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Phat xa hong ngoai gan cia vat li¢u Li ZnSn, O, pha tap
Cr¥* dwore ché tao bang phan irng pha ran
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Tom tit:

Trong nghién ciru nay, vit li¢u huynh quang Li,ZnSn,O, pha tap Cr’* (Li,ZnSn,0 :Cr*) phit xa rng ving hong ngoai
gin dugc ché tao biang phuong phép phén wng pha rin. Két qua phan tich XRD cho théy, vat liéu Li,ZnSn,0:Cr** dugc
hinh thanh don pha khi nung & nhié¢t d§ 950 va 1050°C va hai pha Li,ZnSn,0-SnO, khi nhi¢t d) nung l6n hon
1050°C. Anh FESEM cho thay, hinh thii bé mit cua vit liéu nung & 950°C c¢6 dang hat véi kich thuéc khoang 100-
300 nm va kich thuéc hat ~1 pm & 1200°C. Két qua phd kich thich phat quang (PLE) va phé huynh quang (PL) cho
thay, vat liéu hip thu trong viing 260-500 nm, pho phat xa manh trong dai bwéc séng rong tir ving dé dén hong
ngoai gin véi bude séng cure dai twong g tai 797 nm. Du6i didu kién thue nghiém, phat xa NIR véi cuwong dd manh
nhit dwgc quan sat trong miu Li,ZnSn,0,:0,7%Cr*" va 1 tai 1050°C thoi gian 5 gio trong méi truomg khong khi. Cac két
qué ciia nghién ctru cho thiy vit li¢u Li,ZnSn,0:Cr** ¢6 tiém ning Vg dung 16m trong ché tao dén NIR LEDs.

Tir khéa: Cr* ion, Li,ZnSn, O, phin ing trang thai rin, phat xa dai rong, phat xa hong ngoai gan.
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Abstract:

In this study, the broadband NIR emitting Cr**-doped Li,ZnSn,O, phosphors (Li,ZnSn,0:Cr*") were fabricated
by using the solid-state reaction method. X-ray diffraction analysis (XRD) analysis results showed that the single-
phase of Li,ZnSn,O:Cr’* materials were formed at 950 and 1050°C. At higher temperatures of 1050°C, two phases
of Li,ZnSn,0.-SnO, were created. Field emission scanning electron microscopy (FESEM) images indicated that
Li,ZnSn,0:Cr*" materials annealed at 950°C were granular with particle size in the range of 100-300 nm and
reached the maximum particle size of ~1 pm at 1200°C. The results of photoluminescence (PLE) excitation spectra
and photoluminescence (PL) spectra showed that the Li,ZnSn,0:Cr* materials which could be well excited in the
wavelength range of 260-500 nm, strongly emitted in the broadband near-infrared light region peaking at 797 nm.
Under experimental conditions, the highest PL intensity was observed in the Li,ZnSn,0:0.7%Cr** sample annealed
at 1050°C for 5 hours in the air. The obtained results indicated that the synthesised Li,ZnSn,O :Cr** materials have
great potential for NIR LED applications.
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1. it van de

Sau khi dugc phat hién, cac birc xa hong ngoai da thu
hat sy quan tim 16n cia cac nha khoa hoc ddi véi cac
ung dung trong nganh cong nghiép. Cac nha khoa hoc
da quan tdm nghién ctru cac loai buc xa nay va bao céo
nhiéu tng dung gop phan vao su tién bo khong ngimg
cua cong nghé hién dai [1-3]. Trong linh vuc chiéu sang,
chung duoc tng dung ché tao dén halogen vonfram, diot
laze, 10 su6i va qua cau Nichrome, pc-NiR LED [1, 2, 4, 5].
Dé ché tao LED hong ngoai gan (NIR LED), nguoi ta st
dung céc bot huynh quang phat xa hdng ngoai gin va chip
LED phu hop. Céac bdt huynh quang phat xa héng ngoai
gan da duoc nghién ctru dya trén cac mang nén pha tap ion
Cr’" nhu: Ga,0,:Cr’*; K,Ga,SnO :Cr*; KAIPO.:Cr”,
GaTaO,:Cr’"; LaMgGa, O :Cr*'; ScBO,:Cr*"... [6-11].

Ion Cr*" cho phat xa ving do, dé xa hodc héng ngoai
gan phu thudc vao mang nén twong tac [6-11]. Mang nén
Li,ZnSn,0, duoc ché tao tr cac oxide Li,0, ZnO, SnO, -
day la cac oxide khong doc hai, sin c6 va ngudn nguyén lidu
ddi dao. Theo tim hiéu cta chung t6i, hién nay chwa c6 cong
b6 nao vé vat liéu Li,ZnSn,0, pha tap Cr**. Do do, viéc
nghién ciru phat trién quy trinh cong nghé ché tao va khao
sat tinh chit quang cua vat liéu huynh quang Li,ZnSn,0,
pha tap Cr** cho phat xa viing hong ngoai gan 1a van dé c6
nghia thuc khoa hoc va thyc tién.

Trong nghién ctru nay, bot huynh quang Li,ZnSn,O,
pha tap Cr** cho phat xa hong ngoai gan dugc ché tao bang
phuong phap phan Gmg pha rdn véi quy trinh don gian, ré
tién va do 1ap lai cao. Anh hudng cua nhiét do thiéu két va
néng d6 pha tap dén chu tric mang tinh thé, kich thudc hat
va tinh chit quang cua vt liéu Li,ZnSn,O, pha tap Cr* s&
dugc nghién ctru va thao luan chi tiet.

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

Vit ligu Li,ZnSn,0O, pha tap Cr*" duoc tong hop bang
phuong phap phan tng pha rin st dung cac hod chét ban
dau: Li,CO, (Sigma, 99,99%), ZnO (Sigma, 99,99%), SnO,
(Sigma, 99,99%) va Cr(NO,),.9H,0 (Sigma, 99,99%). Quy
trinh tong hop bang phan tmg pha ran dugc thuc hién nhu
sau: dau tién cac tién chat Li,CO,, ZnO, SnO, va dung dung
dich Cr(NO,), I M dugc tron trong 50 ml nude ct hai lan
va khuay gia nhiét trong 3 gio' dé thu dugc hon hop, tiép
tuc séy hon hop & 150°C trong 4 gidr thu durge hon hop kho,
nghién min bang cbi ma nio. Cudi cing nung hdn hop trong
16 nung nhiét do tir 950 dén 1200°C, 5 gior trong khong khi
thu duoc vat liéu.
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2.2. Phwong phdp nghién ciru

CAu trc tinh thé cua vat liéu Li,ZnSn,0, pha tap Cr’*
dugc phén tich bang phép do gian do nhiéu xa tia X (XRD)
trén thiét bi Siemens D6000 v&i bude song téi A =1,5406 A
va goc quét 20-70°. Hinh thai bé mit cua vat liéu dugc nghién
ctru bang hién vi dién tir quét phat xa truong (FESEM) trén
thiét bi JEOL JSM-7600F. Tinh chét quang cua cic miu
dugc nghién ctru théng qua phép do phd phat quang (PL)
va pho kich thich phat quang (PLE) sir dung thiét bi quang
phd NanoLog (Horiba Jobin Yvon) nguén kich thich la dén
Xenon véi cong sudt 450W. Cac mau khao sat duoc do &
nhiét d§ phong.

3. Két qua va ban luan
3.1. Cau tric tinh thé

Gian d6 nhiéu xa tia X cua vat liéu Li,ZnSn O, pha tap
Cr**0,7% dugc nung & nhiét d tir 950 dén 1200°C duoc thé
hién ¢ hinh 1. Két qua gian d6 nhidu xa tia X (XRD) hinh
1 cho théy, & d6 nung mau tir 950 dén 1050°C xuét hién
pha tinh thé Li,ZnSn O, v6i cac dinh nhidu xa & vi tri goc
20=24,69; 29,37; 32,01; 34,05; 34,62; 35,28; 36,3; 38,75;
44; 49,37; 50,64; 53,8; 55,56; 58,34; 60,98; 64,26; 66,83
va 68,19°, twong g véi cac mat phang (102), (110), (103),
(200), (112), (201), (004), (202), (203), (212), (204), (213),
(302), (205), (220), (222), (231) va (107) didc trung cau tric
tinh thé luc giac cta Li,ZnSn,O, va phu hop voi thé chuan
PDF#22-0245. Diéu nay ching t6 vat lidu Li,ZnSn O, da
hinh thanh & nhiét d6 950°C va chat luong tinh thé tot &
1050°C. Bén canh d6, ¢ nhiét do6 nung mau tir 950 dén
1050°C chi quan st dinh nhidu xa cua tinh thé Li,ZnSn,O,,
khong thdy xut hién pha tinh thé la khac, diéu nay cho thy
trong khoang nhiét d6 nung mau nay vat liéu 1a don pha. O
nhiét d6 nung mau tir 1100 dén 1200°C, ngoai nhimg dinh
nhiéu xa dic trung tinh thé Li,ZnSn,O, con xuét hién thém
cac dinh nhiéu xa & goc 20=26,6; 33,78; 37,93 va 51,79°,
tuong Ung voi cac mat phang (110), (101), (200) va (211)
dic trung cu tric tinh thé tetragonal, P42/mnm ctia SnO,
mg v6i thé chuan PDF#41-1445 [12]. Pic biét ¢ nhiét do
nung mau 1200°C cac dinh dic trung cho tinh thé SnO, véi
cuong do kha manh, chimg t6 & nhiét d6 1200°C cau tric
tinh thé Li,ZnSn,0, da bi pha huy mot phan. Két qua gian
dd nhidu xa tia X cac miu nung ¢ nhi¢t do tir 950 dén 1200
°C khong xuat hién pha tinh thé ciia Cr,0,,
tiép khang dinh ion Cr** dd nam trong mang nén tinh thé
Li,ZnSn,O,[13].

dicu nay gian
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Hinh 1. C4u tric tinh thé cua vat liéu Li,ZnSn,0, pha tap Cr*0,7%
ché tao béng phan (rng pha ran nung & nhiét dé 950-1200°C, 5 gi&»
trong khéng khi.

Dé xac dinh vi tri ciia ion Cr** thay thé vao ion Li*, Zn?'
hay Sn* trong mang nén, chiing t6i dung cong thtc (1) tinh
ty 1& phan tram sai léch cua ban kinh ciia ion mang nén va
ion pha tap (D)), khd nang thay thé chi c6 thé xdy ra khi D,
c6 gia tri nho hon 30% [14].

Dr — Rp(CN)—R4(CN) (1)

Ru(CN)

trongdo, R, vaR, 1an luot 12 ban kinh ion duoc thay thé trong
mang nén va ion pha tap; CN 14 s6 phdi tri. Ban kinh ciia cac
ion Li'*=0,76 A; Zn*=0,74 A; Sn*=0,69 A; Cr’’=0,615 A
[6], dua vao cong thirc (1) tinh dugc D, ¢ bang 1:

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

Li* Zn** Sn#

D, 19,08% 16,89% 10,87%

T bang 1 cho thay, khi ion Cr** thay thé ion Sn*" trong
mang nén cho gia trj phan trdm sai léch nho nhat va nho hon
30%, do vy ion Cr** uru tién thay thé Sn* trong mang nén [14].

3.2. Hinh thdi bé mat cia vit liéu

Hinh 2 trinh bay hinh anh bé mt vat liéu Li,ZnSn,O, pha
tap Cr*"0,7% dugc nung ¢ 950 va 1200°C, 5 gio trong khong
khi duoc phong dai 50.000 va 100.000 lan. Két qua hinh 2
cho théy, nung mau & 950°C bién hat 1 rang, kich thudc hat
khoang 100-300 nm; khi nung mau & 1200°C cac hat c6 xu
hudng két dam va c6 kich thudc hat 16n nhit ¢ 1 pm.
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NS EM N MS orm 100k SEM) ) O 500mm
Hinh 2. Anh FE-SEM cia vét ligu Li,ZnSn,0, pha tap Cr**0,7%
dworc nung & 950 va 1200°C, 5 gi® trong khong khi.

3.3. Tinh chit quang ciia vit ligu

Hinh 3 trinh bay phd kich thich phat quang (A) va phd
phét quang (B) cua vt li¢u Li,ZnSn,O, pha tap Cr’* 0,7%
dugc nung & 1050°C, 5 gio trong khong khi. Két qua hinh
3A cho thdy, khi kich thich tai dinh 797 nm vat liéu hép thu
& vung 260-500 nm va hép thu cuc dai ¢ budc song 273
va 423 nm. Nguyén nhan dinh hip thu 273 do chuyén mirc
ning luong ‘A,—*T, (4P), dinh hap thu 423 nm 1a do su
chuyén muc nang lugng *A,—*T (4F) ctia ion Cr’* mang
nén Li,ZnSn, O, [15]. Hinh 3A la phd phat quang cia vat
lidu khi kich thich boi budc song 273 va 423 nm, két qua
nhan dugc cho thdy hinh dang phé twong tw nhau, cho phat
xa ving do dén hong ngoai gan va bude song cuc dai ¢ bude
song 797 nm. Ngudn gbc ving phat xa va dinh phat xa 1a
do sy chuyén doi mirc nang lugng spin cho phép ‘T,—*A,
ctia ion Cr** trong mang nén Li,ZnSn O, [7, 8, 16]. Két qua
nhan dugc cling cho théy, khi thich thich boi budce song 423
nm cho cuong d6 phat quang manh hon nhiéu khi kich thich
boi budce song 273 nm (hinh 3B) va didu nay duoc giai thich
1a do cuong do dén ¢ budc song 273 nm yéu hon & bude
song 423 nm. Ngoai ra quan sat hinh 3B, khi kich thich
bang budc séng 423 nm con quan sat dinh phat xa ~700
nm va ngudn gbc cia dinh phat xa nay dugc cho 1a chuyén
muc E—*A, (vach R) ctia ion Cr’* [17]. Tlr nhitng két qua
nay thém khing dinh ion Cr’* di thay thé vao mang nén
Li,MgSn,O, m&i cho nhing phat xa va hap thu nhu trén.
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Hinh 3. Phé kich thich huynh quang do & buwéc séng 797 nm (A)
va phé phat quang do & bwéc séng 273 va 423 nm (B) cuia vat liéu
Li,ZnSn,O, pha tap Cr* 0,7% dwoc nung & 1050°C, 5 gi& trong
khéng khi.

3.4. Anh hwing ciia nhiét dp dén tinh chét quang ciia vt ligu

Nhiét do anh hudng dén cAu tric tinh thé va s& anh
hudng dén tinh chét quang cua vat liéu, ngoai ra nhiét do
ciing anh huong dén kha nang thay thé ion Cr** vao ion
kim loai trong mang nén. Ching toi khao sat anh huong
ctia nhiét d6 nung mau dén tinh chét quang cua vat liéu.
Hinh 4 trinh bay anh huong cta nhiét o nung mau dén
tinh chat quang cta vat liéu Li,ZnSn,O, pha tap Cr’*0,7%
dugc nung tir 950 dén 1200°C, 5 gio trong khong khi. O
nhiét d6 nung méu tir 950 d&én 1100°C hinh dang phd khong
¢6 su thay ddi, déu cho phat xa tir ving do dén hong ngoai
gén v6i cuc dai phat xa ¢ dinh 797 nm. Cuong d6 phat xa
manh nhit & nhiét ¢ nung mau 1050°C. Piéu nay dugc giai
thich, & nhiét d6 nung mau 950-1050°C chi c6 pha tinh thé
Li,ZnSn O, ¢ nhi¢t do 1100-1200°C xudt hién thém pha
tinh thé SnO, véi cht luong tinh thé kém. Ngoai ra, nhiét
d6 nung mau 1050°C chat lwong tinh thé tot hon khi nung
6 nhiét d§ 950 va 1000°C; ¢ nhiét d¢ 1050°C kha nang ion
Cr** thay thé ion Sn*" trong mang nén ciing tang 1én. O nhiét
d6 nung mau 1150°C hinh dang phd twong tu khi nung & 950
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Hinh 4. Phé phat quang cua vat liéu Li,ZnSn,O, pha tap Cr**0,7%
dwgc nung tir 950 dén 1200°C, 5 gi® trong khéng khi.
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dén 1100°C, tuy nhién xuat hién dinh phat xa & 698 nm. O
nhiét d6 nung mau 1200°C ngoai ving phat xa héng ngoai
gan, con quan sat dinh phat xa ving d6 va do xa & cac dinh
phat xa 675, 687, 698, 710 va 717 nm; nguyén nhan cac
dinh phét xa nay 1a do sy chuyén doi dai bén phonon trong
ion Cr**[18]. Nguyén nhan phat xa nay 1a & 1200°C ngoai
pha tinh thé LiZnSn,0O, con xuét hién pha tinh thé SnO, vai
chat lugng tinh thé kha tot.

3.5. Anh huéng ciia no”‘ng do dén tinh chit quang ciia vt ligu

Hinh 5 1a phd phat quang cta vat lidu Li,ZnSn O, pha
tap Cr** ndng d6 khac nhau dugc nung ¢ 1050°C, 5 gio trong
khong khi. Két qua nhan dugc hinh 5 cho thay, khi nong
d6 Cr* pha tap tir 0,05 dén 0,7% cudng d6 huynh quang
tang, khi nong d6 pha tap tang 1,0% Cr** cuong d6 huynh
quang lai giam. Diéu nay dugc giai thich khi ting nong do
dén 0,7% dan dén lam ting tim ion phat quang va lam ting
cuong do phat quang, tuy nhién nong do cao hon dan dén
mat do cac tdm va khoang cach gitia cac tam bi thu hep xuét
hién qué trinh truyén ning luong giita cac ion Cr¥*-Cr**, sy
truyén ning luong 1am giam qua trinh tai hop nén cudng
d6 huynh quang giam [18]. Tir két qua nhan dugc cho thy
cuong d6 huynh quang phat xa manh nhét khi ndng d6 pha
tap Cr**1a 0,7%.
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Hinh 5. Phé phat quang cta vat liéu Li,ZnSn,O, pha tap Cr* ndng
dod khac nhau dwerc nung & 1050°C, 5 gi® trong khong khi.

Dé c6 thém khang dinh anh huong ciia ndng do dén tinh
chit quang cua vat liéu, chung t6i tién hanh do phd kich
thich phdt quang cua vét li¢u Li,ZnSn O, pha tap Cr** néng
d6 khac nhau dugc nung ¢ 1050°C, 5 gio trong khong khi.
Pho kich thich huynh quang phu thudc vao nong do pha tap
dugc trinh bay dudi hinh 6. Két qua phd kich thich huynh
quang nhan duoc ¢ hinh 6 cho thiy hinh dang phd PLE
khong c6 su thay ddi, tuy nhién cudng d6 PLE phu thudc
rat manh vao nf)ng do pha tap. Cuong do PLE dat gia tri cuc
dai tai ndng d6 pha tap Cr**0,7%. Két qua nay phi hop véi
két qua phd PL ¢ hinh 5.
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Hinh 6. Phé kich thich huynh quang cia vat liéu Li,ZnSn,0, pha tap
Cr¥* néng dd khac nhau dwoc nung & 1050°C, 5 gié» trong khéng khi.

4. Két luan

Nghién cuu da ché tao thanh cong vét li¢u Li,ZnSn O :Cr**
cho phat xa héng ngoai gén béng phuong phap phan Gng pha
ran voi quy trinh don gian, ré tién, do 1ap cao va c6 thé ché
tao dugc sb luong 1on. O nhiét do nung mau dudi 1050°C
vat li¢u Li,ZnSn,O, don pha, cAu tric tinh thé luc giac, bé
mat vat liéu c6 bién hat rd rang va c6 kich thude 100-300
nm ¢ nhiét d6 nung 950°C. Khao sat tinh chat quang cho
thdy, vat liéu phat xa manh trong ving hong ngoai gan tai
budc song cuc dai 797 nm khi kich thich ¢ 423 nm. Tinh
chét quang ctia vat li¢u Li,ZnSn,0,:Cr** phu thudc rit manh
vao nhiét do nung va nong do pha tap. Cuong do phat xa
manh nhét cua vt liéu Li,ZnSn,O,:Cr’*" thu duoc khi nung
6 1050°C va néng d6 pha tap Cr**0,7%. Két qua nhan duoc
cho théy, vat lidu Li,ZnSn,0,:Cr* c6 tiém nang tng dung
16m trong ché tao NIR LEDs.

Nghién ctru nay duoc tai trg boi Truong Dai hoc Su
pham Ha Noi 2 théng qua dé tai ma sé HPU2.2022-UT-07.
Céc tac gia xin chan thanh cam on.
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