TNU Journal of Science and Technology 227(08): 356 - 362

EFFECT OF ANNEALING TEMPERATURE ON STRUCTURE
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In this work, Far-red emitting Ga,O3:Cr®* materials were synthesized
by the heat diffusion method. The effects of temperature sintered to
phase structure and luminescence properties of the phosphors were
investigated by X-ray diffraction (XRD), field-emission scanning
electron microscopy (FESEM), and steady-state photoluminescence
(PL). XRD showed that the crystallinity of B —Ga,O3:Cr3* phosphor
belongs to the Monoclinic with C2/m space group.
Photoluminescence excitation (PLE) spectrum shows that obtained
phosphor could strongly absorb with two broads at 380 + 500 nm and
520 + >610 nm. Broad photoluminescence (PL) excitation bands at
~600 + 850nm were observed whose intensity increased with the
annealing temperature. A far-red LED prototype is obtained by
coating the optimum powder on a blue LED chip (450nm). These
results showed that B —Gap03:Cr®* phosphor has the potential to
produce far-red LEDs lighting for plants.
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Trong nghién cttu nay, vat liéu Ga;Os: Cr¥* phat xa do xa dugc t6ng
hop bang phuong phap khuéch tan bé mat. Anh huong cua nhiét do
thiéu két dén cau trdc pha tinh thé va tinh chit quang cua bot huynh
quang dugc nghién ciru bang gian d6 nhidu xa tia X (XRD), quan sat
hinh thai bang kinh hién vi di¢n tir quét phat xa truong (FE-SEM),
nghién ctu tinh chat quang bing phé huynh quang (PL). Két qua
phan tich XRD chi ra rang, vat lieu p —GaOs: Cr¥ ¢ cau tric tinh
thé Monoclinic véi cau tric khong gian C2/m. Phé kich thich huynh
quang (PLE) chi ra rang bot huynh quang hap thu manh véi 2 dai
rong 380 + 500 nm va 520 + >610 nm. Dai phat quang (PL) rong ¢
budc séng ~600 + 850nm da dugc quan sat thiy, cudong do huynh
quang ting khi nhiét do thiéu két taing. Mot LED d6 xa thu dwoc bang
cach phu bot téi wu 1én chip xanh dwong (450 nm). Nhiing két qua
nay cho thiy p —Ga,0s:Cr3* phosphor c6 tiém ning tao ra dén LED
d6 xa chiéu séng cho cay trong.
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1. Giéi thigu

Ga;0s ¢6 thé tao thanh mot s6 dang thu hinh khac nhau a, B, v, 8, & [1]. Trong d6, dang thi
hinh B-Ga,0s ton tai ¢ trén 750 - 900°C [1], don tinh thé p-Ga,03 thudc hé don tinh C2/m va cac
thong s6 mang a = 12,214 A: b = 3,0371 A; ¢ = 5,7981 A; p = 103,83°[2]... B-Ga,Os la ban dan
loai 11l c6 nhiéu tiém ning, ning lwong ving cam rong (Eg = 4,9 eV), 6 tinh 6n dinh nhiét va
hoa hoc tuyét voi, dan dién doc déo va cac dic tinh quang hoc ¢6 thé diéu chinh dugc théng qua
su pha tap c4c ion kim loai c6 kha nang phat quang nhu Cr**, Mn*, Eu®"... [3]-[6]. Dac biét do
tinh chat quang noi bat B-Ga,03 da duoc nghién ciru ché tao va {ung dung trong man hinh phang,
thiét bi Chuyen d6i nang lugng mit troi, bo phét tia UV, cam bién khi 6n dinh nhiét d6 cao, chiéu
sang khan cép, luu trir hinh anh va gia mao nhan dang [1]. lon Cr3* cho phét xa d¢o dam ~695 nm,
d6 xa ~ 700 +740 nm hogc hong ngoai ~ 800 +900 nm tuy thugc mang nén ma chang duoc pha
tap [7]. Nghién cau pha tap ion Cr** trong mang nén p-Ga,0z di duogc cong bd [8], [6], Cr** trong
mang nén B-Ga,03 cho phat xa viing do dén ving hong ngoai ¢ budc song ~ 650 + 880 nm, trong
d6 ving phat xa manh 1a ving d6 xa ~ 730 nm. iy 1a dac tinh rat thd vi bai vi trang thai Per
diép luc cua cay trong hap thu manh ¢ anh sang d6 xa ~ 730 nm, khi cay duoc chiéu sang biang
anh sang do ¢ xa, Prr sau d6 s& hap thu anh sang va tu chuyén hda thanh Pg 1am kich thich su
phat trién cua cay trong [6], [9]. Tuy nhién cac nghién ctu trén, cac tac gia chwa dé& cap anh
hudng nhiét do thiéu két dén tinh ciu trdc, hinh théi va tinh chat quang cua vt liéu, ciing nhu thir
nghiém ché tao LED anh sang do xa.

Trong nghién cau nay, ching t6i ché tao B-Gaz0s pha tap Cr¥ bang phuong phap khuéch tan
nhiét, nghién ctru dnh huong cua nhigt do dén cau tric, hinh thai va tinh chat quang cua vat liéu
s& dugc thao luan chi tiét.

2. Thuc nghiém va phwong phap nghién ciu

Vat lieu huynh quang -Ga20s pha tap Cr¥* dugc ché tao bang phuong phap khuéch tan nhiét
v6i hoa chét ban dau gom Ga03 Sigma-Adrich 99,99%; Cr(NO3)3.9H,0 Sigma-Adrich, 99,99%.
Can 3,749 gam Ga;0s, thém 0,048 gam Cr(NOs)3.9H20, thém 50 ml nuéc cét hai lan. Khudy déu
c6 gia nhiét & 100°C cho dén can. Tiép tuc sy & 150°C trong 10 gid. Chia nho luong mau thiéu
két & nhiét d6 1000 + 1500°C, 5 gid trong khong khi. Vat liéu sau nung thiéu két dugc nghién
nhé bang cbi ma ndo va tién hanh do dac céc tinh chat va thir nghiém ché tao LED.

Phan tich c4u trdc tinh thé vat liéu bang phép do gian do nhidu xa tia X vé&i budc song toi
Acu=1,5406 A véi goc quét 20 + 70°. Nghién cau hinh thai bé mat vat liéu bang kinh hién vi dién
tir quét phat xa truong FE-SEM. Nghién ciu tinh chat quang thong qua phép do phd huynh quang
va phd kich thich huynh quang st dung thiét bi quang phé NanoLog (Horiba Jobin Yvon) cé
ngudn kich thich 1a dén Xenon véi cdng suat 450 W. Cac mau khao sat dugc do ¢ nhiét do phong.

3. Két qua va thao luan
3.1. Cdu trdc tinh thé vt ligu

Cau trdc tinh thé anh huang I16n dén tinh chat quang cua vat liéu. Chang toi thuc hién phép do
XRD dé kiém tra sy hinh thanh tinh thé p-Ga,Os & nhiét do thiéu két da hinh thanh tinh thé chua,
ciu tric tinh thé thay d6i nhu thé nao khi thay ddi nhiét do thiéu két. Hinh 1 1a gian dd nhidu xa
tia X cua B-Ga,03 pha tap Cr3* 0,6% ché tao bang phuong phap khuéch tan nhiét ¢ nhiét tir 1000
dén 1500°C. Két qua nhan dwoc hinh 1 chi ra ring da hinh thanh pha tinh thé Monoclinic p —
Ga,03 Vai cau tric khong gian C2/m do Xuét hién cac dinh dic trung ciia ching. Cu thé, xuét hién
cac dinh nhiéu xa & goc 20 = 30,07°; 30,45°, 31,56°% 33,35°% 35,03°, 37,31° 38,3° 42,9° 45,72°
48,54°; 57,49° 59,82°; 60,86°; 64,55° {ng véi cac mat phang (400), (110), (002), (-111), (111),
(401), (-311), (311), (600), (510), (-313), (113), (020) va (403) cua cau trac B-GaOs (theo the
chuan (JCPDS#43-1012) [4]. Két qua ciing chi ra rang, khi ting nhiét d6 thi chat luong tinh thé tét
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hon. Ngoai ra, chung t6i khong quan sat thiy cac dinh nhidu xa la, didu nay ching té chi hinh thanh
pha tinh thé f-Ga;0s.
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Hinh 1. Gian @6 nhiéu xq tia X vt liéu f-Ga,03:Cr3*0,6% thiéu két 1000 + 1500°C, 5 gio trong khong khi
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D: kich thuéc tinh thé; K hang so (0,9); A: budc song téi XRD (A =1.54 A); B: ban do rong
dinh r)hiéu Xa cuc dai. 7 7
Ket qua tinh kich thudc tinh the trung binh twong tng véi mat phang (002) cua vat liéu khi
thiéu kf:t ¢ nhiét d6 tir 1000°C den 1500°C dugc chi ra o bang 1. Két qua nhan duoc tai béng 1
cho thay, kich thuéc tinh the tang khi nhi¢t d thiéu ket tang va kich thuéc trung binh l6n nhat ~
45,8 nm ung v&i mau nung ¢ 1500°C, 5 gid trong khdng khi.
Bang 1. Kich thuéc tinh thé trung binh cia f-Ga203:Cr3*0,6% thiéu két ¢ nhiér dg tir 1000°C dén 1500°C,
5 gio trong khong khi

Nhiét do Kich thuwéc (nm)
1000 17,2
1100 19,3
1200 26,8
1300 374
1400 43,5
1500 45,8

3.2. Hinh thai bé mgt vat liéu

Phép do hinh anh bé mit vat liéu cho biét hinh thai va kich thuéc cua vat liéu. Hinh 2 1a két
qua do FE-SEM ciia vat liéu -Ga,Os pha tap Cr** 0,6% diéu ché bang phuong phap khuéch tan
nhiét & nhiét do thiéu két 1000°C khi phong dai 2000 va 20000 lan. Két qua nhan dwoc hinh 2
cho thiy & do phong dai 2000 lan, vat liéu gom céc thanh c6 kich thudc ~ 2 +20 um dugc Sap xép
khong theo trat tu, phong dai 20000 lan cho thiy cac thanh gom nhiéu hat dinh vao nhanh.

Hinh 3 la két qua do FE-SEM cua vat liéu B-Ga,0s pha tap Cr¥* 0,6% diéu ché bang phuong
phap khuéch tan nhiét & nhiét d6 thiéu két 1a 1500°C khi phong dai 2000 va 20000 lan. Két qua
hinh 3 cho thiy, khi phong dai 2000 lan van quan sat cac thanh c6 kich thudc ~ 2 <20 pum duoc
sap xép khong theo trat tu, khi phong dai 20000 lan, khong quan sat duoc cAc thanh ma 1a cac hat
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két dam véi nhau c6 kich thude ~200 nm + 2 um. Nhu vay, ¢ nhiét d6 thiéu két 1500°C, da hinh
thanh céc hat r6 rang vai kich thudgc ~200 nm + 2 um.
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Hinh 3. Anh FE-SEM cua vt liéu f-Gax03:Cr3*0,6% thiéu két 1500°C, 5 gio trong khong khi

3.3. Tinh chdt quang cia vt liéu

Phé kich thich huynh quang (PLE) va phd huynh quang (PL) cua vat liéu B-Ga203 pha tap
Cr3* 0,6% thiéu két & 1500°C, 5 gio trong khdng khi thé hién hinh 4.

Quan sat két qua pho kich thich huynh quang 4a cho thay khi kich thich tai cac budc séng
689, 697 va 713 nm thi phé hap thy cua vat liéu & 2 ving 380 + 500 nm; 520 + >610 nm ( do
kinh chin 610 nm nén khong do dugc sau 610 nm) va dat cuc dai & budc song 442 va 608 nm.
Nguyén nhan ving hap thu 380 + 500 nm la do su chuyén mirc nang lugng *A; — “Ty, vling hap
thu 520 + >610 nm la do su chuyén muc nang lugng *A; — *T1 [2], [6]. Két qua hinh 4a ciing cho
thiy cuong do kich thich ¢ budc song 689 > 697 > 713 nm. Két qua phd huynh quang 4b cho
thdy ving phéat xa kéo dai 600 + 850 nm, nguyén nhan do su chuyén nang lugng tich hop 2E +
T, — “Ag, *T2 — *A; VA 2E — “A,. Cu thé, dinh 689 do chuyén muc ning lugng 2E — *A, viing
700 + 900 nm do chuyén muc nang luogng T2 — Az [2], [6]. Két qua 4b ciing cho thay khi kich
thich bang budc séng 442 nm cho cuong d6 gap khoang 3,7 lan khi kich thich bang buéc séng
608 nm.

bay la dic tinh quy bau boi ving phat xa do xa phu hop Per diép luc [9].
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Hinh 4. Phg kich thich huynh quang (a) phé hupnh quang (b) cua vat liéu f-Ga,03:Cr3+0,6% thiéu két
1500°C, 5 gio trong khéng khi
Pho PL ctia mau khi kich thich budc séng 442 nm vt ligu B-Ga,03:Cr*0,6% thiéu két ¢ nhiét
d6 1000 + 1500°C duoc thé hién & hinh 5.

689
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Hinh 5. Phé hupnh quang cuia vat ligu -Ga,03:Cr**0,6% thiéu két 1000 +1500°C, 5 gio trong khong khi
khi kich bang budc song 442 nm

Quan sat két qua hinh 5 cho thay khi nhiét do thiéu két thay doi tir 1000 dén 1500°C hinh dang
phd khong co sy thay d6i déu cho viing phét xa rong ~ 600 + 850 nm. Tuy nhién, cudong do co su
thay d6i 16 rang, khi ting nhiét thiéu két thi cuong d6 huynh quang ting va dat cuc dai ¢ 1500°C.
Khi ting nhiét d6 thiéu két 1600°C thi vat liéu bi chay. Nguyén nhén ting cuong d6 huynh quang
khi nhiét do ting duoc giai thich nhu sau: thir nhat khi nhiét do ting dan dén chat luong tinh thé
tang, thu 2 khi nhiét d6 tang 1am cho kha nang thay thé ion Cr®* vao Ga®** trong mang nén ting
nén lam tang tdm phat quang [10].

Dé thém khing dinh anh huong cua nhiét do tgi tinh chat quang cua vat liéu. Ching toi tién
hanh do phd Phé PL & budc song kich thich 608 nm. Pho PL cia méau khi kich thich budc séng
608 nm vit liéu p-Ga,03:Cr3*0,6% thiéu két ¢ nhiét do 1000 + 1500°C duoc thé hién tai hinh 6.
Két qua hinh 6 ciing cho thdy, khi thay ddi nhiét do thiéu két hinh dang phd khong c6 su thay doi
va cuong d¢ tang khi nhiét d¢ thiéu két tang, cuong do cao nhat khi thiéu két & 1500°C.
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Hinh 6. Pho hupnh quang ciia vat li¢u -Ga,03:Cr**0,6% thiéu két 1000 +1500°C, 5 gio trong khong khi
khi kich bang budc song 608 nm

3.4. Thar nghiém pha Led

bé nghién cuu tiém ning wng dung caa bot huynh guang trong ché tao LED énh sang do xa,
ching t6i tién hanh pha bot LED 1én chip 450 nm va do pho dién quang cua LED. Hinh 7 1a phé
dién phat quang ciia LED dugc ché tao tir bot Ga,03:Cré*0,6% va chip LED 450 nm.

Cuimg do (dvty)

T T T T T
300 400 500 600 700 800 200
Budc séng (nm)

Hinh 7. Phé dién phat quang cia bét Ga203:0r3+Q,6% 1én chip 450 nm, hinh géc bén trai hinh anh thuc
te LED

Phé dién phat quang hinh 7 cho thiy c6 hai viing phat xa, viing phét xa véi bugc song cuc dai
450 nm dac trung cho phat xa cta chip LED va vung phat xa véi budc séng cuc dai véi budc song
740 nm dic trung cho phat xa ciia bot Ga;03:Cr3*0,6%. Két qua nhan dugc ciing cho thay khi phi 1én
chip 450 nm van con dinh phét xa dic trung ctia bot nhung voi cudong do yéu, cuong do phat xa ving
d6 xa kha manh. Bic biét, ving phat xa cia bot manh hon rat nhidu phét xa cuaa chip LED, ngodi ra
hinh anh LED g6c bén trai mau kha sac nét. Diéu nay ching to vat liéu ché tao duoc ¢ kha ning ting
dung trong ché tao LED phéat xa anh sang d6 xa chiéu sang cho cay trong.

4. Két luan

Bing phuong phéap khuéch tan nhiét, ching toi da ché tao thanh cong vat li¢u B-Ga.Os pha tap
ion Cr¥. Két qua phan tich gian d6 nhiéu xa tia X cho thay vat liéu B-Ga,03:Cr®* don pha, dang
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Monoclinic va cé cau triic khdng gian C2/m. Quan sat hinh thai bé mat cho thy khi thiéu két &
1500°C, 5 gio trong khong khi, kich thuéce hat ~200 nm + 2 pm. Nghién ciu tinh chat quang ciia
vat liéu chi ra rang, vat liéu hap thu manh viing 2 viing 380 + 500 nm; 520 + >610 nm va phat xa
manh ving d6 va dé xa. Nghién ciu anh huong nhiét do thiéu két dén cau trdc tinh thé va tinh
chat quang cua vat lidu, khi thiéu két & nhiét ¢6 1500°C, 5 gid cho chat lugng tinh thé tot nhat va
cuong do huynh quang manh nhét. Phii LED va do thong s6 dién quang cia LED, LED cho phéat
xa kha sic nét ving do xa. Cac két qua nhan duoc cho thay B-Ga,0s:Cr¥* ¢6 tiém ning ché tao
LED phéat xa anh sang d6 dung cho chiéu sang néng nghiép.
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