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Khdo sat tinh chat quang cua vat li¢u f-Ga,0, pha tap ion Cr*
ché tao bang phwong phap khuech tan nhiét
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Tom tit:

Nghién ctru nay bao cio quy tri{lh don gian ché tao th huynh quang J}-GaZO3 pha‘ tap Cr’* (B-Ga,0,:Cr*) véi c’éc
nong d¢ khac nhau (0,2-1,5%) bang phwong phap khuéch tan nhiét. Két qua gian do nhiéu xa tia X (XRD) cho thay,
vat liéu ‘B-G3203:Cr3+ cq() cAu triic monoclinic. Thém vao do, i(}n Cr* dwoc tim thiy di th‘fly thé cho ion Ga’* trong
mang nén ﬂ-Ga293. Pho kich t,hich huynh quang (PLE) va ph6é huynh quang (PL) chi ra rang vit li§u B-Ga,0,:Cr*
nhéin dugc cé thé kich thich tot & budc song 442 nm va phat xa trong dii rgng budc song tir 620 dén 850 nm. Dué6i
diéu kién thyc nghiém, ndng dé Cr* pha tap t6i wu gé vit li¢u B-Ga,0,:Cr** cho phit xa manh nhét 13 1,0% mol. Véi
dac tinh phat xa trong’dﬁi rong tr do - (',16 xa va hap thu trong vung xa‘nh lam, vt li¢u p-Ga,0,:Cr** c,é tiém ning
16m trong wng dung cheé tao dén LED chi€u sang chuyén dung cho ciy trong. Thém vao do, quy trinh ché tao vt li¢u
B-Ga,0,:Cr*" duwoc cho la don gidn, ré tién va d Lip lai cao cho phép c6 thé ché tao véi quy mé sé lwgng 16m.

Tir khéa: Ga,0,:Cr*, khuéch tén nhiét, phat xa dé xa.
Chi 56 phin logi: 1.3,1.4,2.5
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Abstract:

This study reports a simple fabrication process for producing Cr** doped p-Ga,0, (B-Ga,0,:Cr**) phosphor powder
with different concentrations (0.2-1.5%) by thermal diffusion method. The X-ray diffraction pattern (XRD) analysis
revealed that the B-Ga,0,:Cr** phosphor has a monoclinic structure. Additionally, the Cr** ions were found to replace
the Ga’* ions in the B-Ga,O, lattice. Photoluminescence excitation (PLE) and photoluminescence (PL) spectra showed
that the obtained p-Ga,0,:Cr’* phosphor, which could be well excited by a wavelength of 442 nm, strongly emits
in a wide wavelength range from 620 to 850 nm. Under the experimental conditions, the §-Ga,0,:Cr* phosphor
exhibited the highest photoluminescence (PL) intensity when doped at 1.0% mol. With characteristic emission in
the far-red light region and absorption in the blue light region, the synthesised f-Ga,0,:Cr** phosphor has great
potential for plant growth LED applications. In addition, the process of synthesising B-Ga,0,:Cr** phosphor has
been found to be simple, low-cost, and highly repeatable so that it can be used for large-scale production.
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1. it van de

Cr** 1a ion kim loai chuyén tiép, c6 cdu hinh 16p ngoai cling
3d3, v6i phan 16p 3d chua dugc dién day sb electron, nén dé dang
nhan cac electron kich thich va chuyén hoa thanh phat xa dac
trung trong vung do ddm xung quanh budc song ~695 nm, vung
d6 xa ~700-750 nm va tham chi 1a ving hong ngoai ~800-900 nm,
tuy thudc vao tuong tac ctia mang tinh thé [1-7]. Gallium oxide
(Ga,0,) duge biét dén 1a chat ban dﬁq vung ca?'m} rong (cd 4,9 eV
tai nhi¢t o phong) [8]. Ga,0, c6 nhi€u tinh chat wu vi¢t nhu do
bén nhiyét-hoé hoc cao va 9(’) kha ndng dan dién t6t. Ga,0, c6 nhi€u
dang cau tric, trong d6 cau tric B-Ga, O, duoc hinh thanh ¢ nhi¢t
d6 cao (>900°C), do d6 n6 thuong c6 tinh 6n dinh [9-11]. Vat liéu
B-Ga,0, va cac dang bién tinh ctia nd da duge cac nha khoa hoc
nghién ctru cho nhi€u linh vyc tng dung khac nhau nhu: chiéu
sang, ning luong, xir Iy moi truong, cam bién, an ninh [10]. Trong
th vuc chiéu sang, Vé.'[7 liéu ,B-GazO3 pha tap cac ion kim loai dat
hiém va kim loai chuyén tiép cho phat xa trong vung anh sang
khac nhau da dugc quan tam nghién ctru sdu rong [9, 11-14]. Vi du
nhu vét ligu f-Ga,0, pha tap Eu** [15], B-Ga,0, pha tap Ni** [7],
B-Ga,0, pha tap Cr'* [9, 11-14], B-Ga,0, dong pha tap Cr**, In**
[8]. Nhu da bi€t Chlorophyll (a, b), Phytochrome (P, P) cua cay
trong hap thu hai ving budc song (400-500 nm) va (600-750 nm)
[14], viée ché tao cac dibt phat quang (LED) ¢6 phd phat xa phu
hop v6i dai hap thy Chlorophyll va Phytochrome clia cdy trong
duoc cac nha khoa hoc trong nude va thé gidi quan tim manh mé.
Hién nay, cac loai bot huynh quang thuong mai phat xa do thuong
duogc san xuét trong diéu kién khac nghiét va dua trén ion pha tap
dég hiém Eu** (M,Si,N:Eu* va MAISIN,:Eu*) [13, 16]. Cac san
pham thu dugc thuong c6 gid thanh dat va khong than thién véi
moi truong. Céc nghién ciru ché tao bot huynh quang phat xa d6 xa
van con han ché. Do d6, nghién ciru ché tao loai bt huynh quang
thay thé, khic phuc dugc cdc nhuge diém trén va phit hop v6i img
dung LED cdy trdng s& 1a xu hudng tit yéu. Trong nghién ctru méi
nhit vé vat lidu [S-Gaz(’)3 pba tap Cr** gho phat xa trong dai rong
tir ving anh sang do dén hong ngoai gan voi cuc dai xung quanh
bude song ~730-740 nm, dwgc danh gia 1a kha phi hop véi sic to
Phytochrome d6 xa ciia cdy trong [ 14]. Tuy nhién, viéc nghién ctru
cac diéu kién thuc nghiém anh hudng dén cu tric tinh thé va tinh
chét quang cua loai vat liéu nay chua that sy chi tiét va hé théng.

Trong nghién ciru nay, nhom nghién cuu da tap trung nghién
ctru ché tao vét li¢u huynh quang B-Ga,0,:Cr** bang phuong phap
khuéch tan nhiét. Dong thoi anh hudng cua nong do pha tap dén
cdu tric va tinh chat quang cua vét liéu p-Ga,0,:Cr** s& dugc
nghién ctru va thao luén chi tiet.

2. Thuc nghiém va phuong phap nghién ciu
2.1. Thuc nghiém

Vit ligu B-Ga,0,:Cr’" duge ché tao béng phuong phap
khuéch tan nhiét tu cac tién chat ban dau gdm Ga 0, (Ga,0,,
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do sach 99,8%) va mudi chromi (IH) nitrate (Cr(NO,),, do sach
99,5%). Quy trinh thuc nghlem ché tao vat lidu p- Ga0,:Cr** gom
cac budc sau: dau tién, cho hon hop 1,8744 g Ga, O va luong
Cr(NO ), voi ty 1€ xac dinh trong 50 ml nudc cat hal lan sau do
khuay tan bang may khudy tir & nhiét d phong. Sau do, tlep tuc
khuay & nhiét do 100°C cho dén khi tao hon hop chét rin udt.
Trong budc tiép theo, hdn hop chat rin uét duoc siy & 150°C trong
5 gity dé thu dugc hon hop chét ran kho. Cudi cing, hon hop chat
rin kho duoc thidu két tai nhiét do 1400°C, trong khong khi 5 gio
dé thu dugc bt huynh quang p-Ga,0,:Cr*".

2.2. Phwong phdp nghién ciru

Céu tric tinh thé ciia vét ligu p- -Ga,0,:Cr** dugce phan tich bing
phép do gian dd nhiéu xa tia X (XRD) dua trén thiét bi Siemens
D6OOQ v6i bude song t6i A =1,5406 A vq goc quét 25-70°. Hinh
thai bé mat cua vat li¢u dugc nghién ctru bang hién vi dién tr quét
phét xa truong (FESEM) trén co s thiét bi JEOL JSM-7600F. Tinh
chat quang ciia cic mau duoc nghién ciru théng qua phép do phd
huynh quang (PL) va phd kich thich huynh quang (PLE) sir dung
thiét bi quang phd NanoLog (Horiba Jobin Yvon) ngudn kich thich
1a dén Xenon vdi cong suat 450 W. Cac mau khao sat duge do ¢
nhiét d phong.

3. Két qua va ban luan
3.1. Ciu trirc tinh thé vit liéu

Céu tric tinh thé cua vat liéu s& anh huong 16n dén tinh chét
quang cua vat liéu. Do do, trong nghien ctru nay dau tién cac mau
nghién ctru B-Ga, O, pha tap v6i cac nong do khac nhau s& dugc
phan tich cu truc nh0’ vao phép do glan b nhiéu xa tia X (XRD).
H11}h 1 '[I'll:lh bay gian 6 XRD CU?. mau B- -Ga,0,:x%Cr’ (x=0,2-1,5)
che tao bang phuong phép khuéch tan nhiét tai 1400°C thoi gian
5 gio trong moi truong khong khi. Két qua XRD nhan dugc trén
hinh 1A cho thy tit cac cac miu déu xuit hién céc dinh nhidu
tai goc 26 = 30,06 30,46° 31,68°; 33,46°; 35,18°; 37,41°; 38,42°;
42,85°% 44,72° 45,80°; 48,58° 49,62° 54,56° 57,55° 59,88°;
60,5 60,9° 62,6° 64,11° 64,7°; 69,4° va 70,3° twong ung voi cac
mit phing (400), (-401), (002), (-111), (111), (401), (-311), (311),
(-601), (600), (510), (402), (203), (-313), (113), (-801), (020),
(710), (-204), (403), (420) va (022) cua vat ligu B-Ga,O, véi cau
tric monoclinic (theo thé chuan (JCPDS 43-1012) [14] Kh1 tang
nong d0 pha tap tir 0,2-1,5%, cudng do cac dinh nhiéu xa trén gian
dd XRD cua cac miu khong thay doi nhiéu va khong xuat hién bat
ky dinh nhiéu xa méi nao chimg to nf”)ng d6 pha tap Cr** khong
anh huf)’ng dén céu trac tinh thé cua vat lidu B-Ga,0,. Tuy nhién,
gian d6 XRD cua cac mau ¢ do phong dai cao hon (hinh 1B) cho
théy ¢6 su dich vi tri dinh nhidu xa vé g6c¢ 20 nho hon khi n6ng do
pha tap tang lén tr 0,2-1,5%. Cac nghién ctru chi ra réng néu ion
¢d ban kinh 16n thay thé cho ion c6 ban kinh bé hon s& lam vi tri
dinh nhiu xa dich vé g6c¢ 20 nho [1-7]. Nguoc lai ion c6 ban kinh
bé thay thé cho ion c¢6 ban kinh 16n hon s& lam vj tri dinh nhiéu xa
dich vé goc 26 16n. Néu ban kinh ion pha tap va ion thay thé twong
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Hinh 1. (A) Gian dé nhiéu xa tia X cta vat liéu B-Ga,0,:x%Cr* (x=0,2-1,5) thiéu két tai 1400°C th&i gian 5 gie trong méi trweng khéng khi,

(B) XRD & goc 26=31-36°. x |a ndng do pha tap (%).

tw nhau, vi tri dinh XRD thuong khong bi xé dich nhung s€ gy ra
giam tinh ddi xtng trong mang nén [1, 7, 14]. Trong truong hop
ctia chung t6i, Cr* (1=0,615 A) ¢6 ban kinh gan tuong tw véi ban
kinh ion Ga** (0,620 A), do d6 sy thay the ctia ion Cr*" cho Ga** chi
lam thay doi tinh di xung trong mang nén ma khong gy ra sy dich
dinh nhiéu xa nhu cong b trong tai liéu tham khao [14].

Thiéu két tai 1400°C thoi gian 5 gid' trong mdi trudng khong
khi.
Dé xac dinh kich thudc tinh thé ciia cac miu nghién ctru, nhom
nghién ctru st dung cong thirc Scherrer (1) [9, 14, 16]:
KA
B.cosé

(1
trong d6: D (nm) 1a kich thu6c tinh thé; K=0,9 va A (1,54 &) lan

luot 14 hang s6 Scherrer va budc song t6i cua tia X; 0 (rad) va p
(rad) 1a goc nhiéu xa va ban d9 rong vach pho.

IMS-NKL 5.0kV 5.4mm x10.0k SE(M)

Tinh trén mét tinh thé (002) tai goc 26=31,68°, kich thudc tinh
thé thu duoc cia cic mau p- Ga,0, pha tap 0,2; 0,6; 1,0 va 1,5%
Cr** 1an luot 1 43,45; 43,50; 44, 21 va 44,72 nm. Co thé thiy ring,
kich thuc tinh thé cua cic mau pha tap voi cac ndng do khac nhau
thay d6i khong nhiéu chi dao dong tir 43-44 nm, 1a bing chimg
quan trong cho thiy sy thay thé cua ion Cr** vao vi tri ban kinh
twong tu ciia Ga*',

3.2. Hinh thdi bé mdt vit ligu

Anh hién vi dién tir quét phat xa truong (FESEM) ciia mau
vét ligu -Ga,0,:1%Cr*" thiéu két & 1400°C thoi gian 5 gio trong
khong khi voi hai d6 phong dai khac nhau 10.000 va 20.000 lan
duogc trinh bay trén hinh 2. Két qua trén hinh 2A cho théy, vat liu
B-C’}a203:1%Cr3+ ,cé dang hat Yéi kich thu6c phan bd khong dong
nhat. Hat nho nhat va hat to nhat c6 kich thudc khoang 150 va 5 pm.
Nhu chi ra trén hinh 2B, nhém nghién ciru nhan thay ring cac hat véi
kich thudce bé 6 xu hudng két tu thanh céc hat c6 kich thude 16n hon.

IMS-NKL 5.0kV

5.4mm x20.0k SE(M)

Hinh 2. Anh hién vi dién tir quét phat xa trwéng (FESEM) nhan dwec cua vat liéu B-Ga,0,:1,0%Cr* thiéu két & 1400°C thi gian 5 gi® trong

khéng khi. (A) Phong dai 10.000 13n; (B) Phong dai 20.000 13n.
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3.3. Tinh chit quang cua vt liéu

(A) (B)
PLE:2,= 689 nm

PL:A = 442 nm
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Hinh 3. Phé kich thich huynh quang do tai bwé'c song phat xa 689 nm
(A) va phd kich thich huynh quang tai bwéc séng 442 nm (B) cua vat
ligu B-Ga,0,:1,0%Cr*" thiéu két & 1400°C thoi gian 5 gi® trong khéng
khi.
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Hinh 4. Phd huynh quang tai bwéc séng 442 nm cua vat ligu
B-Ga,0,:x%Cr* (x=0,2-1,5) thiéu két tai 1400°C th&i gian 5 gio
trong khéng khi.

bé nghién curu tinh chét quang cua vat liéu, nhom nghién
ctru str dung phép do phd PL va phd PLE ctia cac mau. Hinh
3 trinh bay phd PLE va PL cua vt liéu B-Ga,0,:1%Cr*
thiéu két & 1400°C thoi gian 5 gio trong khong khi. Két qua
phé PLE nhan duoc trén hinh 3A cho théy, vat liéu hép thu
manh ¢ ba ving xung quanh budc song: 260-360 nm vdi cuc
dai tai 270 nm; 380-510 nm voi cuc dai tai 442 nm va tir 520
dén 16n hon 600 nm véi cuc dai tai khoang 600 nm. Dinh
hap thy xung quanh 270 nm duoc 1y giai 1a dich chuyén

%HI\?GCI:-IE 66(11) 11.2024

s Khoa hoc Tu nhién | Véat Iy, Héa hoc; Khoa hoc Ky thuat va Céng nghé | Ky thuét vét liéu va luyén kim

dién tir tir Cr**— O% clia mang nén. Trong khi d6 hai dinh
hép thu tai 442 nm va 600 nm duogc cho la do dich chuyén
dién tir tr mure “A,—*T va*A —*T, ctaion Cr* [9, 14, 16].
Pho PL trén hinh 3B cho thdy, vat liéu B-Ga,0,:1%Cr** phat
xa trong dai budc soéng rong tu 620-850 nm véi cac dinh
tai 689, 697 va 713 nm. Pinh 697 nm ¢6 ngudn gdc tir sy
chuyén mirc nang lugng tich hop gom 2E — ‘A, trong khi
hai dinh 689 va 713 nm lién quan dén chuyén mtc vach R
vaR,[9, 14]. Két qua phd phat xa thu duoc cua nghién ctru
nay ciing kha pht hop véi cong b gan day [14].

Pé khdo sat tim ra nong do pha tap t6i vu cho phat xa
manh nhat, chiing t6i tién hanh do phd huynh quang cta vat
ligu B-Ga,0,:x%Cr" (x = 0,2; 0,6; 1,0 va 1,5) thiéu két o
1400°C thoi gian 5 gio trong khong khi va két qua thu dugc
chi ra trén hinh 4. Quan sat két qua hinh 4 cho thiy cic mau
hinh dang phd huynh quang ctia cdc mau c6 nong do pha tap
khéac nhau 14 khong thay d6i, tuy nhién cuong do cua ching
phu thudc rat manh vao ndng do pha tap. Trong khoang ndng
do pha tap tir 0,2-1,5%, cuong do PL tang dan va sau d6 n6 bi
giam xudng & ndng do 1,5%. Hién twong cudng do PL giam
xudng & nong do cao (16n hon 1%) goi 1a hién twong dép tat
huynh quang theo ndng do. Co thé gidi thich hién tugng dap
tat huynh quang nhu sau, khi ndng do tang tir 0,2-1,0%, mat
d6 tm tai hop ting din dén cuong d6 PL ting theo. Tuy nhién,
khi pha tap & nong d9 cao (1,5%), mat d¢ tam tai hop 16n dan
dén khoang céch giira cc ion pha tap Cr**-Cr** gan nhau hon,
khi d6 xdy ra qua trinh truyén ning luong tir ion Cr** ndy ion
Cr** khac va két qua 1a 1am cho cudng do PL giam xudng
[2-4]. Do d6, nhém nghién ctru c¢6 thé két luan rang ndng do
pha tap t6i wu cho phat xa PL tbt nhat trong nghién ctru nay
14 1,0%. Su hap thy trong viing xanh lam (442 nm) va phat xa
trong dai rong 620-850 nm ctia vat li¢u B-Ga,O,:Cr* cho thay
no c6 tiém ning rat 16n trong dinh huéng tmg dung ché tao
dén LED chuyén dung cho cay trong [9, 14, 17].

bpé khéng dinh nhan dinh trén, nhém nghién ctru do phé
PLE ciia cic mau va két qua chi ra trén hinh 5. C6 thé thay
rang, hinh dang phd PLE cua cac mau ciing khong thay ddi khi
tang nong do pha tap tir 0,2-1,5%. Tuy nhién, cudng d6 PLE
phu thudc rat manh vao néng d6. Quy luat thay dobi cuong do
PLE gin gidng vdi sy thay doi cuong do PL trén hinh 4. C6
nghia 1 cudng do PLE tiang dan ¢ ndng do tir 0,2-1,0% va
sau d6 giam xudng & ndng do 1,5%. Két qua nay chimg minh
rang, mau 1,0% hip thu manh nhét, gian tiép cho thiy kha
ning phat xa cao nhat nhur da dwoc chi ra trén hinh 4 [2, 3].



Khoa hoc Tu nhién | Véat ly, Héa hoc; Khoa hoc Ky thuéat va Cong nghé | Ky thuat vat ligu va luyén kim s

442

Cwong do (d.v.t.y)

T L) T X T
400 450 500
Buwdc song (nm)
Hinh 5. Phé kich thich huynh quang do tai bwé'c séng phat xa 689

nm cua vat liéu B-Ga,0,:x%Cr* (x=0,2-1,5) thiéu két tai 1400°C thoi
gian 5 gi® trong khéng khi.

4. Két luan

Nghién ctru dd ché tao thanh cong vat liéu phat quang
B-Ga,0,:Cr* bang phuong phap khuéch tan nhiét. Quy trinh
ché tao co tinh dorn gian, ré tién, do lap lai cao cho phép co
thé ché tao vai s6 luong 16n. Két qua chi ra rang ion Cr** da
thay thé vao vi tri ciia ion Ga** trong mang nén p- -Ga,0,. Bot
huynh quang thu dugc ¢6 kich thudc phan bd rong tu 150-
5 my, cho phat xa trong dai rong tir 620-850 nm va co thé
dugc kich thich t6t bang hai budc song 442-600 nm. Dudi
diéu kién thyc nghiém, chung t6i di tim thdy mau B-Ga 0,
pha tap 1% Cr*" G tai 1.400°C thoi gian 5 gio trong moi
truong khong khi cho phat xa tot nhat.

Vi dac tinh phat xa trong dai rong vung do - do xa va
hap thy trong ving xanh lam (442 nm), vét liéu B-Ga,O;, :Cr*t
c6 tiém nang 16n trong ché tao dén LED chiéu sang chuyen
dung cho cy trong.

LO1 CAM ON

Nghién ctru nay dugc tai tro bdi Truong Pai hoc Su
pham Ha Noi 2 qua dé tai ¢ ma s6 SV.2022.HPU2.01. Céac
tac gid xin tran trong cam on.
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