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RESEARCH ON THE FABRICATION AND OPTICAL PROPERTIES OF
INORGANIC PEROVSKITE QUANTUM DOTs CsPbBr; AND THEIR
APPLICATION FOR TRANSPARENT COLOR DISPLAY PANELS

Duong Thanh Tung
School of Materials Science and Engineering - Hanoi University of Science and Technology
ARTICLE INFO ABSTRACT
Received: 19/3/2025  This study focuses on the fabrication of transparent luminescent panels
. based on perovskite/PMMA composite materials. CsPbBrs; quantum
Revised: 30/6/2025  jots with a perovskite structure, approximately 10 nm in size and cubic
Published: 30/6/2025 in shape, were successfully synthesized using the hot injection method

from PbBr. and Cs2COs precursors. These quantum dots emit green
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1. Gioi thigu

Céc chim lugng tur perovskite halide kim loai la vat liéu ban dan da thu hat sy quan tam to 16n
trong nhitng nim gan day d6i vai cac thiét bi quang dién thé heé t1ep theo nho vao cac dac tinh
quang dién vuot troi, chang han nhu vat lidu ré tién va quy trinh ché tao don gian. Ching da duoc
g dung rong réi trong cdc linh vue nhu pin mat troi thé hé moi, di-6t phat quang (LED), cam
bién quang c6 do nhay cao, laser, v.v. [1] — [5]. So v6i perovskite hitu co - v6 co lai (OIHP),
perovskite v co hoan toan c6 do 6n dinh nhiét va d6 am tot hon [6]. Trong s6 d6, CsPbBrs ¢ cau
trac 1ap phuong la mot trong nhiing vét liéu perovskite v6 co 6n dinh nhat, da dugc nghién ctru
cho nhiéu tmg dung nhu b phat tia X (X-ray scintillators) [7], phim tang cuong mau sac cho
man hinh tinh thé 1éng c6 dai mau rong [8], va cam blen quang st dung 1am 16p héap thu hodc 16p
chuyen d6i mau [9], [10]. Céc tinh thé nano va mang sé lugng 16n cia CsPbBrs da duge ché tao
bang nhiéu phwong phap khac nhau, ching han nhu phi quay (spin coating), phu phun (spray
coating) [11], phu bay hoi nhiét (thermal evaporation coating) [12], v.v. Ngoai trr tinh thé don,
perovskite da tinh thé vai lién két hoa hoc-ion yéu co thé bién d01 giita cac hé tinh thé khac nhau,
bao gdm hé 1ap phuong va truc thoi, 1am cho né trd nén kém 6n dinh [13]. Mang moéng duoc lap
réap tir cac tinh thé nano perovskite da ndi 1én nhu mot giai phap thay thé dy hira hen cho mang
sO lugng 16n dé ngan chian qua trinh di chuyén ion. Hat nano trong mang perovskite gitip ngin
chin su chuyén pha tir perovskite sang pha khong c6 hoat tinh quang hoc, su phan tach pha do
anh sang gy ra va sy phan huy vat liéu [14]. Mot ing dung dang chua y khac 1& man hinh hién thi
phat xa trong sudt. Trong nghién ctru trude day, ching t61 da sur dung mot may chiéu v6i ngudn
laser ¢6 budc song ngan (405 nm) va mot tam nano tinh thé perovskite phat xa mau xanh lam
(470 nm) lam man hinh phat xa trong sudt [15].

Trong nghién ctru nay, cac chim lugng tir CsPbBrs c6 kich thudc ~ 10 nm da duge ché tao bang
quy trinh tong hop nhiét phan mot budc don gian voi kha ning phat xa xanh luc manh. Cac tinh
chat cdu trac va quang phat xa ciia chung dugc nghién ctru thong qua viéc do phd kich thich quang
phat xa (PLE) va pho phat xa quang (PL), hiéu suat phat xa quang, nhiéu xa tia X (XRD) va kinh
hién vi dién tir truyén qua (TEM). Cac hat nano sau ché tao dugc két hop véi may chiéu véi ngudn
phat 13 laser 405 nm cho tmg dung man hinh phat xa trong sudt, cling da dugc nghién ctru.

2. Thuc nghiém
2.1. Héa chit

Céc hoa chat dugce s dung trong nghién ciru nay bao gom: Cesium carbonate (Cs,COs3)
99,9%, Oleylamine (OLA) (C18H35NH2) 98%, Oleic acid (OA) (C18H3402) 90%, Lead bromide
(PbBry) 99,9%, Iso-Octane (CgHig), Methyl methacrylate MMA 99,8%, Poly (methyl
methacrylate) PMMA. Céc hoa chat nay dugc st dung tryc tiép trong cac budc thi nghiém, va
khong can tinh ché thém.

2.2. Cdc budc thwc hién
2.2.1. Tong hop cham lwong tir perovskite

PAu tién, can 32,6 mg Cs,CO3, 330,3 mg PbBr; cho vao binh cau 50 ml, sau d6 cho thém 1 ml
OLA va 1 ml OA vao binh cau. Ly 10 ml iso-Octane cho vao binh cau 50 ml & trén. Ly binh
cau chira toan bd hoa chéat vao bé dau 85 °C, khudy trong 25 phit. Sau do, 1am lanh dot ngot
trong bé nude da. Pé toan bd dung dich thu duogc tai diéu kién thuong 12 gio, sau d6, mang dily
tam voi toe do 5000 vong/phut. Bo phan dung dich phia trén, cho thém 5 ml iso-Octane vao 6ng
ly tAm c6 gt lai phan chét rin sau ly tim, mang 6ng ly tdm di rung siéu 4m. Cubi cung, mang di
ly tam tai 5000 vong/phut, lay phan dung dich phia trén.
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2.2.2. Ché tao tam panel chira cham lwong tir perovskite

Hoa tan 1 g PMMA trong 10 ml MMA. Sau khi PMMA tan hoan toan, nho thém 1 ml dung
dich vat liéu perovskite va khudy déu. Nho 30 ul hdn hop dung dich & trén 1én tim nhya mica
kich thudc 3 x 3 cm, dung phuong phép gat pha dé tao mang.

2.3. Cdc phép do phdn tich

Pha cta miu dugc x4c dinh bang cac phép do nhiéu xa tia X (XRD) vdi hé do Philips X'Pert
v6i birc xa Cu-Ka trong pham vi 10° < 20 < 50°. Hinh thai cia cac hat duoc ghi lai bang kinh
hién vi dién tir quét emision trudng (FESEM, JEON). Hé huynh quang ctia Horiba (M§) c6 thé
do birc xa huynh quang tir 180 nm dén 1550 nm, do hép thy huynh quang tir 250 nm dén 750 nm.
Hé do quang ciia Gamma Scientific gdm cau tich phan, bd xir 1y tin hiéu quang Radoma GS-1290
két ndi véi PC, phan mém xtr 1y va hién thi quang phé Gamma Scientific LightTouch LED.

3. Két qua va thao luin

Céc chdm luong tir perovskite CsPbBr; dugc ché tao bang phuong phap ddng két tua, cac hat
CsPbBr; c6 chung hinh dang ldp phuong. Cac cham luong tir sau ché tao duoc bao boc bai 16p
bén ngoai bang OLA tranh cho chiing két tu va su phan hity khi tiép xic véi moi truong co do am
cao. Hinh 1a cho thay cac chim lugng tir c6 chung hinh dang 1ap phuong, cac hat sau ché tao co
kich thuéc phan bd trong khoang 5 nm — 15 nm, do su phan bé kich thudc hat rong cho thdy phd
phat xa ctia mau ciing rong hon. Hinh 1b 13 4nh TEM phéan giai cao cia mot cham luong tir
perovskite CsPbBrs ¢6 kich thude trung binh khoang 10 nm. Khoang cach mang do dugc la 0,41
nm, twong u‘ng véi mat (1 10) phu hop voi cac ket qua da cong bo trudc day ve vat liéu nay [16].

Hinh 1. Anh TEM (a), anh HR-TEM va phé nhiéu xa dién tir (b) ciia perovskite CsPbBrs
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Hinh 2. Gidn dé nhiéu xa tia X ciia méu perovskite CsPbBrs;
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Céu tric tinh thé cta vat liéu duoc khao sat thong qua phép phan tich nhidu xa tia X. Cac dinh
nhiéu xa tai goc 26 1a 15,1°, 21,9°, 31,01°, 33,9°, 37,7° va 43,5° lan lugt tuong &ng Véi cac mit
tinh thé (100), (110), (200), (210), (211) va (202) cua pha ciu tric 1ap phuong CsPbBrs
(PDF#540752) [8]. Cac dinh nhidu xa coa vat liéu tai goc 26 lan luot tai 15,1°, 21,9°, 31,01°
(Hinh 2) thé hién céu trac truc thoi dic trung cua chdm lugng tur perovskite, thé hién da ché tao
thanh cong cham lugng tir CsPbBr; véi cau triic perovskite.

(a)
+ 1 ml dung dich CsPbBr3

Gat phi dung
1gPMMA + T (10 mg/mi) dich thu duorc
10 ml MMA e lan dé nhua
Khudy déu mica
Can gat
(b) o

-

Hinh 3. Quy trinh phii gat tdm PMMA/CsPbBr; composite

Cac hat nano CsPbBr; sau khi dugc ché tao duoc pha tron voi keo PMMA va phu [én tAm
nhya Mica trong sudt bang phuong phép gat pht nhu dugc thé hién trén Hinh 3 véi cac s6 lan gat
phit khac nhau (1, 3, 5, 7 lan). Mang CsPbBry/PMMA composite sau d6 dugc khao sat tinh chat
quang bang phep do pho truyén qua UV-Vis nhu duoc thé hién trong Hinh 4a. Hinh 4b cho thay
do thi (ahv)? theo hv ciia mang dugc phu 7 16p. Tir d6 thi ta c6 thé xac dinh duoc be rong vung
cAm quang 13 ~ 2,39 eV théng qua ham Tauc. Phuong phap nay dua trén gia dinh rang hé sb hap
thu a phu thudc vao nang lugng photon hv va co thé duoc biéu dién boi phuong trinh:

(ahv)y = B(hv — Ey) (D)

Trong d6, h 1a hang sb Planck, v 14 tin s ciia photon anh sang, E4 la bé rong ving cam, B 1a
hiang sé. y 1a yéu té phy thudc vao su chuyén doi ty nhién cua dién tir tir cung dan xubng ving
hoa tri. VAt liéu CsPbBr; duoc biét dén 1a vat liéu ban din ving cdm thang, véi gia tri cua y 1a %
[17]. Budc song kich thich tim phat quang trong sudt 13 khoang 405 nm, budc song phat xa
khoang 525 nm. Hinh 4 cho thiy khi ting 16p phu tir 1 16p 1én 7 16p, cuong do cua dinh kich
thich giam dén, do khi ting do day thi luong vat liéu ting 1én din dén lugng photon cia anh séng
kich thich bi hap thy nhiéu hon. Khi d¢ day 16p phi tir 1 16p 1én 5 16p, cuong do phat xa tang
dan, sau do khi tang 1én 7 16p, cuong d6 phat xa giam, vi Vay phii 5 16p 1a tdi uu nhat Vi 1 lop
phu, tAm phat quang c6 do truyén qua ludn 16n hon 97%; vé6i 3 va 5 16p phu, do truyén qua khong
chénh léch nhiéu trong khoang budc song tr 520 nm dén 740 nm. Trong khoang tir 520 nm dén
700 nm, phu 3 16p va 5 16p ludn c6 do truyen qua tur hon 90% dén 95%. Khi duoc phu 7 16p, do
truyén qua giam xudng rit nhidu so voi 1 16p, do truyen qua khi phu 7 16p trong khoang tir hon
5% dén dudi 90%. Co thé thay do truyén qua cua cac tam duoc phu tir 1lop dén 5 16p déu co do
truyen qua hon 90% trong khoang 520 nm dén 740 nm, do do, ching rat pht hop trong viéc ché
tao tAm phat quang trong suot g dung 1am man hinh hién thj tc do. Trong khoang bude song
tir 350 nm dén 500 nm, tim phat quang duoc phu tir 3 16p dén 7 16p co6 su giam do truyén qua
manh 16n hon so véi mot 16p, tAm phi 116p do co it vat liéu nén trong khoang budc song tir 350
nm dén 500 nm c6 sy suy giam do truyén qua khong dang ké. Pic biét tai budc song khoang 350
nm c6 su giam manh do truyen qua clia cic tAm phu 3 16p dén 7 16p vat liéu. Viéc suy giam manh
nay 1a do vat liéu CsPbBr; hap thu manh tai buéc séng 360 nm. Phd phat xa (Hinh 5a) ciing cho
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thdy cac dinh c¢b dinh & mét vi tri (525 nm, twong tng véi gia tri nang luong ~ 2,36 eV) chimng to
bé rong ving cam khong thay doi theo do day ciia mang phii. Phd phat xa thuong c6 xu hudng
dich sang budc song dai (~2,36 eV) so véi pho hip thu/truyén qua (~2,39 eV) do hiéu mg stokes
shift cho thay két qua nay phu hop véi 1y thuyét [18].
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Hinh 5. (a) Phé phdt xa ciia tam phdt quang trong suét (500-550 nm) duwedi su kich thich cua dén LED UV
(405 nm), (b) Su suy gidm cuong do quang cua dén LED theo do day cua tam panel

Hiéu suit phat quang cuia cac mau mang sau ché tao duoc khao sat thong qua hé cau tich phan
VGi cac miu mang duoc dat trén chip led 405 nm. Bang cach ldy cudng do phat xa chia cho
cuong do hap thu thi thu dwoc hiéu suit lwong tir cia vat liéu. Dya trén Hinh 5, hiéu suat luong
tir cao nhat ciia mau xac dinh duoc 14 87%. St dung cong thirc:

Ng _ Se

Ng va N, lan luot 14 sb photon phat xa va s0 photon hap thy, do tich phan dién tich phan phat xa
Sg va tich phén dién tich phan hap thy Sa ty 1€ thuén voi Ng va Ny, nén ta c6 Ng/Ny = SglS,. Viéc
ché tao thanh tAm phat quang trong sudt gitp ting cudng hiéu suat phat quang, tranh dwoc viéc két
tu hat khi do dung dich do qua trinh toa nhiét cua chip led lam cho dung mdi bay hoi. Tam phat
quang trong sudt duoc ché tao don gian va dua trén cac vat lidu gia thanh thip, tim phat quang
trong sudt du6i diy duoc ché tao tir cac cham luong tar CsPbBrs. Ché tao tim phat quang trong sudt
dinh huéng ng dung trong viéc san xuat dong ho hién thi téc do trén 6 t6, xe may, may bay, V.V.

gitp ting tinh an toan cho phuong tién ciing nhu ting tinh thAm my cua san pham.
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Hinh 7. Hinh anh chup thuc té ciia tim phat quang trong suot sir dung nguon kich thich
la may chieu laser 405 nm

Thuc hién khéo sat cudng do phat quang theo nhiét do (Hinh 6) cho thdy su thay d6i cua
cuong d6 phat quang kha tuyén tinh. Khi ting nhiét d6 méi truong 1én 40 'C, 50 'C, 60 C va
80 "C lan luot cho thay cuong do phat quang ciia tim phat quang trong sudt giam xudng 91,2%;
70,2%; 53,2% va 27,7%. C6 thé thay khi ting nhiét d6 1én khoang tir 40 'C dén 50 C, cuong do
phat quang khong giam nhiéu. Khi dé tim phat quang quay lai nhiét do binh thuong cho thay su
suy giam ctia cuong do khong dang ké chi tir 1 % dén 6 %. Diéu nay cho thdy kha nang phu hop
v6i viée ing dung lam man hinh hién thi tbc d6 trén 6 t6, do trén 6 t6 khi co ngudi nhiét do bén
trong xe luon dusi 30 °C va khi khong c6 nguoi, nhiét d¢ trong xe khoang tir 30 °C dén 60 °C.
Khi xe trong khoang nhiét d6 nay, cac tam phat quang ludn duy tri duge kha nang phat quang tot
ciing nhu khong ¢ sy suy giam nhiéu vé cuong do phat quang.

Viéc khdo sat khd nang phat quang cua tam composite perovskite/PMMA duogc thuc hién nhu
trén Hinh 7. Pau tién, sur dung phan mém trinh chiéu trén mot may tinh co két nol VGi may chiéu
(pI‘OJeCtOI') giap truyen thong tin can hién thi 1én trén tam phat quang trong suét. Pén cia may
chiéu dugc thay biang dén laser 405 nm c6 tac dung kich thich cac cham lugng tir perovskite trén
tam phat quang trong subt. TAm phét quang trong sudt dugc gan vao gia va dat tru6c may chiéu.
Pé thuc hién khao sat kha ning phat cta tim phat quang, dau tién két ndi ngudn dién cho cac
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thiét bi, sau d6 nhap noi dung can hién thj 1én tim phat quang qua may tinh. Diéu chinh tiéu cu
sao cho pht hop dé thu dugc hinh anh hién thi trén tim phat quang trong sudt sic nét nhét. Trén
Hinh 7 13 anh chyp thuc té ciia tim phat quang trong suét khi dugc chiéu bai may chiéu véi
nguén laser 405 nm (laser projector). Céc sd 1, 3, 5, 7 thé hién sb 16p vat liéu composite
perovskite/PMMA duoc phui 1én trén ¢ PMMA. Viéc khao sat s§ 16p phi phit hop 1én trén tim
PMMA dua trén chérn lugng tur perovskite CsPbBrs phat xa mau xanh lyc. Cac anh chup tam
phat quang trong sudt nay deu dugc thue hién khi anh sang phong duoc duy tri, hinh anh hién thi
trén tam phat quang trong sudt duoc hién thi mot cach rd nét. Dac biét, tim phat quang duoc phu
boi 16p CsPbBr; phat xa mau xanh luc cho thiy hinh anh ré nét nhét, 6 1a do mat ngudi nhay
nhat voi 4nh sang mau xanh luc.

4. Két luan

Trong nghién ctru nay, chiing toi da ché tao thanh cong mot tam hién thi mau trong suét dya
trén to hop giita vat liéu perovskite co kich thudc nano va nhya PMMA. Cac chim lugng tir
CsPbBrs; ¢6 cau triic perovskite, v6i kich thudc tir 5 dén 15 nm, dwgc tong hop bang phurong phap
phun néng (hot injection) tir cac tién chat PbBrz va Cs2COs. Cac cham lugng tir CsPbBrs phat ra
anh sang xanh luc (V6i dinh phat quang tai ~526 nm) khi dugc kich thich boi ngudn sang c6 budc
song 405 nm. Sau khi tong hop, cac cham luong ta dugc phén tan vao nhwa PMMA va phu Ién
bé mit bang phuong phap gat phu, tao thanh cac tdm phat quang trong sudt vai s6 16p phu lan
luot 13 1, 3, 5 va 7 16p. Cac tAm panel phat quang nay c6 kha nang hién thi hinh anh khi duoc
chiéu b0’| tia laser tir may chiéu projector, voi hiéu suat phat quang cao 1én t6i 87% va do truyén
qua trén 90% tai budc song 526 nm véi 5 16p phu. Két qua cho thiy san pham nay c6 tiém ning
ng dung trong cac thiét bi thwong mai nhu man hinh hién thi trén kinh lai 6 t6 (Head-up
Display), ciing nhu trong cac linh vuc khac nhu man hinh hién thi trong suét, thiét bi thuc té ting
cuong (AR), kinh théng minh, chiéu sang cao cip va cac hé thong hién thi twong tac hién dai.

Lo1i cam on

CQng trinh nay duoc thyc hién véi su hd trg vé kinh phi thude dé tai Bo Giao duc va Pao tao
ma s6 “B2025-BKA-02".
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