy dic
trung cua cdy trong, phd kich thich huynh quang PLE va
phé huynh quang PL dd duoc do. Hinh 4A 1a két qua nhan
dugc khi do phd PLE tai hai budc song phat xa 674 va 715
nm ctia mau vat liéu YAG-YAP:0,2%Mn*" u tai 1400°C. Ca
hai duong phd déu chi ra hai ving hap thu kich thich rd rét
trong vung tir ngoai (UV: cuc dai trong khoang 305-323
nm) va vung kha kién (cuc dai 477 nm). C6 sy dich dinh
hap thy manh vé phia budc séng dai (tir 305 vé 323 nm) khi
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do ph6 PLE tai 674 va 715 nm. Diéu nay dwoc giai thich
1a do Mn*" dugc pha tap vao hai mang nén YAG va YAP
khac nhau. Ph6 PLE con dugc fit tt véi 3 dinh tai 302, 345
va 477 nm (hinh 4B) tuong tmg v&i cac chuyén doi dién
tir *A —*T,, *A —°T, va *A_—*T, clia ion Mn** khi dugc
dit trong truong bat dién ciia mang nén YAG-YAP [16].
Dé minh chimg cho su thay thé ciia ion Mn*" trong ca hai
mang nén YAG va YAP, ph6 PL kich thich tai hai budc song
khac nhau 305 va 323 nm da duogc thyc hién (hinh 4C). Phd
huynh quang c6 thé chia thanh 2 ving rd rét: ving d6 tng
v6i 3 budc song 646, 674 va 668 nm; vung do xa Ging vdi
hai budc séng 702 nm va 715 nm. Mot diém can luu y ¢ day
la ty 1¢ cuong do phat xa do/do xa (I,,/1,,,) trong phd PL,
khi kich thich tai 305 nm 16n hon khi kich thich tai 323 nm.
Céc nghién ctru gan day chi ra rang, khi Mn*" thay thé cho
AP trong YAG s& sinh ra phat xa do va thay thé cho AP
trong YAP s& cho ra phat xa do xa [8]. Diéu nay chimg to
rang, trong nghién ciru clia ching t6i, ion Mn*" da thay thé
ddng thoi cho ion AP trong ca hai mang nén YAG va YAP.
Do do, nguén géc cua phat xa doé (674 nm) va do xa (715
nm) twong tmg voi chuyén doi dién tir tir mirc ‘A,—T, cta
ion Mn*" khi dugc pha tap vao vi tri bat dién ctia AI** trong
mang nén tinh thé YAG va YAP. Két qua nay ciing kha phu
hop véi cong bd ciia Z. Zhou va cs (2019) [8]. Tir cac két
qué phén tich trén, chiing t6i dé xuat cac qué trinh hap thu
va phat xa clia ion Mn*" trong hai mang nén YAG va YAP
duoc trinh bay trén hinh 4D.

Hinh 5A va 5B trinh bay phd PL nhan dugc khi kich
thich tai 305 nm va 323 nm ctia mau YAG-YAP:0,2%Mn*"
u tai cac nhiét do khac nhau 1100-1400°C thoi gian 5 gio
trong moi truong khong khi. Tai nhiét do u thip (1100 va
1200°C), chi c¢6 phat xa trong vung do dam tai budc song
cuc dai xung quanh 695 nm véi cuong d6 khong dang ké,
cac dinh phét xa ciing khong biéu hién rd rét. RS rang, cac
pha ngudn dudng nhu khéng c6 sy anh huong dang ké 1én
tinh chit quang cia Mn*' trong ving d6 va do6 xa. Cuong
do phat xa trong vung dé va dé xa chi thyc sy quan sat o
nét khi nhiét d6 o dat dén 1300°C. Khi nhiét d6 o tang tur
1300°C 1én 1400°C, bén canh su ting cuong phat xa ¢ hai
viing d6 va do xa, ching toi con nhan thay ty 1¢ cudong do PL
I674/1715 ; ,
nguyén nhan: thur nhat 1a ting cuong kha nang khuéch tan
ion Mn** trong cic mang nén [17] v tht hai 1a su chiém uu
thé ctia pha tinh thé YAG so v&i pha YAP ¢ nhiét 6 1 miu
cao. Piéu nay ciing kha pht hop véi gian dd6 XRD da dugc
phan tich trén hinh 2.

ciing tang theo. Didu nay c6 thé dugc 1y giai boi hai
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Hinh 5. Phé huynh quang cGia miu YAG-YAP:0,2%Mn* 0 tai
cac nhiét do khac nhau (A, B), phé huynh quang cia mau YAG-
YAP:O,Z%Mn4+ u tai 13p0°C kich thich tai 305 va 323 nm (C, D), gian
do toa d6 mau cia mau YAG:YAP:Mn“* (E) va d6 dap trng cua phé
phat xa huynh quang ctia mau YAG-YAP:Mn* vé&i phd hap thu cla
phytochrome dé xa (F).

Anh huoéng cta nong d6 Mn*" pha tap 1én cudong do
huynh quang cta vat liéu YAG-YAP cling duoc nghién ctru.
Hinh 5C va 5D trinh bay phd PL nhan dugc ciia mau YAG-
YAP:x%Mn*" (x=0,2-2,0%) 1 tai nhiét d6 1300°C. Két qua
chi ra ring, mau dwoc pha tap tai 0,2% cho phat xa voi
cuong d6 manh nhét, khi kich thich tai ca hai budc song
305 va 323 nm. Khi ting ndng do pha tap 16n hon 0,2%,
cuong do PL giam dan, nhung ty 18 I,/1, . ting dan. Do do,
¢6 thé xay ra qua trinh tai hop canh tranh hodc/va truyén
ning lugng gita Mn*—Mn*" xdy ra trong hai mang nén
khac nhau [17]. Viéc nghién ctru pha tap & nong do thap
hon 0,2% dé tim ra néng d6 t6i wu cho cuong do phat xa
manh nhat can duogc thuc hién trong cac nghién clru trong
thoi gian sép to1. Tinh toan toa do mau cho théy, toa d0 mau
clia cac mau YAG-YAP: xMn* (x=0,2-2,0%) nim & ria do
trén gian d6 CIE v6i d9 tinh khiét mau 1én dén 100% (hinh
5E). Trong so sanh v&i phd hap thu Phytochrome d6 xa ctia
cdy trong trong ving nhin thay va phd PL cua miu YAG-
YAP:0,2%Mn*" u tai 1300°C, kich thich tai 323 nm cé su
phul hop 1én dén 36,1% (hinh 5F). Piéu nay ching to vat
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liéu YAG-YAP:Mn*" chiing t6i ché tao co tiém nang trong
g dung ché tao dén LED chiéu sang chuyén dung cho ciy
tréng.

4. Két luan

Trong nghién ctru nay, ching t6i di ché tao thanh cong
bot huynh quang Y,ALO, -YAIO,:Mn*" cho phat xa dong
thoi anh sang do va do xa bang phuong phap phan ung
pha rin c6 hd trg nghién bi hanh tinh ning lugng cao. Bot
huynh quang YAG-YAP:0,2% Mn*" ché tao duoc c6 dang
hat voi kich thude tir 1-5 pm va c6 do sach cao. Két qua
nghién ctru chi ra rang, ¢ thé diéu khién ty 18 phat xa do/
d6 xa bang cach thay d6i nong do pha tap va nhiét do
mau. Cuong d6 PL manh nhat thu dugc khi mau YAG-YAP
pha tap ndng d6 0,2%Mn*" va 1 tai 1300°C trong thoi gian
5 gid ngoai khong khi. Toa d6 mau cia cic mau YAG-
YAP:xMn*" (x=0,2-2,0%) nam & ria do, trén gian d6 CIE
v6i do tinh khiét mau 1én dén 100%. So sanh véi phd hap
thu phytochrome do6 xa cua cay trong, ty 1¢ phii hgp phd PL
ciia miu YAG-YAP:Mn*" 1én dén 36,1%. Cac két qua thu
duogc ching to vt liéu YAG-YAP:Mn*" c6 thé sir dung nhu
thanh phan phat xa do - do xa trong ing dung ché tao dén
LED chiéu sang chuyén dung cho cay trong.

LGOI CAM ON

Nghién ctru duoc tai trg bdi Bo Khoa hoc va Cong nghé
thong qua dé tai ma s6 DPTPL.CN-32/2023, thuoc Chuong
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