Journal of educational equipment: Applied research, Volume 1, Issue 326 (December 2024)
ISSN 1859 - 0810

Ung dung ciia cham hrong tir phat quang dién
trong cong nghé hién thi va giang day

T6 Thi Thdo*
*Khoa Co ban I, Hoc vién Cong nghé Buu chinh Vién thong
Received: 4/11/2024,; Accepted: 12/11/2024, Published:18/11/2024

Abstract: Through the integration of quantum dots with light-emitting diodes (LEDs), quantum dot light-
emitting diodes (QLED) devices have been developed. This cutting-edge technology provides notable
advantages over conventional lighting systems, including exceptional color accuracy, fast response times,
and high energy efficiency. Additionally, the wide-ranging applications of QLED technology in science,
technology, healthcare, and education underscore its potential to become the dominant display technology

of the future.
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1. Pit vin dé

Man hinh tivi sir dung 6ng tia am cyc CRT
(Cathode Ray Tube) dugc phat minh ra tr nam 1907.
DPén nhitng nam 1950, véi su tién bo cuia khoa hoc k¥
thuat, tivi mau dau tién dugc xuit hién tai My. D6 1a
nhitng tivi dugc dya trén man hinh LCD va plasma.

Tuy nhién, cac man hinh hién thi trén c6 nhiing
han ché kéo dai tir khi ra doi: dén nén den cao, do
trong phan thdp va kha ning tai tao mau sic con
nhiéu han ché. Déi véi hai diém dau tién, hién tai
van chua c6 giai phép, trong khi viéc cai thién phan
ung mau séc c6 thé dat duoc nho vao chdm luwong
tir (quantum dots - QD), nhitng hat nano tinh thé
dugc chén vao hé thong nén cia man hinh LCD. QD
khong chi gitp tai tao mau sic sang hon va dep hon,
ma con giam ning lugng can thiét dé van hanh man
hinh, v6n 14 yéu t6 quan trong ddi véi cac thiét bi di
dong [1,].

cac diém anh con ctia man hinh LCD. Thanh phan
anh sang xanh khong gip van dé, nhung phan anh
sang vang phai bién thanh mau xanh lyc va do, mot
su chuyen d6i gay ra sy lang phi photon 16m, vi chi
¢6 mot phan nho (khoang 10%) co thé di qua cac bo
loc xanh luc va do.

Nam 1994 man hinh LCD duya trén QD da dugc
gidi thidu QLED (di-6t phat sang dya trén QD). Cac
tinh chat va hiéu suit cia man hinh QLED phu thudc
vao kich thudc va thanh phan cia cac hat QD. QD
¢6 kich thudc tir 2 dén 10 nm, c6 thé hoat dong dudi
dang quang phat quang (photoluminescent) va dudi
dang dién phat quang (electroluminescent), tich hop
chung vao ky thuat hién thi.

2. Noi dung nghién ciru
2.1. Céu triic va nguyén Iy hoat dpng ciia OLED
2.1.1. Cham luong tir
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sang phat xa vao kich thuoc cua QD [8]
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Cham luong tir (QD) 1a nhitng tinh thé ban dan ¢
kich thudc tir 2-10 nm, va thuong 1a ZnS hoéc CdSe.
V6i kich thude nay c6 thé so voi ban kinh exciton
Bohr (khoang cach giira electron & ving dan va 16
tréng & ving hoa tri) thi ning lwong cua chiing (tirc
1a nang lugng can thiét dé electron co thé nhay 1én
muc nang lugng cao hon). Do do, budc song cua anh
sang phat ra phu thudc vao kich thudc cia QD. Luc
nay, tinh chit cia QD gan gidng nhu nguyén tir hon
1a vat liéu khéi [2].

Trong khi ban dan khdi chi ¢6 thé phat ra mot mau
sdc anh sang duy nhat thi vi QD, ngudi ta ¢6 thé diéu
chinh mau sic chinh xac ma mot QD c6 thé nhan va
phat lai bang cach diéu chinh kich thudc ctia no. Hinh
2.1 thé hién sy khac nhau giita ban dan khéi thong
thuong va QD. Sy khac nhau nay do su khac biét
giita viing dan va ving hoa tri (khe ning luong) cua
ban dan khdi va QD khi thay dbi kich thude cia QD.
Nguoi ta didu chinh tan s6 anh sang phat xa bang cach
thay d6i kich thudc, hinh dang va vat liéu cua QD.

Hinh 2.2 cho thay budc song anh sang ti 16 thuan
v6i kich thudce cua QD. Trong cac thiét bi hién thi,
QD sé& chuyén d6i anh sang xanh lam thanh anh sang
mau do hodc xanh luc, phu thudc vao kich thudce cia
QD do s hiéu ng giam cam luong tir (hinh 2.3).

ELECTRON WAVE
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mau RGB) va dugc kep giita hai 16p dan dién, mang
cac dién tich. Cac electron va 15 tréng tai hop bén
trong cac tinh thé nano, hinh thanh cac exciton va lan
lugt gay ra sy phat ra cac photon voi budc song ty 1€
thuén véi kich thude cia QD (hinh 2.2).

Nho céc tinh thé nano ndy, c6 thé mo rong gam
mau dé bao phu 100% khong gian mau sRgb, ciing
nhu Adobe RGB va DCI, 1én dén khoang 95% Rec
2020, yéu cau cic mau co ban don sic. Nham ning
cao hiéu suit cia QLED, nguoi ta co thé su dung
cac hat tinh thé ZnO c6 tac dung nhu 16p van chuyén
dién tr ET. Nang luong ving cdm E_ddi véi hat nano
ZnO dugc xac dinh tir biéu thirc [9]:

E 100

& NEs 18.1d% +41.4d —0.8

Trong do, E\ ». 1a khe nang luorng cua hat nano,

epui 18 Khe nang luorng ctia ban dan khdi ZnO (~3,3
eV) d 12 ban kinh cua hat nano. Nhu vdy, bang cach
thay ddi ban kinh ctia hat nano, d¢ rong ving cdm
thay d6i dan dén budc song cua anh sang phét ra
ciing thay dbi.

Céu trac QLED dién hinh gom 4 16p (hinh 2.4):

(1). Lop van chuyén electron (ETL) - dé bom
electron tir cuc am va van chuyén electron.

(2). L6p vén chuyén
16 tréng (HTL) - dé van
chuyén 16 trong tir HIL
dén EML.

(3). Lép tiém 19
(HIL) - dé bom 13 trong
tr dién cuc anode.

= Eg,bulk +

<

Larger nanoparticle, more
space for the electron wave

Hinh 2.3: Su phu thudc cua budc song electron vao kich thuoc QD (Nobel hoa

hoc nam 2023)

Céc nha nghién ctru da tap trung nghién ciru dé
tao nén cac QLED hoat dong t5t hon nhu thém
vao 16p truyén dién tich bang cic hat nano hay
cac vat liéu tao nén QD khac nhau [8,9].
2.1.2. Cdu triic va nguyén 1y hoat dong ciia
OLED

Y tudng str dung QD 1am ngudn sang tryc
tiép xudt hién vao nhitng nim 90 cua thé ky
truge, khi cac nha nghién ciru cho thdy hiéu
sudt cao cua céc tinh thé nano trong qua trinh
chuyén ddi dién thanh anh sang [3].
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QD trong QLED.
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cac QD duogc chia thanh cac 6 (mot 6 cho moi
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Hinh 2.5: Gian do ndng
luwong cua QLED
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Khi mot electron va mot 15 tai to hop trong 16p
phat xa, cac photon dugc hinh thanh, véi budc song
tuong Uing véi khoang cach nang luong cua cac QD
(hlnh 2.5). Cang nhiéu electron va 13 tai t6 hop, cang
nhiéu photon s& duogc tao ra, didu nay tuong ng voi
cuong do sang nhan dugc cang 16n. Vi véy, nguoi ta ap
dung 16p van chuyen 16 trong (HTL) valop véan chuyen
electron (ETL) dé han ché cac electron va 16 trong
trong 16p phat xa, nhdm cai thién hiéu suét cta thiét bi.
2.2. Ung dung

Ngoai g dung trong man hinh tivi, cong nghé
QLED con dugc tng trong viéc ché tao man hinh
dién thoai, may tinh bang... nho kha nang vuot trdi
hon cac thiét bi hién thi khac vé mau séc, do tuong
phan, tiét kiém nang lugng... Ngoai ra, QLED con
dugc st dung trong y té dé tao ra cac thiét bi cham
soc suc khoe [3,4,6]. Cac ing dung dién hinh nhu:

Trong liu phap quang dong Iuc PDT
(Photodynamic Therapy) hay quang sinh diéu bién
(photoblomodulatlon) QLED glup tang cuong trao
d6i chét voi té bao gitp didu tri vét thuong va tiéu
diét té bao ung thu. QLED dugc lam chit danh dau
sinh hoc phat quang, giup phat hién cac bénh nhu
ung thu ¢ giai doan sém thong qua hinh anh quang
hoc. Hinh 2.6 thé hién cac té bao ung thu bi chét
(mau dam) & hinh 2.6¢ nhiéu hon sau khi diéu tri
bang phuong phap PDT.

Hinh 2.6: Té bao ung thw diedi danh sang hupnh quang sau 24h véi ba phirong phap
(a) Kiém sodt te bao ma khong can xu Iy bang anh sang; (b) PDT dua trén den LED;

(c) PDT dya trén QLED [5]

- Nho d6 twong phan cao, mau sic rd nét nén QLED
giup tang cuong do
phén giai hinh anh
y té (nhur X-quang,
CT scan, MRI) dé
hd trg chin doan
va lam man hinh
thiét bi y té. Viéc
st dung QLED
lam thiét bi quang
dién t&¢ giup do
nong do oxy trong
méu  SpO, cho
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Hinh 2.7: Thiét bi do SpO bang
QOLED [5]
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thdy két qua chinh xac hon, khong c6 nhiéu so véi cac
phuong phap khac.

Cong nghé QLED dugc tich hop trong céc thiét bi
thuc té ao/ting cuong (VR/AR), gitp hoc sinh v sinh
vién trai nghi€ém hoc tap chan thuc hon.

3. Két luan

So véi OLED, QLED d6 tinh khiét mau sic tot
hon do sy phéan tan budc séong cua ba mau co ban
RGB la rat thép. Hon nita, QD ¢6 hiéu suit cao hon
va do do6 tiéu thu it nang lugng hon méc du cé do
sang cao hon. Cong nghé hién thi dva trén QLED la
su lya chon tdi wu cho cac thé hé man hinh tuong lai
nho vao cac loi thé tiém nang vuogt troi.

Cong ngh¢ QLED khong chi don thuan 1a mot
giai phap cong nghé hién thi, ma con 1 cong cu mang
tinh cach mang trong viéc nang cao chit luong gido
duc. Nghién curu va tng dung QLED trong day hoc
gop phan thiic day gido duc hién dai, cai thién trai
nghiém hoc tap, glup hoc sinh tlep can tri thuc mot
cach hiéu qua hon vé hiéu suét, tiéu thyu dién ning
thap, ty 18 twong phan tét va kha ning chéng 16a cao.
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