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MO DAU

Tinh c4p thiét d4p ing nhu ciu phat trién kinh té, xa hdi ctia luin 4n

Ning luong va méi truong dang duoc xem l1a van dé cbt yéu
trong tién trinh phat trién xa hoi ma nhan loai phai d6i mit trong thé
ky 21 nay. Viéc &p dung cac giai phap su dung nang lugng vdi hiéu
suét cao dang 1a mot yéu cau cip bach dbi véi mdi qudc gia. Hién nay
nhu cau ning lugng ctia nudce ta 1a rat 1on, trong d6 chiéu sang chiém
dén 30 % tong dién nang. Tuy nhién, san lugng dién clia cac nha may
khong dap tmg kip so v6i nhu cau sir dung. Chinh vi vy viéc nghién
ctru va trién khai mg dung cac ngudn chiéu sang hiéu suét cao la rat
can thiét. Trong sd ngudn chiéu sang hiéu suit cao phai ké dén diot
phat quang v6 co (Light emiting diode - LED) hitu co (OLED).

Can thiét phai nghién ciru, ché tao cac t6 hgp phat quang c6
thé (mg dung ché tao LED va OLED phat anh sang trang véi chi sd
hoan mau cao.

Dé tai nghién ctru ché tao cac vat liéu t6 hop phat quang moi
ung dung lam 16p phat quang trong OLED va LED.

Phuong phép ludn va phuong phap khoa hoc sir dung trong luan an

Luan an dugc tién hanh bang phuong phap thuc nghiém két
hop phan tich li giai cac ké qua nhan dugc. Cac vat liu to hop va cac
16p mang moéng st dung trong OLED va WLED dugc ché tao va khao
sat cau trac tinh thé, hinh thai hoc va dic tinh dién, quang. Tir két qua

tim dugc t6 hop t6i uu.



Chuong 1
VAT LIEU VA LINH KIEN CHIEU SANG RAN
(Téng quan tai ligu)
1.1.  Giéi thiéu chung vé 4nh sing va ki thuit chiéu sang

C6 thé ndi lich sir phat trién cta anh sang 1a qua trinh loai
nguoi tim toi, phat trién nhirng ngudn anh sang méi, hidu qua hon phu
hop v6i con ngudi hon. Trudce thé ky XIX, ba cong nghé chiéu sang
truyén thong ctia loai nguoi 1a: Chay sang, chiéu sang bang dén day
toc va dén phong dién huynh quang. Ba cong nghé truyén thong da dat
dugc nhitng tién bo dang ké trong hon 200 nim qua, nhung hiéu qua
chuyén dbi ning lugng trong chiéu sang chi dat trong khoang tir 1%
dén t6i da 1a 25%.

Sang cudi thé ky XX, cong nghé chiéu sang thir tu ra doi, d6
1a chiéu sang trang thai ran ma tiéng Anh 1a Solid-State Lighting
(SSL). SSL la thé loai 4nh sang nhan tao phat ra tir cac linh kién phat
quang lam tir diét phat quang ban dan vé co (LEDs), hitu co (OLED)
hay polymer (PLED).

1. 2. Ciu tao va nguyén Iy hoat dong ciia LED

LED - Light Emitting Diode, dugc goi 1a linh kién phat sang
ban din. Ping nhu tén goi, cong nghé LED 1a céng nghé chiéu sang
béng hai dién cuc v&i hd tro cua cac loai vat liéu ban dan va cong
nghé vat li€u noéi chung, dac biét 1a vat liéu nano. Quy trinh ché tao
dén LED trai qua hai giai doan chinh 14 ché tao tim dén (chip LED)
trude roi gén vdi hai dién cuc tao thanh bong dén. Hai dién cuc nay c6
d6 dai khac nhau (d6i voi loai LED cong suat thap), chan dai la anod

(dién cuc duong), ngén hon 1a catod (dién cyc am). Chip LED duogc



lam béng vat liéu ban dan bao gém 2 loai ban dan n va loai ban dan p
dat sat nhau.
1.3. Ciu tao va nguyén ly hoat dgng ciia OLED

Gidng nhu mot diode phat quang (LED), mét diode phat
quang hitu co (OLED) 1a mét linh kién ban dan thé rin c6 do day tur
100 dén 500 nanomet. OLED c6 thé bao gdm hai hodc ba 16p vt liéu

Ciutriic OLED

hitu co; trong truong hop

thiét ké ba 16p thi 16p hai [REE \ R
va thir ba s€ c6 tac dung X\ iy dign
truyén tai cac hat tai Op phé quang
(dien tor va 16 trong) . Pitn cre duong- Atot
nhanh hon tir Ktét va
Andt vao trong 16p phat
sang. Ba 16p d6 vi thé goi

Hinh 1. 4. Céu tao OLED

la 16p truyén dién ti
(electron transport layer - ETL), 16p truyén 15 tréng (hole transport
layer - HTL) va 16p dién phat quang (Electroluminescence layer - EL)
(Hinh 1.4).
1. 4. Cac dai lwgng do anh sang
C6 nhiéu dai lugng dic trung cho anh sang nhu Quang thong,
cuong d¢ sang, do choi, do roi, do trung. ..
1. 4. 1. Quang théng, phd ning lweng ciia mdt s6 ngudn sang
Quang thong 13 dai luong dic trung cho kha ning ciia ngudn
birc xa anh sang trong khong gian. Pon vi cia quang thong la lumen,
ki hiéu Im. Trong phd anh sang nhin thdy quang théng dugc tinh theo

cong thuc:
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trong do:
- V,1a ham d6 nhay tuong d6i cta mat theo budc song.
- K =683 Im/W 1a h¢ s chuyén d6i ning luong sang cam nhén thi
giac.
W,, 1a phd ning lugng ctia ngudn sang.
1. 4.2. Nhiét d9 mau ciia ngudn sing

Nhiét d6 mau cua nguén duoc tinh theo Kelvin, dién td mau
clia ngudn sang so voi mau ciia vat den dugc nung néng tir 2000 dén
10000 °K. Noi chung nhiét d¢ mau khong phai la nhiét d6 thuc cua
nguén sang ma la nhiét do ctua vat den tuyét ddi cho khi dugce dbt
néng dén nhiét d6 nay thi anh sang do no6 birc xa c¢6 phd hoan toan
gidng véi pho ciia ngudn sang khao sat.
1. 4.3. Chi s6 truyén dat mau (CRI-Colour Rendering Index)

Chi sb truyén dat mau hay con dugc goi la Hé s hoan mau,
chi s6 thé hién mau ctia mét nguén sang la dai lugng danh gia mac do
trung thuc vé mau sic cia vat duge chiéu sang bang ngudn sang iy, so
v6i trudong hop duge chiéu sang bang anh sang ban ngay. Ngudi ta
quy dinh chi s6 CRI bang khong ddi v6i anh sang don sic va bang 100
d6i voi anh sang tu nhién ban ngay hodc birc xa cua vat den tuyét doi.

Chuong 2

PHUONG PHAP THU'C NGHIEM, PHAN TiCH VA CHE TAO MAU
2. 1. Phwong phap thuc nghiém
2.1.1. Phuong phap ché tao t6 hgp phit quang hiru co sir dung
trong OLED.



Hiéu suit cua linh kién OLED phu thudc vao xac suit hinh
thanh exciton tir cac cip dién tir - 18 tréng dwgc bom vao cac 16p
polymer ciia linh kién. Xéc suat hinh thanh cac exciton phu thudc vio
nhiéu yéu t nhu do day cac 16p phat quang, 16p truyén dién ti, 16
tréng, dac tinh tiép xUc gilta cac 16p, dac biét 1a gitra dién cuc va cac
16p polymer. Hién nay hiéu suat quang cia OLED chi méi dat khoang
16,7 Im/W. Hiéu suit quang ciia OLED phu thudc nhiéu vao xéac suét
hinh thanh céc exciton. Xac xuat hinh thanh cac exciton trong polymer
thuan khiét chwa cao do cac dién tich bi bat giit tai cac bay (cac bay la
cac sai hong, 16 hong trong mang polymer xuat hién trong qué trinh
ché tao, dic biét 1a trong giai doan quay phu li tim). Trong ludn 4n
nay chiing toi da sir dung cac 16p vat liéu polymer t6 hop nano dé ché
tao OLED c6 thé khic phuc mot phﬁn cac han ché néu trén.

2.1.2. Phuong phap ché tao OLED

Mot linh kién OLED bao gdm nhiéu 16p vat liéu vo co va hitu
co khac nhau. DPbi véi mdi 16p ta ¢6 cac phuong phép ché tao khac
nhau. V¢i 16p lam dién cuc catt va andt thuong duoc st dung
phuong phap bdc bay nhiét, phuong phap phin xa dé ché tao. Céc
mang mong polymer sir dung lam 16p truyén dién tir, 16p truyén 15
trong va 10p phat quang dugc ché tao bang cac phuong phap nhu Béc
bay trong chan khong, Lang dong pha hoi hitu co, In phun muyc, Quay
phu li tam.

2.1.3. Phuong phap ché tao bt nano YAG:Ce™*

Trong ludn an t6i da st dung hai loai bt phat quang phosphor
YAG:Ce* (YAG:Ce). Mot loai thuong mai va mot loai tu tong hop.
Bot nano YAG:Ce’ dugc ché tao bang phuong phap sol-gel ¢ nhiét
do thap.



2.1. 4. Phwong phap ché tao t6 hgp phat quang hiru co — vo
co st dung cho WLED.

T6 hop phat quang hiru co + v6 co dung dé ché tao WLED
dugc ché tao theo phuong phép gidng nhu phuong phap hoa tron hai
loai vat liéu v6i nhau nhu phuong phap ché tao t6 hop polymer va
TiO2. Tuy nhién trong t6 hop nay bot vo co ¢ kich thude kha 16n hon
so voi polymer, nén hai thanh phan v6 co va hitu co dugc hoa tan,
phan tan trong mdt dung dich thir 3 nhu Toluen va keo PMMA, sau d6
t6 hop dugc khudy co hoc, khudy tir va rung siéu 4m trong thoi gian
nhat dinh tao thanh mot dang dung dich déng nhét.

2.1.5. Phwong phap ché taoc WLED

Nhu duogce trinh bay trong chuong 1, c6 3 phuong phép chinh
dé ché tao WLED. Trong luan 4n nay t6i di sir dung phuong phap thir
3 dé ché tao LED éanh sang tring. Quy trinh ché tao mét WLED dugc
thuc hién theo 3 budc chinh sau:

e Budc 1. Lap ghép LED xanh duong.

e Budc 2. Ché tao t6 hop phat quang.

e Budc 3. Ché tao WLED.
2.2. Cic phwong phap phén tich va dic trung tinh chit
2. 1. Phuong phap khio sat tinh chat quang va phat quang
cda vt liéu

Vat liéu str dung ché tao OLED, LED duoc khao sat dic tinh

hap thy va phat quang. Tir két qua phd hip thu cia vat liéu ta co thé
chon duoc dai phd kich thich phi hop nhét cho vat lidu do va biét
duge d6 rong ving cdm cua bang viéc st dung phuong phap Tauc
Plot. Két qua do phd huynh quang duoc két hop voi két qua do phd

hap thu dé dua ra két luan chinh xac hon vé kha ning sir dung ngudn
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sang xanh duong dé kich thich t6 hop phat quang vo co va hitu co
phét ra anh sang thir cp dé tao thanh anh sang tring.
2.2.  Phuong phap khio sat kich thwée bot YAG:Ce®*

Bot phat quang YAG:Ce duogc khao sat kich thudc hat bang
kinh hién vi dién tir quét, h¢ phan tich kich thudc hat dya trén hién
tugng tan xa anh sang, LB-550 (dynamic light scattering particle size
analyzer). Véi cac midu YAG:Ce tu ché tao, ¢ kich thudc ¢& nano
nén ngoai viéc khao sat kich thudc hat bang FE-SEM chung toi con
xdy dung hé phan tach miu dudi dang hoi nano c6 tén goi la “Bui
nano” (BNN) dé khao sat kich thudc hat bang hé LB-550 cho két qua
chinh xac va thuan tién.

2.3. Phwong phap khio sit ciu tric, d9 dong nhit cia té hop
phat quang

2.2.3.1. Phuwong phap hién vi quang hoc

Chiéu day ciia 16p phat quang thir cip c& milimet. Trong ludn
an toi str dung kinh hién vi quang hoc dé khao sat chiéu day cua 16p
mang t6 hop phi 1én chip LED xanh duong.
2.2.3.2. Phuwong phap hién vi dién tir quét phan giii cao FE-

SEM

V61 myc dich nghién ctru cta luédn an, t6i dung phuong phap
chup anh FE-SEM dé nghién ctru hinh dang, kich thuéc, sy phan bd
cua bdt phat quang YAG:Ce.
2.2.3.3. Phuong phap nhiéu xa tia X

Nhiéu xa tia X 1a phép do rat hiru ich dung dé xac dinh thanh
phan ciing nhu cau tric pha ciia miu tinh thé, wdc luong kich thudc
cuia hat nané tinh thé. Trong luan, t6i st dung phép do nhiéu xa tia X

dé xac dinh ciu trac pha tinh thé cta bot phat quang YAG:Ce.
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2.4.  Phuong phap khio sat do dong nhit 16p phii bing phép
do phan bo géc theo cwdong dd ciia WLED.

Danh gia d6 dong nhat cua to hop phat quang duge dua trén
phép do phan bd cuong do cia WLED. Dé xéac dinh biéu d6 phan bd
cuong do sang ctia ngudn sang, ngudi ta st dung goc ké quang.

2.5. Phuwong phap khio sat cac thong sé ngudn sang: Pic
tring I-V, phan b pho dién quang, quang thong, higu
suit, h¢ s6 hoan mau CRI, Nhi¢t 6 mau CTH, Phin b
cwdong do theo géc clia ngudn sang, ...

2. 6. Phwong phap khio sat 39 bén cia WLED

WLED ché tao bang viéc phu t6 hop vo co lai hitu co v6i uu
diém 1a c6 thé tao ra dai pho rong lién tuc bao gdm cac mau tir xanh
dwong dén d6. Ngudn sang nhu vay cé thé cho chi s6 hoan mau cao.
Tuy nhién nhuoc diém 14 thanh phan hitu co c6 thé bi pha hiy dudi
tac dung cuia birc xa xanh duong din dén céc théng sé cia WLED suy
giam nhanh. Vay viéc khao sat d6 bén cia WLED bang hé qua cau
tich phan 14 rat can thiét va phu hop.

2.7. Phuwong phap khio sat va tinh hiéu suit lwrong tir ciia to
hgp vit liéu phat quang.

Luan an dé cap dén viéc ché tao to hop vat li€u phat quang
mg dung dé phu 1én chip LED xanh dwong tao anh sang tring. Anh
sang trang duogc tao ra boi su két hop 4nh sdng xanh dwong cta chip
LED va anh sang huynh quang ciia t6 hop vat liéu phu 1én chip LED.
Hiéu sudt luong tir ciia t6 hop vat liéu phat quang 1a ti sd gitra s6

photon btic xa va s6 photon hap thu.



2.3.  Ché tao vit li¢u sir dung trong chiéu sang
2.3.1. Vitliéu va linh kién phat sing hiru co (OLED)
2. 3. 1. 1.Ché tao cac 16p vit li¢u trong OLED

Linh kién OLED bao gém 2 thanh phan co ban 14 dién cuc va
16p phat quang. Dé co dugc hidu suit cao can chon lya cac vat liéu
lam dién cyc thich hop va bd sung thém cac 16p chuyén tiép giita dién
cuc va 16p polymer phat quang d6 chinh 1a cac 16p truyén 16 trong va
truyén dién tr. Luan an nghién ciru ché tao OLED véi to hop ciu tric
gom 2 dién cuc va 2 16p truyén dién ti, 16 trong va 16p phat quang.
Dic biét trong 16p truyén 15 tréng va dién tir c6 pha tron thém cac hat
TiO, d¢é tang kha ning tiép xuc giira cac 16p. Nho viéc cai thién bién
tiép xuc cua cac di chdt ma OLED c6 thé tang dugc hi¢u XUuét.
2. 3.1. 6. Vit li¢u t6 hop sir dung lam 16p HTL (PEDOT+TiO,) va
16'p phat quang (MEH-PPV+TiO;)
a, Vit li¢u té hop sir dung nano TiO, thwong phim
PEDOT duoc hoa tan trong PSS (PEDOT-PSS): poly(3,4-
ethylenedioxythiophene):(poly(styrenesulfonate). PEDOT c6 thé hoa
tan trong rugu no da chirc. Dé cai thién kha nang truyén hat tai (16
trong) ciia PDEOT, ching toi tién hanh tron cac hat nano TiO, vio
nhiam lam ting kha ning tiép xuc giita cac 16p va han ché vét nit, sai
héng trong mang PEDOT do ki thuat quay phu li tam.

Tuong ty nhu t6 hop PEDOT+Ti0,, t6 hop MEH-PPV + TiO,
cling dugc ché tao.
b, Vit liéu td hop sir dung nano TiO, bién tinh

Phuong phép sol-gel duoc sir dung dé ché tao nano TiO; bién
tinh bé miat. Chit xic tac l1a trimethylamino-N-oxide dihydrate
[(CH3);NO.2H,0] két hop axit oleic. Tién chat (precursor) cho “Sol”
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1a dung dich tetraiso-propyl orthotitanate [Ti(iso-OC3H;),]. Dé xac

dinh ti 18 r cua axit oleic/ precursor tdi wu ching t6i da pha tron voi r

tir 1,5 dén 10 (Bang 2. 1).

Bang 2. 1. Ti l¢ pha tron cac chdt dé chmi’n‘ bi dung dich phan tin
hat nano TiO; ket hop bién tinh bé mat.

r Acid oleic Precursor H,0 Catalyst

(ml) (ml) (ml) (ml)
1.5 3.6 2.40 4.25 1.85
2.0 3.6 1.80 3.75 1.60
3.0 3.6 1.20 3.00 1.25
5.0 3.6 0.72 2.50 1.00
7.0 3.6 0.52 2.25 0.85
10.0 3.6 0.36 2.00 0.65

2. 3. 1. 7.Linh kién OLED cho chiéu sang ran
a, Ché tao linh ki¢n

Viéc nghién ctiu, ché tao OLED da duoc thyc hién bdi nhiéu
nghién ciru trude. Dé tiép ndi va thira huong cic két qua cua tac gia
truée Trong luan 4n ndy toi tip trung vao nghién ctru ché tao OLED
voi cau tric: ITO/PEDOT+Ti0,/MEH-PPV+TiO,/Alqs/LiF(0,5)/Al.
2.3.2. Vatliéu va linh kién phat sang v6 co (LED)
2.3.2.1.Tong hop YAG:Ce céu triic nand bang phwong phap sol-
gel

YAG:Ce la vt liéu phat quang kha phd bién trong chiéu sang,
c6 cong thirc hoa hoc 1a Y3AlL50,,:Ce®" (YAG:Ce). YAG:Ce la vat liéu
hdp thy manh ving anh sang xanh duong va phat quang manh ving
anh sang xanh 1a cay (500-650). Trong luan &n, phuong phap sol-gel
dugc st dung dé tong hop nano YAG:Ce & nhiét d6 thap.
2. 3.2.2.Ché tao cac t6 hop phit quang cho WLED
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Céc t6 hop phat quang sau khi ché tao dugc phu 1én chip LED
xanh duong tao thanh san pham LED twong tmg. Céc vat lidu t6 hop

va cac san phérn WLED duogc liét ké trén Bang 2. 3.
Bdng 2. 3. Ty Ty Ié cdc chdt thanh phan twong img trong méi té hop
phat quang

STT | T6 hop (TH), thanh phan | S6lwong | San phim LED
1. T6 hop 1: YAG:Ce:'TM 01 TH1-M1

2. | Tohop2: MEH-PPV 02 TH2-M1;TH2-M2

T6 hop 3: YAG-
) - TH3-Ml1,..., M

3 :CeTM-+MEH-PPV 06 3 e M6

4 To6 hop 4: YAG:Ce TM +
: MEH-PPV+ CdSe/ZnS

5 T6 hop 5: MEH-PPV+

' YAG:Ce CT

2. 3.2.3.Linh kién WLED cho chiéu sang rin
a, Lip ghép LED xanh dwong tir céc linh ki¢n don 1é

LED xanh duong bao gdm céc thanh phan nhu: Dé tan nhiét,
dién cuc dan, chén phan xa, chip LED, day vang va thau kinh. Luén an
tién hanh ldp ghép LED xanh dwong tir cac linh kién don 1¢.
b, Ché tao déen WLED
Quy trinh ché tao WLED v6 co duoc thuc hién theo so do.

%’?

AR — Ay
(1) 2)

Hinh 3. 12. Quy trinh déng géi WLED vé co: Phii 16 hop phdt quang (1), Gén
thau kinh (2).

07 TH4-M1,..., M7

05 THS5-ML,..., M5
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Chuong 3
NGHIEN CUU TiNH CHAT CUA VAT LIEU VA LINH KIEN
PHAT SANG HU'U CO (OLED)
3. 1. Pic trung tinh chit cia cac 16p vét liéu trong OLED
3.1.1. Phé hép thy, huynh quang ciia mang MEH-PPV
Poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene
vinylene] (MEH-PPV) c6 pho hip thu & ving anh sang xanh duong va
phat quang manh trong ving 4nh sang mau vang. Hinh 3.1 1a két qua
pho huynh quang va pho hap thu ciia MEH-PPV.
3.1.2. Pho hép thu va huynh quang ciia mang Aluminum
tris (8-hydroxyquinoline)
(Algs)

| |+~ Phd phat quang
50000] . _phg hép thu I /\\
)

Algs phat quang véi 40000 ! i\
inh s N ¢ | | =
a sang nam {rong vung 30000-;_‘. | 05 &
Pom o
20000 \ =

Cuong d¢ huynh quang (d.v.t.d)

nhay voi mat ngudi véi bude 2 \ ‘
song ﬂ’e;n =530nm. £ 10000+ . j
3.1.3. Vit li¢u to hop 0 00

300 460 5(‘10 B(I)O 760 800

str dung lam l6p phat quang Budciseng/{om)
MEH-PPV+TiO Vi‘l Hinh 3. 1. Phé quang huynh guang (2) va pho hrj'p thu (1) cua
2
n x x mang MEH-PPV duoc kich thich boi budc séng 442 nm cua
truyén 1o trong laser He-Cd.
(PEDOT+TiIO,).

Viéc nghién ctu, ché tao OLED da duoc thyc hién bdi nhiéu
nghién cuu trude. Trong ludn an nay chiang t6i tap trung vao nghién
ctru ché tao OLED nhim muc dich 1am ngudn sang phing véi sy co
mit TiO, trong cac 16p phat quang, truyén dién tir va 15 trong.

3.2. Pic trung, tinh chit cia linh kién OLED.
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3.2. 1. So @6 mach dién khao sit cic dic trung cia OLED da
dong vé
Bén OLED dugc nudi véi dién ap thuan khoang 6-9 V, khao sat
dic trung I-V, phd dién huynh quang va d6 6n dinh theo thoi gian.
3.2. 2. Pac trung I-V cia OLED
Két qua khao sat

Dién cuc Atot

mat do dong trong khi
OLED chiéu sang cho
thdy cac OLED hoat dong
v6i mét do dong khé nhd,

OLED s6 2
OLED s6 4

OLED s6 1
OLED 6 3

trung binh khoang
5,625mA/cm’. Gia tri nay
so voi mat do dong cua
WLED khi hoat dong 1a rit nho. Véi dong nho nhu vay thi nhiét lugng
toa ra khi OLED hoat dong khong dang ké. Pay 1a mot dic diém nodi
bat khién cho OLED s& 1a ngudn chiéu sang ran trong thé ky nay.

Dién cyc Katot

Hinh 3.12. Anh chup OLED da dong goi (mdt sau).

Vi cau hinh 4 OLED mic song song, thé md 1a khoang 1,81
V. Trén thyc té OLED c6 cong suit
cuc dai khi dat ¢ dién ap 6 V va dong
dat khoang 900 pA
3.2. 3. Dic trung dién phat

quang cia OLED

Hinh 3.12 1a hinh anh 4
OLED da dong go6i. Trén Hinh 3.15
la hinh anh 4 OLED dang phat sang

véi dién ap dat vao 6 V, mat do dong

Hinh 3.15. Anh OLED dang phat sang
(mat truoc): 4 OLED mdc song song voi

dién do duoc 1a 5,625 mA/cm®. Tu dién dp dgt vao 6 V.
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hinh anh cho thay bé mit cia OLED phat sang rat dong déu.

Hinh 3.16 1a két qua phan bd phd ning luong va biéu d6 mau
cia OLED. OLED ché tao dugc c6 phd phat xa tir 450 nm dén 600
nm. OLED c6 tga d¢ mau la x= 0,2567, y=0,5447, nhiét d6 mau 7061
°K, chi s6 hoan mau CRI = 43,11 va quang thong khoang 0,24 1m. 4
OLED ché tao duoc véi quang thong nhé hon nhiéu so véi mot LED
vo co (v6i LED

- y [ 0BE0- i
R 01- fh | o
vo co 1 W, o i |
00- {11
A | |
uan thon, i F .
quang e | ||| Nm
khoing 15 lm). = | || - D >
00- I \ i
 n re i \ N
Tuy nhlen’ Vo1 EEZLM\*“/ s e ,,e,‘.d,d.u,m* 5kt o 02w 54 o 1 Ces e ohw
]& 45“ 45‘“ 5& E‘W Eaﬂ E!ﬂ 7&“ 751 ﬂéﬂ Béﬂ !EU 950 1000 375 Integration Trmeims) X

dién tich cua
OLED la
khoang 4 x 2 x 2 mm’ thi quang théng nhu vay ciing 1a kha 16n. Gia
sit néu ta ting dién tich cia OLED Ién ¢& 30 lan (dién tich OLED
khoang 5x5 cm) thi quang thong dat duoc c6 thé so sanh véi LED vo
co 1 W. Cong suat quang ctia 4 OLED c6 duoc 14 44,4 Im/W.
3.2. 4. P 6n dinh ciia OLED theo thoi gian

Cac OLED ché tao dugc khdo sat d6 6n dinh theo thoi gian.
Do diéu kién thi nghiém va hon nita ddy & san pham OLED ché tao

Hinh 3. 16. Két qua Phé céng sudt va biéu d6 mau ciia OLED.

thir nghiém nén chiing toi méi chi khao sat OLED thap sang trong thoi
gian ngan. Cac OLED dugc bao quan trong diéu kién khong khi binh
thuong va dugc do kiém tra dinh ky vao cac thoi gian: thang 10/2012;
12/2012; 01/2013 trong khoang thoi gian thip sang 1a 10 phat. Qua
trinh do dac duoc thuc hién trén hé LCS-100. Két qua thu dugc la do
6n dinh theo thoi gian cta céc dai lugng nhu: Quang thong (Im), nhiét
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d6 mau CCT (°K), chi s6 hoan mau CRI. 4 OLED duoc mic song
song v&i dién ap thuan 9 V dugc cip boi ngudn nudi Keithley 2602A.
Hinh 3.18 1a do 6n 7200

72881
7286
7284
728 2

_Beén chudn 02-10-2012]
dinh theo thoi gian cia quang

thong cta 4 OLED. Két qua do
dugc quang thong cua OLED 728.0] im,vmm

; . 7278} W"\n "!" A "M
la khoang 0,2375 Im. Quang i)

thong cia OLED la kha 6n 7274}

72121

dinh véi d6 thang giang 1,9%. 7210

Quang théng (Im)

, 20 40 60 &0 00 10
OLED ché tao c6 nhiét T e {10 g1y
dd mau ciing kha on dinh véi Hink 3. 18. B én dinh theo théi gian cia
. quang théng 4 OLED
do thang giang tuwong Uing trong
3 lan khao st 1a 2,2 %, 4,9 %, 2,9 %. Chi s6 hoan mau c6 do thing
gidng twong g trong cac 1an khao sat 1,2, 3 12 17 %, 15 % va 16 %.
Chuong 4
NGHIEN CUU TiNH CHAT CUA VAT LIEU VA LINH KIEN
PHAT SANG SU DUNG LED VO CO
4. 1. Kh3do sat d9 day cia l6p phat quang phi 1én chip LED
T6 hop phat quang sau khi ché tao dugc phi trén chip LED
xanh duong dé tao LED anh sang trang. Do day cta 16p phu 1én chip
LED anh huong dén nhiéu thong sé cia WLED nhu quang thong, chi

s0 hoan mau, hay nhiét d6 mau... Thong s6 do day cla cidc mau tuong

Hinh 4. 1. Céu triic chip, dé tan nhiét va chén phan xa ciia LED xanh dwong.
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{mg v6i thong so thé tich ciia mau phu 1én chip LED. Hinh 4. 1 1a so
6 kich thudc ctia chip LED xanh duong va chén phan xa.
Bang 4. 1 1a thong s6 ché tao va khao sat chiéu day cta t6 hop

phat quang TH3.
Bdng 4. 1. Théng s6 ché tao va khdo sat chiéu day mau.
STT MAiu Thé tich dung dich | Bé day (mm)
phat quang (ul)
1. TH3-M1 8 2
2 TH3-M2 7 1.7
3 TH3-M3 6 1.4
4. TH3-M4 5 1.1
5 TH3-M5 4 0.9
6 TH3-M6 2 0.6
4. 2. PDic trung, tinh chit cia cac l16p vat li¢u phi trong linh
kién WLED

4.2.1. Vit liéu phat quang YAG:Ce thwong mai (YAG:Ce TM)
Bot phat quang YAG:Ce TM c¢6 kich thudc kha 16n, dé ting
hiéu qua khi tron 1an véi polymer MEH-PPV hay QDs CdSe/ZnS,
YAG:Ce dugc nghién nho trudc khi sir dung.
4.2.2. L6p phii chira polymer din MEH-PPV
MEH-PPV c6 dai hap thu trong viing tir 400 dén 550 nm va co
dinh pho hap thy cao nhat 1a khoang 480 nm. Pho phat quang c6 2 dinh
tai 590 nm (vung anh sang vang) l1a vung phat xa cuc dai va 620 nm
(ving &nh sang do). Viéc st dung MEH-PPV phu 1én chip LED xanh
dwong 12 thich hop vé phuong dién hap thy quang.
4.2.3. Lép phi YAG:Ce TM va MEH-PPV
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Vi khé néng phat quang manh cia MEH-PPV tai hai dinh 590
nm va 620 nm cung voi dinh phat quang ctia YAG:Ce khoang 545 nm,
viée két hop giita bot phat quang v6 co YAG:Ce va hitu co MEH-PPV
c6 thé tao ra dugc mot t6 hgp phat quang méi phat ra ving pho thir cap
c¢6 dai phd phong pha trong ving kha kién khi duoc kich thich boi chip
LED xanh duong
4.2. 4. Lép phit chita chim lirgng tir (QDs CdSe/ZnS)

Cham lugng tir CdSe/ZnS c6 cudong do phat quang kha manh
khi dugc kich thich bang laser 442 nm.

4.2.5. Vit li¢u phat quang YAG:Ce ché tao (YAG:Ce CT)
4.2.5.1.  Ciu tric tinh thé hinh thai hoc

Bot phat quang
YAG:Ce sau khi ché tao
(YAG:Ce CT) bang phuong
phap sol-gel nhiét do thap

Cuong dé (.v.t.d)

duoc khao sat cac dac trung e e et e
I . it )
cau tric, kich thuéc cling nhur =
20 30 60 70

40 50
Goc nhiéu xa - 20 (do)

cac dac tinh quang. Hinh ﬁ
415 1t qui it X S
cﬁa bﬁt YAGCC CT Vé’l (1000°C); f(1100°C); g (1200 °C).

ndng do Ce 1a 2%, 1 tai cac nhiét do khac nhau trong khong khi.

Tir két qua cho thay tinh thé YAG:Ce CT c6 qua trinh tinh thé
héa manh, phu thude nhiéu vao nhiét d6 u. Tai nhiét d6 u 240 °C chua
théy xuat hién cac dinh nhidu xa. Cac dinh nhiéu xa chi suit hién khi
nhiét d6 u tir 700 °C. D6 két tinh cua YAG:Ce tang manh 6 nhiét do u
> 1000 °C. Trong diéu kién thi nghiém cua luan an YAG:Ce dugc U
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tai nhiét d6 cao nhit 1a 1200 °C, két qua da xuat hién cac dinh cua
YAG nhu (420), (532), (642),... la nhitng dinh manh ctia YAG:Ce.
4.2.5.2. Tinh chit quang phat quang ciia YAG:Ce-CT

Hinh 4.17 1a két qua phd hép thu ciia YAG:Ce CT va phd
quang phat quang cua YAG:Ce véi budc song kich thich la 442 nm.
4. 3. Pic trung, tinh chét cia LED tring (WLED)
4.3.1. PDic trung WLED c¢6 cu triic TH 4 (YAG:Ce TM +

MEH-PPV+ CdSe/ZnS/Chip LED xanh duong)

4.3.1.1. Pac trung dién quang

WLED ché tao bang
viéc phu TH4 Ién chip LED
xanh duong. TH4 dugc phu
trén 7 chip LED xanh duong

\_.-(1) Phé hép thy

== (2): Ph8 huynh quang

v6i cac @6 day tir 0,6 dén 2,2

(1) §6 hdp thu (d.v.t.d)

mm. Dudi day 1a cac két qua

thu duQ.C khi dO quang théng 400 450 560 5;’:0 660 6%0 7(‘]0 7;0 800

Budc séng (nm)

(pyap) Buenb yuny op Bueng (2)

5 A 7 [N r
cua LED Che tao Vo1 dl@n ap Hinh 4. 17. Phé hd'p thy (dwong cong 1) va quang phdt quang
(ducng cong 2) ciia YAG:Ce CT tqi buée séng kich thich 442 nm.

thudn 3,5 V, dong dién 200

| x+0.3802y = Dp.a779 §
. Te = 4516K

Hinh 4. 46. Phén bé phé nang lieong va toa d¢ mau ciia WLED TH4-MI.
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Relative Spectrum:=0-.23%0
Wavelength (nm) :S65.0

Hinh 4. 52. Phdn b phé ndng lweng va toa dé mau ciia WLED TH4-M7.
Tur cac két qua dién quang cia WLED cheé tao voi cau trac 4
ta thay pho cia WLED dugc chai  ®

rong trong ving kha kién. Pic biét

&
@
T

thanh phan huynh quang dugc mo

&
S

rong va lién tuc hon.

Hiéu suat lugng tir (%)
o
8

Luan an da tinh toan hiéu

[%)
o
T

suit lugng tir cia TH4 tai cac do

déy ldp phﬁ khéc nhau. Hinh 4. 55 06 08 10 12 14 16 18 20 22 24

Do day (mm)

lé dé thl bléu dlén m61 tuong qllal'l Hinh 4. 55. Hiéu suat legng tir cua cdc 6 hop theo
dg day.

giita hiéu suat lwong tir cta céc t6
hop theo d6 day. Hiéu suit
luong tir khong phu thudc vao
d6 day mang va cho gia tri
quanh 41,6%.

V6i cac to hop phat [ B e ez

Hinh 4. 56. Phan bé cucng d¢ theo goc ciia WLED TH4-M3.

quang dugc két hop tir nhiéu
thanh phan nhu MEH-PPV, YAG:Ce, QDs CdSe/ZnS thi yéu t6 dong
nhit cuia to hop 1a rit quan trong. Hinh 5. 56 1a két qua phan bd goc
ciia WLED. Tir két qua d6 thi phan bd goc theo budc song cho thdy
WLED véi t6 hgp TH4-M3 c6 do phan bd goéc kha rong, 116,8°.
Cuong d6 phan bo 1a kha déu theo cac goc khac nhau. Két qua cho
thdy t6 hop YAG:Ce, MEH-PPV va CdSe/ZnS 1 kha dong nhat. Sy
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dong nhét cua t6 hop con duge ddnh gid qua chi s6 hoan mau cia
WLED do duoc tai cac vi tri goc khac nhau.
4.3.1.2. Do on dinh theo thoi gian

Hinh 4. 58 la d6 thi md td d¢ on dinh ctia chi sb hoan mau —
CRI cia WLED ché tao bang to hgp 4- TH4-M6 theo thoi gian.
WLED dugc thip sang thuong

AL L. U, .
xuyén trong khodng 3 thang o
(trung binh 4h/ngay) vdi dién ap _ Eg :‘ W%Vi‘f*ﬂ\f'mfw"ﬁ* fmﬂ"fhﬂf ,ﬂ"
1a 3,5V, dong dién 200 mA. Sau G f° . ]
mdi thang s dung, LED dugc g :z:lmz
khéo sat chi sd hoan mau lién tuc :‘o: %2 bbb b g fper et
trong 10 phut. [ :Z;Lém , L ]
Tu két qua d on dinh cua - 1
LED TH4-M6 ta thdy 14n 1 chi s o PP A
hoan mau thay dbi tr 81.16 dén b
84.50 voi do thang giang trung P Megmn@ay T

Hinh 4. 58. Dg n dinh LED TH4-M6 theo théi gian do.

binh 1a 4,02%; lan 2 1a 3,04% va
lan 3 14 3,69%. Véi d¢ thing giang nhu vay, c6 thé thiy WLED ché
tao bang t6 hop TH4 13 kha 6n dinh va bén theo thoi gian.
KET LUAN VA KIEN NGHI
Dé hoan thanh muc tiéu ché tao va nghién ctru cac dac trung
dién quang ciia vat liéu lai nano st dung cho chiéu sang ran nhu
OLED va LED chung t6i da tién hanh trén cac hé cong nghé va phin
tich trén cac hé thiét bi hién dai, c6 do tin cdy cao. Cac két qua chinh
cua luan an la:
1. St dung phuong phap quay phu li tim di ché tao cac mang
méng t6 hop (PEDOT+TiO, va MEH-PPV+Ti0,) chita nano
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oxit titan thuong pham (kich thuéc ~5 nm) va nano TiO, ché tao
(~7 nm). Trén co s& cic mang mong to hop di ché tao thanh
cong OLED  cédu  traic  ITO/PEDOT+TiO/MEH-
PPV+Ti0O,/Alqs/LiF/Al va khao sat cac dac trung dién quang,
cac thong s6 khac cua linh kién sau khi dong vo.

Cac két qua khao sat phd hép thu va quang phat quang cia

MEH-PPV va Alg3 cho thay:

— MEH-PPV hap thy manh ving anh sang xanh dwong va c6
phd phat quang manh ving anh sang mau vang. Tl pho hap
thy tinh dugc dg rong ving cAm cia MEH-PPV 1a ~ 2,1 eV.

— Alg3 hip thy manh ving anh sing 400 nm va phat quang
vung anh sang 530 nm. Tu phé hép thu tinh dugc d¢ rong

viing cam ctia Alg3 vao khoang 2,8 eV

So v6i cac linh kién OLED ché tao tir t6 hop MEH-PPV+TiO,
thuwong mai thi OLED ché tao tir t& hop t6 hop MEH-PPV+TiO,
ché tao cho thé mé thap hon va day la yéu t6 cai thién hiéu suat
phat quang va d6 on dinh ciia OLED.

Luén 4n da tong hop thanh cong bot YAG:Ce nano sir dung lam

16p t6 hop phit 1én chip LED xanh duong. Ché tao 5 loai t6 hop

phat quang cho WLED véi cac d day 16p phi khac nhau dé
khao sat cac thong sd ciia dén WLED. Tir cac két qua vé phd
hap thy va quang phat quang ctia céc to hop cho thay:

— Céc chét phat quang MEH-PPV, QDs CdSe/ZnS va YAG:Ce
CT hap thy manh ving budc séng xanh duong, dong thoi
phat quang manh trong cac vung anh sang xanh 14 cay, vang
va do6 (tir 500 + 700 nm). Céc chit nay phi hop lam 16p phu
1én chip LED xanh duong, buc xa cua LED kich thich 16p
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phii t6 hop, két hop véi phd cia LED tao ra tong phd phat

quang anh sang tring.

— Viéce két hop cac chit phat quang MEH-PPV, YAG:Ce TM,
QDs CdSe/ZnS va YAG:Ce CT c6 thé tao ra dugc céac t6
hop phat quang mdi v6i viing phd phat quang trai rong va
lién tuc trong vung kha kién, cai thién dugc dang ké hé )
hoan mau cia WLED, tang hi¢u suét lugng tur.

— Ki thuat BNN cho phép khong nhiing lam giau lugng bot
nano YAG:Ce ché tao bang phuong sol-gel nhiét d¢ thap,
ma con phén chia dugc bdt co kich thudce hat khac nhau. Bot
nano YAG:Ce-tong hop véi dinh phat quang tai 520 nm 1a
vat liéu phi hop dé phu 1én chip LED xanh dwong, tao ra
LED trang. Cac LED tring ndy cho hé sé hoan mau thich
hop, d6 6n dinh cao, do d6 hoan co thé str dung lam ngudn

chiéu sang ran.

LED trang ché tao tir cac t6 hop 3 (TH3), 4 (TH4) va 5 (THS5)
cing mot d6 day mang (0,9 mm) c6 hé sé hoan mau twong tng
la 82,3; 82,5; va 84,6. Cac gia tri nay cao hon so vdi hé s6 hoan
mau ciia LED trang thuong mai (CRI 1a 79,8) va dén LED tring
12 W caa Philip (CRI 1a 80,8). Két qua cho thay vai tro ciia vat
liéu lai 1 rat 16n trong viéc ndng cao cht lugng cua cac linh
kién chiéu sang.

Hiéu sudt lugng tir va hé s6 hoan mau cia t hop phat quang
phu thudc khong dang ké vao do day 16p phat quang, nhung phu
thudc manh vao thanh phan cac chat phat quang trong 16p phu
t6 hop. Trong cac 16p phu t6 hop tir TH1 dén TH4 thi 16p TH4
cho hiéu suit luong tir cao hon ca.
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Viéc ché tao thanh cong OLED véi cuong do phit quang
khoang 25 Im/cm’ cong suit 44,5 Im/W va hé s hoan mau
43,11 cho thay OLED hoan toan c6 trién vong tng dung lam
ngudn sang trong tuong lai gan. Tuy nhién quang thong va He¢
s6 hoan mau ciia OLED chua cao so véi WLED. D¢ c6 thé sur
dung OLED lam ngudn sang can phai ning cao cong suit, cai
tién h¢ s6 hoan mau va quang théng ciia dén OLED. Piéu nay
c6 thé thyc hién trong cac cong trinh tiép theo, bang cach ché
tao cac 16p hiru co/polymer vé6i dién tich 16n hon va chira nhiéu

thanh phan phéat quang phd rong hon.
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