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Bai nghién ciiu

Khao sat tinh chat phat quang va mau sic cia cham luong tir ZnS

pha tap Mn

Nguyén Thanh Phuong”

TOM TAT

Cham lugng t&r ZnS (CLT ZnS) va ZnS pha tap Mn (CLT ZnS:Mn2*) dugc tdng hop bing phuong
phap déng két tha tai 80°C trong moi truong nudc. Cac phuong phap phan tich nhiéu xa tia X
(XRD), quang huynh quang (PL), kich thich quang huynh quang (PLE) va phan tich cac théng s6
mau duac str dung dé phan tich danh gid vat lieu. Cac CLT ZnS va ZnSMn?t cé dang hinh cau véi
kich thudc khodng 20 nm va cé cau tric zinc-blende. Két qua XRD va PLE chi ra rang cac ion tap
Mn%t d& dugc pha tap thanh cong vao mang chii ZnS tai vi tri thay thé ion Zn** bén trong mang
chu. K&t qua phan tich phé PL cho thay rang dinh phét xa tai 430 nm la cla mang chd ZnS va dinh
PL tai 540 nm I do su truyén ning lugng tir mang chli ZnS sang cac ion tap Mn*. Su chéng l&p
gitta phé phéan bé nang luong ctia CLT ZnS:Mn?+ va phé nhay mét ngudi duoc ting cudng dang
ké do qué trinh truyén ning luong ti mang chll ZnS sang ion pha tap Mn** hiéu qua. Ty s6 hiéu
suat sang mat ngusi & diéu kién nhin ban ngay va nhin ban dém (S/P) ty lé thuan véi nhiét dé mau
tuang quan (CCT). Cac gid tri toa d6 mau CIE (x, y) ctia CLT ZnS va ZnS:Mn dugc tinh tur cac gia tri
mau kich thich ba thanh phan X, Y, Z. Cac théng sé mau téi uu tim dugc trong nghién cliu nay doi
V8i CLT ZnS:Mn?t duoc t8ng hop v6i Vrga = 1,5 mlla LER =331 (ImM/W,p), S/P = 1,54, CCT = 4494
K, CRI'=64, CQS = 64 va CIE (x, y) = (0,38; 0,50). Két qua nghién ctu chira rdng CLT ZnS:Mn pht hop
cho lam I6p vat liéu phat sang trong cac thiét b mang mong dién phat quang cling nhu cac diod
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GIGI THIEU

Kém sulfide (ZnS) 1a mot trong s6 nhiing chat ban
dan chuyén muic truc tiép thudc nhém II - VI c6 ning
lugng viing cAm rong khoang 3,7 eV 2. Chdm lugng
tt ZnS (CLT ZnS) dugc ing dung rong rai trong nhiéu
linh vic nhu céc diod phat sang>*, man hinh phat
sdng 56 pin mat troi”, quang xuc tac$, muc in 9,10
Tinh chit quang ctia CLT ZnS c6 thé dugc diéu khién
dua vao kich thuéc hat, thanh héa hoc cling nhu néng
d6 sai hong bén trong mang chti®. Cho vi duy tinh
chit quang ctia CLT ZnS c6 thé dugc diéu khién bing
cach pha tap cac ion kim loai chuyén tiép nhu Mn, Cu,
Co,...

Ch4m lugng t& ZnS va ZnS pha tap Mn (ZnS:Mn2+)
c6 thé duge ché tao bang nhiéu phuong phap khac
nhau nhu phuong phép két tiia héa hoc, phuong phép
phu quay, ky thuét in phun, ling dong bing phuong
phap phun xit'1-13,.... Cho vi du nhém tac gii P.D.
Angelo'® da nghién ctiu in cic CLT ZnS:Mn** trén
cac loai vat liéu d€ khac nhau nhu thuy tinh, gify anh,
tdm kim loai nhdm tng dung trén cac thiét bi dién
phét quang. Két qua cho thiy CLT ZnS:Mn2*t phat
xa huynh quang & buédc séng 585 nm. Cac nghién

ctiu gan day cho thiy rang vét liéu phat huynh quang
ZnS:Mn** thudng dugc ting dung lam 16p phat sang
bén trong ciu truc cta cac diod phét sang (LED). Cu
thé, T.W. Kanga va cic cong su> cho thdy ring ghép
vat liéu ZnS:Mn2* v6i LED phét 4nh séng c6 budc
song 460 nm c6 thé tao ra LED phat anh séng tring
v6i két qua dat dugc nhu nhiét do mau khoang 3200
K, chi s6 hoan mau Ra = 29 va toa do mau CIE (x,
y) = (0,372; 0,285). Bén canh d6, nhém téc gia S. R.
Chalana® bdo cdo ring viing phit xa énh sang tring
ctia CLT ZnS c¢6 thé dugc diéu khién thong qua qué
trinh pha tap Mn. T cac cong trinh nghién ctiu néi
trén chiing t6i nhan théy rang CLT ZnS:Mn2™ ¢6 tiém
nédng ting dung rdt 16n véi vai tro la 16p vat liéu phat
sang bén trong ciu truc cac thiét bi dién phat quang.
Tuy nhién theo tim hiéu ctia chiing toi thi hdu hét chua
¢6 nhém tdc gid nao trong nudc nghién ciu mot cach
c6 hé thong vé cdu truc, tinh chit quang va tinh chat
mau sic ctia CLT Zn$:Mn?+,

Vi thé, trong cong trinh nghién ciiu nay ching t6i
khao sat mot cach chi tiét va c6 hé thong vé ciu truc,
tinh chét quang va céc tinh chit mau sic nhu nhiét
dd mau tuong quan (CCT), toa d6 mau CIE (x, y),

Trich dan bai bao nay: Phuong N T. Khao sat tinh chat phat quang va mau sic ciia cham lugng ti ZnS
pha tap Mn. Sci. Tech. Dev. J. - Eng. Tech. 2024; 7(1):2139-2148.
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hiéu suit sang ctia bitic xa quang hoc (LER), chi s6
hoan mau (CRI), thang dénh gid chit lugng mau sic
(CQS) va ty s6 hiéu suit sing mat ngudi ¢ diéu kién
nhin ban ngay va nhin ban dém (S/P) ctia CLT ZnS va
ZnS:Mn>t.

PHUONG PHAP NGHIEN CUU

Hoa chat

Trong cong trinh nghién cdu nay, cic loai hoa
chit Zn(CH3CO0),2H,0 (99%), MnCly-4H,0,
(99%) xudt xi tu Aldrich. Thiolglycolicacid
(HSCH,COOH, > 99%) (TGA) xudt xG tit Merk.
Nuéc khii ion dugc st dung tai phong thi nghiém
Vat liéu in, Trudng Pai hoc Su pham Ky thuat TP. H6
Chi Minh.

Quy trinh téng hop chdm lugng tir ZnS
Chém lugng ttt ZnS (CLT ZnS) dugc tong hgp bing
phuong phap két ttia héa hoc, st dung axit thiol gly-
colic (TGA) nhu la chat hoat dong bé mit>!. Chét
hoat dong bé mit TGA cé chia nhom thiol (-SH) sé
tuong tac manh mé véi bé mat CLT ZnS va cé tac dung
thu dong hoa cac trang thai bé mit ciing nhu khdng
ché kich thudc hat nhim diéu khién va ting cudng
tinh chdt phat huynh quang ctia CLT®. Ban d4u, 50
ml hén hgp gébm dung dich Zn(CH3COO); ndéng do
0,2 M va 0,5 ml dung dich HSCH,COOH (Vrga =
0,5 ml) dugc khudy ti lién tuc tai 80 °C trong thoi
gian 30 phut trong mai truong khi quyén. Sau dé, 25
ml dung dich Na,$ (tj 18 [S?>~1/[Zn?T] = 1) ndng do
0,2 M dugc phun va hén hgp dung dich trén va két
qua la dung dich keo dugc hinh thanh ngay lap tc.
Dung dich CLT ZnS dugc khudy tu lién tuc tai 80 °C
trong thoi gian 30 phut va sau d6 cdc hat keo ZnS dugc
tach ra bing phuong phap ly tim véi t6¢ do quay 6000
vong/phut. San phdm uét dugc sdy kho tai 100 °C
trong thai gian 1a 24h.

Quy trinh téng hgp cham lugng tit ZnS pha
tap Mn

Tuong ty nhu phén 2.2, CLT ZnS:Mn2" ciing dugc
téng hgp bang phuong phap két thia héa hoc tai nhiét
do6 80 ?C, st dung TGA nhu la chit bao bé mét. Dau
tién, 50 ml dung dich gébm hoén hgp Zn(CH3COO),
0,2 M, MnCl, ([Mn**]/[Zn2*] = 0.45) néng d6 0,09
M dugc khudy tui lién tuc tai 80 °C trong thoi gian 30
phdt, sau d6 0,5 ml dung dich TGA dugc phun vao
hén hgp nay va duge khudy tiép tuc trong thoi gian
30 phut trong moi trudng khi quyén. Tiép theo, 25 ml
dung dich Nay$ ([S>~1/[Zn?T] = 1) ndng d6 0,2 M
dugc phun vao hdn hgp dung dich trén va dung dich
keo dugc hinh thanh ngay lap tiic. Dung dich keo CLT

ZnS$:Mn** dugc khudy tit lién tuc trong 30 phut va sau
d6 dugc tach ra bang phuong phép quay li tam véi téc
dd 6000 vong/phut. Bot uét dugc sdy kho tai 100 °C
trong thoi gian la 24h. Quy trinh tuong tu dugc thuc
hién lai v6i thé tich TGA khéc nhau TGA (Vyga =
1;1,5va2ml), ty1é [$*71/[Zn*"] va [Mn?"]/[Zn?*]
dugc c6 dinh.

Phuong phap phan tich

C4u tric ctia CLT ZnS va ZnS:Mn2* dugc khao sat
bing thiét bi nhiéu xa tia X Phillips X'pert (XRD
powder diffractometer) véi biic xa Cu-Koar (1,5406
A). Hinh thii hoc bé mit dugc khao sat bing thiét
bi JEM1010-JEOL (transmission electron microscope
(TEM)). Phé quang huynh quang (PL) va phé kich
thich huynh quang (PLE) dugc ghi bang thiét bi
Horiba Jobin Yvon Fluorescence Spectrometer cé
trang bi nguon laser kich thich cé budc séng 325 nm
va ngudn den xenon phat xung XFOR-450.

KET QUA VA THAO LUAN

Két qua cau tric

Hinh 1 (a) trinh bay gidn d6 nhiéu xa tia X ctua CLT
ZnS va CLT Zn$:Mn>*t. Két qua cho thdy ring cac
dinh nhiéu xa dugc quan sat tai gbc 20 = 28,57, 47,5°
va 56,7, cac dinh nay tuong thich véi cac ho mit
mang (111), (220), va (311) cta cdu tric lap phuong
zinc-blende (JCPDS card no. 012-6803). Kich thudc
tinh thé trung binh dugc udc tinh bang cong thic
Scherrer:

091
B ﬁhkl cos 6

1

V6i D 1a kich thuée tinh thé trung binh, A 13 buédc
song cua tia X, 0 la géc nhiéu xa Bragg va By 1a
d6 ban rong tai mot nita chiéu cao dinh phd nhiéu
xa (FWHM) tai goc 20 (tinh theo radians).

Tai dinh nhiéu xa tGng v6i ho mat mang (111), kich
thudc tinh thé trung binh ctia CLT ZnS va ZnS:Mn>*
dugc udc tinh khoang 2,2 nm. P$ mé rong cac dinh
nhiéu xa la dic trung cta cic tinh thé nano. Hon
niia, két qua phén tich cdu trac cho thdy véi ndng do
Mn pha tap thdp cdu tric ctia mang cht ZnS hau nhu
khong bi anh hudng>!4. Két qua nghién ctiu chi ra
ring céc ion Mn?* di dugc pha tap thanh cong vao
mang cha ZnS tai vi tri thay thé cic ion Zn%t bén
trong cdu tric mang chi va két qua nay hoan toan phu
hop véi két qua da cong bé trong cic cong trinh 14,
Hon niia, d6i v6i cac CLT ZnS:Mn?t ¢6 su xuét hién
{ing sufit nén bén trong mau >, Két qua nay 1a do c6
su khdc biét nho vé ban kinh ion ctia Zn>* (0,74 A)
va MnZt (0,67 A) 14,
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Hinh 1: a) Gian d6 nhiéu xa tia X ctia CLT ZnS va ZnS:Mn2T, (b) Anh TEM ctia CLT ZnS:Mn2+ (VrGa =1,5ml)

Hinh 1(b) trinh bay anh hién vi dién t truyén qua
(TEM) ctia CLT ZnS:Mn>* dugc téng hop véi thé tich
chét bao Vrga = 1,5 ml. Két qué khéo sét hinh théi
hoc cho théy cac CLT c6 dang hinh cdu va don phan
tan véi kich thuéc hat trung binh khoang 20 nm.

Tinh chat quang hoc

Két qua phdn tich phé kich thich huynh
quang (PLE)

Phé kich thich quang huynh quang (PLE) cua CLT
ZnS va ZnS:Mn2t dugc trinh bay nhu Hinh 2(a).
Phuong phép phan tich phé PLE cung cép thong tin
truc ti€p vé cdu tric cac mic ning lugng cta ion tap
Mn?* bén trong mang chti ZnS. Déi v6i CLT ZnS,
dinh kich thich PL dugc quan st tai budc song 360
nm la do dich chuyén hép thu ciia mang cha ZnS va
dich chuyén hdp thu nay bi dich vé€ phia buéc song
ngén 323 nm d6i v6i CLT ZnS:Mn>" 14 do sy lai héa
gilia trang thai dién td sp cia mang cha ZnS va trang
théi dién td d ctia ion pha tap Mn2t+2%16 & trang théi
tu do cdcion Mn?* ¢6 cdc miic ning lugng & cac trang
thai nhu °S, 4G, *D 17-1%, tuy nhién, khi pha tap cac
ion Mn2" vao mang chti ZnS tai cac vi tri thay thé ion
Zn?* thi cdc mic ning lugng ctia ion ty do Mn?*
bi tach thanh cac mic nhd nhu Hinh 2(b). Céac dinh
kich thich nay dugc quan sat tai cac budc séng 390,
430, 465, 495 va 525 nm. Céc dinh nay ddc trung cho
cdc dich chuyén tif trang théi co ban 6A;(S) dén cac
trang thai kich thich bén trong ciu hinh 3d° ctia ion
Mn?* trong tinh thé mang cht ZnS$, cu thé nhu sau:
SA1(8) = *E(*D), °A1(S) = *T2(*D), °A1 (5) Ay,
*E(*G), OA((S) = *T2(*G) va SA((S) — *T 1 (*G) .
Hon niia, cdc dinh kich thich cta dich chuyén d-d
clia ion Mn?* ¢6 cudng d6 tuong d6i nhé vi ching

la céc dich chuyén cAm. T di liéu phéan tich phé
PLE, s0 d6 c4c mtc nang lugng ctia ion tap Mn>* bén
trong mang Zn$ dugc trinh bay mot cach chi tiét nhu
Hinh 2(b).

Két qua phan tich phé quang huynh quang
(PL)

Hinh 3(a) trinh bay phd PL ctia CLT ZnS va
ZnS$:Mn** & nhiét d6 phong dudi diéu kién kich thich
béng laser c6 budc séng 325 nm. Két qua khao st
cho thdy rang CLT ZnS$ phat xa manh ving énh sing
mau xanh duong (blue) véi bude song khodng 430
nm va bd phat xa kéo dai vé phia 650 nm. Dinh
phat xa tai 430 nm 1a ddc trung cla cac trang thai
sai hong bén trong mang chtt ZnS%!4. Bén canh do,
vung phat xa PL kéo dai tii 470 nm vé phia 650 nm
¢6 thé 1a do sy hién dién cha céc trang thai khuyét
luu huynh (V) bén trong mang chtt ZnS14. Dsi véi
CLT ZnS:Mn?*, dinh phét xa tai 430 nm cta mang
cht quan sit dugc rat thdp, dong thoi dinh phat xa
manh xudt hién tai budc séng 540 nm. Két qua nay
1a do dich chuyén c&m 4T (G) - °A;(S) (Hinh 2(b))
bén trong 16p v6 3d° ctia ion Mn>* thong qua co ché
truyén nang lugng tii mang chu ZnS sang céc dién
tti 16p d cta ion tap Mn?t %14, Két qua tuong ty,
Hinh 3(b) trinh bay phé PL ctia CLT Zn$:Mn>" dugc
téng hop véi thé tich chit bao TGA khéc nhau, cac
dinh PL ctia mang cht ZnS dugc quan sat tai budc
song khodng 390 nm va dinh phat xa PLlién quan dén
ion tap Mn?t dugc quan sat tai budc séng 540 nm.
Hon nita, CLT Zn$:Mn** dugc téng hop v6i Vrga
= 0,5 ml cho cudng do phat xa PL cta dich chuyén
4T(G) — 9A;(S) manh nh4t (Bang 1), nghia la qua
trinh truyén ning lugng tii mang cht ZnS sang cac
ion Mn?" hiéu qué nhit.
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Hinh 2: (a) Phé kich thich huynh quang (PLE) cGia CLT ZnS va ZnS:Mn2t, (b) So d6 cac muc nang lugng cla ion

Mn2+ bén trong CLT ZnS:Mn%*

Trong nghién ctiu nay dé ting dung CLT Zn$:Mn>"
lam 16p vt liéu phét sang bén trong céu tric cua cic
thiét bi dién phat quang thi cdc thong s6 vé mau sic
nhu: toa d6 mau CIE (x, y), nhiét d6 mau tuong quan
(CCT, K), hiéu sudt sang ctia buic xa quang hoc (LER,
Im/Wp), chi s6 hoan mau (CRI) va thong s6 thang
do chit lugng ngudn sang (CQS) cin dugc khao st
va tinh todn tu di liéu phS quang huynh quang cta
cac chdm lugng tt. Toa do mau CIE (x, y) 1931 clia
céc CLT ZnS va Zn$:Mn>* dugc tinh tit di liéu phd

PL theo cac phuong trinh sau?%2!:

X =k [ PA)R(A)x(A)dA
Y =k [350 P(A)R(A)3 (A)dA
Z=k[{PA)R(A)Z(A)dA )
100

PR3 (A)dA
V6i P(A) 1a phé phan b & diéu kién chiéu séng
tiéu chudn D65, R(A) 1a phd PL caa CLT ZnS va
Zn$:Mn>" va k 12 hiing s6 chudn héa cudng do sang.
Céachamx (1), y(A)vaz(A)la cicham hoa hgp mau
vaX,Y, Zla cac gia tri mau kich thich ba thanh phén.
Toa d¢ mau CIE (x, y) dugc tinh theo cdng thiic (3):

X Y
= sy = (©)

X+Y+Z X+Y+Z
Toa d6 mau CIE (x, y) tinh dugc theo cong thiic
(2) va (3) tii i liéu phé PL la (0,19; 0,22) va (0,36;
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Hinh 3: (a) PhS PL cia CLT ZnS va ZnS:Mn?T, (b) Phé PL ctia CLT ZnS:Mn2 véi thé tich chat bao TGA khac nhau, (c)
Toa dd mau CIE (x, y) cia CLT ZnS va ZnS:Mn2*, (d) Su chdng lap gitia cAc dudng cong phd nhay sdng & mét ngudi

va phé PL clia CLT ZnS:Mn2t (Vg4 = 0,5 ml).

0,59) tuong ting véi ctia CLT ZnS va ZnS:Mn?+ nhu
Hinh 3(c). Két qua cho thdy rang d6i véi cic CLT
ZnS$ pha tap Mn ¢6 toa d mau dich chuyén vé phia
anh sdng phat xa vang so v6i CLT ZnS khong pha tap
phét xa cht yéu & viing xanh duong. Hon nita, toa
d6 mau CIE (x,y) cia CLT ZnS:Mn2* dugc téng hop
véi thé tich chit bao TGA khéc nhau dugc trinh bay
nhu Bang 1. Két qué nghién cttu chi ra rang mau sic
phét huynh quang ctia cic CLT ¢4 thé dugc diéu khién
béng lugng chit bao TGA.

Hinh 3(d) trinh bay su chéng 14p gitia phS PL ciia CLT
ZnS:Mn2t (Vg4 = 0,5 ml) va cac ham hiéu sust sang
& mat ngudi § diéu kién nhin ban ngay V(A1) va diéu
kién nhin ban dém V’(1). Dya vao mo6 hinh chéng 14p
phd nay, hiéu sudt sing cua biic xa quang hoc (LER,
Worp) cia CLT ZnS:Mn?t dugc tinh theo cdng thiic
( 4) 21 .

683 T IS0 P(A)V (A)dA

Worp 4)

LER =
J3s0 P(A)d

V6i P(A) trong trudng hgp nay 1a phd PL ctia CLT
Zn$:Mn>", V(1) 1a ph8 nhay sdng clia mit ngudi ¢
diéu kién nhin ban ngay. Hon niia, gid tri LER lén
nhdt (Im/Wep) la 683 Im/W,,, dat dugc tai budc
séng 555 nm d6i véi ngudn sang don sic 0.

Ty s6 S/P ctia nguédn sang dugc dinh nghiala ty s6 gitia
hiéu sudt btic xa quang hoc (LER) & diéu kién nhin t6i
(V’(X)) va gia tri LER & diéu kién nhin sang (V(1)),
dugc tinh theo cong thiic (5) 2122, Gia tri S/P cao hon
chi ra rang hiéu suit cdm nhan sdng 6 mat ngudi t6t
hon.

S (Scotopic)
P(Pcotoplc) N
1699 f380P( YV (A)dA )
780
683 l’" POV (L) dA
Wotp J380

Gia tri LER, ty s6 S/P chia CLT ZnS:Mn** va ty
s6 cudng do phd PL tuong d6i cta dinh phat xa
ion Mn%t so véi dinh phédt xa ctia mang cht ZnS
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Hinh 4: () Ty 56 lyzn2+ /Izns va hiéu suat buc xa quang hoc (LER) clia CLT ZnS:Mn?* QDs téng hop véi néng d6 TGA

khac nhau

(Ingno+/1zns) tinh duge va trinh bay trong Bang 1.
Hinh 4 cho thdy ring hiéu sudt sing buic xa quang hoc
(LER) ctia CLT ZnS:Mn?* tj 1¢ thuan véi hiéu sudt
truyén nang lugng tit mang chti ZnS sang cac ion tap
Mn27. Két qua nayla do su chéng 14p gitta phd PL ctia
CLT ZnS:Mn?" tai vi tri phét xa clia ion Mn?* véi céc
phé nhay sdng & mat ngudi V(A) va V(1) nhu minh
hoa trong Hinh 3(d).

Nhiét d mau tuong quan (CCT, K) ctia cac CLT dugc
tinh ti di liéu phd PL va theo cong thiic cia Mc-
Camy?3:

CCT = —473 x n3 + 3601 x n?

—6861 x n+5514.32 (6)
X — X

n=——
Y—=Ye

V6i x, y 1a céc toa dd mau CIE (x, y) clia mau, x, =
0.3320 va y, = 0.1858 la céc tam toa dd mau don sic
theo cong thitc McCamy. Nhiét 46 mau tuong quang
ctia CLT ZnS$:Mn*" v6i thé tich TGA khdc nhau dugc
trinh bay nhu Bang 1.

Két qua gia tri nhiét d6 mau tuong quan cho thay rang
cac gid tri CCT (K) déu I6n hon 4000K va pht hgp
cho ting dung lam vat liéu phat sing cho nguo6n sing
lanh, trong khi cac ngudn sdng 4m thuong c6 nhiét

d6 mau duéi 3200 K4. Hon nita, CLT ZnS:Mn2" véi
dinh phat xa PL tai 540 nm rét phtt hgp cho lam thanh
phén phét xa diéu chinh mau sic trong cu truc cac
LED phat anh sdng tring. Bén canh d6 cdc thong
$6 mau nhu chi s6 hoan mau (CRI) va thang do chat
lugng mau sic (CQS) déu dugc st dung d€ danh gid
mau sic thuc cta vat thé duoc nhin dudi diéu kién
chiéu sing???*, Cac thong s6 CRI va CQS dugc xiy
dyng bdi hoi dong chiéu sang qudc té€ goi tit la CIE
va Vién qudc gia vé tiéu chudn va cong nghé viét tat1a
NIST. Trong cdng trinh nghién ctu nay ching toi st
dung phian mém Color Calculator V7.77 d€ tinh cac
thong s6 CRI va CQS ctia cic CLT ZnS:Mn>* théng
qua dit liéu phd PL ctia ching. Két qua cac gid tri CQS
dugc trinh bay trong Bang 1. Két qua cho thdy mau
téng hgp véi thé tich TGA = 1,5 ml cho céc thong
s6 CRI va CQS 16n nhat (CRI = CQS = 64). Thdng
thuong d6i v6i cac ngudn phat anh sdng tring c6 chi
$6 CRI va CQS16n hon 80424, Hon nita, Hinh 5 trinh
bay d6 thi khong gian mau CIE L*a*b* cta cdc chi s6
CRI v6i 15 mau phan xa bao hoa déi véi nguodn sang
tham chiéu va 16p vat liéu phat sang kiém nghiém la
CLT ZnS:Mn%t QDs dugc tong hgp v6indng dd0 TGA
khac nhau. Két qua trong Hinh 5 cho thdy rang khi
tang thé tich chit bao TGA thi gamut mau ctia cac
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Bang 1: Hiéu suat sang ctia buc xa quang hoc (LER), ty sé S/P, ty s cudng dé tuong déi Iy,,>* /I, nhiét d6 mau
tuong quan (CCT), thong sé thang chat lugng mau (CQS) va toa @6 mau CIE (x, y) cia CLT ZnS:Mn>" téng hop véi

ndng dé chat bao TGA khac nhau.

Mau LER S/P IMn**/IZnS  CCT CQSs CRI CIE (x,y)
(Im/Wotp) (Ra)

VTGA = 0.5 ml 482 1,60 31,8 5144 14 27 0,36; 0,59

VTGA = 1.0 ml 341 2,12 2,73 6568 52 48 0,29; 0,48

VTGA =1.5ml 331 1,54 2,39 4494 64 64 0,38; 0,50

VTGA =2.0 ml 473 1,67 13,13 5380 21 31 0,34; 0,59

mau trong khong gian mau CIE L*a*b* ting 1én va
khoéng gamut mau dong bo nhat d6i v6i mau CLT
ZnS:Mn?* dugc téng hop véi thé tich TGA 13 1,5 ml.
Két qua sy md rong gamut mau nay hoan toan phu
hgp v6i két qua tinh todn cdc thong s CRI va CQS
dat dugc trong Bang 1. Céc thong s6 mau t6i uu dat
dugc d6i véi CLT ZnS:Mn?t dugc tong hop v6i TGA
= 1,5 ml. Hinh 6 (a) trinh bay phd phan bd néng
lugng ctia CLT ZnS:Mn>" t3ng hop véi thé tich TGA
toi uu trong nghién ctiu nay 1a 1,5 ml va Hinh 6(b)
trinh bay biéu d6 mau CIE (x, y) ¢6 biéu dién gid tri
nhiét d6 mau tuong quan CCT. Véi gia tri nhiét do
mau khoang 4494 K cho thdy ring ZnS:Mn?* phu
hop cho lam 16p vat liéu phat sang trong cdc ngudn
sang lanh. Tuy nhién, thong s6 CCT mo ta nhiét do
mau tuong quan theo truc ti Yellow dén Blue nhu
Hinh 5 trong khong gian mau CIE L*a*b* va bi€u d6
mau CIE (x, y) nhu Hinh 6(b). Vi thé, thong s6 Duv
dugc x4y dung badi Vién tiéu chudn qudc gia Hoa Ky
(ANSI) dugc sti dung d€ mo ta thong s6 CCT theo
truc tit Red dén Green. Thong s6 Duv 1a thude do
dinh lugng khoang céch gitia toa do mau CIE (x, y)
ctia mot ngudn sang cho trudc (nguon sang cin kiém
tra) va nhiét d6 mau tuong quan ngang bang véi su
btic xa cua vit den tuyét d6i nhu Hinh 6(b). Gid tri
Duv = 0,0471 (Hinh 6(a)) dat dugc trong nghién ctiu
nay la gia tri duong va c6 CIE (x, y) ndm phia trén
duong cong nhiét d6 mau tuong quan CCT va nga
nhe v€ mau xanh 14 cay (green) nhu Hinh 6(b). Vi thé,
CLT ZnS$:Mn** phit hgp lam 16p vét liéu phét sing
thanh phén b6 sung trong cac thiét bi phat 4nh sing
trang nhu LED hodc céc thiét bi dién phét quang.

KET LUAN

Trong bai bdo nay, CLT Zn$ va Zn$:Mn** dugc téng
hop béng phuong phép két ttia héa hoc tai 80 °C trong
modi trudng nude va st dung TGA nhu la chit bao bé
mit. Cac CLT déu c6 cu truc 14p phuong zin-blende
v6i cdc dinh phét xa tai 430 nm va 540 nm. Pinh PL
tai 540 nm 1a két qua ctia qua trinh truyén néing lugng
tit mang cht ZnS sang cc ion tap Mn?*. Cac thong s6

mau ctia cac CLT nhu hiéu suit sang ctia biic xa quang
hoc (LER), ty s6 S/P, toa d6 mau CIE (x, y), nhiét do
mau tuong quan (CCT), chi s6 hoan mau (CRI) va
thang chdt lugng mau sic (CQS) dugc khio sit mot
cach chi tiét. Két qua cho thdy ring CLT ZnS:Mn?*
pht hgp lam 16p vét liéu phat sing hodc thanh phan
phét sing b sung trong cdc thiét bi phat anh sidng
tring nhu LED hodc cac thiét bi dién phét quang.

LO1 CAM ON

Bai bdo nghién ctiu dugc hé trg thuc nghiém va do dat
tai Phong thi nghiém Vat liéu in, Khoa In & Truyén
thong, Trudng Pai hoc Su pham Ky thuit TP. H6 Chi
Minh.

DANH MUC CAC TU VIET TAT

CIE: Commission Internationale De leclairage: Uy
ban chi€u sang chiéu sang quoc té

CRI: Color Rendering Index: Chi s6 hoan mau

CQS: Color Quality Scale: Thang chit lugng mau séc
NIST: National Institute of Standards and Technol-
ogy: Vién qudc gia tiéu chuén va cong nghé

ANSI: American National Standards Institute: Vién
tiéu chudn qudc gia Hoa Ky

CCT: Correlated Color Temperature: Nhiét d0 mau
tuong quan

LER: Luminous Efficacy of Optical Radiation: Hiéu
sudt sing ctia biic xa quang hoc

S: Scotopic: Ham hiéu sudt sing mit ngudi & diéu kién
nhin ban d¢m V’(1)

P: Photopic: Ham hiéu suit séng mit ngusi & diéu
kién nhin ban ngay V(1)

XRD: X-ray diffraction: Nhiéu xa tia X

PL: Photoluminescence: Quang phéat quang

PLE: Photoluminescence Excitation: Kich thich
quang phat quang

TEM: Transmission Electron Microscope: Hién vi
dién tl truyén qua

TGA: Thioglycolic Acid: Axit thiolglycolic

TFEL: Thin Film Electroluminescence: Mang mong
dién phat quang
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Hinh 5: Khong gian mau CIE L*a*b* clia cac chi s6 CRI v&i 15 mau phén xa bao hoa déi véi ngudn sang tham chiéu
(Ref) va ngudn sang kiém nghiém (Test) la CLT ZnS:Mn?* QDs téng hap vé6i ndng do TGA khac nhau.

4494 K /64 CRI / -65 R / D.047

Watts/nm (10?)

50 550 600 650 700
Budc séng (nm) x

Hinh 6: (a) Phd phan b nang lugng, (b) Biéu d6 mau CIE (x, y) clia CLT ZnS:Mn?* QDs téng hap véi ndng dé TGA
=1,5ml
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LED: Light-Emitting Diode: Diode phat sing
QD: Quantum dot: Chim lugng ti

XUNG DOT LOI iCH

Tac gia ddm bao khong c6 xung dot vé lgi ich
DPONG GOP CUA CACTACGIA

Nguyén Thanh Phuong: Thuc hién thi nghiém, do dat
s6 liéu thuc nghiém, xti 1y s6 liéu, viét va chinh stia ban
théo.
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Investigation on photometric and photoluminescent properties of
Mn’*-doped ZnS quantum dots

Nguyen Thanh Phuong”

ABSTRACT

ZnS and Mn?*-doped ZnS quantum dots (ZnS QDs, ZnS:Mn*tQDs) are prepared by the co-
precipitation route at 80°C in basic aqueous solutions. X-ray diffraction (XRD), photoluminescence
(PL), photoluminescence excitation (PLE) spectroscopy, and photometric analysis were employed
to characterize the samples. The ZnS QDs and ZnS:Mn?*QDs have a zinc-blende structure and a
sphere in shape with average particle sizes of about 20 nm. The XRD and PLE analysis results indi-
cate that the Mn?* ions have been successfully doped into the Zn** ion position in the ZnS host
lattice. The blue emission peak observed at about 430 nm is due to the ZnS host lattice, and the
PL peak that appeared at about 540 nm is due to the energy transfer from the ZnS host lattice
to the Mn?* impurity. The overlap between the ZnS:Mn** QDs spectral power and the human
eye sensitivity spectra is significantly enhanced with the efficient energy transfer process. The sco-
topic/photopic (5/P) ratios are proportional to the color correlated temperature (CCT) values. The
CIE (x, y) chromaticity coordinates of ZnS QDs and ZnS:Mn2tQDs were also calculated from the
tristimulus values X, Y, Z. Photometric and chromatic parameters of ZnS:Mn?t QDs with Vyga = 1.5
mlare LER = 331 (Im/Wop), S/P = 1.54, CCT = 4494 K, CRI = 64, CQS = 64 and CIE (x, y) = (0.38; 0.50).
Thus, the ZnS:Mn2* QDs are suitable for developing tune color components in white thin film elec-
troluminescent (TFEL) devices and light-emitting diodes (LEDs) for solid-state lighting applications.
Key words: Quantum dots, ZnS:Mn2+, Photoluminescence, Hiéu suét sang, CCT, LER, CRI, CQS
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