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TOM TAT

Bot huynh quang ZnO pha tap AI®*" duoc ché tao thanh cong bang phuong phap khuéch tan bé mat.
Két qua nghién ctru cau trac tinh thé cho thiy sau khi sir dung ning lugng nhiét khuéch tan ion
AP vao trong mang nén di 1am cho cac dinh nhiu xa ctia pha tinh thé luc glac cua ZnO dich
chuyén vé& goéc 26 16n hon lam cho thé tich 6 co s cua bot ZnO:Al giam. Két qua khao sat phd
huynh quang theo nhiét d6 va nong do pha tap ion AI** cho thay rang khi nhiét do tang, nong do
ion AI** khuéch tan vao trong mang nén ting va tao ra nhiéu sai hong trong mang nén lam mo
rong ving phat xa trong ving dnh sang nhin thiy vé phia anh sang do. V&i mau bot ZnO:Al
3%mol u ¢ nhiét do 800 °C trong 2 gid cho phé phat xa c6 cudng d6 manh nhét tai bude song 542
nm va ban d6 rong dinh phd ~ 186 nm bao chim toan bd ving anh sang nhin thay Thur nghiém
ché tao LED sur dung bot ZnO:Al phu 1€n chip UV-LED cho phat xa anh sang trang 4m v6i nhiét
d6 mau T = 4067 K va hé s tra mau cao CRI = 87. Cac két qua nghién ctru nhan duogc cho thiy
bot huynh quang ZnO:Al ¢ tiém ning ing dung trong ché tao didt phat quang anh sang tring.

Tur khoa: Bot hupnh quang don pha; ZnO:Al; diot phat quang dnh sang trdang; phirong phdp
khuéch tan bé mdt
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ABSTRACT
Al-doped ZnO powder was successfully fabricated by a surface diffusion method. The
characterization of the crystal structure shows that the diffraction peaks of the hexagonal crystal
phase of ZnO shifted to a larger angle of 26, following by the decrease of cell volume of ZnO:Al
powder after using the thermal energy to diffuse AI** ions into the host lattice. The
photoluminescence spectra of obtained products showed that when the temperature increases, a
higher concentration of AI** jon considerably diffuses into the ZnO host lattice and creates many
defects following by a red shift of emission band in the visible region. By optimizing the synthesis
condition, the PL of ZnO:Al (3%mol) sample annealed at 800 ° C for 2 hours shows the highest
emission intensity peak at 542 nm with a full width at half maximum (FWHM) bandwidth of ~
186 nm, covering the whole visible region . After coating ZnO:Al phosphor on a UV-LED chip,
the as-received LED exhibits a warm white light emitting with the correlated color temperature
(CCT) of 4067 K and a high color rendering index (CRI) of 87. Therefore, ZnO:Al phosphors
show a great potential to be used in the manufacture of white light-emitting diodes.
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1. Giéi thiéu

LED phét xa anh sang trang (WLED) thong
thuong dugc ché tao boi hai cach sau: 1) Su
dung bot huynh quang mau vang YAG:Ce
phu 1én chip LED xanh lam (Blue-LED); ii)
Str dung cac bot don sdc gém xanh lam (B),
xanh lyc (G) va dé (R) phu lén cac chip LED
tir ngoai (UV LED) [1]-[3]. Vi cich dau
tiéen, WLED c6 hé sb tra mau (CRI) thap do
trong pho phat xa anh sang cua bot YAG:Ce
thiéu ving phat xa mau doé. Con vé6i truong
hop LED str dung bot RGB ¢6 thé d& dang
diéu chinh dai phd phét xa anh sang nhu CRI,
nhi¢t d0 mau (CCT), tuy nhién bdt RGB
thuong st dung cac ion tap chat dat hiém nén
gia thanh cao va khong than thien voi moi
truong [2]-[5]. bé gidi quyet van dé nay gan
day da co rat nhidu cac 18 lyc nghién ctru
nham nang cao chét lugng bot phat xa
YAG:Ce bang cach dong pha tap cac tap chat
bd sung thanh phan phat xa mau do [6]-[8],
tim ra cac bot huynh quang don pha mdéi cho
phat xa 4nh sang tring ma khong st dung
ngudn tap chat dat hiém trén co so sir dung
chip Blue-LED hodc UV-LED [9]-[13]. ZnO
1a ban dan thudc nhém II-VI véi ving cAm
thang (d6 rong ving cdm 3,3 — 3,4 eV) va
nang lugng lién két exciton 16n (60 meV), nd
la mot vat liéu hira hen cho nhiing {ing dung
rong rii trong ché tao cac thiét bi quang dién
to nhu: Laser tir ngoai, detector, pin niang
luong mat troi, didt phat quang (LEDs), ...
[13]-[17]. V& co ban ZnO co thé cho phat xa
dai rong tir ving tr ngoai gan dén vung anh
sang kha kién [14]. Céc phat xa trong ving tir
ngoai lién quan dén cic chuyén mirc phat xa
gan bo ving (NBE) trong khi d6 cac phat xa
trong ving anh sang nhin thiy chi yéu do cac
sai hong trong mang nén gy ra. Cac phat xa
do sai hong cua ZnO lién quan dén chuyén
muc phat xa tir cac trang thai sai hong nhu:
khuyét oxy (Vo), khuyét kém (Vz,), oxy dién
k& (0;), k&m dién k& (Zn;), cip donor-acceptor
va cac trang thai bé mat [13], [18]. Ddi véi
vat liéu ZnO khong pha tap, cac sai hong
chinh dong goép vao phat xa huynh quang
trong ving anh sang nhin thiy 1a k&m dién k&
va nut khuyét oxy [17]. Do viy, bang cach

nao d6 (cong nghé hoic pha tap) co thé tao ra
nhiéu tam kich hoat tir cac trang thai sai hong
trong mang nén ZnO dé tao ra dai phat xa anh
sang tring c6 kha niang tng dung trong cong
nghé chiéu sang ran (tao ra WLED) hi¢u suét
cao, chi s6 hoan tra mau cao va than thién voi
moéi truong [19]. Gan day, mot so nghién ciru
cho thiy bang cong nghé ché tao hodc pha tap
trong mang nén ZnO ¢ thé tao ra WLED str
dung nguon kich thich UV hoac blue LED.
Nim 2013 nhém tac gia Shi cong bd da ché
tao dugc bot ZnO pha tap Mg cho phat xa anh
sang dai rong trong ving nhin thay khi dugc
kich thich boi budc song NUV [13]. Tiép do,
nhém tac gia do tac gia Sundarakannan va
cac ddng nghiép cong bd da ché tao duoc bot
ZnO [11] va ZnO:Al [12] bang phuong phap
sol-gel, bot dugc phu 1én chip Blue-LED va
cho phat xa anh sang tring. Tuy nhién bot
ZnO cho phat xa anh sang tring voi nhiét do
mau la 4986 K va CRI =75 (ban d¢ rong dinh
phat xa ~ 46 nm), bot ZnO:Al cho hé s tra
mau cao hon (CRI=91) nhung nhiét d6 mau
lai rat thap (CCT=2115 K). Nhu vay dé tao ra
phat xa anh sang trang 4m (CRI cao va toa do
mau ndm trong ving anh sang tring) trén co
so vat li€u ZnO ciing dang 1a mdt thach thuc
d6i v6i cac nha nghién ciru. Nhu mot phuong
phéap pha tap van duoc sir dung trong cong
nghé vi dién ta [20], [21], phuong phap
khuéch tan bé mit (surface difﬁlsion) la
phuong phap don gian, hiéu qua dé pha tap
(cdy) céc tap chat gan 16p bé mit cua vat lidu
[22]. Trong bai b&o nay, chung toi bdo céo
ché tao bot huynh quang ZnO pha tap Al bang
phuong phép khuéch tan bé mit. Sy anh
hudng cta nhiét do khuéch tan, nong do tap
chét dua vao dén céu tric va tinh chit quang
cua vat li€u cling dugc thao ludn chi tiét trong
bai bao. Két qua thir nghiém ché tao LED trén
co sé bot ché tao duge cho th?iy, bot huynh
quang ZnO:Al ¢6 tiém ning tng dung trong
ché tao WLED dugc kich thich bai chip LED
tir ngoai gan.

2. Thuc nghiém

Bot huynh quang ZnO:Al duoc ché tao bang
phuong phap khuéch tan bé mit sir dung tién
chat ban diu gém bot ZnO thuwong mai (xuét
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xt Merck, > 99%), mudi AI(NO3);.9H,0
(xuét xtr Mecrk, >99%), dung dich NH,OH,
nuoc tach ion. V6i lugng bot ZnO xac dinh,
mudi AI(NO3)3.9H,0 pha vao theo ty 1¢ mol
pha tap trong mang nén. Ban dau, bt ZnO
dugc phan tan trong nudc tach ion bang may
khuay tir. Mubi AI(NO3)3.9H,0 hoa tan trong
nuéc tach ion sao cho dung dich thu dugc 1a
ddng nhat. Tiép theo d6 dung dich chtra mubi
nhoém vao trong hdén hop dung dich ZnO va
tiép tuc khudy trong thoi gian 2 gio. Cho tir tir
dung dich NH,OH vao trong hdon hop dung
dich trén dé tao ra két tia nhom hydroxit
AI(OH); trén bé mit cac hat bot ZnO. Phan
ung hinh thanh két tha nhém trén bé mat hat
bot ZnO:

AI(NO3); + NH,OH - AI(OH); + NH;NO;

Hon hop sau két tiia thu dugc cho sdy kho ¢
nhiét ¢ 200 °C trong thoi gian 5 gio. Ton Al¥
dugc khuéch tan vao mang nén ZnO bang
nang lugng nhiét thong qua qua trinh @ mau &
cac nhiét do khac nhau (tr 600 - 1000 °C
trong thoi gian 2 gid) trong moi truong khong
khi. San phém bot ZnO:Al sau d6 dugc phan
tich céc tinh chat nhu hinh thdi bé mat, céu
trac va tinh chit quang nhim t6i uu héa céc
diéu kién cong nghé ché tao. Cac phuong
phap phan tich dugc st dung bao gom:
phuong phap chup anh hién vi dién tir quét
phat xa truong (FESEM) va phan tich thanh
phan hoa hoc bang phuong phap tan xa ning
luong tia X (EDS) trén thiét bj (FESEM-
JEOL/JSM-7600F); phuong phap do phd
nhiéu xa tia X (XRD)- (Rigaku D/MAX-
2500/PC v6i ngudn phat tia X Cu K, (A =
0,154 nm)) két hop véi phan mém MDI Jade
5.0 dé tinh toan cac thong sb mang tinh thé;
phan tich phd huynh quang (PL) va kich thich
huynh quang (PLE) trén thiét bi Nanolog
(HORIBA Jobin Yvon) str dung dén Xenon.

DPé ché tao thir nghiém LED, chung t6i sir
dung ZnO:Al (da duogc tdi wu cac diéu kién
cong nghé ché tao) tron véi silicon hai thanh
phin PDMS (Polydimethylsiloxane hang
Dow Corning OE-7304 Optical
Encapsulant, ty 1& pha tron 2 thanh phan 1a
1:1) phtu lén Chip UV-LED buédc song 310
nm (SEOUL VIOSYS Model: CUD1GFA).

Sau d6 sir dung thiét bi phan tich Gamma
Scientific RadOMA GS-1290
spectroradiometer dé do cac dic trung dién
quang cua LED.

3. Két qua va thio luin
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Hinh 1. Phé XRD ciia bot ZnO va ZnO pha tap
3% Al u ¢ cac nhiét do khac nhau (a) va pho nhieu
xa tdp trung tai mat (002) (b)

Hinh la 12 phd XRD ciia cic miu bot ZnO
thuong mai va bdt ZnO pha tap 3%mol Al u &
cac nhiét d6 khac nhau tor 600 — 1000 °C
trong thoi gian 2 gid. Két qua cho thiy, hau
hét cac dinh nhiu xa thu dugc dic trung cho
pha tinh thé lyc gidc ciia ZnO (hexagonal
wurtzite, theo thé chuin JSPDS file No: 36-
1451, thuoc nhom khong gian F63mc (186)),
VvGi cac mit tinh thé ddc trung (100), (002),
(101), (102), (110), (103), (200), (112), va
(201) [12], [16], [23]-[25]. Khi G ¢ nhiét do
600 va 800 °C, phé XRD cua bot ZnO:Al
(3%mol) khong xuat hién cac dinh nhiéu xa la
lién quan dén cac kim loai tién chét dwa vao
ngoai cac dinh nhiu xa pha luc gidc ctia ZnO.
O nhiét d6 1 1000 °C, ngoai cac dinh nhidu xa
ctia ZnO ching t6i con quan sat thiy cac dinh
nhidu xa c6 cuong do yéu hon dic trung cho
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pha tinh thé ZnAlL,O, v6i cac mit nhidu xa
dac trung (220), (311), (511) va (440) tai cac
goc 26 tuong tng la 31,3, 36,8, 59,3 va 65,2
(cAu trauc spinel theo thé chuan JSPDS file
No: 05-0669) [12], [26], [27]. Nguyén nhan
cua su hinh thanh pha tinh thé ZnA1204 o thé
do khi nhiét d6 1 cao ion AI** khuéch tan vao
mang nén ZnO 16m, tao ra vung pha tap manh
trén bé mit hat bot ZnO va khi ty 1& ion pha
tap [A1*"]=2[Zn*"] s& hinh thanh pha ZnAl,O,
[26], [28]-[30] thay vi hinh thanh pha Al,Os
trén bé mat ZnO [31]. Mit khac do su sai
khac vé cac théng s6 mang cua ZnO (luc
giac) va ZnAl,O,4 (1ap phuong) nén & nhiét do
cao, (mg xuét nhiét hinh thanh 16n dan dén
ZnAl,O, s& co cum hinh thanh hat nano trén
bé mit hat bot ZnO (s& chirng minh & két qua
do FESEM va EDS).

Khi quan sat & goc nhiéu xa hep cua dinh dic
trung & mat (002) trén Hinh 1b cho thy cac
mau pha tap sau khi 1 nhiét c6 xu huéng dich
chuyén vé phia goc nhidu xa 16n hon diéu d6
ching t6 c6 sy anh huong déang ké cua tap
chét dua vao va nhiét do ¢ mau [25].

Str dung phan mém MDI Jade 5.0 va cong
thuc Debye — Secherrer (cong thire (1)) [14],

[17] tinh todn duoc cic thong s6 mang va

kich thudce tinh theé thé hién trong bang 1.
D=K.A/ B.cosB Q)

Trong d6: D 1a kich thudc tinh thé, A 1a budc

Ong tia X, B = (FWHM) ban d6 rong dinh
phd nhidu xa, 6 goc nhidu xa.

Trén bang 1 cho thay sau khi pha tap 3% Al
va u nhiét ¢ cac nhiét d6 600, 800 va 1000 °C
thé tich 6 co s& cua cdc mau lan luot 1a
0,04758, 0,04763 va 0,0474 nm® déu giam
hon so véi mau bot ZnO thuong mai la
0,04787 nm?®. Thé tich 6 co s¢ giam la do
giam 1a do ban kinh ion AI** (0,053 nm) nho
hon Zn®* (0,074 nm) va do dai lién két cong
hoa tri Al-O ngin hon lién két Zn-O [12],
[14], [23], [25], [32], [33]. Két qua nhan duoc
nay chung té dudi tac dung ctia nhiét do 1 ion
APP* da duoc khuéch tan vao mang nén ZnO
va ¢ nhi¢t d0 u cang cao thi luong Al¥
khuéch tan vao mang nén ting. Trén bang 1
cling cho thdy dudi anh huong cua nhiét do
kich thudc tinh thé trung binh cia cic miu
tang dan khi nhiét do u tang, mau ZnO
thuong mai 1a 52,35 nm, cac mau U & 600,
800 va 1000 °C lan luot 1a 53,54, 51,42 va
57,69 nm.

Bang 1. Cdc théng sé mang

Hing s6 mang Thé tich 6 co s6 Kich thwéc tinh thé trung binh

MAiu

a(nm) c(hm) V(nm®) (nm)
ZnO 0,32566 0,52115 0,04787 52,35
3%AIl-Zn0-600°C 0,32486  0,5206 0,04758 53,54
3%AIl-Zn0-800°C 0,3249 0,52107 0,04763 51,42
3%AIl-Zn0-1000°C 0,32428 0,52042 0,0474 57,69

Ph6 XRD ctia bot ZnO pha tap Al v6i ndng do thay déi tir 1 dén 7% mol, dwoc t & nhiét d6 800
°C trong thoi gian 2 gi¢ thé hién trén Hinh 2.

Két qué chi ra rang, voi ndng do tap thap tir 1 - 3% trén pho chi quan sat thdy cac dinh nhiéu xa
dic trung cho pha tinh thé luc giac cua ZnO. Tuy nhién, khi ndng do tap ting tir 5-7% & nhiét do
u nay cho thﬁy xuét hién thém cac dinh nhiu xa dic trung cho pha tinh spinel ciia ZnAl,0,.

Céc dinh nhiu xa cua pha tinh thé ZnAl,0, ting dan khi ndng do tap Al tang. Trong cac miu thi
nghiém & ca nhiét 6 u cao va ndng do pha tap cao chung t6i ciing khong quan sat thiy cac dinh
nhidu xa cta cic pha tinh thé Al,05. Két qua nay cho thiy tap chit Al du6i tac dung cua nhiét do
da khuéch tan vao mang nén ZnO va & néng d6 cao hodc nhiét do u cao da lam thay ddi 16p bé
mat ZnO be"mg cach hinh thanh nén céc hat nano ZnAl,O, trén bé mit cac hat bot ban dau.
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Hinh 2. PhéXRD Zn0O pha tap 3% Al 1 ¢ 800 °C
voi cdc nong do pha tap khdc nhau

Hinh 3. Anh FESEM ciia vt liéu nguon ZnO (a),
va ZnO pha tap Al (JAPI[Zn*] = 3% mol) i &
nhiét d¢ 600 °C (b), 800°C (c), 1000°C (d)

Hinh 3 1a anh FESEM cuta bt ZnO va bot
ZnO pha tap 3% Al dugc G & cac nhiét do tur
600 — 1000 °C trong thoi gian 2 gio. Mau bot
ZnO thuong mai duogc thé hién trén Hinh 3a
cho théy bot c6 dang hat, kich thudc trung
binh tir 100 — 500 nm va c6 bé mit nhdn
bong. Khi pha tap 3%mol Al va t khuéch tan
o nhiét do 600 °C (Hinh 3b) cho thiy kich
thudc hat phan b cia hat gan nhu khong thay
d6i, bé mit hat bot dugc phu 16p mang xbp.
Khi tang nhiét d6 0 1én 800 °C (Hinh 3c¢), &
nhiét do nay hinh thai va kich thudc hat doi
khong nhiéu so v&i cadc mau a & 600 °C, tuy
nhién trén bé mat bat dau xuit hién cac hat
nano mau tre"mg. Céc hat nano xuét hién trén
hat nano ZnO ban déu la cac hat nano tinh thé
ZnAl,O, (cdu trac spinel cua ZnAl,O, hinh
thanh ¢ nhiét d6 trén 500 °C). Tiép tuc ting
nhiét @6 u 1én 1000 °C, trén anh FESEM Hinh

3d cho thdy kich thudc cac hat bot ting 1én
khong dang ké, tuy nhién kich thudc cac hat
bot trén hat ZnO tiang va dat dén ¢& vai chuc
nanomet (xem anh chén trong hinh  tai nhiét
dd 1000°C). Cac hat bt nay la cac hat
ZnAl,O,4 dugc hinh thanh do phan ung pha
ran trén bé mat hat ZnO trong d6 Al két hop
v6i Zn tao ra (phd XRD, Hinh la, 1 tai 1000
°C) [31].

Hinh 4. Phé EDS ciia bot ZnO:Al
([APY/[Zn**]=3% mol) i ¢ 1000 °C

Hinh 4 13 phd EDS cta bot ZnO:Al (3%)
duoc U tai 1000 °C trong thoi gian 2 gio va
bang thanh phan phan tram cac nguyén t6 hoa
hoc. Ty 1 cac nguyén t6 hoa hoc 14 Zn: 55%,
0: 42,8 %, Al: 2,2 %. Ty 1¢ Al do dugc gan
v6i ty 18 pha tap theo tinh toan ban dau.
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Hinh 5. Phé PLE (a) va PL (b) ciia bt ZnO:Al
([APY/[Zn**]=3% mol) i ¢ 800 °C
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Hinh 5 13 phdé PLE va PL cua bot ZnO:Al
(3%) u tai nhi¢t do 800 °C trong thoi gian 2
gio dugc kich thich bdi budc song 325 nm
ctia dén Xenon. Pho PL trén Hinh 5b cho thy
mot dai phat xa rong tir 365 dén hon 800 nm
gdm hai ving phat xa chinh 1a ving UV va
ving nhin thay. Sir dung ham Gauss FIT céc
dinh phd cho thiy ving UV c6 dinh tai budc
song 385nm, ving nhin thay voi cac dinh tai
budc song 414, 520, 554 va 615 nm. Dinh
phat xa 385 nm lién quan dén chuyén muc
phat xa bo vung (NBE) trong ZnO [18], [34]-
[37]; dinh 414 nm c6 ngudn gbe tir chuyén
mirc phat xa lién quan dén cac sai hong do Zn
dién k& gdy ra (Zm) [11], [12], [18], [34];
dinh phat xa 520 nm c6 thé c6 nguon goc tur
chuyén muc phét xa lién quan dén nat khuyét
oxy (Vo) [12], [38] hodc nut khuyét kém giy
ra (Vz,) [13]; budc song 554 nm co thé lién
quan t&i phat xa do nut khuyét oxy ion héa
lan 1 gdy ra (Vo) [36], [38]; con phat xa do
tai budc song 615 nm c6 ngudn gde tir chuyén
mirc phat xa lién quan dén nut khuyét oxy bi
ion hoa hai 1an gay ra (Vo'™) [37] hodc c6 thé
do thira oxy gay ra [14], [25]. Ph6 PLE (Hinh
5a) do tai budc song 582 nm cho thiy bd hap
thu chinh tai budc séng 378 nm lién quan dén
hép thy bo ving trong ZnO.

Cuimg dd huynh quang (dviy.)
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Hinh 6. Pho PL ciia bgt ZnO va ZnO pha tap 3%Al
U & nhiét dé tir 600-1000 °C (a) va pho PL ciia bot
Zn0:Al i 6 800 °C véi cac nong dp khéc nhau (b)

Trén Hinh 6 1a phé PL cia bot ZnO va
ZnO:Al (3%mol) u ¢ nhiét d6 600-1000 °C
dugc kich thich boéi budc song 325 nm cia
deén Xenon. Ddi voi bot ZnO (Hinh 6a-1), phd
PL cho thdy mét dinh phat xa UV ¢6 cudng
d6 yéu c6 ngudn gbe tir chuyén mirc phat xa
gin bo ving va mot dai phat xa trong ving
nhin thdy c¢6 dinh tai budc séong 527 nm. Khi
pha tap 3%mol Al va 1u tai 600 °C, cé cuong
dd6 phat xa UV (385 nm) ting kha manh va
dai phat xa trong ving nhin thdy mé rong ra
ving dé so voi miu ZnO ban dau (Hinh 6a-
2). Két qua nay ciing phu hop véi két qua
phén tich XRD (Hmh la) 1 6 nhiét do u nay
ion AI** bat dau khuéch tan vao mang nén &
16p bé mit va tao ra cac nut khuyét oxy gay ra
cac phat xa trong ving d6. Ngoai ra nhiét do
U nay ciing lam chat lugng tinh thé ting nén
lam tang phat xa bo vung. Khi 0 & nhiét do
800 °C (Hinh 6a-3), cuong do dinh phat xa
NBE & 385 nm khong ting ma giam nhe, thay
vao do la cuong d6 phat xa trong vung nhin
thdy ting manh, phd phat xa trong ving nhin
thiy mé& rong voi ban do rong (FWHM) ~ 186
nm 1én hon ~ 3 14n (64 nm) so v6i cong bd
cua tac gia B. Sundarakannan thu duoc trén
méau ZnO [11]. Khi AP vao trong mang nén
ZnO sé tao cac lién két voi oxy trong mang
1én (Al-O) do vay lién két ban ddu ciia mang
nén Zn-O s& mit di oxy hinh thanh cac nut
khuyét oxy (Vo) [12], [18] ngoai ra tuong tac
bé mit cua Al véi hat ZnO cling hinh thanh
lién két Al-O va 1am 16p bé mit khuyét thém
oxy d6 la nguyén nhan tao ra cac phat xa sai
hong lién quan dén cac nut khuyét oxy va sy
mé rong ving phd phat xa sang ving do.

Tiép tuc ting nhiét do a 1én 1000 °C, trén pho
huynh quang Hinh 6a-4 cho thdy cudng do
phat xa trong vung nhin thiy giam va dinh
phat xa NBE bi dap tit. Két qua nay cho thiy
& nhiét d6 G cao chat lwong tinh thé giam do
(g suat nhiét gy ra va ciing tao ra nhidu cac
sai hong. Mat khac ¢ nhiét d¢ ndy do luong
ion AI** khuéch tan vao trong mang nén 16n
va hinh thanh nén pha tinh thé ZnAl,0,
khong dong goép cho phat xa ciia mau. Két
qua nhan dugc ciing phu hop véi két qua do
dugc & pho XRD va anh FESEM ¢ phan trén.
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Dé khao sat anh huong cta ndéng do pha tap
dén tinh chat quang cua bt ZnO:Al, ching
toi gitt nhi¢t @6 u 800 °C trong thoi gian 2 gid
va thay doi nong do tap dua vao tir 1 — 7%
(Hinh 6b). Két qua thu duoc cho thiy i) trong
ving UV: mau pha tap 1%Al cho cuong do
huynh quang dinh UV 16n nhét, véi nong do
tap Al tang thi lugng 16n ion AI** khuéch tan
vao mang nén anh huong dén chat luong tinh
thé ctia ZnO dan dén 1am giam céac phat xa bo
ving, & nong d6 Al dua vao 7% thi giuong
nhu phét xa bo ving bi dap tat; ii) trong ving
kha kién: khi ndng do tap Al dua vao ting thi
cuong do huynh quang tang va dat cuc dai tai
nong do Al 3%, sau d6 khi ting nong do Al
tiép thi cuong d6 huynh quang giam. Nguyén
nhan cuong do huynh quan gidm 1a do hién
tugng dédp tit huynh quang do ndng do gay ra.

(a)
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Hinh 7. Phé LED sk dung chip UV 310 nm phii bt
Zn0:Al (3%) 1i & nhiét do 800 °C (a), Gidn dé CIE
danh dau vi tri toa dé mau cua LED (b)

Trén Hinh 7a ph6 LED dugc pha bot ZnO:Al
3% 0 & nhiét do 800 °C trén chip UV 310 nm

dugc bom véi dong 0,25 mA. Trén phd phat
xa cua LED cho théy mot dinh phat xa cudong
d6 yéu tai budc séong 310 nm (phat xa do
ngudn chip UV) va dai phat xa rong tir 400
dén hon 800 nm va c6 dinh & khoang gan 600
nm (Anh chén trong Hinh 3.8a 1a anh chup
LED). Hinh 7b 14 gian d6 CIE dugc danh du
toa d0 mau cua LED phu bot ZnO:Al 3% 1 &
800 °C va céac thong sd ciia LED dugc thé
hién trong bang cheén trong hinh. Toa d¢ mau
(x, y) la 0,3840, 0,4002 v6i nhiét do mau
4067 va hé s6 hoan tra mau cao Ra ~ 87. Véi
két qua nay thi LED thu dwoc phat xa 4nh
sang trang am véi hé s6 hoan tra mau cao.
Két luin

Trong nghién ciru ndy, bang phwong phap
khuéch tan bé mat don gian, chiing t6i di ché
tao thanh cdng bot huynh quang ZnO pha tap
Al cho hiéu suit phat quang v6i cuong do
phat xa 16n. Mau t6i vu duge u & 800 °C ¢6
cuong do phat xa manh véi ban do rong lon
(~186 nm) bao trum toan by ving anh sang
nhin thay. Thir nghiém ché tao LED trén co
s bot huynh quang ché tao dwoc phu trén
chip UV-LED cho phat xa anh séng tring 4m
v6i hé sd tra mau cao (~87). Cac két qua
nghién ciru cho thdy bot huynh quang ZnO:Al
ché tao bang phuong phap khuéch tan bé mat
1a vat lidu hua hen trong ché tao didt phat
quang 4nh sang tring.

L1 cdm on

Nghién ciru nay duoc tai trg boi Quy Phat
trién khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong dé tai ma s6 103.03-
2017.39.
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