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Tom tit:

LED 4dnh sing dé xa hién dang dugc quan tim nghién ciru nho nhirng tac dong tich cuc dén sy phit trién caa cay
trong. Khi cay dwogc chiéu sang bang anh sing dé xa, PFR sé hip thu dnh siang nay va chuyén héa thanh PR, tir dé
kich thich sy sinh truwéng ciia ciy. Trong nghién ciru nay, vat liéu MgGa,0,:Cr** phat xa 4nh siang dé xa da dwoc
tong hop bang phwong phap khuéch tan nhiét. Giin do nhieéu xa tia X cho thay, ¢ nhiét d¢ nung 1400°C, vat li¢u
thu dwgrc 1a don pha va c6 chit lwgng tinh thé tét. Anh hién vi dién tir quét phat xa trwong cho thiy, vat liéu ¢6 kich
thuwée hat 16n (1-3 pm). Phé kich thich phat quang cho thiy, vt li¢u hdp thu manh trong ving 4nh sang nhin thay,
v6i hai dinh hip thu cuc dai xung quanh buéc séng 415 va 574 nm. Duéi kich thich tai buéc séng 415 nm, vat liéu
phat xa anh sang dé manh VO’l dinh phat xa tai 707 nm, twong wng véi qua trinh chuyén mirc 214’3—>“A2. Thir nghiém
LED sir dung vt liéu nay két hgp véi chip LED 430 nm da dwgc thuc hién thanh cong. Cac két qua thu dwec cho
thay, vat liéu MgGa,O, pha tap Cr*" la @ng vién tiém niing cho viéc ché tao dén LED phat xa 4anh siang d6 xa, huwéng
toi wwng dung trong chiéu sang nong nghiép.

Tir khéa: LED anh sing d6 xa, MgGa,O,:Cr*, phin irng pha rin cai tién.
Chi s6 phan logi: 2.4,2.5, 4.1
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Abstract:

Far-red light-emitting diodes (LEDs) have attracted increasing attention due to their positive effects on plant growth.
When plants are exposed to far-red light, phytochrome far-red (PFR) absorbs the radiation and is converted into
phytochrome red (PR), thereby stimulating plant growth. In this study, a far-red-emitting MgGa,O,:Cr** phosphor
was synthesised using a thermal diffusion method. X-ray diffraction (XRD) analysis confirmed that at a calcination
temperature of 1400°C, the material forms a single phase with good crystalline quality. Field-emission scanning
electron microscopy (FESEM) images showed that the material possesses relatively large grains, ranging from 1 to 3
pm in size. Photoluminescence excitation (PLE) spectra revealed strong visible-light absorption, with two prominent
peaks at approximately 415 and 574 nm. When excited at 415 nm, the material exhibited intense red emission,
peaking at 707 nm, corresponding to the 2E—*A, transition. Furthermore, an LED experiment using this material in
combination with a 430 nm LED chip was successfully conducted. These findings indicate that Cr**-doped MgGa,O,
is a promising candidate for far-red light-emitting LEDs in agricultural lighting applications.
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1. Dat van de

Anh sang dong vai tro quan trong ddi véi sy phat trién
ctia cdy trong [1, 2]. Cac nghién ctru chi ra rang, diép luc
trong cy trong hp thu anh sang xanh duong, d6 va do xa
[1]. Vi mong mudn cy trong ra hoa, két trdi som ngudi
ta thuong ting thoi gian chiéu sang cho ciy trong bang anh
sang nhan tao [3]. Anh sang nhan tao kich thich ra hoa trai
vu thuong str dung anh sang dé hoac do xa [3-7] . Hién nay,
ngudi ta thuong st dung dén LED vi ¢6 nhiéu vu diém nbi
troi nhu: do sang cao, than thi€én moi truong va dac biét la
tiét kiém dién nang tiéu thu [8, 9].

Céac LED anh sang dé hoac do xa duoc ché tao béng
cach phu bt huynh quang phat xa dé hodc do xa phu trén
cac chip LED. B0t huynh quang st dung cho LED anh sang
do, d6 xa hién nay duva trén cic ion phat quang dat hiém
Eu®, Ce*... [10, 11] hodc ion cua cac nguyén t6 chuyén
tiép Mn*, Cr** [12, 13] hodc cac chim luong tur [14, 15].
Trong d6, ion Cr** ¢6 ciu hinh 3d® d& dang duoc pha tap vao
cac mang nén khac nhau va cho phat xa ving khac nhau, tir
do dam, do xa dén hong ngoai gan.

Mang nén MgGa,0, dugc tao tir cac oxide MgO, Ga, 0,
1a hop chét bén, than thién mdi trudng, chung ¢ ciu trac
spinel véi nhém khong gian Fd3m 13 hé tinh thé 1ap phuong
[5].

Theo tim hiéu ciia chiing t6i, vat liéu MgGa,0, pha tap
Cr** dugc nghién ciru ché tao bang phuong phap phan g
pha rén [5], tuy nhién trong nghién ctru nay, sir dung phan
mg pha rin truyén thong, chua thir nghiém va danh gia
LED phat xa do xa [5].

Trong nghién ctru ndy, chung ti ché tao MgGa,O, pha
tap Cr** bang phuong phap phan tng pha rin cai tién, két
hop véi thiéu két & nhiét d6 cao c6 quy trinh don gian, do
1ap hoa hoc cao. Thir nghiém ché tao LED va do thong sb
dién quang ctua LED.

2. Thuc nghiém va phuong phap nghién ciiu

2.1. Thue nghiém

Vit ligu MgGa, O, pha tap 0,5%Cr* duoc téng hop dua
trén phuong phap phan tng pha ran truyén thong, s dung
hoa chat gobm MgO, Ga,0, va Cr(NO,),.9H,0. Tuy nhién,
trong nghién ctru niy, nhoém da cai tién phan ung pha rin
bang cach tron cac tién chét v6i nudc va khudy dé cac chit
ban dau dugc phin bd déu vao nhau, gitip qua trinh phan
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mg dé dang hon. Quy trinh thyc nghiém dugc mo ta nhu
sau: Cho hdn hop gom 0,1773 g MgO va 0,8239g Ga,0,
trong cbc thuy tinh 100 ml, thém 50 ml nudc cit hai lan,
khudy déu, thém tiép 44 microlit dung dich Cr(NO,), 1M;
nang nhiét d6 100°C tiép tuc khudy dén can. Siy mau trong
ta sy ¢ 200°C trong 5 gid, ¢ diéu kién nhiét do thudng,
nghién déu mau bang cdi mi ndo. Nung mau & 1400°C trong
5 gio ¢ diéu kién thuong, toc d6 nang nhiét 300°C/gio, thu
duoc vat liéu MgGa,0,:Cr*".

2.2. Phwong phdp nghién ciru

Bot huynh quang MgGa,O, pha tap 0,5% Cr** sau khi
ché tao dugc khao sat cu tric tinh thé bang phép do nhidu
xa tia X (XRD) sir dung thiét bi D8 Advance v&i ngudn biic
xa CuKo. Hinh thai bé mit vat liéu duoc nghién curu bﬁmg
hién vi dién tir quét phat xa trudng (FESEM) véi thiét bi
JEOL/ISM-7600F. Céac tinh chét quang cua vat li¢u duoc
khao sat bang phuong phap do phd huynh quang (PL) va
pho kich thich huynh quang (PLE) sir dung ngudn sang Xe-
non, cong suat 450 W, véi d6 mo khe 2 va 1 nm, thoi gian
0,2S. bac tinh quang hoc cua nguyén mau LED duoc khao
sat bang may quang phd ké GS-1290-3 (Gamma Scientific,
M5¥) két hop v6i qua cau tich phan. Cac mau khao sat duogc
do ¢ nhiét do phong.

2.3. Quy trinh ché tao LED

Trudce tién, dung dich polydimethylsiloxane (PDMS)
duoc diéu ché bé’mg cach tron déu chit dan hdi va chat
dong ran theo ty 18 1:1. Tiép theo, mot dung dich trong subt
duogc tao ra bé“mg cach phdi tron vat liéu phat quang do Mg-
Ga,0,:Cr* v6i dung dich PDMS theo ty 1¢ 1:4, sir dung may
tron hanh tinh. Hon hop thu duoc sau d6 duge phu 1én bé
mat cta chip 430 nm bang thiét bi phun dinh lugng. Cubi
cung, thiét bi dugc séy trong 10 ¢ nhiét d§ 150°C trong vong
4 gid dé hoan tit qua trinh ché tao.

3. Két qua va ban luan
3.1. Ciu triic tinh thé ciia vit ligu

Dé xac dinh rang hop chét tong hop di duoc hinh thanh,
can phai x4c dinh cdu tric tinh thé cta chung va so sanh voi
tiéu chuan cua vat liéu da duoc cong bd [5]. CAu trac tinh
thé cua vat liéu dugc xac dinh thong qua phép do gian dd
nhiéu xa tia X. Gian dd nhiéu xa tia X cua vt liéu MgGa,0,
pha tap 0,5% Cr** thiéu két & 1400°C, 5 gio trong khong
khi duoc trinh bay ¢ hinh 1. Két qua tai hinh 1 cho théy,
vat liéu ton tai cac dinh nhiéu xa c6 cuong do manh, dac
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trung cho cdu tric spinel ctia pha tinh thé MgGa, 0O, voi
nhom khong gian Fd3m thugc hé tinh thé 1ap phuong tai
cac goc 20=18,55° 30,51°; 35,96 37,60°; 43,69° 54,23°;
57,81°; 63,52°; 66,79°; 72,08°; 75,18° va 76,21° g vdi cac
mat phang (111), (220), (311), (222), (400), (422), (511),
(440), (531), (620), (533), (622) va phu hop véi thé chuan
(PDF#10-0113-MgGa,0,) [10]. Diéu nay ching t6 vat lidu
MgGa,0, da hinh thanh va chat lugng tinh thé tét & 1400°C.
O nhiét 6 nung mau 1400°C chi quan sat thiy dinh nhidu
xa cua tinh thé MgGa,0,,
nao khac, chung t6 vat liéu ché tao dugc 1a don pha. Két

khong thay xuat hién pha tinh thé

qua gian d6 nhiéu xa tia X ciing cho thay, & nhiét do 1400°C
khong xuét hién pha tinh thé cia Cr,0,,
khing dinh ion Cr** da thay thé ion Ga** trong mang nén

diéu nay gian tiép

tinh thé MgGa,0,. Tir két qua nay ching to, ching toi da
ché tao thanh cong bot huynh quang MgGa,0O, don pha va
ion Cr** da thay thé ion Ga® trong mang nén MgGa,0,.
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Hinh 1. Gian dé nhiéu xa tia X cua vat liéu MgGa,0, pha tap Cr**
0,5% dwoc U nhiét & 1400°C, 5 gi® trong khong khi.

Dé nghién ctru sy thay thé Cr** vao vj tri ctia ion Mg?*

s 3t A , Asoor

hay vi tri ciia Ga’* trong mang nén MgGa,O, chung t6i tinh
gia tri sai Iéch Dr, Dr c6 gia tri nho hon 30% mdi ¢6 kha
ning thay thé, va Dr cang nho kha ning thay thé cang dé
[16].

— Rn(CN)—Rq(CN) (1)

D, Rp(CN)

trong do, R, va R tuong Gmg ban kinh cta ion dugc thay thé
trong mang nén va ion pha tap; CN 1a sb phdi tri. Ban kinh
ctia cac ion Mg>=0,72 A; Ga*=0,62 A; Cr**=0,615 A [5],
dua vao cong thuc (1) tinh dugc Dr ¢ bang 1.

Bang 1. Gia tri ty 1é phan tram sai léch (Dr) khi Cr** thay thé cac
ion trong mang nén.

G a3+ Mg2+

D 0,81% 14,58%
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Tir gia tri bang 1, khi ion Cr** thay thé ion Ga** trong
mang nén co gia tri phﬁn tram sai 1éch nho nhat va nhé hon
rat nhidu 30%, nén ion Cr** yu tién thay thé Ga* trong mang
nén [16].

3.2. Hinh thdi bé mdt va thanh phan héa hoc ciia vit
liéu

Hinh thai bé mat cho biét, vat liéu c6 hinh dang nhu thé
nao va cho biét kich thudc cua vat lidu. Phan tich thanh
phan hoa hoc khiang dinh thanh phin nguyén té trong vat
lidu, giup xac dinh vat liéu ché tao dwoc cé tinh khiét hay
1an tap chat khac.

Hinh 2A 1a hinh thai bé mat cta vat liéu MgGa,0, pha
tap Cr**, duogc 0 nhiét ¢ 1400°C, 5 gi¢ trong khong khi. Két
qua trén hinh 2A cho théy, vat liéu thu dugc dang hat, c6 bién
d6 16 rang, kich thudc trung binh tir 1 dén 3 pm. Két qua
hinh 2B 1a két qua phan tich thanh ph?ln hoa hoc cua vat liéu
MgGa,O, pha tap Cr*, két qua cho thy vat lidu chi chira cac
nguyén td Mg, Ga, O va Cr ma khong xuét hién cac nguyén
t6 khac, diéu nay cho thay vat liéu thu duoc tinh khiét.

(A) (B)

Hinh 2. Hinh thai bé mit (A) va thanh phan héa hoc (B) ctia vat liéu
MgGa,0, pha tap Cr**0,5%.

3.3. Tinh chét quang ciia vit liéu

Pho kich thich huynh quang va phd phat xa huynh quang
ctia vat liéu MgGa,0, pha tap Cr3* thiéu két 6 1400°C trong
5 gio trong khong khi dugc trinh bay & hinh 3. Két qua phd
trong hinh 3A cho thdy, khi bi kich thich & budc song 707
nm, vat liéu thé hién hai dai kich thich trong khoang 350-490
nm va 500-600 nm, véi cac cuc dai lan luot tai bude song
415 nm va 574 nm. Dai kich thich quan sat duoc tai 415 nm
1a do qué trinh chuyén muc nang luong *A,g(*F)—~*T1g(*F)
[5, 17], trong khi dinh hap thu tai 574 nm 14 do qua trinh
chuyén mirc *A,g(*F)—*T,g(*F). Ngoai ra, vét liéu con hap
thu manh tai budc song 270 nm, dinh nay dugc gan cho cac
chuyén tiép spin-cho phép *A, (*F)-~*T; (*P) [5, 17]. Két
qua nhan duoc twong dong véi cong bd trude do [5, 17].
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Hinh 3B ph6 huynh quang cua vat lidu khi kich thich &
budc song 415 nm cho thiy, ving phat xa do - do xa trong
khoang tir 600-850 nm, dat cuc dai tai 707 nm, do budc
chuyén 2E—*A, bi cdm quay va cho phép spin ciia Cr3*, va
dai phat xa tai 716 nm dugc quy cho qua trinh chuyén d6i
murc nang luong *T,—*A, cAm quay va cho phép spin cia
Cr3* [5, 8, 17, 18]. Ngoai ra, kich thich béi budc song 415
nm cho cuong do phat xa manh hon so voi khi kich thich
boi budce song 574 nm. Tir nhimng két qua nay cang khing
dinh ring ion Cr®* da thay thé vao mang nén MgGa,0,. Nhu
vay, ching toi ché tao thanh cong vat lieu MgGa,0,4:Cr3*
bang pha ran cai tién, gitip qua trinh hinh thanh tinh thé d&
dang hon, phan bd hat ciing ddng déu thé hién qua hinh anh
FESEM. Quy trinh nay c6 thé ché tao mau véi sé luong 16n/
mé, d6 1ap cao, ¢6 tiém ning san xuit quy mo 16n va tng
dung trong thuc tién.

(A) )]

270

707

Cwong do (d.v.ty)
Cwong do (d.v.t.y)

300 350 400 450 500 550 600 650 700 750 800 850
Bwéc séng (nm) Bwéc séng (nm)

Hinh 3. (A) Phé kich thich huynh quang, (B) phé huynh quang clia
vat liéu MgGa,0,:0,5% Cr* 0 nhiét & 1400°C, 5 gio trong khdng
khi.

Céu hinh 16p ngoai ctia ion Cr3* 1a 3d® chua dugc dién day,
do d6 ton tai mot sé6 mirc nang lwong thap tao ra cac chuyén
dbi quang hoc. Cac mirc ning lugng ciia Cr3* trong trudng tinh
thé cia mang nén MgGa,0, dugc thé hién trén gian d6 Tanabe

- Sugano trong hinh 4.

Trang thai 4A2g c6 nang luong thip nhat (goi 1a trang thai
co ban). Cac muc leg va 2Eg ¢6 nang lugng gan nhu khong
dbi, trong khi d6 cac mirc nang luong zAlg, 4Tlg va 4T2g phu
thudc manh vao gia tri Dq/B, trong d6 D, la thong so truong
tinh the va B la thong s6 Racah. Ty s6 D /B>2,2 khi Cr**
trong truong tinh thé manh va Dq/B<2,2 trong truong tinh
theé yeu [4, 7].
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Théng s6 Dq duoc xac dinh theo cong thirc (1):

_ EC455-Tg) )

D
q 10

Hiang s6 Racah tinh theo cong thirc (2):

& _ 15(x-8)
B x2—10x

3)
Véi:

_ E(4A2g _’4T1g)_E(4A2g _’4ng)
Dq

“4)

trong do, E(*A, —T, ) va E(*A, —~*T, ) lan luot 1a nang
luong cua chuyén doi kich thich 4A2g—’4T2g va 4Azg_’4T|g-
Dua vao pho kich thich trén (hinh 3) va cac cong thtc (2-4)
thong sb mang tinh thé tinh toan duoc 1an luot 1a Dq=1745,2
cm”, B=654,25 cm™, D /B= 2,66. Ta thay D /B>2,2 ching
to rang, ion Cr’* dugc dinh x{ trong truong tinh thé manh
clia mang nén MgGa,O, nén pho phat xa Cr** dang vach
hep.

A, 'T.(°P)

=

D,/B
Hinh 4. Gian dé Tanabe-Sugano bidu hién cac mc nang lwgng
chia ion Cr* trong trwéng tinh thé clia mang nén MgGa,0,.

3.4. Thir nghiém ché tao LED

Dé nghién ciru kha nang Gmg dung cia bot huynh quang
da ché tao, chung t6i da tién hanh phu mau bot MgGa,0,
pha tap 0,5% Cr®*, duoc thiéu két & 1400°C trong 5 gio, 1én
chip LED 430 nm. Ngudn dién sir dung cho LED la ngudn
mot chidu voi cac thong s twong tmg 12 9 V, 150 mA. Hinh
5 thé hién phd dién quang cta chip két hop véi bot huynh
quang va anh thuc té ciia LED. Két qua thu dugc tir hinh 5
cho thay, khi sir dung chip 430 nm va phu bang vat liéu nay,



da xudt hién viing phat xa do xa va anh LED quan sat duoc
c6 mau do. Két qua nay cho thdy tiém ning cia vat liéu
trong vi¢c ché tao LED phat xa anh sang do xa, hudng toi
g dung trong chiéu sang nong nghiép.

77
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Hinh 5. Phé dién quang va dén LED ché tao khi phi bot MgGa,0,:
Cr* lén chip LED 430 nm.

4. Két luan

Bing phuong phap phan tng pha ran cai tién, ching
t6i di ché tao thanh cong bot huynh quang MgGa 0,:Cr*.
Bang gian d6 nhicu xa tia X cho thay, vat li¢u da hinh thanh
va don pha ¢ nhiét d§ nung 1400°C, 5 gio¢ trong khong khi,
hinh anh FESEM cho théy & nhiét d6 nung mau nay, kich
thudc hat ~1-3 pm. Bot huynh quang ché tao dwoc cho phat
xa do dam dén do xa, v6i bude song phat xa cuc dai ¢ dinh
707nm va hip thy & hai ving 350-490 nm; 500-600 nm
va dat cuc dai & budc song 415 va 574 nm. Két qua tinh
Dq/B=2,66 chimg to ion Cr** chiu tic dung trudng tinh thé
manh trong mang nén MgGa,O,. Thu nghi¢m ché tao duoc
LED phat xa d6 dam - do xa trén co s¢ bot MgGa,0,:Cr**
va chip LED 430 nm.

Nghién cuu duogc tai trg boi Truong Pai hoc Su pham
Ha Noi 2 qua D¢ tai c6 ma s6 SV.2024.HPU2.05. Céc tac
gia xin chéan thanh cam on.
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