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LOI CAM DOAN

T6i xin cam doan nhiing két qua nghién ciru khoa hoc trong luan 4n 1a két qua
clia riéng toi. Cac xuat ban duoc cong bd chung véi cac can bo hudng dan khoa hoc
va cac dong nghiép trong va ngoai nudc di dugc sy dong y bang vin ban cua cac
dong tac gia trude khi dua vao luan an. Cac két qua trinh bay trong luan 4n 13 trung

thuc, chua duge cong bd va st dung dé bao vé trong bat cir mdt cong trinh nao khéac.

NGUOI CAM DOAN

PO NGQC CHUNG



LOI CAM ON

Trude tién, t6i xin dugc bay to long biét on siu sic téi GS. TS. Nguyén
Ning Dinh, PGS. TS. Pham Hong Duong - nhiing ngudi thiy da nhiét tinh chi bao,
dinh huéng va gitp d t6i hoan thanh dé tai luan an tién si nay.

T6i xin chan thanh cdm on trudong Pai hoc Cong nghé¢, PHQG HN da tao
diéu kién vé co s& vat chit, hd trg vé thu tuc hanh chinh trong subt qué trinh hoc tap
va thuc hién dé tai.

Toi xin chan thanh cam on B6 mon V4t liéu va Linh kién Ban dan nano; Ban
Chu nhi€ém khoa VLKT&CNNN, truong Pai hoc Cong nghé; Vién Khoa hoc vat
liéu, Vién Han 1am Khoa hoc va Cong nghé Viét Nam da tao diéu kién lam viéc,
trao d6i vé khoa hoc k¥ thuat, hd trg vé co s& vat chat va c6 nhiéu dong gop quy
bau cho t6i trong sudt qua trinh thyuc hién dé tai.

Xin cam on toan thé gia dinh t6i dd dong hanh véi toi trong sudt qué trinh
thuc hién luan an.

Cudi cung toi xin chan thanh cam on t6i cac thiy, co gido, ban be, dong
nghiép da hd tro, dong vién vé tinh than va vat chét trong sudt qué trinh thyc hi¢n
luan an.

Xin chan thanh cam on!

i



MUC LUC

LOT CAM DOAN ...ttt ettt st i
LOT CAM ON ...ttt ii
IMUC LUC ettt ettt et ettt e st e et e s abeeenteeenneennneas il
DANH MUC CAC KY HIEU VA CHU VIET TAT ...coovvvriiieiereeieeeeins viii
DANH MUC CAC BANG BIEU ....cooouiiriiiiieineiiec s ix
DANH MUC CAC HINH VE, DO THI ..ot X
MO DAU ..ot 1
Chuong 1: VAT LIEU VA LINH KIEN CHIEU SANG RAN (Téng quan tai lidu)...... 5
1.1. Gidi thiéu chung vé anh sang va k¥ thuat chiéu sang ...........cccccoeeveevevevenenen.. 5
1.2. CAu tao va nguyén 1y hoat d0ng ca LED ........coooovuiuimieeeeeieeeeeeeeeeeeeree, 7
1.3. Ciu tao va nguyén 1y hoat dong ctia OLED .........cocooviveveeeiceeeeeeeereeen. 10
1.4. Vat liéu phat quang st dung cho chiéu SANE TAN............covoveeeeeeeeeeeeere. 14
1.5. Cac dai lugng do NGUON SANE..........coovieeeeeeeeeeeeeeeeeeeeeeeee e, 15
1.5.1. Quang thong, pho ning lugng clia mot $6 NGUON SANG .......ceveveveeerrrennen. 15
1.5.2. Nhiét d0 mAau clla NGUON SANE .........e.eeeeeeeeeeeeeeeeeeeeeeeeee e, 17
1.5.3. Chi sb truyén dat mau (CRI- Colour Rendering Index) ...........ccccoevevnrennne.... 20
TOM At CHUONE 1 oot 21

Chuong 2: PHUONG PHAP THUC NGHIEM, PHAN TICH VA CHE TAO MAU.....22

2.1. Phuong phap thuc nghi€m ............coccviiiiiiiiiiee e 22
2.1.1. Phuong phap ché tao t6 hop phat quang hitu co sir dung trong OLED. ........ 22
2.1.2. Phuong phap ché tao OLED ..........cocouiiieiieeeeeeeeeeeeee e 23
2.1.2.1. Phuong phap quay phu ly tAm (Spin-coating).........ccccceceeeeuvvereeescnieeeesnnnnne. 24
2.1.2.2. Phuong phap boc bay NHibt.............c.ovveeieeeeeeeeeeeeee oo 25
2.1.3. Phuong phap ché tao bot nano YAG:Ce™ .......cvviiveoeeeeeeeeeeeeeeeeeeeeeee. 26
2.1.4. Phuong phap ché tao t6 hop phat quang hitu co - vo co sit dung cho

WLED . ettt ettt ettt e 28
2.1.5. Phuong phap ché ta0 WLED...........coouiiiiieeeeeeee oo 29

111



2.2. Cac phuong phap phan tich va dac trung tinh chat..............cocooeveieeveienan. 30

2.2.1. Phuong phap khao sat tinh chit quang va phat quang cua vat liéu................ 30
2.2.1.1. Phép @0 PO BAP thl....veeeeeeceeeeeeeeeeeeeeeeee e 30
2.2.1.2. Phép do phd quang huynh qUANE...............cceeeeeeeeviieeeeeeeeeeeeeeeeens 34
2.2.2. Phuong phap khao sat kich thudc bot YAG:Ce™ ..o, 37
2.2.3. Phuong phap khao sat cdu trac, do dong nhit cta to hop phat quang........... 42
2.2.3.1. Phuong phap hién vi qUang NOC ...........ocoeueveeeeeeeeeeeeeeeeeeeeeeeee e 42
2.2.3.2. Phuong phap hién vi dién tir quét phan giai caoFE-SEM ...............c.......... 43
2.2.3.3. Phuong phap nhidu Xa tia X......cocoooviiiieeeeeiceeeeee e 43

2.2.4. Phuong phéap khao sat ¢6 dong nhét 16p phu bang phép do phan bd goc
theo cudng dG clia WLED. ......oooiiiiiiiiie e 43
2.2.5. Phuong phap khao sat cac thong sd nguodn sang: Pic trung I-V, phan bd

pho dién quang, quang thong, hiéu suat, hé¢ s6 hoan mau CRI, Nhiét d6 mau

CTH, Phan bd cudng d6 theo goc clia NGUON SANE, ... .ovovevveveeeeeeeeeeeeeeeeeee e, 45
2.2.6. Phuong phap khao sat d6 6n dinh ca LED.........c.cooooiieieeeeeeeeeeeeeens 47
2.2.6.1. Khao sat do on dinh bang hé qua cau tich phan va LUXmetter.................. 47
2.2.6.2. Khao sat do on dinh bang hé qua cau tich phan LCS-100.............ccceve..... 49
2.2.7. Phuong phap khao sat va tinh hi¢u suit lugng tu cua t0 hop vat li¢u

PRAL QUANIE. «.eeeiieiee e e e e e et e e e e e e et eaaeeeas 49
2.3. Ché tao vét liéu st dung trong chiéu SAN..eveeeeeiirieeeeeiree e e re e e e e e e e e e ennns 51
2.3.1. Vat li¢u va linh kién phat sang httu co (OLED).........ccccvvvviviiiieiiiiiee e, 51
2.3.1.1. Ché tao cac 16p vat 1iéu trong OLED .........ccooveveioiiieeeeeeeeeeeeeeeeees 51
2.3.1.2. Bién cuc trong OLED .........coooiiiiiiiiiieiieeeee et 51
2.3.1.3. VAt [ieu truy@n G180 T, ..o 52
2.3.1.4. VAt Tieu truy@n 10 trONE .. ..ot 53
2.3.1.5. Vat li€u phat quang hitl CO ......cccuviieeieiiiiie e e 53
2.3.1.6. Vat liéu to hop st dung lam 16p HTL (PEDOT+TiO,) va 16p phat

quang (MEH-PPVATIO,) ....uuiiiiiiiiiiee ettt 55
2.3.1.7. Linh kién OLED cho chiéu SANG TAN ........c.oveveeeeeeeeeeeeeeeeeeeeeeeeeeees 57

v



2.3.2. Vat li¢u va linh kién phat sang v0 co (LED) .......ooovvviiiiiiiiiiieeeeeee e, 59

2.3.2.1. Tong hop YAG:Ce ciu tric nano bang phuong phap sol-gel .................... 59
2.3.2.2. Nguyén li8u ban QAU .........co.oiveviveeeeeeeeeeeeeeeee e 60
2.3.2.3. Thuc Nghim tONG NOP ...t 60
2.3.2.4. Ché tao cac t6 hop phat quang choWLED..........cccocooiiiieeeeeiieeeeeenn 63
2.3.2.5. Ché tao linh kién WLED cho chiéu sang AN e, 66
K&t TUAN CHIONE 2 ..ottt 67
Chuong 3: NGHIEN CUU TINH CHAT CUA VAT LIEU VA LINH KIEN

PHAT SANG HUU CO (OLED)......oou oot 69
3.1. Pic trung tinh chit cta cac 10p vat liéu trong OLED .........ocoooueveveveeeeeeeane. 69
3.1.1. Pho hép thu, huynh quang ctia mang MEH-PPV ..........cccocoviiieiieenn. 69
3.1.2. Pho hap thu va huynh quang ctia mang Aluminum tris(8-hydroxyquinoline)

(ALGE) -+ttt ettt et et e st e e bt e e st a e e eanaeas 70
3.1.3. Vat liéu t6 hop st dung 1am 16p phat quang (MEH-PPV+TiO,) va truyén

16 trONg (PEDOTHTION) «.veeeeeeeeeeeee et 71
3.1.3.1. Vat liéu t6 hop str dung TiO; thuong mai..........ocooveveeeeeeeeeeeeeeeenn. 71
3.1.3.2. Vat liéu t6 hop str dung TiOs ché ta0........covieeeeeeeeeeeeeeeeeeeeeeeeeee, 74
3.2. Pic trung, tinh chét cta linh Kién OLED .........cocooooiviieeieieeeeeeeeeeea, 79
3.2.1. Pic trung tinh chat cia dén chudn sir dung trong hé Everfine YT1000 va

LCS-T00. ittt ettt ettt ettt st e e 79
3.2.2. So d6 mach dién khao sat cac dic trung cua OLED da dong vo................... 80
3.23. Pac trung [-V clla OLED .....ccoooiiiiiiiiie et 81
3.2.4. Bac trung dién phat quang cia OLED ..........occcoiiiiiiiiieeeeee e, 82
3.2.5. Do 6n dinh ctia OLED theo thoi e 1 ) SRR 84
3.2.6. Phan tich kha nang st dung OLED 1am nguon SAng............ccoeeveveveveveenn... 87
K&t TUAN CHUONE 3 .o oeoe et 88
Chuong 4: NGHIEN CUU TINH CHAT CUA VAT LIEU VA LINH KIEN

PHAT SANG SU DUNG LED VO CO....oevoiiiiirrineeiiieeieeensiseesessesieseessceones 89
4.1. Khao sat d6 day cua 16p phat quang phu 1én chip LED ........cccvviiiiiiiieee 89



4.2. Pic trung, tinh chit cta cac 16p vat liéu phu trong linh kién WLED............... 92

4.2.1. Vat licu phat quang YAG:Ce thuong mai (YAG:Ce TM) ..ccoeeveviiveniieennnn 92
4.2.1.1. Cau truc, kich thudc bot phat quang YAG:Ce TM ......coovvveveveeeeeeeeeennn 92
4.2.1.2. Tinh chat quang phat quang ctia YAG:Ce TM ......cocoooeeeeeeeeeeieeeeeennns 93
4.2.2. L&p phu chtra polymer dAn MEH-PPV ...........ccocooiviiiieeieiieeeeeeeeeeeee, 95
4.2.3. Lép pht YAG:Ce TM va MEH-PPV ..o 96
4.2.4. Lp phit chtra chAm luong tir (QDS CASe/ZNS) ..o 97
4.2.5. Vit liéu phat quang YAG:Ce tong hop (YAG:Ce CT) c..vovveveveeieeceeennn 99
4.2.5.1. Cau triic tinh the hinh thdi ROC ....c.uvvueveriecierieeeee e 99
4.2.5.2. Tinh chat quang phat quang ctia YAG:Ce CT ...oovvvveveeeeeeeeeeeeeeeeeeean 102
4.2.5.3. Phan b6 kich thuéc hat YAG:Ce CT khao sat bang hé LB-550. .............. 103
4.2.5.4. Tinh chat quang pho cta dung dich bui nano YAG:Ce TH...................... 105
4.3. Pic trung, tinh chit ctia LED trang (WLED)........coooiiiieeeeeeeeeeeeeeeeean 106
4.3.1. DBac trung WLED thuong mai........ccccceeeeiiiiieeiiiieie e 106
4.3.1. 1. DACrUNG L=V 106
4.3.1.2. Bac trung di€n huynh qUang ............ccccovieiieieiiiie e 106
4.3.1.3. D6 6n dinh theo thoi IAN..........coveveeeeeeeeeeeeeeeeeeeeeeeeee e 108
4.3.2. Piac trung WLED c¢6 cau tric 1 (TH1) (YAG:Ce TM/Chip LED xanh

41100707 PSSR 109
4.3.3. Bic trung WLED ¢6 cau trac 2 (MEH-PPV/Chip LED xanh duong)......... 111
4.3.3. 1. DACHIUNG [-V.ooi et 112
4.3.3.2. Bac trung di€n huynh quang ............cccccoviiiieieiiiie e 113
4.3.3.3. D0 6n dinh theo thoi IaN..........coveveveeeeeeeeeeeeeeeeeeeeeeeee e 115
4.3.4. WLED véi céu tric 3: YAG:Ce TM+MEH-PPV/Chip LED xanh duong... 117
4.3.4.1. DAC trung Gi€N qUANG.......c.vvvieeeeiiiieee et e ettt ee e eeie e e e e e e enraeeeeees 117
4.3.4.2. D0 6n dinh theo thoi IAN..........covoveveeeeeeeeeeeeeeeeeeeeeeee e 122
4.3.5. Pac trung WLED c¢6 ciu traic TH 4 (YAG:Ce TM + MEH-PPV+

CdSe/ZnS/Chip LED xanh duong) ........c.cceeeeeiiieeeiriiieie e 123
4.3.5.1. DAc trung Gi€N qUANG.......c.vvvieeeeiiiiee ettt eee e e e e aeeeeees 123

vi



4.3.5.2. D6 6n dinh theo thoi IAN..........coveveveeeeeeeeeeeee e 130
4.3.6. Pic trung WLED c¢6 cau trac 5 (MEH-PPV+YAG:Ce CT/Chip LED

D621 110 10 {03 7.0 RS USSP 131
4.3.6.1. DAC trung Gi€N qQUANG.......c.vvvieeeeiiiie ettt 131
4.3.6.2. D 6n dinh theo thoi IAN..........covoveveeeieeeeeeeeeeeeeeeeeee e 135
K&t TUAN CHIONE 4 ..ot 135
KET LUAN VA KIEN NGHI ......ooviiiiiiieiieeeeeeeeeeeeeee e 137
DANH MUC CONG TRINH KHOA HOQC CUA TAC GIA LIEN QUAN DEN

LUAN AN ..ottt 140
TAILIEU THAM KHAO ....oooooviiiiiieieeeeeeeeeeeeeeeeee e 142
PHU LUC ..ottt 152

Vil



DANH MUC CAC KY HIEU VA CHU VIET TAT

Light emiting diode

Organic Light emiting diode

Solid-State Lighting

LED trang (White Emiting diode)

Y;ALs0,,:Ce™
Poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene vinylene]
Tris(8-hydroxyquinolinato)aluminium

Nhiéu xa tia X

Kinh hién vi dién tir quét phan giai cao

Lép truyén dién tir (electron transport layer)

Lép truyén 16 tréng (hole transport layer)

Lép dién phat quang (Electroluminescence layer)

Poly(3.4- ethylenedioxythiophene):(poly(styrenesulfonate)
Heé s6 hoan mau (Colour Rendering Index)

Dynamic light scattering particle size analyzer

Nano Steam Technique” hay “Bui nano”

Highest Occupied Molecular Orbital - quy dao phan tir dién day
cao nhat

the Lowest Unoccupied Molecular Orbital - quy dao phan tu
chua dién day thip nhét
N,N,N’,N'-tetrakis(4-methoxyphenyl)-benzidine

T6 hop 1: YAG:Ce TM + PMMA

T6 hop 2: MEH-PPV+ Toluene

T6 hop 3: YAG:Ce TM+MEH-PPV+PMMA

T6 hop 4: YAG:Ce TM + MEH-PPV+ CdSe/ZnS+PMMA
T hop 5: MEH-PPV+ YAG:Ce CT+PMMA

Y3Al504,:Ce’ Thuong mai

Y;Als0,,:Ce> Ché tao

TiO, Thuong mai

TiO, ché tao

viil

: LED

: OLED

: SSL

: WLED

: YAG:Ce

: MEH-PPV
: Alg3

: XRD

: FE-SEM

: ETL

: HTL

: EL

: PEDOT-PSS
: CRI-Ra

: LB-550

: BNN

: HOMO

: LUMO

: TPD

: TH1

: TH2

: TH3

: TH4

: THS

: YAG:Ce TM
: YAG:Ce CT
: TiO, TM

: TiIO, CT
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MO DAU

Hién nay Khoa hoc va Cong nghé nano dang la hudéng nghién ctru duogc
nhiéu qudc gia quan tim. Cac san pham ma Cong nghé nano da va dang tao ra c6 rat
nhiéu tinh ning méi va ung dung hitu ich cho doi séng xi hoi, y té, dan sinh va an
ninh quéc phong. O nuéc ta linh vue Khoa hoc va Cong ngh¢ nano tuy mdi dugc
dau tu nghién ctru va trién khai nhung da dat dugc nhiéu két qua kha quan, nhat 1a

tai cac truong dai hoc, cac vién nghién ciru.

Ning luong va moi trudng dang duoc xem 1a van dé cbt yéu trong tién trinh
phat trién xa hoi ma nhan loai phai d6i mit trong thé ky 21 nay. Viéc ap dung cac
giai phap sir dung ning luong véi hiéu sut cao dang 13 mot yéu cau cap bach d6i
v6i mdi qudc gia. Hién nay nhu cdu ning lugng cia nudc ta 1a rat 16n, trong do
chiéu sang chiém dén 30% tong dién ning. Tuy nhién, san lugng dién cia cac nha
méy khong dap tng kip so v&i nhu cau str dung [3]. Chinh vi vdy viéc nghién ciru
va trién khai tmg dung cic ngudn sang hiéu suét cao 13 rat can thiét. Trong s6 ngudn
sang hiéu suat cao phai ké dén diot phat quang vo co (Light emiting diode - LED),
diot phat quang hitu co (OLED). Céac ngudn sang hiéu suét cao ndy dang dan chiém
linh thi truong chiéu sang trén thé gidi noi chung va ¢ Viét Nam noi riéng.

Dy an Chiéu sang hiéu ning cao tai Viét Nam (VEEPL) do Quy Mbi truong
Toan cau (GEF) va Chuong trinh phat trién cta Lién hiép quoc (UNDP) tai tro 1a
mot trong nhitng chuong trinh dugce danh gia cao, dap tmg muc tiéu chuyén d6i hé
thong chiéu sang cong cong st dung cac thiét bi, cong nghé chiéu sang hiéu suét
thap, tiéu ton dién ning sang st dung cac thiét bi, cong nghé chiéu sang hiéu suét
cao, tiét kiém ning luong, bao vé moi truong. Theo khuyén cao cua dy an nay, thap
sang bang dén LED 12 mot trong nhiing giai phap hiéu qua dé ting cuong hiéu qua
chiéu sang. Do vdy dén LED con dugc goi 12 ngudn sang "xanh”. Tuy nhién, ¢ nudc
ta chua c6 budc dot pha vé cong nghé, k¥ thuat trong nghién ctru ciing nhu chi
dong trong san xudt dén LED tring (WLED) nén hiéu qué chiéu sang ran chua thuc

su duogc cai thién.



DPén LED, OLED duya trén cong nghé ban din ma ngdy nay goi la cong nghé
chiéu sang thé ran (Solid-State Lighting-SSL), c6 nhitng uu diém nhu nho gon, hi¢u
sudt cao, thoi gian séng 1au dai. Hién tai, dén WLED c6 tudi tho t&i 100 nghin gid
sir dung, gap 100 1an so véi bong dén 60 W thong thuong. Chiéu sang bang dén
LED c6 thé tiét kiém dién ning tir 70% dén 80%, hon nita dén co kich ¢& nho, nhiét
nang sinh ra trong qua trinh chiéu sang thap, hoat dong tét trong diéu kién nhiét do
khong cao, st dung dong dién mdt chiéu dién ap thép, nén vira an toan trong thao
tac, vira han ché doc hai cho mat nguoi, than thi€n voi moi truong vi khong sinh ra

tia cyc tim, khong c6 hoi thuy ngan,... [10, 35, 59, 61].

Quang phat quang 13 mot trong nhimng bién phap pho bién dé tao ra anh sang
trang trong LED vo co. Hién nay va trong tuong lai phuong phép tao anh sang tring
chu yéu duogc st dung ddi voi LED 1a dung chip InGaN phat ra anh sang xanh duong,
ph 1én chip d6 1 16p phdt pho phat quang mau vang. Cac photon xanh duong phat ra
tir chip ciia LED s& kich thich 16p phdt pho sinh ra cic photon thir cap mau vang.
Xanh duong két hop v6i vang sé cho anh sang tring. Lop phat quang thir cip thuong
duoc st dung 13 vat lidu phat quang Y3Als0,:Ce’” (YAG:Ce) hip thu manh ving
anh sang xanh duong va phat ra phd huynh quang vé6i dinh ~ 550 nm [24, 27, 33, 59,
68, 80, 84, 85, 88, 93, 94].

OLED 14 linh kién phat sang dya trén co ché dién phat quang cua cac chat hiru
co hodc polymer [5-8,16, 23-27, 31, 75]. Dudi tac dung cua mdt di€n ap dat vao
twong d6i nhé c6 thé kich thich cic dién tir trong 16p polymer ddn nhu MEH-PPV,
Alg3... nhay 1én muc kich thich va sau d6 tai hop véi 16 trong dé phat ra anh sang
(photon). Mau cta OLED c6 thé thay d6i rat linh hoat nhd st dung céc loai polymer
khac nhau. Mot trong nhitng phuong phap chinh dé tao ra anh sang trang d6i voi
OLED la str dung t6 hop phat quang da thanh phan lam 16p phét quang.

Déi v6i ca hai loai OLED va LED, chét lugng chiéu sang dugc danh gia boi
cac thong s6, nhu nhiét d6 mau (CCT - correlated color temperature) va Hé s6 hoan

mau (CRI - Colour Rendering Index). P6i véi WLED, hiéu suit chiéu sang phu



thudc vao cac yéu té cong nghé khic nhu chét lugng chip LED xanh duong, bot
phat quang thir cap (vi du YAG:Ce). Dé c6 duoc chat lugng anh sang tot, CRI cila
nguén sang can dugc cai thién. Hién nay, ¢ nudc ta vdi viéc dau tu cho cac PTN
nhitng trang thiét bi hién dai, viéc nghién ctru ché tao céc vat liéu phat quang mai
c6 kha ning cai thién thanh phan phd st dung cho chiéu sang 1a hoan toan c6 thé
trién khai mot cach hiéu qua. Viéc mo rong thanh phan pho trong WLED khéng chi

cai thién hi€u suat ma con lam tang Hé s6 hoan mau cua nguoén sang.

Nham goép phan vao nghién ctru phat trién va tmg dung ngudén sang mdi
trong tuwong lai gan (chiéu sang thé ran), chung t6i da chon dé tai “Nghién citu ciu
triic, tinh chét dign va hupnh quang ciia vit ligu lai nano siv dung trong chiéu

sang moi”.
Muc dich, doi twong cua dé tai:

Pé tai nghién ctu ché tao cac vat liéu to hop phat quang méi img dung lam
16p phét quang trong OLED va LED. Déi voi OLED dbi tuong tap trung nghién ciru
la cac polymer phat quang nhu MEH-PPV Poly[2-methoxy-5-(2'-ethyl-hexyloxy)-
1,4-phenylene vinylene], Alq3 (Tris(8-hydroxyquinolinato)aluminium) va cac lép
truyén dién tir va 15 trong. Doi véi LED vo co, ddi twong nghién ctru 14 cac to hop
phat quang v6 co, hiru co va ban din c6 cdu triic nano (nanocomposites) c¢6 kha
ning phat quang phd dai rong trong ving kha kién nhu YAG:Ce, MEH-PPV, chim
luong tir... Cac td hop cau trac nano véi thanh phan khac nhau (mg dung trong viéc

tao LED 4anh sang trang (WLED) c6 Hé s6 hoan mau cao.
Phwong phap nghién cuu:

Luan an duoc tién hanh bang phuong phap thuc nghiém két hop phan tich, 1i
giai cac két qua nhan duoc. Céac vat liéu t6 hop va cac 10p mang mong s dung
trong OLED va WLED dugc ché tao tai PTN cta truong DPHCN, PHQGHN. Ciu
tric tinh thé, hinh thai hoc ciia miu duogc phan tich trén cac may nhiéu xa tia X
(XRD), kinh hién vi dién tir quét phan giai cao (FE-SEM); tinh chat dién, quang
dugc nghién ctru thong qua cac phép do dic trung dong thé (I-V), phd hip thy va
truyén qua UV/VIS/NIR, phd quang phat quang va dién phat quang.



Y nghia khoa hoc va thuee tién cia dé tai:

Chiéu sang thé ran hién dang 1a huéng quan tdm nghién ctru cua thé gidi.
Viéc phat trién cac ngudn sang thé ran tai Viét Nam 1a rat can thiét, gop phan giam
thiéu dién nang tiéu thu va nhién liéu hoa thach. Viéc nghién ciru dé tai s& gop phan
phat trién cong nghé chiéu sang tai Viét Nam. Nghién ctru OLED cho chiéu sang
mang tinh dén dau thanh tuu khoa hoc trén thé giéi nham tng dung vao Viét Nam
trong nhitng nam t6i. Theo dy bao dén nam 2020 & mdt sé nudc phat trién trén thé
giéi OLED phat 4nh sang traing (WOLED) va WLED s¢& 1a mot trong nhitng nguon
sang phd bién hang dau boi sy tiét kiém dién ning va tinh vu viét vé ki, mi thuat

cua chung.



Chuong 1
VAT LIEU VA LINH KIEN CHIEU SANG RAN

(Tong quan tai liéu)

1.1. Gi6i thiéu chung vé 4nh sing va k§ thuit chiéu sang

Anh sang 13 mot phan khong thé tach roi cudc song hang ngdy cta loai ngudi.
Khi t6 tién ctia chung ta xuét hién (khoang 7 triéu ndm trudc) thi mat troi di c6 tir rat

lau trude d6 (khoang 5 ti ndm trudce), nguodn chi€u chu yéu la mat troi va laa.

Tur thoi c6 dai xa xua con ngudi di ludn dat ciu hoi "anh sang 1a gi?", nhung
phai dén thé ki 19, nguoi ta moi that sy cd dugce cai nhin dung dén vé anh sang va
tr 46 xuét hién nhiéu nguén sang nhan tao m&i, song van chua hoan thién. Panh
dau cac mbc d6 chinh 1a sy tim ra ngudn sang hd quang dién cuc carbon dau tién tai
Vién Hoang Gia ¢ London do nha bac hoc Sir Humphrey Davy vao nam 1809 va
cho dén nam 1860 day la ngudn sang duy nhat sir dung dién nang. Tiép d6 1a ngudn
sang phat ra tir thé khi duoc st dung dau tién tai London vao nim 1814. Mot dau
mdc quan trong clia sy phat trién ngudn sang 1a phat minh ra bong dén sgi dot cua

Thomas Edison vao nam 1879.

C6 thé nhan thdy tAm quan trong trong viéc nhan thirc ban chat ctia anh sang
tir quan diém song va hat cua anh sang. Ban dau anh sang dugc Newton cho 1a mot
loai hat, r6i dén quan diém ludng tinh song hat cia anh sang ma Einstein dé xuét.

C6 thé néi lich sir phat trién cia 4nh sang 1a qua trinh loai ngudi tim toi, phat
trién nhimg ngudn anh sang méi, hiéu qua hon phi hgp voi con ngudi hon. Trude thé
ky XX, ba cong nghé chiéu sang truyén théng cta loai nguoi la: Chay sang, chiéu
sang bang dén day toc va dén phong dién huynh quang. Ba cong nghé truyén thong
da dat dugc nhiing tién bo dang ké trong hon 200 nim qua, nhung hiéu qua chuyén

d6i ning luong trong chiéu sang chi dat trong khoang tir 1% dén tbi da 1a 25%.

Sang cubi thé ky XX, cong nghé chiéu sang thir tu ra doi, d6 1a chiéu sang

trang thai ran ma tiéng Anh 13 Solid-State Lighting (SSL). SSL 1a thé loai anh sang



nhén tao phat ra tir cac linh kién phét quang lam tir diét phat quang ban dan vo co
(LEDs), hiru co (OLED) hay polymer (PLED). D¢ 1a nhiing ngudn sang mdi, trong
tuong lai gan co thé thay thé cho cac dén soi dbt, dén phong dién trong chat khi
(dén huynh quang). SSL 13 cong nghé chiéu sang hiéu sut cao dang duoc phat trién
manh mé trén thé gii. LED chiéu sang con goi 1a WLED, WLED hién nay c6 thé
dat hiéu suat 180 lm/W, 16n hon nhiéu 1an hiéu suit ctia dén huynh quang (80
VW) [15, 16, 17, 39, 50, 63, 65, 67, 70, 74, 77, 87, 89, 93]. Hinh 1. 1 13 biéu d6

thong ké va du doan vé hi€u suat cia mot sO nguon sang hi¢n tai va tuong lai.
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Hinh 1. 1. Lich st phdt trién cia cdc loai dén chiéu sang va dir bdo trong tuwong lai

Hinh 1. 1 cho thiy LED va OLED I4 hai loai ngudn sdang méi chi xuat hién
nhung c6 toc do phét trién rat nhanh va c6 quang thong vuot trdi hon han cac loai
dén khac. Theo du doan cho tdi nim 2020 OLED va LED sé& dat hiéu suat 200
Im/W va thay thé toan bo cac loai dén khac.



1.2. Cau tao va nguyén ly hoat dong ciia LED

LED - Light Emitting Diode, dugc goi 1a dibt phat quang, 14 mot 16p chuyén
tiép P-N dugc ché tao trén ban dan c6 ving cam thing véi cau trac P-N tiép giap
don hay tiép giap di thé [1, 16, 61, 87]. Khi phan cyc thuan LED phat 4nh sang
[77]. Cau trac thue cia LED duoc lam tir vat liéu ban din loai n thuong 1a GaAs
hodac GaAs, Py, sau doé pha tap chit tao mot 16p p trén ban dan loai n nay sé& thu
dugc mot 16p chuyén tiép di chat. LED hoat dong tir viing tir ngoai gan dén ving
hong ngoai gan. Trong ving hdng ngoai gan, nhiéu chit ban din 2 thanh phan duoc
sit dung dé 1am LED vi c6 hiéu suit cao do ving cdm thang, vi du nhu GaAs
(0g=0,87 pum), GaSb (1,7 um), InP (0,92 um), InAs (3,5 um), InSb (7,3 um). Cac
hop chét 3 hay bén thanh phan c6 ving cAm thang ciing duoc st dung rong rii. Mic
du hiéu suét lugng tr ciia n6 con thép, nhung cac vat liéu nay c6 uu diém 1a co thé
diéu chinh duoc budc séng blic xa ciia chiing bang cach thay doi thanh phan, vi du
nhu Al,Ga,_As phat quang trong dai song tir 0,75 dén 0,87 um va In; Ga,As,.,Py
phat tir 1,1 dén 1,6 um. Dé hoat dong trong ving tir ngoai va kha kién, mot sé vat
liéu c6 ving cAm nghiéng ciing dugc dung nhu GaN, GaP, GaAs, . Nhiing vt liéu
nay thudng duoc pha tap voi mot sé nguyén tir tap chét thich hop, ching déng vai

trd 1a nhitng tam tai hop dé lam tang tai hop burc xa.

LED xanh duong lam tir InGaN duoc phat minh dau tién do Shuji Nakamura
ctia cong ty Nichia Corporation vao nim 1994 [59-61]. Hai ky thuat mau chdt 1a cay
GaN trén 10p nén Saphia va tao 16p ban dan P tir GaN (do Isamu Akasaki va H.
Amano phat trién & Nagoya). Nam 1995, Alberto Barbieri tai phong thi nghiém DH
Cardiff da nghién ctu va gidi thiéu LED "tiép xuc trong sudt" c6 cong suat, hiéu
sudt cao bang cach dung Indi thiéc oxit. Sy ra doi ciia LED xanh da trdi cong véi
LED hiéu sudt cao nhanh chéng din dén sy ra doi LED tring dau tién
dung Y;Al;s0;,:Ce. Hop chét nay co tén khac 1a YAG, 1a 16p phu dé tron anh sang
vang voi anh sang xanh da troi cho ra anh sang trang. Nam 2006, Nakamura dugc

trao giai thudng cong nghé thién nién ky cho phat minh nay [60].



Theo tac gia Shuji Nakamura va cong sy chip violet LED InGaN véi d0 rong
ph6 10 nm, dinh phat quang 400 nm d3 duoc phat trién nhung v6i hiéu suit va cong
sudt con thap, trong tmg khoang 1,6% va 1 mW. Nhom Shuji Nakamura di cai
thién hiéu suit ciing nhu cong suét ctia chip LED InGaN bang viéc thay dbi chiéu
day 16p hoat dong (active layer) trong chip LED InGaN. Chip LED InGaN véi ciu
hinh da giéng luong tr (multi-quantum-well: MQW) da dugc ché tao véi chiéu day
giéng va thanh giéng khoang 30 A° [59]. Ciu triic cta chip LED blue InGaN c6
dang nhu trong Hinh 1. 2

p-electrode — ] Dién cye p
p-GaN —| (Anot)
p-Alo1GaosN —
Ino.43GaosiN —
n-Ino.osGaossN bign cue n
n-Alo.1GaosN (Kot
n-GaN —|

GaN buffer layer

Sapphire substrate — Dé Sapphire

Hinh 1. 2. Cédu triic chip LED blue InGaN.

Mang nitride nhom I1-V dugc tao bdi phuong phap MOCVD (metalorganic
chemical vapor deposition - lang dong bang phuong phap héa hoc vo co-kim loai)
trén dé Sapphire véi dinh hudng (0001), mat C, chiéu day 2 inch. Chip LED blue
InGaN bao gém 16p dém GaN day 300 A°, dugc tao ¢ nhiét 46 khoang 550°C. Tiép
theo 16p ban dan loai n (GaN:Si) dugc ché tao bang pha tap Si vao GaN véi chiéu
day 4 pum bao gém cac 1op nhu Aly;GayoN:Si day 1000 A°, Ing gsGag 9sN:Si day 500
A°, 16p khong pha tap Ing43Gags;N day 20 A°, 16p ban dan loai p-Aly;GagoN:Mg
v6i bé day 1000 A°, va 16p ban dan p- GaN:Mg day 0,5 pm. Vung hoat dong
(active region) c6 dang céu trac mot giéng luong tor (SQW) bao gdm 16p giéng
Ing 43Gay 57N day 20 A° duoc kep giita 16p ban dan loai n-Ing sGagosN day 500 A°
va 16p thanh 1a ban dan loai p-Aly1GagoN day 1000 A°. So phan tor gram cua In
trong 16p hoat dong InGaN duoc thay d6i tir 0,2 dén 0,7 nham muc dich thay d6i
budc song dinh cta chip LED InGaN tir mau blue dén mau vang. Trong luan 4n sir

dung cac chip LED blue v6i bude séng dinh quanh ving 460 nm.



Ban chét ciia LED 13 tao ra anh sang don sic, dé co thé tao ra anh sang tring
can két hop nhiéu thanh phan anh sang khac nhau. Hién nay c6 3 phuong phap
chinh dé tao thanh anh sang trang (Hinh 1. 3). Phuong phép thir nhat goi 13 phuong
phap RGB [88]. RGB 1a phuong phap két hop 3 LED c6 cac mau thudc ving mau
d6 (R), mau xanh 14 cdy (G) va mau xanh duong (B) cho mét ta cam giac trang.
Phuong phap tht 2 1a ding LED cuc tim cing véi cac 10p pha phdt pho c¢6 3 mau
do, xanh 14 cay va xanh duong (RGB) dat ngay sat 16i chip LED cuc tim [59, 61,
70, 89]. Anh sang cuc tim phat ra sé& kich thich cac 16p phdt pho d6 va sinh ra cac
photon xanh duong, xanh 14 cdy va do. Phuong phap thir 3 tao ra LED trang phd
bién hién nay 1a ding LED c6 chip bang InGaN phat ra anh sang xanh duong, bao
quanh 12 mot 16p phii phét pho mau vang [39, 63]. Cac photon xanh dwong phat ra
tir 161 sé kich thich 16p phét pho sinh ra cac photon mau vang, xanh duong két hop
v6i mau vang s& cho mau tring. Pay 13 phuong phap dé thyc hién va than thién voi

moi truong.
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Hinh 1. 3. Cdc phwong phdp ché tao LED trdng: (a) RGB LEDs, (b) LED tir ngoai
+ RGB phosphor and (c) LED xanh dwong + bot phosphor vang.



Uu diém cua dén LED 1a két ciu gon nhe, linh hoat, tinh thim my cao, san
pham da dang, phong phii va c6 thé (mg dung trong nhiéu linh vyc khic nhau:

quang cdo, trang tri, chiéu sang ndi ngoai that, chiéu sang nén thiét bi hién thi, ...
1.3. Cau tao va nguyén ly hoat dong ciia OLED

Vit liéu phat quang hitu co duge bt ddu nghién ctiru vao thap ky 70 khi cac
nha nghién ciru tim ra d6 dan cua cac hé vat liéu polymer c6 thé thay ddi tir chat
dién moi thanh “kim loai” bang cach pha tap hoa hoc. Polymer din dién dau tién -
polyacetylen - dugc ché tao boi Shirakawa [13, 16, 45]. Budc dot phé trong nghién
ctru vé polymer, khi cac kham pha tiép theo do Heeger va MacDiarmid [20] chi ra
rang polymer tang d6 dan 1én gap 12 1an bang cach pha tap oxy hoa. Két qua nay da
khién cac nha khoa hoc trén ca thé gidi quan tdm dén cac vat liéu ndy. Viéc phat
trién cac mang mong c6 kha ning phat quang khi dugc dit vao né mot dién ap
thuan (hién tuwong di¢n phat quang hiru co) dugc bat dau vao nhitng nam 1980 thong
qua cac cong trinh cia Tang va Van Slike [80], ho da ching minh dugc qua trinh
dién phat quang cua cic polymer ban dan bang cach ché tao linh kién diode phat
quang hitu co hai 16p thong qua phuong phap bdc bay cac vat liéu “phan ti” & nhiét
d6 thap trong chan khong. Céc linh kién nay bao gom mot 16p truyén 16 trong
diamine nhan thom va 16p phat quang Alq3 (8-hydroxyquinoline aluminium) [6, 7,
51, 54, 85]. Cac san phém thuong mai dau tién dua trén cac diode phat quang hitu

co da duoc thuong mai hoa vao cudi thé ky tha 19 [73, 75].

Tuong tu nhu mét diode phat quang vo co (LED), mét diode phat quang hitu
co (OLED) 1a mét linh kién ban dan thé ran c6 do day vai trim nanomet (bao gdm
nhiéu 16p mang méng khac nhau). OLED c6 thé bao gdm 3 16p co ban d6 1a 2 16p
dién cuc va 1 16p hoat dong (16p polymer) [6, 10, 16, 17, 19, 23, 25, 32, 34, 73, 75].
Pé cai thién hiéu suit cia OLED, thuong c6 thém cac 19p truyén dién tir (electron
transport layer - ETL) va truyén 18 trong (hole transport layer - HTL) kep hai bén
16p dién phat quang (Electroluminescence layer - EL). Chirc nang cta anode la cung

cap cac 16 tréng dién tich duong va vat lidu trong sudt dan dién thuong s dung lam
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anode 1a ITO. Pién cuc cathode cung cip dién tir cho 16p hitu co. Cac hat tai
electron va 16 trong duoc phun vao 16p hitu co phat quang mong, & trong d6 ching
s€ hinh thanh cac exciton. Qua trinh phat sang trong OLED dya trén co s¢ phun
dién tich duong va dién tich 4m tir cac dién cuc vao t6 hop cac 16p hitu co. Két qua
cudi cung 1a chiing tu két hgp dé hinh thanh cic exciton va c6 thé tai hop phat sang.

Hinh 1. 4 1 so dd cau trac cia mot OLED.

Chutrac OLED

Pién cuc am- Catot
Emissive

Layer (Organic . " o
Molecules or 6p truyeén dién tir
Polymers)

Conductive
Layer (Organic
Molecules or
Polymers)

Anode

Substrate

Hinh 1. 4. Cdu tao OLED

« Tam dé (substrate) - 1a cac tAm nhya trong sudt hay thuy tinh, trén d6 ngudi
ta tao 10p Andt mong trong sudt. TAm nén co tac dung d& cho toan bo cac 16p

cua OLED.

« Andt (trong sudt) - Andt tao ra cic 16 tréng mang dién dwong khi c6 mot
dong dién chay qua linh kién. Mang trong sudt ITO hay ZnO:Al ...thuong
dugc sir dung lam Anét.

e Cac 16p hitu co - cac 16p nay dugc tao thanh tir cdc phan tir hitu co hay
polymer.

« Lép truyén 1§ trong (HTL) - 16p nay duoc 1am tir cac phéan tir hitu co ¢o
nhiém vu truyén 16 trong tir Andt vé 16p EL. Mang truyén 18 trong HTL
thuong dugc st dung nhu: CuPc, PEDOT, PEDOT-PSS, PVK, NBP,
TPD.... va mdt s6 tap loai p nhu FATCNQ...
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« Lép truyén dién tir (ETL) - 16p nay thuong dugc ché tao tir cac chat hiru co
phan tir thap, nhu Alq3, ETL c6 nhiém vu truyén dién tir tir Ktét vé 16p EL.

o Lép dién phat sang (EL) - 16p nay dugc lam tu cac phan tir hitu co hoac
polymer dan dién. Trong nhiéu cong trinh, cic tic gia phan biét OLED ché
tao tir polymer dan bang tir PLED. Dién tir va 15 tréng gip nhau & trong 16p
nay tao thanh exciton, trong thdi gian rat ngan exciton tan rd (hay cip hat tai
tai hop) phat ra anh sang. Tuy thudc vao ban chat cia 16p EL, OLED c6 thé

phat ra anh séang trong ving tir ngoai hodc kha kién.

. Ktbt (co thé trong sudt hoac khong tuy thudc vao loai OLED) - Ktdt s& tao ra
cac electron khi c6 dong dién chay qua linh ki¢n. Kim loai thuong dung lam

Ktét nhu Al, Ag, Ag-Mg, Ca ...

Tuong tu nhu LED tring, viéc tao ra anh sang trang cia OLED (WOLED) la
do tong hop ctia nhidu mau khac nhau trong viing kha kién. Viéc tao ra 4nh sang véi
cac mau khac nhau quyét dinh bai thanh phan hitu co trong 16p phat quang. Cac
chat hitu co voi mau phat quang khac nhau c6 thé duoc ché tao theo ting don 16p

hoic duoc tron téng hop trong mot 16p [36, 38, 62, 66].

Hinh 1. 5 14 cdu tric co ban cia mot diode phat quang hitu co phat 4nh sang
traing (WOLED) véi 16p phét quang 14 tong hop cta 3 loai polymer c6 kha nang phat

quang 3 mau co ban: mau d6, mau xanh da troi (green) va mau xanh duong (blue).
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Céu triic OLED
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Hinh 1. 5. Cdu triic WOLED co badn

OLED hoat dong dya trén co s¢ phun di¢n tich duong va dién tich am tir cac
dién cuc vao cac 16p hitu co, két qua cudi cung 1 chiing hinh thanh cac exciton va
c6 thé tai hop phat sang. Mau cua su phat sang phu thudc vao qua trinh chon
polymer hoac cac phan tr nho (tap cua 16p phat sang) thich hop. Cac electron dugc
phun tir vat liéu cé cong thoat thap, trong khi d6 cac 18 tréng duoc phun tir vat liéu

c6 cong thoat cao.

WOLED phat ra 4nh sang trang sang hon, dong nhat hon anh sang phat ra
boi dén huynh quang. Do cac OLED c6 thé ché tao thanh cac tim 16n nén ching cd
thé dung dé thay thé cac dén huynh quang hién dang dugc ding nhiéu trong cic toa
nha va cin ho. Viéc st dung cac WOLED c6 thé giam dang ké dién ning cho viéc

chiéu sang.
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Hinh 1. 6. Mt s6 san pham OLED cia hing Philip ¢é thé thay thé cho cdc dén

chiéu sang théng thwong.
1.4. Vit li¢u phat quang sir dung cho chiéu sing rin

Trong chiéu sang ran, vat liéu c6 vai tro rat quan trong. Viéc cai thién hiéu
sudt quang phat quang ciing nhu dién phat quang s& cai thién duoc hiéu suat va chat
luong cta ngudn sang. Poi v6i linh kién phat sang vo co (LED), vat liéu phat quang
chu yéu dugc st dung la phosphor phat quang co6 cong thirc ciu tao 1a
Y3AlL04,:Ce* (YAG:Ce). Hién nay, LED da duoc ché tao véi su két hop thém cac
thanh phan phéat quang 14 chdm luong tir ban dan. D6i voi linh kién phat sang hitu
co (OLED) vat liéu phat quang thudng dugc str dung 13 cac polymer két hop c6 hiéu
suét phat quang cao nhu MEH-PPV, PVK...Céc dac diém, tinh chat cua vat liéu
polymer s€ dugc trinh bay rd hon trong chuong 2 va chuong 3.

YAG l1a vat liéu tinh thé thudc nhém khoang vat garnet. Khi YAG duoc pha
tap Cerium s& c6 kha niang hap thu manh ving anh sang xanh duong (460 nm) va
phat xa ra ving 4nh sang tir 500 dén 650 nm [9, 21, 22, 26, 27, 50-52, 55, 56, 66] 1a
do su dich chuyén dién tir tir mire 5d xudng 4f trong nguyén tir Ce (Hinh 1. 7).
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Hinh 1. 7. Cdu truc muc nang luong cua ion Ce

1.5. Cac dai lwong do ngudn sang

C6 nhiéu dai luong ddc trung cho ngudn sang nhu quang thong, cuong do

sang, do choi, do roi, dJ trung... [3]
1.5.1. Quang thong, phd ning lweng ciia mot s6 ngudn sing

Trong chiéu sang, cing mdt cudong do birc xa lai gy ra hiéu qua cam nhan
anh sang khac nhau d6i v6i mat nguoi tiy nang lugng ciia nd. Pudng cong d6 nhay
ctia mat V(1) danh gia anh huéng nay. Quang thong la dai lwong dic trung cho tong
cuong d6 blrc xa ciia ngudn sang trong khong gian. Pon vi cia quang thong 1a
lumen, ki hiéu Im. Quang thong ctia nguén sang duge tinh theo cong thirc (1.1).

760

b= Kf3 s VaVada (1.1)
trong do:
- Wj 1a ham phan b6 ning lugng theo budc song
- V() 1a ham d6 nhay tuong ddi ctia mét theo budc song
- K=6831Im/W la hé sb chuyén doi cuong do buc xa sang cam nhan thi giac.

Duéi day 1a bang thong ké quang thong ctiia mot s6 loai ngudn sang thong dung:
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Bang 1. 1. Quang théng ciia mét sé nguon sang théng dung

Ngudn sang Quang thong(L.m)
Deén soi dot 60W 685
Dén compact 11W 560
Dén huynh quang 40W 2.700
Deén Na cao ap 400W 47.000
Dén Halogen kim loai 2kW 180.000

Po quang thong 1 phép do quan trong nhit trong cic phép trac quang ngudn
sang. V& mit 1y thuyét, khi biét sy phan bd cuong do sang ciia mot ngudn sang
trong khong gian, ngudi ta ¢ thé tinh toan truc tiép ra quang thong cua né bang

biéu thirc:

o= ["1d0 (1.2)
Trong d6 1 12 cudng d6 sang cia ngudn sang phat ra trong goc khodi dQ.
Néu ngudn sang 1a dang hudng thi:

®=["1dQ = 4nl (1.3)

Tuy nhién ngudi ta khong thé cin clr vao cac biéu thirc (1.2) va (1.3) dé xéc
dinh quang thong ctia mot ngudn sang vi yéu cau thao tac qua phirc tap va khong
thé loai trir hét anh sang ki sinh. Mit khac, nguoi ta ciing khong thé dé dang dinh ra
cac phan tir cia goc khdi dQ trong toan bo khong gian duoc. Vi vay, trén thyuc té
nguoi ta ché tao ra mot thiét bi “nhét” toan bo anh sang do ngudn sang phat ra trong

mdt thiét bi goi 1a qua cau tich phan (Intergrating sphere) (Hinh 1. 8)
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Hinh 1. 8. Qud cau tich phan.

Khi can phan tich hodc xac dinh cuong d6 phat sang phu thudc vao budc
song phd ngudn sang, nguoi ta dung mot thiét bi goi 1a may quang phd. Trong céac
hé do quang thong, may quang phd dugc gin vao du ra cua qua cau tich phan. Két
hop v6i phan mém chuyén dung ta thu duoc phd buc xa ciia ngudn sang véi cac

thong s6 nhu H¢ s6 hoan mau, nhiét d§0 mau, cong suat...
1.5.2. Nhiét d) mau ctiia nguon sang

Nhiét 60 mau 1a mdt khai niém duogc rat ra tir dinh luat birc xa cua Planck.
Mot vat khi néng, phd phat xa thay d6i theo nhiét d6. Khi nghién ctru birc xa clia
mdt vat den tuyét d6i Planck da phat hién ra, & mot nhiét do T nhat dinh thi vat s&
phat ra mot quang pho lién tuc voi cudng do thay doi theo cong thie 1.5 - cong thirc
Planck [70]. Tan s anh sang dugc phat xa manh nhéat phy thudc vao nhiét do tuyét
d6i cua vat. (vi du mot vat néu co nhiét do 1a 1500K (khoang hon 1200 °C) thi s&
phat ra d&nh sang c6 mau cam la manh nhét, vat c6 nhiét d6 1a 3000K thi phat ra a&nh

sang vang manh nhat.

h 2
10.7) = =5 —7 (1.5)
exp(#)—l

trong do:

I 12 cudng d6 birc xa cua vat den tuyét d6i (cong suat trén mdi don vi goc

khdi theo budc song)

T: 1a nhiét dg cua vat den tuyét doi
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H: 13 hang s6 Planck
c: 1a van toc anh sang
K: 12 hang s6 Boltzmann

Nhiét d0 mau cua nguén duoc tinh theo Kelvin, dién ta mau cta nguén sang
s0 v&i mau caa vat den dugc nung néng tir 2000 dén 10000 K. Noi chung nhiét do
mau khong phai 12 nhiét d6 thuc cua ngudn sang ma 14 nhiét do cua vat den tuyét
ddi cho khi dugc dbt néng dén nhiét do nay thi anh sang do n6 buc xa cd phé hoan
toan giéng v&i phd cua ngudn sang khao sat. Hinh 1. 9 1a pho birc xa cua vat den

tuyét dbi theo nhiét do.

.
- T=5500K 1
800 |- -
~—~ 600 -~ —
£ L ;
£
2 - R
< 400 |- / .
- - | T=4500K ° 1
200 |- T=4000K 4
[ T=3500K
0 PRNEP U S S S RS S
0 500 1000 1500 2000

A [nm]
Hinh 1. 9. Phé birc xa ciia vit den tuyét doi theo nhiét do

Nhiét d6 mau cho ta cam giac dinh tinh vé viing cyc dai trong phd ning luong
cta ngudn sang [71]. Ta n6i 4nh sang dén soi d6t 1a anh sang “4m” vi c6 phod ning
luong cuc dai nam & viing birc xa mau dé (Hinh 1. 10), con dnh sang dén huynh quang

14 anh sang “lanh” vi c6 pho nang lugng cuc dai giau mau xanh da troi [3].
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10000 Béau trovi cuc bic

(may xanh)

9,000 —

8,000 —

7.000 — }‘ Bau tr&i nhidgu may

Sl Béu trod gitra trra, dén

5000 — ;‘.:lash, anh sag mau trang
anh

4,000 -

3,000 — Anh sang dén soi d6t,
Anh sang mau trang am

2,000 —

1.000 —

Hinh 1. 10. Nhiét do mau trong don vi Kelvin
Nguoi ta phan biét ba loai ngudn sang:

- Anh sang néng lam ting thém mau d6 va cam cho do vat, lam sam di cac
mau xanh va lam. Mau néng cho cam giac ning né vé khdi lugng hon so voi
cac mau khac va gy tam 1y kich thich, tao cam giac vui tuoi, hung phan, gy
tang huyét 4p, ting nhip thé. Mau cam anh hudng tot dén hé tiéu hoa, mau

vang kich thich sy lam viéc tri 6c.

- Anh sang trung tinh (trang) gdy an tuong lanh lung va trong réng nhung nd
lam ting d6 choi va su tac dong cua cac mau sic ding. Viéc chiéu sang cho
cac cong trinh co kiéu dang don gian v6i yéu cau chiéu sang dong déu trén
cac mit cong trinh thuong st dung ngudn sang ndy. Mau trang cho ta cam
gidc nhe nhang vé khdi lugng va xa x6i vé khoang cach. Mau luc, lam cho ta
cam giac tuoi mat, lam diu di sy kich thich, tao cam giac binh yén thu gian.

Mau tim ngoai cho ta cam giac lanh, budn chan, thy dong ué oai.

- Anh sang lanh phu hop cho nhitng lic thu gidn nghi ngoi, thuong duge sir

dung ¢ nhiing noi cong cong cd khong gian rdng, khu vuc c6 nhi€u cay xanh.
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Bang 1. 2. Nhiét do mau ciia mot so6 nguon sang.

Ngudn sang Nhiét do mau(K)
Bau troi xanh 100.000-30.000
Anh sang troi may 6.000-8.000
Dén huynh quang anh sang ban ngay 6.200
Pén huynh quang 4nh sang 4m 3.000
Dén Metal halide 4.100
Dén s dét 2.500
Ngon nén 1.800

1.5.3. Chi s6 truyén dat mau (CRI- Colour Rendering Index)

Chi sb truyén dat mau hay con dugc goi la H¢ s6 hoan mau 1a mot dic trung
va cling 14 chi tiéu rat quan trong d6i v6i moi ngudn sang, né phan anh chét luong
cia ngudn sang thong qua sy cam nhan ding hay khéng dung mau cua cac ddi
tugng duoc chiéu sang. Ta thiy rang cing vdi mot vat nhung khi chiéu sang bang
cac ngudn sang khac nhau thi né sé thé hién mau khac nhau. Hé s6 hoan mau cua
mot nguén sang la dai lugng danh gid muc dd trung thuc vé mau sic cua vat dugc
chiéu sang bang ngudn sang ay, so voi truong hop dugc chiéu sang bang anh séng
ban ngay. Pé do Hé sé hoan mau ciia mdt ngudn sang ngudi ta sir dung cac mau
mau chudn dé so sanh, s6 mau thuong 1a 8 dén 15 mau [3, 18, 28, 36, 38, 39, 87].
Heé s6 hoan mau ciia ngudn sang can do duoc tinh tai mdi mau lam chuan so sanh va

dugc tinh theo cong thuc 1.6
Riz 1 00-4,6AE1 (1 6)
Trong d6 AE; 1a d6 chénh l1éch vé ning luong ciia ngudn sang véi mau chuan.

H¢ s6 hoan mau CRI ctia ngudn sang la trung binh ctia cac H¢ s6 hoan mau

R; tinh theo cong thac 1.7
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1
CRI =—YR; (1.7)

Nguoi ta quy dinh chi s6 CRI bang khong dbi v6i anh sang don sic va bang
100 ddi véi anh sang ty nhién ban ngay hoac birc xa cua vat den tuyét dbi. CRI anh
huéng nhiéu dén mau cia vat, cu thé 1a:CRI < 50 mau bi bién d6i nhiéu; 50< CRI
<70, mau bi bién d6i it; 70<CRI<85, mau it bi bién d6i; CRI>8S, sy thé hién mau

rat tot, str dung trong cac cong trinh chiéu sang yéu cau chat luong mau cao.
Tém tit chwong 1

Anh sang va chiéu sang 1a nhu cau khong thé thiéu ctia con nguoi. Khoa hoc
cong nghé hién dai dang ngay cang cai thién ngudn sang vdi cong suat cao, ton hao
ning lugng thip va than thién moi trudng. Pén LED véi viéc phu cac 16p phat
quang tao ra anh sang tring (WLED) va di6t phat quang hiru co (OLED) cho muyc
dich chiéu sang 12 myc tiéu nghién ctru va trién khai ctia nhiéu tap thé khoa hoc trén
thé gii va & nudc ta.

Str dung vat liéu td hop nano trong OLED va WLED c6 thé nang cao chét
luong ngudn sang thong qua viée cai thién, didu chinh Hé s6 hoan mau (CRI) thich

hop cho céc doi tugng can chiéu sang, trong d6 co6 chiéu sang dan dung.
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Chuong 2
PHUONG PHAP THU'C NGHIEM, PHAN TiCH VA CHE TAO MAU

2.1. Phuwong phap thuc nghiém
2.1.1. Phwong phap ché tao t6 hop phat quang hiru co sir dung trong OLED.

Hiéu suat cua linh kién OLED phu thudc vao x4c suat hinh thanh exciton tir
cac cap dién tir - 16 tréng duoc bom vao cac 10p polymer cua linh kién. Xac suat
hinh thanh cac exciton phu thudc vao nhiéu yéu td nhu d6 day cac 16p phat quang,
16p truyén dién tu, 16 tréng, dic tinh tiép xtc giita cac 10p, dic biét 1a gitta dién cuc
va cac 10p polymer. Hién nay hiéu suat quang ctia OLED chi méi dat khoang 16,7
Im/W. Hiéu suat quang cia OLED phu thudc nhiéu vio xac sut hinh thanh cac
exciton. X4c xuét hinh thanh céc exciton trong polymer thuan khiét chua cao do cac
dién tich bi bat gitr tai cac bay (cac bay la cac sai hong, 16 hong trong mang polymer
xudt hién trong qua trinh ché tao, dic biét 1a trong giai doan quay phu li tim). Hon
nira, mat do trang thai exciton singlet nho hon so vdi exciton triplet (ty 1€ 1: 3) [5,
6], vi thé hiéu suat phat quang ctia OLED ché tao tir polymer thuan khiét chua cao.
Hién nay da c6 nhiéu cai tién dé ting xac suat hinh thanh cic exciton nhu pha tap
cac hat nano ban din, cac chdm luong tir vao trong polymer dé lam tiang kha ning
truyén din cia 1 tréng cling nhu dién tir. Trong ludn an nay chung t6i da st dung
cac 16p vat liéu polymer t6 hop nano dé ché tao OLED c6 thé khic phuc mot phan
cac han ché néu trén. Viéc pha tron cac nano ban dan vao trong cac 16p polymer s&
cai thién duge hiéu sudt OLED la do sy xuét hién cia céc tiép xtc di thé cua cac
polymer véi cac chat truyén dién tich nhu nano oxit kim loai, cac polymer din
dién... Cac polymer thuong 1a cac chat truyén 15 tréng. Do vay, chung thudng duoc
su dung trong cac tiép xtic di thé v&i cac chit nhan dién tir khac nhau. Nhom cac
chat nhan dién tir bao gdm: Cac polymer (CN-PPV...), Cac oxit kim loai (TiO»,
Sn0,...), Cac phan tir nho (Cg, perylene...), Cac hat nano cua cac ban dan vo co

(CdSe, PbS...) ...
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C6 hai phuong phap dé ché tao vat liéu polymer t6 hop nano TiO, va Polymer:

+ Céc hat nano TiO, dugc phan tan vao trong polymer tao thanh dung dich

hdn hop polymer va hat nano xen k& dong nhat.

+ L&p mang polymer va 16p mang TiO, dugc trai phu xen ké tao thanh 16p
mang kép chuyén tiép di chat.

Trong luan 4n nay chiing toi sir dung cac hat nano 6xit kim loai TiO, két hop
v6i polymer MEH-PPV bang cach tht nhat dé ché tao OLED vdi cac phuong phap
st dung nhu: Phuong phdp oxi hoa nhiét, Phuong phép quay phu ly tdm (Spin-
coating), Phuong phap bbc bay nhiét.

Trong dung dich t6 hop, cic hat nano dugc phan tan trong polymer bang
phuong phap co hoc, khi trdi mang céc hat nano dugc polymer bao boc xung quanh,

tao thanh mang t6 hop.

Khi mang dugc tao bang phuong phap quay phi li tim véi toc do quay thich
hop, dudi tac dung cua luc li tAm cic hat nano dé dang bam duoc vao cac chudi
polymer, tao ra rat nhiéu bién tiép xuc polymer/hat nano hoan hao, bén chat. Su
xudt hién cta cac hat nano nhu TiO, lam cho bé mat ciia mang t6 hop gb ghé hon
trong giéi han thang do nanomét, tang dién tich bé mat clia mang, tao ra rat nhiéu

bién tiép xtic polymer/hat nano ban dan kich thudc nanomét trong mang to hop.
2.1.2. Phwong phap ché tao OLED

Mot linh kién OLED bao gdm nhiéu 16p vat liéu vo co va hitu co khac nhau.
Pbi voi mdi 16p ta c¢6 cac phuong phap ché tao khac nhau. Vi 16p lam dién cuc
Kt6t va Andt thuong duoc sir dung phuong phap bdc bay nhiét, phuong phap phun
xa dé ché tao. Cac mang mong polymer st dung lam 16p truyén dién tu, 16p truyén

16 tréng va 16p phat quang duoc ché tao bang cac phwong phap sau:

« Boc bay trong chan khong [4]: Trong budng chan khong, cac chat hitu co
dugc dat trong chén s, héa hoi bang cach ddt thuyén dién tré (bao quanh

chén). Hoi cia chat hitu co s& ngung tu trén dé hinh thanh mang mong.
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Mang moéng hitu co nhu Algs hay LiF dugc ché tao bang phuong phap nay.

« Ling dong pha hoi hiru co (organic vapor phase deposition - OPVD): trong
mdt budng phan tmg ap suat thip c6 tuong néng, mot chat khi van chuyén sé
truyén tai cac phan tir hitu co bdc hoi tdi cac tim dé, tai d6 ching ngung tu
thanh cac tim phim méng. Trong phuong phap nay thuong st dung thém

chat khi van chuyén s& tang hiéu qua va giam gia thanh ché tao cac OLED.

o In phun mue (inkject printing): Véi cong nghé in phun, cac polymer dugc
phun rai 1én cac tdm dé gidng nhu myuc dugce phun rai 1én trén gidy trong khi
in. Cong nghé phun muc gitip giam dang ké gia thanh san xuat cac OLED va
cho phép cac OLED duoc in 1én trén cac tdm film 16n tirc 13 c6 thé tao ra cac
man hién thi rat 16n nhu cac man hinh TV 80 inch hay cac bang thong bao
dién tur.

« Quay phii li tim: Phuong phap thong dung nhit duoc sir dung dé ché tao
mang mong polymer 1a quay phu li tdm (spin-coating). Céac polymer thuong
duoc hoa tan trong dung moi nhu xylene, cloruaform,... tao thanh dung dich
c6 do nhét hop li. Dung dich nay dugc nhé giot 1én dé, réi thyuc hién quay li

tam vai tde do va thoi gian t8i wu cho linh kién cu thé.
2.1.2.1. Phuong phap quay phu ly tim (Spin-coating)

Pay 1a phuong phap don gian va rat phu hop khi ché tao mang polymer dan
dién. Phuong phap nay co thé tao ra mang voi chiéu diay déng nhit do su can bang
gira lyc li tAm (hudng ra ngoai) va luc nhdt (hudng vao trong), khong lam thay doi
cdu tric, chiéu dai chudi polymer, khong doi hoi chan khong cao nhu cac phuong
phap ling dong pha hoi vat 1y. Quy trinh ché tao don gian 1a mot trong nhiing uu
diém ndi troi duge lua chon dé ché tao cac linh kién quang dién tu hiru co, dac biét
1a cac OLED va pin mit troi. Cac mang polymer din c6 thé duoc ché tao bing
phuong phap bbc bay bang chum tia dién tir, song phuong phap nay cho thiy c6 thé
bé giy cac chudi polymer lam anh hudng téi tinh chat quang va dién ctia mang

polymer dan dién. Véi cac uu diém trén cong v6i diéu kién thi nghiém cho phép,
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chung t6i lya chon phuong phap quay phu li tim dé ché tao mang t6 hop cau trac
nano cho OLED.

Gian dd cau tao ctia may quay phu li tAm duogc trinh bay trén Hinh 2. 1. Cac
mang mong cua luan an dugc thyc hién trén may quay phu li tdm cia khoa Vit ly

k¥ thuat & cong nghé nano - DH Cong nghé - DH Quéc gia Ha Noi.

bia méng Léng chao

Bom hut
chan khéng

Ban cap

() (b)

Hinh 2. 1. Bia quay phu li tam (a), May quay phu li tam Delta 6 RC (b)
2.1.2.2. Phuwong phap boc bay nhiét

Ché tao mang bang phuong phap bdc bay trong chin khong 1 mot trong

nhiing phuong phép duoc sir dung kha pho bién khi ché tao mang mong.

Phuong phap bdc bay nhi¢t dugc st dung dé tao mang dién cuc Ktdt nhom
cho OLED. Nhom dugc dat trong thuyén dién tré lam tuo day Vonfram, udn dang
gio, dat trong chan khong cao, ¢& khoang 107 torr. Khi c¢6 dong dién chay qua,
thuyén duogc dot nong lén dén nhiét do bﬁng hoac cao hon nhiét do hoa hoi cua
nhom, nhom s& hoa hoi bay 1én va duoc lang dong trén dé tao thanh mang. Phuong
phap bdc bay nhiét ciing duoc sir dung dé boc bay 16p truyén dién tir Algs va 16p

mang siéu mong LiF dé tao tiép xtic Algs/LiF c6 hiéu suat truyén dién tir cao.

Trong luan 4n, cac mang mong trén duoc bdc bay bang hé bdc bay nhiét
Ulvac VPC 260 cta Bo mon Vat 1y chét ran - Pai hoc Khoa hoc tu nhién, TP HCM
(Hinh 2. 2).
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Hinh 2. 2. Hé ché tao OLED tich hop dua trén Glovebox va hé béc bay nhiét.

Uu diém cua phuong phap nay 1a co thé ché tao duoc mang mong véi do
sach cao, thiét bi ky thuat don gian, dé ché tao céac mang tur nhitng vat liéu c6 nhiét
d6 hoa hoi thap. Nhuoc diém ciia phuong phép 1a khong bdc bay duoc nhimng vat
liéu c6 nhiét d6 nong chay va hoa hoi cao, chiéu day ctiia mang trén dién tich bdc

bay rong khong dong déu. ...

Dac trung quang dién cua linh kién dugc khao sat trén hé do LCS-100 Khoa
VLKT & CNNN, truong Pai hoc Cong nghé.

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

Trong ludn an chung t6i da st dung hai loai bot phat quang phosphor
YAG:Ce™". Mot loai thuong mai va mot loai tw tong hop. C6 nhiéu phuong phap
ché tao bot YAG:Ce’™ nhu phuong phap dong két taa [52, 79, 83, 86, 92], phuong
phép mang polymer, hay phuong phap sol-gel [11, 12, 58, 59, 90, 94]. Trong luan
an nay chung t6i da st dung phuong phép sol-gel ¢ nhiét do thip dé ché tao bot
nano YAG:Ce’".

Phuong phap sol-gel 1a phuong phap dé thyuc hién v6i dung cu thi nghiém don
gian, dé dang tao hinh dang cho vat liéu khdi, c6 nhiét do téng hop thap, vat liéu c6 do
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dong déu cao, co thé pha tap v6i ndng do cao, it xay ra hién tugng két dam. ..

Chung ta dd biét ring sol 1a mot dang huyén phu chta cac tiéu phan co
duong kinh khoang 1+-100 nm phén tan trong chét long, con gel 1a mot dang chat
ran - nira ran (solid-semi rigide) trong d6 van con giit dung méi trong hé chit ran
dudi dang chat keo hodc polyme. Pé tong hop gbm theo phuong phap nay, trude

hét can ché tao sol trong mét chat 16ng thich hop bang mot trong hai cach sau:
« Phan tan chat rin khéng tan tir cp hat 16n chuyén sang cap hat cta sol
trong cac may xay keo.
« Dung dung méi dé thuy phan mét tién chat (precusor) cho tao thanh dung
dich keo. Vi dy dung nudc dé thuy phan alcoxyt kim loai dé tao thanh hé keo
oxit cua kim loai do.
Tur sol duoc xir 1y hodc dé 1au dan cho gia hoa thanh gel. Pun néng gel cho

tao thanh san pham. C6 thé tém tit phuong phép sol-gel theo so d6 sau:

Phar} tan I}Oéc Sol L:c‘lm nong Gel Thiéu ket, Gém
thiy phan hodc gia hoa nung

Quy trinh tong hop vat liéu bang phuong phap Sol-Gel dugc mé ta trong Hinh 2. 3.

27



‘ ~
r-—-l:'-——p N\t Dung dich

Precursors

U nhiét

Gel kho

l Xir Iy nhiét

= |

Mang mong

‘1 Phu mang
_
I

e

Lon

Gel hoa -
Gom dac
- g
Fibers Gel khi

Hinh 2. 3. Quy trinh téng hop vdt liéu bang phiong phdp sol-gel.

2.1.4. Phwong phap ché tao to6 hop phat quang hitu co - vo co sir dung cho
WLED.

T6 hop phat quang hitu co + v co dung dé ché tao WLED dugc ché tao theo
phuong phap giéng nhu phuong phap hoa tron hai loai vat liéu véi nhau nhu
phuong phap ché tao to hop polymer va TiO,. Tuy nhién trong t6 hop niy bot vo co
c6 kich thudc kha 16n hon so véi polymer, nén hai thanh phan v6 co va hitu co dugc
hoa tan, phan tan trong mot dung dich thtr 3 nhu Toluen va keo PMMA, sau d6 t6
hop duoc khudy co hoc, khudy tir va rung siéu 4m trong thoi gian nhét dinh tao
thanh mot dang dung dich dong nhét.

Quy trinh ché tao duge thuc hién theo 3 budc sau:

Budc 1:
> Khudy co hoc hdn hop YAG:Ce + PMMA.
> Khudy tir hdn hop MEH-PPV + Toluene

Budc 2: Khudy co hoc 3 hdn hop thu dugc ciia bude 1.
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Budc 3: Ché tao mau: Quay phil li tim trén dé thily tinh va phu trén chip LED

xanh duong.
2.1.5. Phwong phap ché taoc WLED

Nhu dugc trinh bay trong chuong 1, ¢6 3 phuong phap chinh dé ché tao WLED.
Trong luan 4n nay ching toi da sir dung phuong phép thi 3 dé ché tao LED éanh sang
tréng. Quy trinh ché tao mot WLED duoc thyuc hién theo 3 bude chinh sau:

e Budc 1. Lap ghép LED xanh duong:

LED xanh duong duoc ché tao bang cach lip ghép céc linh kién don 1é nhu

chip LED InGaN, dé tan nhiét, day vang, thau kinh.
e Budc 2. Ché tao to hop phat quang:

T6 hop phét quang dugc ché tao tir nhiéu thanh phan phat quang khac nhau
nhu YAG:Ce, MEH-PPV, QDs CdSe/ZnS.

e Budc 3. Ché tao WLED:
T4 hop phét quang dugc phu trén chip LED xanh duong véi thé tich khac nhau.

Budc 1 dugc thuc hién trén may han MECH —EL Serial: 5662, Model: 709,
Volts: 115 (Hinh 2. 4 a va may han day vang Ball bonding procedure Model 4524
Semiautomatic Mode va HYBOND Model 626 (Hinh 2. 46 b).

Hinh 2. 4. (a): May han MECH —EL Serial: 5662, Model: 709, Volts: 115 (Thiét bi
tai phong thi nghiém ciia GS. TS Tir Trung Chdn, TP HCM),
(b): May han ddy vang HYBOND Model 626 Multipurpose Digital
Thermosonic Wire Bonder
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Trong budc 3, viéc ché tao WLED c6 thé thuc hién theo 2 phwong phap: T6
hop phat quang duogc phit truc tiép 1én chip LED va lén 16p vé LED (Hinh 2. 5).

[ A

(a) (b)

Hinh 2. 5. Phwong phdp ché tao WLED bdng viéc phii t6 hop phat quang 1én LED
xanh dwong: (a) phii truec tiép lén chip LED,

(b) phii truec tiép 1én mdt trong ciia vé ciia LED.

Phuong phap phu truc tiép 1én chip LED xanh duong la phuong phéap
truyén thong. Phuong phap ndy c6 uu diém 1a dé thuc hién. Tuy nhién lai tén
nguyén vt lidu, c6 anh huong dén do 6n dinh ctia chip LED do hién tugng nhiét
va cho phan bd cuong d6 theo goc khong dong déu. Phuong phap phu gian tiép
lén chip LED la phuong phéap hién nay dugc s dung chii yéu. Phuong phép nay
chi ¢6 yéu diém 1a kho thyc hién ddi v6i LED nhé. Tuy nhién trén dién rong thi
phuong phap nay lai rat thuan tién va dic biét phu hop véi cac hé dén LED phang
16n nhu Panel LED. Phuong phap ndy con c¢é nhiéu vu diém nita nhu tén it vat
liéu, LED c6 sy phan b6 cuong d6 dong déu va khong gay ra hiéu tmg nhiét anh
hudéng dén d6 on dinh cua chip. Trong luan an chiing t6i da str dung phuwong phap

phu tryc tiép dé ché tao WLED.

2.2. Cac phwong phap phén tich va dic trung tinh chat

2.2.1. Phwong phap khio sat tinh chit quang va phat quang ciia vt liéu
2.2.1.1. Phép do phd hap thu

Phuong phép quang phd hap thu la phuong phap dua trén kha niang hép thuy
chon lgc cac birc xa roi vao dung dich chét nghién ctu, do hép thu nay phu thudc
vao ndng d6 chat phan tan trong dung dich. Po phd hép thu 1a mot phuong phap

dinh luong x4c dinh ndng do cua cac chat thong qua do hap thu cia dung dich. T
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két qua pho hap thu ctia vat lidu ta c¢6 thé chon duoc dai phd kich thich phii hop nhat
cho vt liéu d6. St dung phuong phap Tauc Plot c6 thé tinh dugc do rong ving cAm

ctia vat liéu tir két qua do phd hép thu.

Pé do pho hap thy cua vat liéu, ching ta st dung may quang phd hap thy. May
quang phd hap thu c6 hai loai chinh: May quang phd hap thu mét chum tia va May
quang phd hap thu hai chum tia. Ca hai loai déu hoat dong theo dinh luat Lambert
Beer. Cho chum anh sing c6 d6 dai song xac dinh co thé thiy dwoc (VIS) hay
khong thiy dugc (UV - NIR) di qua vat thé hap thu (thuong & dang dung dich)
(Hinh 2. 6). Dua vao luong 4nh sang di bi hap thu bsi dung dich ma suy ra nong

d6 (ham lugng) ctua dung dich do.

v

Hinh 2. 6. So dé do dé hdp thu
Ta co: [;=Ia+R+1 (2.1)
Trong do:
I, Cuong d6 ban dau clia ngudn séng.
I: Cudng do anh sang sau khi di qua dung dich.
I,: Cuong d6 anh sang bi hap thu bai dung dich.

Iz: Cuong d anh sang phan xa bdi thanh cuvet va dung dich, gia tri
nay duogc loai bo béng cach 1ap lai 2 lan do.
Nguoi ta thudng dung cac phan Gng hoa hoc dé chuyén cac hop chét can xéac
dinh khong c6 mau sang cic hop chat c6 mau ma mat ngudi cé thé quan sat dugc.
Bang cach do d6 hap thu hodc so sanh cudng d6 mau cta dung dich can nghién ctru

v6i cuong dd mau cua dung dich da biét trude néng dd (dung dich chuén), ta co thé
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suy ra nong d6 cua chat can xac dinh. Moi lién hé phu thudc gitra cuong d6 mau va

ham lugng dugc thé hién qua dinh luat Lambert - Beer.

1
A=-log—=¢&lC
1y (2.2)

trong do:
A: D6 hép thu.
C: Nong d6 (mol L™).
L: Chiéu day 16p dung dich (cm)
£ :Heésb hép thu phan tr hoac hé $6 dap tat (L mol™! cm'l)
Thong thuong cé hai loai may quang phd hap thu: loai mét chum tia (Hinh 2.

7) va loai hai chum tia (Hinh 2. 8)

I—lm (3) S
Nguén Méay don | Xirly
sang séc, kinh loc |_| F-—F tin hiéu

(1) Cuvet chuén

(2) Cuvet can do 2)

(3) Ong nhan quang

Hinh 2. 7. May quang phé hdp thu mét chim tia

sang sac, kinh loc

@) L @ B
Ngudn May don N\ > D - /; -+

(1) Cuvet chuan
(2) Cuvet can do
(3) Gwong ban ma
(4) Gwong phan xa
4
(5) Ong nhan quang (%) (2) 4)

Hinh 2. 8. May quang phé hdp thu hai chim tia
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Trong may quang phd mdt chum tia phai do hai 1an: mot 1an voi cuvet chi
chtra dung moi, mot 1an véi cuvet chtra dung dich can phan tich. Trong ca hai lan do
phai giit cudng do chum sang t6i khong doi. Piéu nay 1a kho dam bao va dan téi két
quéa khong chinh xac. Dé loai trir nhuoc diém nay ngudi ta ding may quang phd hai
chum tia. Chum sang téi duge tach lam 2, mt chum di qua cuvet dung dung moi
chuan, mot chum di qua cuvet dung dung dich can do. Sau d6 hai chum tia duoc bd
tri cung di vao may thu tin hiéu dé xac dinh ty s6 bién d6 va quy ra do hép thu A

cua mau do.

Phép do do hap thu c6 thé tién hanh voi mot vai bude song don sic xac dinh,
dic trung, khi d6 c6 thé chi can mot dén don sic két hop véi kinh loc hodc dung

mdt tia laser cho budc song thich hop.

Thong thuong phép do phd hap thu duoc tién hanh véi mot ving phd rong véi
budc song co thé thay doi lién tuc. Cac ngudn sang hay ding trong do phd hap thu 1a
dén Wolfram - Halogen cho pho lién tuc trong mién kha kién va hong ngoai gan, dén
D,, H,, cho phé lién tyuc trong mién tir ngoai.. .T6t hon ca 1a dung mét laser mau co thé

thay d6i lién tuc duoc budc séng trong ving phd hap thu can nghién ctu.

Phé hap thy biéu thi méi quan hé gitta cudng do hay hé sé hap thu 4nh sang
clia vat liéu voi budc song anh sang chiéu vao vat liéu. Phép do pho hap thy quang
hoc cho ta rat nhiéu thong tin vé vat liéu nhu: do rong vung cAm quang, du doan
budc song huynh quang ctia vat lidu néu vat liéu phat quang, hiéu ung kich thudc
luong tir, udc tinh kich thude cua cac chdm luong tir, va cac dich chuyén quang
hoc, uoc tinh d day 1op vat licu...

Trong luan an, phép do phé hép thu duoc lua chon dé xac dinh vung phé kich
thich phat quang phu hop va bén canh d6 con sir dung dé tinh toan d6 rong ving
cAm ctia mang polymer thuan nhat, mang polymer t6 hop cau triic nano. Pé tinh do
rong ving cam cia dung dich, ta sitr dung phuong phap Tauc Plot.

Tauc Plot 1a mot phuong phap dung dé xac dinh do rong ving cam cua chat

ban dan [81]. Theo ham Kubelka-Munk, F(R), cho d6 hap thy cia mau duoc tinh tir
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dd phan xa cua no theo cong thic 2.3:
F(R) = (I-R)*/ 2R (2.3)

Véi cac chat ban dan, phuong phap Tauc Plot chinh 1a v& d6 thi cta cin bac hai

cta do hip thy va ning lugng photon ((F(R)E)"”

) theo nang lugng cua photon. Trén
duong cong s& c6 mdt phan 1a tuyén tinh- dudong thang. Néu kéo dai dudong thang cat

truc hoanh & d4u sé cho ta gia tri cia ving cAm cua chit ban dan (Hinh 2. 9).

=
S
£ = —
LS 50
= 8
-_:: b
= B 4
i - —
[a g~
e
= £ A
e

25 30 35
Nang lugng Photon - hv (eV)

Hinh 2. 9. Phuwong phdp Tauc Plot xdc dinh dé réng ving cam chdt ban dan.

Trong ludn an ndy ching toi di sit dung hé do phd hip thu UV/VIS-NIR
Jasco V570 cua trudng Pai hoc Cong nghé - Pai hoc Qudc gia Ha Noi (Hinh 2. 10)

Hinh 2. 10. Hé do phé hdp thu UV/VIS-NIR Jasco V570

2.2.1.2. Phép do phd quang huynh quang

Ph6 huynh quang biéu dién mdi quan hé giita cuong do huynh quang va

34



budc song phat quang khi vat liéu nhan anh sang kich thich nao d6. Phé huynh
quang cho biét budc song dinh phat quang, cac dich chuyén quang hoc cua dién tir

clia cac tAm phat quang, cac qué trinh truyén ning luong giita cic tim phat quang. ..

Vé6i muc dich nghién ctru cia dé tai, chung toi sir dung phd huynh quang dé
nghién ctru dac tinh quang phét quang cua vét liéu phat quang v6 co, hitu co va cua
t6 hop phat quang két hop gitta vo co va hiru co. Két qua do phd huynh quang dugc
két hop v6i két qua do pho hap thy dé dua ra két luan chinh xac hon vé kha ning sir
dung ngudn sang xanh duong dé kich thich t6 hop phéat quang vo co va hitu co phat

ra 4nh sang thi cip dé tao thanh dnh sang tring.

Ph6 huynh quang cua cac chat phat quang va té hop cia ching duoc khao sat
bang hé Quang phd phéan giai cao (high resolution spectrometer Model Microspec-
235b) tai Phong thi nghiém Vat Iy Cooperman, Vién Khoa hoc Vat li¢u (Hinh 2.
11). B phan giai khoang 0,02 nm nhd may don sac IHR550 véi cach tir 1800
GR/mm, dau thu CCD Synnapse lam lanh dén —70°C, va d6 1ap lai 0,075 nm.

Hinh 2. 11. Hé do huynh quang phan gidi cao

Phuong phap do quang huynh quang cho phép nghién ciru cac chuyén doi
dién tir xay ra trong ban dan va cac tdm phéat quang. Cac pho twong ting ghi nhan
duoc phan gidi cang cao cang giup xac dinh chinh xac cac qua trinh vat ly lién quan
t5i hé hat tai. Pé dat dugc muc dich trén, mot s6 ki thuat ghi phd khac nhau da
dugc xay dung nhu: huynh quang dimg phan giai phd cao, huynh quang kich thich
xung/phan giai thoi gian, huynh quang phu thudc nhiét do va mat do kich thich...
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Hinh 2. 12 duéi day trinh bay so d6 kh6i mot hé do huynh quang st dung dé
do huynh quang ctia mau ché tao. Tin hi¢u kich thich tir ngudn sang dugc chiéu truc
tiép 1én mau dé kich thich cac dién tir tir trang thai nang luong thap 1én trang thai bi
kich thich, tin hi¢u huynh quang phét ra do qué trinh hdi phyc cua dién tor duoc
phan tich qua may don sac va thu nhan qua dau thu (thudng 1a CCD hoic dng nhan
quang dién) dé bién ddi thanh tin hiéu dién dua vao may tinh. O day ta s dung
laser He- Cd kich thich ¢ hai budc song 442 nm va 325 nm. Laser dugc di qua kinh
suy hao 1 dé giam bot cudng d6. Kinh loc 1 ¢6 tac dung cho ca hai budc song 325
va 442 nm. Sau khi qua kinh loc laser dugc phan xa qua cac guong 2. Nho thau
kinh hoi tu 3, laser dugc hoi tu trén bé mit cua mau can do (4). Mau can do dugc
gin trén mot bo gia mau duoc thiét ké riéng, co thé dich chuyén 2 chiéu. Toan bd
tin hiéu huynh quang phat ra tir mau duoc thau kinh hdi tu 7, hoi tu 1én dau b soi
quang 9 dé dua vao pho ké. Tin hiéu tir phd ké dugc dua ra may tinh va duge xur 1y
b?mg ph?m mém chuyén dung. Dé loai bo tin hiéu laser phan xa tur bé mit ciia mau,
hé c6 su dung kinh loc 5. Trong truong hop cuong dd huynh quang 16n, chung ta st

dung cac kinh suy hao 6 dé giam bt cuong d6 huynh quang.

Laser He-Cd

|2
3 |
4 ] 2
TR BEEal ¥ 4
5 6 7 9 10
1: Kinh suy hao 4: Gia mau 6: Kinh suy hao ]
2: Guwong phan xa 5: Kinh loc 7: Thau kinh tiéu cw ngan

3: Thau kinh tiéu cy dai 6: Kinh suy hao 9: B4 s¢i quang
10: May quang phd ké

Hinh 2. 12. So d6 khéi hé do hupnh quang

Sau khi nhan duogc nang lugng kich thich, vat liéu phat quang, pho phat quang

duoc phéan tich qua may don sac. Yéu cau phan gidi cua may don sac dya trén thyc
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té d6i tugng phat huynh quang dai rong hay hep. Tin hiéu quang sau d6 duoc bién
d6i thanh tin hiéu dién nhd vao dau thu va dugc xir 1y dién tir, tinh toan theo nhimng
phuong phap vat 1y khac nhau. C6 thé do huynh quang ding hay xung bang viéc st
dung ngudn kich thich 1a dimg hay xung, phan xir Iy tin hiéu dién tat nhién ciing
phai phu hop dé dat hiéu qua dép tmg yéu cau nghién ctu vat ly. Khi do dimg, k¥
thuat tach song dong bd dugc ap dung dé loai bé nhidu. Pho dugc ghi trong qua
trinh nay 14 tich phan cac qua trinh dimg. Két qua dau tién cé thé nhan duoc tir
huynh quang 14 cudng d6 (ty 1é véi mat do tim phat quang va xac suit chuyén doi)
clia cac chuyén doi dién tir trong tng v6i cac mirc khac nhau. Cac murc ning luong
nay cé thé thudc vé mot sb loai tAm phat quang riéng. Trong vat liéu thuc bao gio
cling xay ra qué trinh phat quang sau khi kich thich, cic qua trinh ndy c6 thé phan
biét v4i nhau theo pho riéng phan nim ¢ cac mirc ning luong twong tmg khac nhau.
Tuy nhién, néu cac phd ndy nam chdng chap voi nhau thi cin do phd phan giai thoi

gian dé nghién ctu riéng timg thanh phan pho, tuong ung timg loai tim phat quang.
2.2.2. Phwong phap khao st kich thwéc bot YAG:Ce™*

Bot phat quang YAG:Ce duoc khao sat kich thudc hat bang kinh hién vi dién
tir quét (SEM) S-4800 va S-3400N (Hinh 2. 13 a, Hinh 2. 13 b), hé phan tich kich
thude hat duya trén hién tuong tdn xa anh sang, LB-550 (dynamic light scattering
particle size analyzer) (Hinh 2. 14) [14, 42, 43, 44]. Vi cdc mau YAG:Ce thuong
mai ¢6 kich thudc 16m, viée st dung SEM c6 thé cho két qua kha chinh xac. Vi cac
mau YAG:Ce ty tong hop, c6 kich thudc ¢& nano nén ngoai viéc khao sat kich
thudc hat bang FE-SEM chiing t6i con xay dung hé phan tich mau dudi dang hoi
nano c6 tén goi 1a “Nano Steam Technique”- NST hay “Bui nano” (BNN) dé khao
sat kich thudc hat bﬁng hé LB-550. Viéc str dung hé tao hoi nano cho Kkét qua kha

chinh xac va thuan tién.
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Hinh 2. 13. (a): Kinh hién vi dién tir quét S-4800 Hitachi, (b): Kinh hién vi dién tir
quét S-3400N Hitachi.

Hinh 2. 14. Hé do kich thuoc hat LB-550.

Phuong phap tan xa anh sang dong hoc (Dynamic light scattering technique -
DLS) thuong dugc str dung dé do kich thudc cua hat trong dai nano mét. DLS dya
vao sy chuyén dong ngau nhién Brown cta cac hat va hiéu tmg Doppler. DLS do sy
anh huong tan xa do su chuyén dong Brown cua hat trong thé huyén phu. LB-550
sir dung dang Fourier bién d6i nhanh hodc ham twong quan dé tao ra phd cong suit
tir dao dong cua 4nh sang tan xa. Tir phd cong suit ta thu duoc su phan bd kich
thude hat (Hinh 2. 15) [14, 37, 43, 62]. Phuong phap nay c6 thé xac dinh dugc kich
thudc hat trong dai tir 1 nm dén 6000 nm.
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May twong quan
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Phuong trinh tirong quan

Thevi gian tré T
Hinh 2. 15. So d6, nguyén Iy hé do kich thuéc hat LB-550

Vi phuong phap DLS, miu can duoc phéan tan vao trong dung dich nhu nudc
hoic dung dich hoat dong bé mit. Khi miu bot dugc phén tan trong dung dich, hiéu
mg két dam 1a kho tranh khoi. Pac biét 1a véi cac mau c6 kich thude nhod ¢& nano
mét, chiing s€ két dam v&i nhau do hiéu ung tuong tac cua cac hat nano. Su két dam
ctia cac hat nano dan dén thé ning ctia cac hat s& thay doi va giam (Hinh 2. 16) [72].

Anh huéng cla cac

@) @) twong tac hat nano O O

5]
clﬁ c
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O - & rrf
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Hinh 2. 16. Su twong tac cua cdc hat nano va trong luc nhw la hai nhan 16 chinh

anh hwong den sy on dinh cua cac hat nano.
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Nhu vy viéc phan tan miu can do vao trong dung dich thuong cho két qua
kich thudc hat 16n hon kich thude thuc ctia mau. Chinh vi vdy, luan an di xay dung
hé tao bui nano- BNN dé chuin bi miu trudc khi tién hanh do kich thude hat béng

LB-550.

Chung ta biét rang khi cac hat c6 kich thudc nhé trong dung dich hay trong
khong khi do tac dung cua trong luc, chung s& di chuyén xudng dudi voi mot van
toe v = umg , trong d6 m 1a khéi luong cua hat, g 13 gia tdc trong truong va M 1a do
linh dong cua hat trong méi truong dé (phu thudc vao dd nhdt cua moéi trudong).
George Stokes di chi ra rang do linh dong cua hat hinh ciu hodc gin ciu véi ban

kinhrla u= 1/ (6mnr) trong d6 n la d6 nhét dong hoc ciia moi truong. Trong

trang thai can béng dong hoc, cac hat dugc phan bd theo su phan bd cot (Hinh 2.
17), tuan theo phuong trinh 2.4:

p= poe—mgh/kBT

(2.4)
O day p — py 1a sy chénh 1éch mat d cua cac hat dugc phan tach bdi su

chénh léch chiéu cao &, k; 1 hang s6 Boltzmann va T la nhiét d6 tuyét ddi [55].

Hinh 2. 17. Su phdn bé theo cét ciia cdac hat kich thude nhé

trong trang thdi cdn bang.
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Khéng khi sach e

i I

Hinh 2. 18. Hé bui nano su dung dé tach hat nano cia mau trude khi sir dung hé

LB-550 do kich thuoc hat.

Hinh 2. 18 1a hé tao bui nano dé phan tach hat nano, st dung dé chuan bi
mau trude khi st dung hé LB-550 do kich thuéc hat. Mau dang bét duoc cho vao
trong binh thuy tinh (1), nhd ludng khong khi sach (trong luan 4n sir dung khi ni to)
dugc thdi vao trong dam mau. Dudi tic dung ciia ludng khi, mau s& phan tan vao
trong khong gian cta binh thuy tinh (1). Cac hat c6 kich thuéc 16n s& dan chuyén
dong xudng day binh, cac hat c6 kich thude nho sé lo ling trong khong gian cua
binh va chuyén dong theo dang chuyén dong Brown. O trang thai can bang cac
thanh phan bot ¢ kich thudc nano mét dugce hut va chuyén toi binh (3) nhd bom
hut (4). Binh (3) dung dung dich, cac hat nano s€ phan tan vao trong dung dich binh
(3). Vi nong do thap, cac hat nano sé& lo ling trong dung dich binh (3) va tham gia
vao chuyén dong Brown. Dung dich binh (3) s& duoc chuyén t6i hé do LB-550 dé
khao sat kich thudc hat. Vai trd chinh ctia hé BNN 1a viéc tach cac thanh phan hat
c6 kich thudc nho ra khoi ddm bot va han ché kha nang co cum cua cac hat nho tao
ra cac hat 16n hon. Hon nira, phuong phap BNN c6 thé dugc ung dung dé lam giau
hat nano hay ciing c6 thé lam phan doan, hay loc cac hat nano vdi su phan bd kich

thudc khac nhau.
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2.2.3. Phwong phap khio sat cau tric, 30 ddng nhit ciia t6 hop phat quang
2.2.3.1. Phuwong phap hién vi quang hoc

Anh séng trang tao ra boi WLED 1a sy tong hop cta thanh phan phat quang
thir cap 1a anh sang xanh duong phat ra tir chip LED xanh duong InGAN va thanh
phan phat quang thtr cip, anh sang ving xanh 1a cdy va d6 cua to hop phat quang.
Pé 4nh sang tring c6 duge d6 dong déu cao thi té hop phat quang phai dong nhat.
Viéc chup anh bang kinh hién vi dién tir (SEM) hoic bang kinh hién vi quang hoc
c6 thé danh gia dugc do dong nhat trén bé mit miu to hop, nhung kho danh gia
dugc d6 ddng nhat bén trong. Chinh vi vay, viéc khao sat do dong nhét cua 16p phi
t6 hop duwoc danh gia bang phép do sy phan bd cuong do ctia WLED theo goc.
Chiéu day cua 16p phat quang thir cip ¢& milimet. Trong luan an ching t6i st dung
kinh hién vi quang hoc dé khao sat chiéu day cua 16p mang t6 hop phu 1én chip
LED xanh duong. D¢ day cia 16p phat quang thi cip c6 anh hudng 16n dén cac
thong s6 cia WLED nhu Hé sb hoan mau, nhiét d6 mau, toa dé mau... St dung kinh
hién vi quang hoc v&i d6 phong dai tir 200 dén 1000 1an dé khao sat do day 16p phat
quang thtr cap. Kinh hién vi quang hoc duoc st dung trong ludn an 13 loai kinh hién
vi phan xa AX10 (Hinh 2. 19) tai Phong thi nghiém Micro va Nano, truong Pai hoc

Cong ngh¢, c6 gan camera chyp anh bé mat mau.

Hinh 2. 19. Kinh hién vi quang hoc AX10 véi dé phong dai 1000 lan
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2.2.3.2. Phuong phap hién vi dién tir quét phin giii caoFE-SEM

Kinh hién vi dién tir quét (SEM) xuit hién dau tién vao nim 1964, di nhanh
chong tré thanh cong cu manh dé khao sat vi ciu tric cua cac ciu kién cuc nho, dic
biét trong cong nghé nano. Kinh hién vi dién tir quét gdbm mot ngudn phét (siing) tia
dién tir duoc gia téc voi dién thé 16n ¢ vai chuc dén 100 kV va dugc hoi ty boi mot
hé thau kinh dé thu duoc mot chum tia dién tir hep. Chum dién tir nay dugc diéu
khién dé quét trén bé mit mau. Tir cac tin hiéu thu duoc do tuong tac cua chum tia
dién tir voi bé mat mau co thé thu duge mot birc anh vé hinh thai bé mat ciia miu
can phén tich. Hitichi - S4800 1a kinh hién vi dién tr quét sir dung sting dién tir kiéu
phat xa Ktdt truong lanh FE-SEM, c¢6 hé thau kinh dién tir hién dai c6 do phan giai

cao, rat hi¢u qua khi do cac dac trung cta cac vat licu cau tric nano.

V61 muc dich nghién ctru cua luan &n, ching t61 dung phuong phdp chup anh
FE-SEM dé nghién ctru hinh dang, kich thudc, sy phan bd cua bot phat quang
YAG:Ce.

2.2.3.3. Phuong phap nhiéu xa tia X

Nhiéu xa tia X 1a phép do rat hitu ich ding dé xac dinh thanh phan ciing nhu

cAu trac pha ctia mau tinh thé, udc lugng kich thude cia hat nano tinh thé.

Trong luan an, chiing toi str dung phép do nhiu xa tia X dé xac dinh ciu triic
pha tinh thé ctia bot phat quang YAG:Ce. Phép do dugc thuc hién trén hé do DS
Advance —Bruker truong DPHCN, khoa Hoa, truong PH KHTN - PHQG Ha Noi va
hé X D5000 do hang SIEMENS, CHLB, vién Khoa hoc Vit li¢u, Vién Khoa hoc va
Cong ngh¢ Viét Nam.

2.2.4. Phwong phap khao sat d§ dong nhit 16p phii bing phép do phan bd géc
theo cwong do cia WLED.

Panh gia do dong nhat cta to hop phat quang duoc dya trén phép do phan bd
cuong do cia WLED. Bé x4c dinh biéu do phan bb cudng do sang cia ngudn sang

nguoi ta str dung goc ké quang (goniophotometer) [3]. Nho hé thong quang hoc va
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co hoc cua may, xac dinh dugc cuong do sang cua tat ca cac diém trong khong gian
do deén tao ra, trén co s¢ do v€ dugc cac biéu do cuong do sang cua ngudn sang

(Hinh 2. 20).

Hinh 2. 20. Mt s6 hé goc ké quang.

Céc goc ké quang duoc chia 1am 3 loai chinh:

v" Goc ké c6 nguodn sang co dinh, té bao quang dién quay trong khong gian.
Loai goc ké nay c6 nhuogc diém 1a co cau quay rat cong kénh, do d6 can mot

khong gian rat rong, vi vay hién nay it dugc sir dung.

v' Géc ké c6 té bao quang dién ¢ dinh, ngudn sang quay xung quanh hai tryuc
tryc giao. Loai goc ké nay c6 céu trac gon nhe nhung chi thich hop véi
nhirng nguoén sang nho.

v’ Goc ké guong quay: té bao quang dién va ngudn sang duoc dat cd dinh,
guong quay xung quanh ngudn sang. Pay 1a phuong an hién dai thich hop
vO1 moi loai nguén sang nén dugc sir dung rong rai, tuy nhién loai goc Kké nay

c6 gia thanh cao.
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Trong luan an, chiing toi str dung hé LCS-g-100 dé khao sat sy phan b
cuong do theo goc cia WLED (Hinh 2. 21).

Hinh 2. 21. Géc ké c6 nguon sdang cé dinh, dau thu quay- LCS-g-100: (a) hinh anh
thiét bi, (b) Cdu triic bén trong thiét bi.

2.2.5. Phuong phap khio sit cac thong s6 ngudn sang: DPic trung I-V, phin bo
pho dién quang, quang thong, hiéu suat, hé s6 hoan mau CRI, Nhiét 40 mau

CTH, Phan b6 cuwong dd theo géc ciia ngudn sang, ...

Theo phuong phéap nay, dién thé dugc bién thién tuyén tinh theo thoi gian,
dién thé duoc dit vao hai dau dién cuc (Ktét va Andt) cua linh kién va dugc quét di
quét lai trong pham vi 0 = 3,5V véi toc do quét khong d6i. Khi d6 dong qua dién
cuc tuong ung dugc xac dinh. Cac phép do dugc tién hanh trén hé LCS - 100 cua
khoa Vit 1y ky thuat & cong nghé nano - truong PH Cong nghé - PH Quéc gia Ha
Noi (Hinh 2. 22).

‘_.

Hinh 2. 22. Hé LCS-100 do dac trung linh kién OLED, LED: Qua cau tich phdn 6
inch (1), CCD Array Spectrometer (2), Goc ké (3), Nguon dong va thé (4).
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Trong luan 4n nay, OLED va LED duogc khao sat trén hai h¢ do: HE do cac
thong s6 quang dién ciia ngudn sang Everfine YT1000 voi qua cau tich phan duong
kinh 2m, pho ké PMS50, dai do 380 nm dén 800 nm, phan giai 1nm, d6 chinh xé4c
+0,5 nm, d6 13p lai £0,2 nm va hé LCS-100v6i qua cau tich phan 6 inch, phd ké
CCD Array Spectrometer phan giai 0,5nm.

Trong cac hé do Everfine YT1000 va LCS-100, thanh phan quan trong nhét 13
qua cau tich phan (1). Qua cau tich phan 13 mot qua cau c6 ban kinh R, mit trong
duoc phu mdt 16p phan xa khuéch tan véi do phan xa cao khong chon loc trong
vung 4nh sang nhin thdy. Lop phan xa cta qua cau thuong duoc phu bang Bari
Sunfat (BaSO,), PTFE (polytetrafluoroethylen), vang.... Bat ky ngudn sang sau khi
phan xa mot s 1an trén 16p phu khuéch tan déu tré vé detector quang dién. Ning
luong sang dugc detector bién doi thanh dong dién, dong dién nay ty 1¢ voi quang
thong do ngudn sang phét ra. Tuy theo cac hé khac nhau, két qua duogc tinh toan
bang phan mém chuyén dung cho ra cac thong sd ciia ngudn sang nhu quang thong,

Hé so hoan mau, nhiét d0 mau...

Clravao -

Vach ngén
" khuéch tan

Hinh 2. 23. Nguyén ly hoat déng ciia qua cdu tich phan.

OLED, LED dugc dua vao trong qua cau tich phan (1) (Hinh 2. 23). OLED,
LED dugc cap dién 4p nho hé ngudn (4). Tin hiéu quang dugc gom bang qua ciu
tich phan va dugc dua dén may do mau phd quang CCD Array Spectrometer. Tin
hiéu mau phd quang dugc dua ra may tinh va xu 1y bang phan mém chuyén dung.

Keét qua cho ta biét cac thong s6 co ban cua ngudn sang nhu: Phan bo pho cong suat
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cua nguén sang, cong suét sang, H¢ s6 hoan mau (CRI), nhiét d6 mau (correlated
color temperature (CCT)... Everfine YT1000 1a hé do v&i qua cau tich phan 1én
thuong st dung dé do dic trung ciia cac ngudn sang véi cong suat 1on. Trong ludn
an ching t0i da str dung hé Everfine YT1000 dé khao sat cac dic trung caa LED
cong sudt 1 W. V& co ban hé PMS50 cho céac thong sé gidong nhu hé LCS-100.

Hinh 2. 24. Hé thiét bi do phé ké do mau quang
(Spectrophotocolorimeter - PMS50 System).

2.2.6. Phwong phap khio sat o on dinh ciia LED
2.2.6.1. Khio sat @9 on dinh bang h¢ qua cau tich phian va LUXmetter

WLED ché tao bang viéc phii to hop vo co lai hitu co véi uu diém 1a c6 thé
tao ra dai phd rong lién tuc bao gdbm cic mau tir xanh dwong dén do6. Ngudn sang
nhu vay c6 thé cho Hé sb hoan mau cao. Tuy nhién nhuoc diém 13 thanh phan hitu
co ¢6 thé bi pha hily duéi tac dung ciia birc xa xanh duong dan dén cac thong s cua
WLED suy gidm nhanh. Vay viéc khao sat do 6n dinh cia WLED bﬁng hé qua cau
tich phan 1a rat can thiét va phu hop. Khi thanh phan hitu co bi pha hiy, dan dén
btic xa huynh quang cta hitu co suy giam, diéu d6 s& anh huong dén téng cong suit

hay tong quang thong do dugc.

St dung qua cau tich phan va may do do roi c6 thé do dugc téng quang
thong ctia ngudn sang. Panh gia d6 suy giam cia tong quang thong theo thdi gian

c6 thé biét duge dd 6n dinh cuia WLED.
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Gia str quang thong can do ctia ngudn sang S 1a @, quang thong nay phan b
déu trén mit trong ctia qua cau ban kinh R [3]. D6 roi trung binh tryc tiép trén mat
trong ctia qua cau la Etryc tigp:

(0]
Etruc tiép = TR (2.5)

Do roi gian tiép do phan xa trén mit trong clia qua cau tich phan 1a E gisn tiép"
Egién tiép = pEtru’c tiép (2.6)
(p 12 hé s6 phan xa cta 16p phi)

Sau n lan phan xa thi té)ng do6 roi tac dung 1én mat trong cua detector D 14 E:

p g p
E = an-Etru’c tiép = Etruc tiép-E = 4-71'R2E (2.7)
2
:@:%E:K.E (2.8)
(e 4mR?(1-p) CiN LA A v A L, R \ Ny
Véi K = — duoc goi 1a hé so cia qua cau tich phan, hoan toan tinh dugc

bang thyc nghiém.

Nhu vay khi xac dinh d6 roi E (do bﬁng luxmeter), st dung cong thuc (2.8) ta
c6 thé tinh duoc quang thong ciia ngudn sang S. Bang viée sir dung LUXmetter két
hop voi qua cau tich phan c6 thé khao sat dugc quang thong ciia ngudn sang theo
thoi gian, qua d6 danh gia dugc d6 6n dinh ciia ngudn sang. Hinh 2. 25 1a qua cau
tich phan ty ché tao voi dudong kinh 150 cm, 16p phu 1a BaSO, két hop voi may do
dd roi LX1010BS dugc su dung dé khao sat do 6n dinh ctia LED ché tao. Hé nay

dugc str dung dé khao sat quang thong ciia ngudn sang.
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Hinh 2. 25. Hé khdo sdt do on dinh WLED sir dung qua cau tich phan
va may do do roi LX1010BS

2.2.6.2. Khio sat @9 on dinh bang h¢ qua cau tich phan LCS-100

Véi hé qua cau tich phan tu ché tao va luxmeter trén c6 thé do duogc quang
thong cua ngudn sang. Tuy nhién dé danh gia duoc do 6n dinh cta ngudn sang can
khao sat nhiéu thong sé dic trung cua ngudn sang ngoai quang thong nhu Hé sd
hoan mau, nhiét 6 mau... Trong luan 4n da sir dung thém hé LCS-100 dé khao sat
dd on dinh cia WLED ché tao. Béng hé LCS-100, ta c6 thé khao sat cac thong $6

khac nhu quang thong, HE s6 hoan mau, nhi¢t o mau...

2.2.7. Phwong phap khao sat va tinh hi¢u suat lwong tir ciia to hop vt liéu

phat quang.

Luan an dé cap dén viéc ché tao t6 hop vat liéu phat quang Gng dung dé phu
1én chip LED xanh duong tao anh sang trang. Anh sang tring dugc tao ra boi su két
hop 4nh sang xanh duong cta chip LED va anh sang huynh quang cua to hop vét
liéu pht 1én chip LED. Hiéu suat lugng tir cta to hop vat lidu c6 anh hudng rat 16n
dén cac thong s cua anh sang trang nhu Hé s6 hoan mau, quang théng, cong suat.

Trong trudng hop nay, hiéu suit lugng tir cta té hop vat lidu phat quang 1a ti
sO gitra s6 photon blric xa va sd photon hidp thy [42]. Dudi day 1a quy trinh va
phuong phap tinh hiéu suat luong tir cia to hop vat liéu phat quang dugc thuc hién

trong luan an:
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Budc 1.Sir dung qua cau tich phan do phan bd phd cong suit cia LED xanh
dwong trudc va sau khi phil to hop phat quang 1én chip LED.

Budc 2.Cac phan b phd duge chuyén sang don vi sd song (cm™) ta dugc

P(v)(

Budc 3.Chia P(v) cho hv (J) tai mdi sb song ta duge phan bd phd cua s photon

w

n
cm™1

) (Hinh 2. 26)

trén mdi gidy N(v)( C::f -).

Budc 4.Tur phan bd phd ciia WLED (LED xanh duwong da phu t6 hop phét quang)
tach thanh 2 thanh phan: phan xanh dwong con lai cta chip LED va phan
anh sang huynh quang cta t6 hop phat quang (Hinh 2. 26).

Budc 5.Lay hiéu ctia phan bd phd chip LED xanh dwong v&i phan bd pho thanh
phan xanh duong con lai sau khi t6 hgp phat quang hép thy ta duoc phan
xanh duong bi hip thu:

AP(V)piye hép thu = AP(V)piue cia chip LED — AP(V)piue con lai
Budc 6.Lay tich phan phd cong sut bi hap thy voi s6 song ta dugc sd photon bi

hap thu N,:
Naps = fAP(V)blue hap thu
Budc 7.Tuong ty 13y tich phan pho cong suat huynh quang theo sé song ta duoc
sO photon phét xa N,p,:
Nem = J AP () hugmn quang Vv
Budc 8. Tinh hiéu suat luong tir n:

= Nem 2.9)

Nabs
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(1) Blue LED i
(2) LED trang i 1
(3) Blue bi hap thu i /(
(4) Huynh quang I I\

- | 4

S4 photon/cps

1

14000 16000 18000 20000 22000 24000

S6 séng (cm™)
Hinh 2. 26. Phé sé6 photon ciia WLED.

2.3. Ché tao vit liéu sir dung trong chiéu sing
2.3.1. Vat liéu va linh kién phat sang hiru co (OLED)
2.3.1.1. Ché tao cac 16p vat liéu trong OLED

Linh kién OLED bao gém 2 thanh phin co ban 1a dién cuc va 16p phat
quang. DPé c6 duoc hiéu suit cao can chon lya cac vat liéu lam dién cuc thich hop
va bo sung thém céc 16p chuyén tiép giita dién cyc va 16p polymer phat quang, d6
chinh 14 cac 16p truyén 15 trong va truyén dién ta. Ludn an nghién ctru ché tao
OLED vdi t6 hop cau triic gdm 2 dién cyc va 2 16p truyén dién tu, 16 trong va 16p
phat quang. Pic biét trong 16p truyén 16 trong va dién tr co pha tron thém cac hat
TiO, dé tang kha nang tiép xiic giira cac 16p. Nho viée cai thién bién tiép xtc cia
cac di chat ma OLED c6 thé ting duoc hiéu suét.
2.3.1.2. Dién cuc trong OLED

Yéu cau doi voi dién cuc trong OLED Ia cong thoat ctua di¢n cuc phai dugc
chon gin nhit c6 thé v6i cac muc ning luong HOMO va LUMO cua 16p hitu co
duoc su dung nham thuén loi cho cac qua trinh tiém hat tai cling nhu truyén hat tai
(dién tir va 13 tréng) [41, 46, 49]. Ngoai ra, phai c6 it nhat mot trong hai dién cuc
(Kt6t hodc Andt) trong sudt hodc ban trong sudt dé anh sang tir 16p phat quang c6

thé thoat ra ngoai.
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Andt: Andt 13 16p mang moéng c6 do dan cao va thoa min yéu ciu tao ra
dugc 16 tréng dé tiém vao 16p phat quang, ddng thoi co kha niang cho anh sang phat
ra tir 10p phéat quang di ra ngoai. Do 6, viéc lya chon cac vat liéu 1am Andt phai
thoa man diéu kién rao thé AE, giita Anét va 16p mang polymer tiép xuc 1a nho
nhat. Cac loai mang mong trong sudt nhu ITO (In,O5:Sn) hoic AZO (ZnO:Al)
thuong dugc lya chon lam dién cuc Andt trong céc linh kién OLED. Dé thyc hién
luan an chiing t6i sir dung ITO lam Andt véi do truyén qua trong ving nhin thay ~

90% va cong thoat ~ 4,8 eV.

Ktot: Ktdt 1a kim loai c¢6 cong thoét thap. Vat liéu thuong hay duoc sir dung
la Ca (2,87 eV) va Mg (3,66 eV). Tuy nhién cac vat li¢u nay cé han ché 1a dé phan
g véi oxy va dd Am méi truong. Vi vay Al (4,3 eV) hodc cac hop kim cua ching,
vi du nhu Mg:Al (ti 1€ 10:1) thuong dugc lya chon su dung nhiéu hon do chung
khong bi 6xy hod, khong giy doc hai cho moi truong. Hon nita chung con co tac
dung nhu guong phan xa anh sang nguoc lai, vé phia Andt.
2.3.1.3. Vit liéu truyén dién tir.

Lép truyén dién tir (ETL) thuong 14 tris(8-hydroxyquinolinato) aluminum]
(Alg3) va cac dan xuat ctia chung (Hinh 2. 27), 16p ETL c¢6 d¢ linh dong dién tir
cao, ~ 10 cm?/(V.s) v6i dién thé 4.10° V/em.

CéAu trac héa hoc cla Alqg; duogc thé hién trén Hinh 2. 27. D6 rong vung cAm
cua Alqz cd 2,7 eV duogc tao boi khe nang luong gitta mitc HOMO (-5,7 eV) va
LUMO (-2,96 eV) (so voi mitc chan khong), trong 6 mic LUMO gin véi mirc
Fermi cua Al, thuan loi cho viéc truyén dién tr tr Al vao MEH-PPV nhu trong linh
kién ITO/MEH-PPV/Alqs/Al (Hinh 2. 27).

52



S 4
o ™ e 30 OF
LA LUMO Skz
N 296 ‘o
. | -43
@—_
-4.8 @ -53
HOMO
ITO  MEH-PPV  Alg3 Al

a) b)

Hinh 2. 27. Céu triic héa hoc cia Alq3 (a), gidn d6 ning hrong ciia Alg3 (b)

Vat liéu truyén dién t& dang duoc nghién cuu ché tao theo tiéu chi co do that

thoat dién tir thdp va d& hoa tan trong dung moi.
2.3.1.4. Vit liéu truyén 1§ trong

Lé6p truyén 16 tréng (HTL) duogc sir dung rong rdi hién nay 1a PEDOT-PSS,
TPD (N,N,N’,N'-tetrakis(4-methoxyphenyl)-benzidine,... Ngoai ra, cling c6 thé ké
dén mot sb loai vat liéu khac nhu PVK, chung thuong dugc str dung rong rai do co
d6 truyén qua trong ving nhin thy cao va kha ning truyén 15 trong tét, dé dang ché
tao dudi dang mang mong bang cac phuong phap khac nhau nhu bdc bay chin

khong, quay phu li tam,....
2.3.1.5. Vit liéu phat quang hiru co

Tuong tu chat ban din vo co, trong cac chat ban dan hitu co nguoi ta ciing da
chting minh duoc su ton tai cta cic ving ning luong nhu ving cidm, ving dan va
vung hoéa tri. Tuy nhién ¢ day khai niém cua ving cAm duogc dinh nghia la sy khac
biét gitra hai mic nang lugng HOMO va LUMO (HOMO - Highest Occupied
Molecular Orbital - quy dao phan tir dién day cao nhiat, LUMO - Lowest
Unoccupied Molecular Orbital - quy dao phan tir chua dién day thip nhat). Chung

c6 tinh chat giong nhu ving hod tri va ving dan trong ban dan vo co. Khi dién tir
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trén mirc HOMO trong ban dan hitu co nhan duoc ning luong do cic tc nhan kich
thich pht hop nhu dién hodc ning lugng photon anh sang t&i thi ching ¢ thé nhay
1én mirc LUMO tao ra mét 16 tréng trong ving HOMO. Cip dién tir - 18 tréng duoc
goi 1a exciton. Trong khoang thoi gian ngan cdp dién tir - 16 tréng tai hop va phat
quang. Gia tri cia d6 rong ving cim E, (tuc 1a su chénh léch muc nang lugng giira

HOMO va LUMO) quyét dinh niang luong (hay budc song) ciia photon phét ra.

Yéu cau co ban ddi v6i vat liéu phat quang hitu co 13 c6 kha niang tai hop
dién tir - 16 trong va phat xa ra anh sang, dai phd anh sang phat ra phai thudc ving
anh sang nhin thdy, dic biét 1a mau sic anh sang do ching phat ra phai nhay voi
mit nguoi. Ngoai ra, phuong phap ché tao ching dudi dang mang mong phai don
gian, khong yéu cau nhiét do cao, c6 kha ning san xuat véi dién tich 16n, bén véi
mdi truong. Vit licu dau tién duoc st dung lam chét phat quang l1a PPP [tén viét tat
cua poly(p-phenylene)] voi anh sang phat ra c6 budc song thudc ving anh sdng mau
xanh duong tai budc song 460 nm. PPP c6 vu thé 13 dé dang diéu khién dugc cac
tinh chat phat quang théng qua qua trinh diéu khién cac théng s6 clia qua trinh ché
tao, d0 cung co hoc cao, do 6n dinh nhiét tot [19, 64]. Tuy nhién, PPP ¢6 han ché 1a

khong hoa tan dugc trong cac dung mdi hitu co, mang ché tao ra ¢6 nhiéu 16 hong.

Tan dung cac uu thé va tim cach han ché cic nhugce diém trén cia PPP, PPV
[tén viét tat cua poly(p-phenylene vinylene)] va cic din xuat ctia ching nhu MEH-
PPV (tén viét tat cua Poly [2-methoxy-5-(2’-ethyl-hexyloxy)-1,4-phenylene
vinylene]), CZEH-PPV, OxdEH-PPV, déac bi¢t la MEH-PPV thuong hay dugc su
dung nhiéu nhét dé lam 16p phat quang trong OLED. Uu diém 16n nhat cta cac vat
liéu nay 1a d& hoa tan trong cac dung méi hitu co va qua trinh ché tao thanh mang
mong tir dung dich khong cin xir 1y ¢ nhiét do cao. Ngoai ra, PPV ¢6 budc song anh
sang phat ra 1a khoang A, = 560 nm va MEH-PPV la khoang A.,, = 590 nm. C4 hai
budc song nay déu nam ving xung quanh do nhay mat nguoi (550 nm). Do do
ching c6 kha ning mg dung tét trong cac thiét bi hién thi hay chiéu sang bang

OLED [40, 85].
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2.3.1.6. Vit liéu to6 hop sit dung lam 16p HTL (PEDOT+TiO,) va 16p phat
quang (MEH-PPV+TiO,)

a, Vit ligu t6 hop sir dung nano TiO, thwong phim:

PEDOT dugc hoa tan trong PSS (poly(styrenesulfonate)) (PEDOT-PSS):
poly(3,4- ethylenedioxythiophene):(poly(styrenesulfonate). PEDOT c6 thé hoa tan
trong ruou no da chirc. Pé cai thién kha ning truyén hat tai (16 trong) cuia PEDOT,
chung t6i tién hanh tron cac hat nano TiO, vao nhim lam ting kha ning tiép xuc
gita cac 16p va han ché vét nit, sai hong trong mang PEDOT do ki thuat quay phii
li tam. PEDOT-PSS duoc hoa tan trong Isopropanol 5% theo ty 1¢ 0,5 g/ml. Hat
nano TiO, véi kich thudc tir 5 dén 7 nm duoc hoa tron vao dung dich PEDOT-PSS
v6i ty 18 20%kl. Dung dich polymer thuan khiét duwoc chuan bi tir bot polymer
thwong phim cia hiang Aldrich.Ltd va dung méi hitu co c6 do sach cao (99,99%)
ctia Merk. Bot nano TiO, ciing 14 san pham cua hang Aldrich. Ltd. Quy trinh ché
tao duogc thuc hién theo Hinh 2. 28.

PEDOT-PSS Hat nano TiO;

Khuay ttr, rung
siéu am

N

h Pé quay phu Spin coating

Lo @ nhiét hut chan khong

Hinh 2. 28. Quy trinh ché tao mang t6 hop PEDOT+TiO..

Dung dich duoc khudy tir trong thoi gian tir 12-24h, sau d6 rung siéu am
khoang 30 phut truéc khi ché tao mang. Sau khi TiO, da phan tan déu trong dung
dich PEDOT-PSS, hon hop PEDOT + TiO, dugc phii trén dé thuy tinh va dé ITO dé

khao sat ciu tric, tinh chdt quang cia mang to hop. Viéc tao mang dugc thuc hién
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trén hé quay phu li tim (spin coating) Delta 6 RC véi toc do tir 1500 dén 3000
vong/phat. Véi toc d6 ndy mau c6 d6 day khoang 80 nm [5, 6, 7]. Sau spin-coating
mang dugc u nhiét trong khi tro 30 phat, tai 120°C nhu [73].

Twong ty nhu t6 hogp PEDOT+TIO,, t6 hop MEH-PPV + TiO, ciing dugc
ché tao theo quy trinh Hinh 2. 28. MEH-PPV dugc hoa trong Chloroform theo ty 18
0,2 mg/Iml. TiO, véi néng do 20% khbi lugng, dugc tron vao trong dung dich
MEH-PPV. Sau khi TiO, phan tan déu trong dung dich MEH-PPV, dung dich duoc
phu trén dé thuy tinh va ITO dé khao sat dic trung cu tric va tinh chat quang cua
mang. P day mang ché tao dugc khoang 150 nm. Mang MEH-PPV+ TiO, ciing

dugc 0 nhiét trong thoi gian 1h tai nhiét do 120°C trong moi truong khi tro Nj.
b, Vit ligu t6 hop sir dung nano TiO; ché tao bang phwong phdp sol-gel

Phuong phap sol-gel duoc sir dung dé ché tao nano TiO,. Chét xuc tac 1a
trimethylamino-N-oxide dihydrate [(CH;);NO.2H,0] két hop axit oleic. Tién chat
(precursor) cho “Sol” 1a dung dich tetraiso-propyl orthotitanate [Ti(iso-OC;H5),].
Tién chat duoc tron véi axit oleic (Ci;H;3;COOH) trong nude va (CH;);NO.2H,0.
Hoén hop nay duoc khqu tai 80°C trong 2 gio, cho dén khi nhan duogc dung dich
mau cam trong dong déu- dung dich TiO,. Pé x4c dinh ti 1& r cua axit oleic/
precursor t6i wu ching t6i di pha tron voi r tir 1,5 dén 10 (Bang 2. 1). Pho hap thu
UV-Vis cua dung dich phan tdn TiO, dugc do trong cuvét thach anh. Bot TiO, nhan
dugc bang cach trai dung dich phéan tan nay 1én trén dé silic va 1 3 gio trong khong
khi, tai 180°C. Qua trinh @ tai nhiét do thap da khéng ché TiO, moc thanh céc hat 16n

hon, vi vay bot TiO, gitt dugc kich thude cua TiO, phan tan.
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Bang 2. 1. Ti I¢é pha tron cac chat @é chuan bi dung dich phan tan hat nano TiO; két

hop ché tao.

r Acid oleic (ml) | Precursor (ml) | H,O (ml) | Catalyst (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

TiO, sau ché tao duogc pha tron v6éi PEDOT, MEH-PPV dé ché tao to hop cho
HTL va t6 hop phat quang. Qua trinh ché tao cic mau duoc tién hanh nhu quy trinh

néu & phan trén (ché tao t6 hop polymer va TiO, thuong mai).
2.3.1.7. Linh kién OLED cho chiéu sang rin
a, Ché tao linh ki¢n

OLED trong luan 4n dugc ché tao véi cdu tric ITO/PEDOT+TiO,/MEH-
PPV+Ti0O,/Alqs/LiF(0,5)/Al. Quy trinh ché tao dugc thuc hién theo cac budc trén
Hinh 2. 29.

Trong cau trac trén, ITO 14 dién cuc duong (Anot) trong subt co chiéu day
khoang 10- 40 nm. Bot Algs va LiF (1am 16p truyén dién tir) dugc s dung tir san
pham thuong mai ciia hang Aldrich. Ltd. Kt6t Al dugc boc bay nhiét trén hé boc
bay Ulvac VPC 260 c6 thiét bi hién thi khong ché chiéu day mang. Mang Algs, LiF
va Al ¢6 chiéu day twong tmg 13 60, 10 va 100 nm. Mang t6 hop polymer poly (3.4-
ethylenedioxythiophene): (poly(styrenesulfonate) (PEDOT-PSS) véi hat nano oxit
titan (TiO,) viét tat 1a PEDOT + TiO, c6 vai tro 1a 16p truyén 15 tréng. Mang t6 hop
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polymer poly(2-methoxy, 5-(2'-ethyl-hexosy)-1,4-phenylene-vinylene) (MEH-PPV)
v6i ne-TiO, (MEH-PPV + TiO,) lam 16p phat quang. Mang t6 hop chét hiru co
Aluminum tris(8-hydroxyquinoline) (Alqs) voi 16p si€u moéng LiF (Alqgs/LiF) lam
16p truyén dién tir. Cac mang Alqs, LiF va Nhom duge ché tao trén hé bdc bay
nhiét. Mang mong Alq3/-LiF ngoai tac dung lam 16p truyén dién tir con c6 vai tro
tao tiép xuc tot voi Ktbt nhd sy c6 mit ciia LiF. Hon nita viée c6 mit cia LiF khong

lam anh huong dén d6 rong ving cim cua Algs [53, 7].

Lamsach || Phu dung dich © . Phidung dich
dé ITO PEDOT-TiO2 U nhiét MEH-PPV-TiO2

Tao mang dién cuc o - u )
kLﬂ:((),s) /Al ;<::I Phu 16p Alq3 }<:| U nhiét /

Hinh 2. 29. Quy trinh ché tao OLED.

Toan by qua trinh ché tao 2 loai mang to hop PEDOT+TiO, va MEH-
PPV+TiO, déu dugc thuc hién trong budng khi tro (Glove box). Mau sau khi @
nhiét xong dugc dua vao trong hé bdc bay nhiét dé tao mang Alqz va dién cuc Ktbt-

LiF(0,5)/Al. Pién cuc Ktét c6 do day khoang 100+120 nm.

Vi¢c nghién ctru, ché tao OLED di duoc thuc hién boi nhiéu nghién ctru
trude. Pé tiép ndi va thira hudng cac két qua cua tac gia trude [2, 5, 6], luan an tap
trung vao nghién cttu ché tao OLED véi ciu trac: ITO/PEDOT+TiO,/MEH-
PPV+TiO,/Alqs/LiF(0,5)/Al.

b, Cdc budc ché tao va dong vé chium linh kiégn 4 OLED

Viéc ché tao OLED dugc thuc hién theo quy trinh 3. Duéi ddy 1a cac budc
cu thé ché tao va dong vo linh kién 4 OLED véi kich thuéc mdi OLED 1a 2x2 mm.

BI: An mon dé ITO tao dién cuc Anot.

Mang ITO trén dé thuy tinh c6 kich thudc 4x4 cm dugc phu 1 16p cam
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quang, sau d6 sir dung hé khic quang hoc (photolithography) tao duoc dang mit na
mong mudn. D& ITO sau khi dd c6 mit na duoc ngdm trong hdn hop dung dich
3HNO;: 5 HCI: 10 H,O trong thoi gian khoang 10 phat. Mau tiép tuc duoc ngam

trong aceton dé loai bo 16p cam quang.

Tim ITO Phi 16p cam quang, Quang 4 dién cyc ITO (2x2 mm)

khac

| >
An mon, tdy bo 16p cam quang T T

Budc 2: Phit t& hop PEDOT-TiO,, MEH-PPV-TiO,, Alg; va dién cuc LiF(0,5)/Al

Céc to hop nay dugc phu 1én trén dién cuc ITO di dn mon theo cac phuong

phép da trinh bay ¢ trén.
] Mang té hop truyén dién ti,

[ -.] !‘ truyén 1 trong, phat quang

N I % /\\ Mang dién cyc LiF(0,5)/Al
. Tém thity tinh

Budce 3: BPong vé OLED

Sau khi cac 16p dién cuc Al dugc phu, Linh kién dugce 6p béi 1 tAm thiy tinh
1én trén dién cuc Ktdt. Viéc gin tim thily tinh véi d¢é Thuy tinh ban dau duogc thyuc
hién trong budng khi tro, vdi keo gan 1 loai keo Epoxide chuyén dung.
2.3.2. Vit liéu va linh kién phat sang vo co (LED)
2.3.2.1. Tong hop YAG:Ce ciu triic nano bang phwong phap sol-gel

YAG:Ce 1a vat liéu phat quang kha phd bién trong chiéu sang, c6 cong thirc
hoa hoc la Y;3Al50,:Ce* (YAG:Ce). YAG:Ce la vat liéu h?ip thuy manh vung anh
sang xanh duong va phat quang manh vung 4nh sang xanh 1a cay (500-650) 1a do su
dich chuyén cua dién tir trong cac mirc 5d-4f. Trong luan an, phuong phap sol-gel

dugc sir dung dé tong hop nano YAG:Ce & nhiét do thap.
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2.3.2.2. Nguyén liéu ban dau

YAG:Ce dugc tong hop bang phuwong phap sol-gel & nhiét do thap. Cac tién
Ché,t du’qc su dl}l’lg la Y203, HNO3, CCCNO3)3'6H20, AICNO3)39H20, axit citric
(C6H807'H20) va NH3H20

2.3.2.3. Thuc nghiém tong hop

Quy trinh tong hop YAG:Ce dugc mé ta trong so do sau (Hinh 2. 30)

T 0 —
Y,03 HNO; Khuay tir tai 60 C > Hon hop \
Khuay tir + CeH307H,0 pH=2 ) ‘ ,
tai 60°C Ngamotrong binh nugc 2
tai 80 °C
Lam kho trong 10h tai 125
Y(NOs) o
Xerogel |—=—— Gel
AL(N03)3 Ce(NO3)3 )
; Phan tmg no trong 10
+ + , .
Khudy §1+(Y3 ):n(Ce’):n(Al pht tai 245°C
)=2.94:0.06:5
Dung dich mau vang Dang bot | Unhict tai: YAG:Ce
700 °C phosphor

Hinh 2. 30. Quy trinh téng hop YAG:Ce

Theo quy trinh Hinh 2. 30, dau tién Y,0; duoc hoa tan trong dung dich acid
HNO; tai nhiét do 65 °C bang khudy tir trong thoi gian khoang 2 gio. Sau d6
Ce(NO;)3-6H,0, va AI(NO;)3-9H,0 duge cho vao dung dich va tiép tuc khudy. Sau
khoang 20 phut ta thu duoc dung dich mau vang sang. Budc tiép theo, acid citric

dugc bo sung vao dung dich. Dung dich nhanh chéng chuyén sang dang trong sudt.

Do pH cua dung dich déng vai tro rat 16n dén viéc hinh thanh YAG:Ce [86].
NH;H,O dugc sir dung dé khéng ché do pH. Qua trinh khudy tiép tuc, sau 2 h ta
thu dugc dung dich dang sol. Sol dugc ngdm trong nudc tai nhiét d6 80 °C sau
khoang 2 h thi chuyén sang dang gel. Gel tiép tuc dugc lam khé tai nhiét d6 120 °C
sau khoang 5 h thi duoc dang xerogel. Xerogel dugc 1 tai nhiét do 245 °C trong thoi
gian khoang 10 phut. San phém thu dugc s€ cé dang bot xép, kho. Dang bot xép
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tiép tuc duoc dem 1 tai nhiét do cao hon tir 700 °C dén 1200 °C theo thoi gian khac
nhau ta thu dugc mau YAG:Ce. Toan bo qué trinh tao sol-gel dugc thuc hién trong
binh ba ¢ (Hinh 2. 31)

(1): May khudy tir+gia nhiét

(2): Binh 3 ¢6

(3): Ong sinh han

(4): Puong vao nude lam lanh

(5): Buong ra nudc lam lanh

(6): Kim tiém dung NH; va HNO;
dé khong ché do pH.

(7): Binh chirta NaOH

Hinh 2. 31. So d6 hé tong hop YAG:Ce.

Dung dich téng hop trong binh 3 ¢6 dugc duy tri nhiét d6 1a 65 °C nén rat dé
bay hoi. Nho ¢6 6ng sinh han dugc lam lanh lién tuc bé‘mg nudc ma hoi dung dich
dugc thu hoi trd lai binh 3 ¢6. Hinh 2. 32 mé ta anh cac san pham twong tmg voi cac
giai doan trong qué trinh tong hop. Qua trinh U tai nhiét do cao, tir 700 dén 1200 °C
dugc thuc hi¢n trong 10 u (Nabertherm P320). Chuong trinh 0 nhiét dugc dat theo
gian dd nhiét do trong Hinh 2. 33. Mau duoc 0 nhiét do cao theo 2 giai doan nhiét
khéac nhau. Giai doan 1 nhi¢t 3o duogc dat tr nhi¢t do phong tang 1én dén T1, thoi
gian tang nhi¢t dat T1 1a t1 voi tbc do gia nhiét 1a 2 phat/°C. Sau khi nhiét d6 dat t6i
T1, mau dugc giir 6n dinh trong thoi gian tr 2- 4h. Thoi gian ha nhiét 1a ty nhién,
phu thudc vao tdc do toa nhiét cua 16 ra moi truong. Thong thuong sau khoang Sh
thi nhiét 6 10 0 giam téi nhiét d6 phong. Trong luan an ching toi da ché tao nhiéu
mau voi cac thong s6 ché tao va diéu kién u nhiét khac nhau. Cac mau duge ché tao
v6i ndng @6 Ce tir 0,5 dén 2%. Cac mau duoc 0 nhiét thay ddi tir 700 dén 1200°C

trong cac khoang thoi gian tir 2 dén 16h.
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AL(NO3)3+ Ce(NOs);

Dung dich vang nhat

C6H807'H20 pH=2

Dung dich khi pH<2

Dang Sol

U 120°C, 5h

U 1200°C, 2h

Dang bot x6p

Hinh 2. 32. Hinh anh san pham trong quy trinh tong hop.

A

T

Tl -

37°C

v

0 tl t2 t3 t

Hinh 2. 33. Gidn do nhiét dé u.
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2.3.2.4. Ché tao cic to hop phat quang choWLED

Céc vat liéu to hop dugc ché tao theo quy trinh chung sau:

Chit phat quang eV ]

\ 4 ! A\ 4
|
Khuay co Spin coating
hoc

Hinh 2. 34. Quy trinh ché tao mau WLED tir chip LED

Cong doan khqu co hoc dugc thuc hién trén hé trén mau (Hinh 2. 35).

1: Bong co
2: Gia do

3: Coc mau

4: Bép nhiét

Hinh 2. 35. Hé trén mau.

Céc t6 hop phat quang sau khi ché tao duoc phi 1én chip LED xanh duong
tao thanh san pham LED tuong Gmg. Céc vat liéu t6 hop va cac san phaim WLED
duogc ligt ké trén Bang 2. 2.
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Bang 2. 2. Céc t6 hop phdt quang cho WLED.

STT T6 hop (TH), thanh phin S6 lwong | San pham LED
1. |Tohop 1: YAG:Ce:TM 01 THI1-M1

2. | T hop 2: MEH-PPV 02 TH2-M1;TH2-M2
3. | T6 hop 3: YAG:CeTM+MEH-PPV 06 TH3-M1,..., M6

4. | T6 hop 4: YAG:Ce TM + MEH-PPV+ 07 TH4-M1,..., M7
CdSe/ZnS

5. | T hop 5: MEH-PPV+ YAG:Ce CT 05 TH5-ML,..., M5

Céc vat liéu to hop v6i ciu trac va thanh phan nhu trong bang Bang 2. 2 déu
dugc ché tao theo quy trinh trén so @6 Hinh 2. 34. Tuy nhién, d6i v6i mdi loai to
hop, cach thirc, thoi gian va cac diéu kién cong nghé khac trong timg cong doan c6
khac nhau. Véi t6 hop cau trac - THI, trong giai doan 1 (GP1) chit phat quang &
day 1a YAG:Ce dang bot nén duogc tron 1an v6i dung dich PMMA theo ty 18 3/7 vé
thé tich. YAG:Ce dugc khudy co hoc trong thoi gian khoang 30 phit tai nhiét d6 60
°C. San pham sau GD2 1a t6 hop phat quang c6 mau vang gidng mau cua YAG:Ce
ban dau. GP2 1a khau rat quan trong, thoi gian va nhiét 46 khudy phai dam bao dé
cho YAG:Ce phan tan dong déu trong dung dich PMMA. Kiém tra d6 dong déu cia
dung dich sau GD2 ¢6 thé st dung but chi laser kiém tra vét cua laser trén man anh
sau khi di qua dung dich. Tuy nhién viéc danh gia 46 déng déu cuia dung dich duogc
chinh x4c hon tir két qua phan bd goc cua LED xanh duong sau khi dugc phu t6 hop
phat quang 1én chip LED. San pham sau GD2 duoc chuyén sang GD3 dé ché tao
méu. Trong GD3 mot phan dung dich phat quang duoc phii trén cac dé thuy tinh dé
khao sat cac dic trung vé ciu trac ciing nhu dic tinh quang cua té hgp. Phan con lai

ctia dung dich dugc phu trén chip LED xanh duong dé ché tao WLED.

V6i cdu trac 2, to hop phat quang c¢6 thanh phan chinh 14 polymer MEH-PPV,

64



viéc ché tao ciing tuong ty. Trong truong hop nady PMMA dugc thay bang Toluen.
MEH-PPV ¢ dang bdt dugc hoa trong dung dich Toluen theo ty I¢ 2 mg/ml. Trong
GP2, thay vi may khudy co hoc, ta sir dung khudy tir. Thoi gian khudy tir dién trong
khoang 12 h tai nhiét d6 phong. San pham sau GD2 1a dung dich MEH-PPV dong
nhat dugc phi trén cac dé thuy tinh va phu truc tiép trén chip LED xanh duong dé
ché tao WLED.

Tir t6 hop thir 3 dén 5, viéc ché tao mau hoan toan twong tu nhu trén. Véi TH3
GP1 chét phat quang 13 dung dich YAG:Ce TM+PMMA va dung dich MEH-
PPV+Toluen. Vi TH4, chat phat quang trong GD1 1a YAG:Ce TM+PMMA, dung
dich MEH-PPV+Toluen va dung dich chdm lugng tir CdSe/ZnS phan tan trong
Toluen. THS, chit phat quang trong GP1 1a YAG:Ce TM+PMMA, dung dich
MEH-PPV+Toluen va YAG:Ce CT. Trong mdi to hop, cac WLED dugc ché tao véi
d6 day 16p phu khac nhau. Po day 16p phu dugc tinh va quy ddi theo thé tich dung
dich phat quang phu lén chip LED.

Bang 2. 3. Ty 1é cdc chat thanh phdn twong iing trong méi té hop phdt quang.

YAG:Ce CdSe/Zn | YAG:
. \ PMMA | MEH-
STT | To hgp, thanh phan ™ S Ce CT
(%) |PPV (%)
(%) (%) (%)

1. THI1: 40 60 0 0 0
YAG:Ce:TM

2. TH2: 0 0 100 0 0
MEH-PPV

3. TH3: 35 60 5 0 0
YAG:CeTM+MEH-PPV

4. TH4: 30 60 5 5 0
YAG:Ce T™ + MEH-
PPV+ CdSe/ZnS

5. THS: 0 60 5 0 35
MEH-PPV+YAG:Ce CT
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2.3.2.5. Ché tao linh kién WLED cho chiéu sang rin
a, Lip ghép LED xanh dwong tir cdc linh ki¢n don 1é

Vé co ban mét LED xanh duwong bao gom cac thanh phan nhu: D¢ tan nhiét,
dién cuc dan, chén phéan xa, chip LED, diy vang va thau kinh (Hinh 2. 36). Thanh
phan chip LED 1a khé ché tao nhét va doi hoi cac thiét bi hién dai. Trong lun an,
chip LED 1a loai InGaN thuong mai dugc san xudt tai Pai loan. Quy trinh dé 1ap ghép

1 LED xanh duong dugc thuc hién theo cac bude sau:

Budc 1:  Chon dé tan nhiét: yéu ciu dé tin nhiét 1a phai bong, sang, sach (Hinh 2.
37 a)

Budc 2:  Kiém tra mit cua chip, xac dinh mit phat quang cia chip, kiém tra kha
nang hoat dong cua chip (Hinh 2. 37 b, c).

Budc 3:  Chuan bi vat liéu han: Vat liéu thuong dugc sir dung 1a In, yéu cau miéng
In phai di mong, c6 kich thudc hai chidu bang khoang 70% kich thudc
cua chip xanh duong la thich hop.

Budc 4:  Pit dé tan nhiét 1én mam nhiét ctia may han, dwa lan lugt miéng In vao va
LED chip 1én dé tan nhi¢t. Diéu chinh nhiét ¢ mam nhi¢t khoang 150-
160°C, sir dung kim han d¢ 1én chip trong khi In néng chay.

Budce 5:  Han day vang 1én cac dién cuc cua LED chip va céc dién cyc ngoai.

Budc 6:  Déng vo (thau kinh), hoan thién (Hinh 2. 37 d)

*—| Thiukinhnhua

Pién cuc

Chénphan xa

Hinh 2. 36. So dé cdu tao ciia LED.

DPé tan nhist ChipLED
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Hinh 2. 37. Cdc linh kién don 1é ciia LED xanh dwong: Dé tan nhiét (a), bé mdt
chip LED (b), Kiém tra hoat dong cua chip LED (c), LED déng vo (d).

Qua trinh han gfm duoc thuc hién bfmg may han MECH -EL Serial: 5662,
Model: 709, Volts: 115, may han day vang Ball bonding procedure Model 4524
Semiautomatic Mode va HYBOND Model 626.

b, Ché tao dén WLED

Quy trinh ché tao WLED v co duge thuc hién theo so d6 Hinh 2. 34 & trén.

Hinh 2. 38 1a c4ac budc phu l6p phat quang va dong géi WLED vo co.

PRy AN

(1) )

Hinh 2. 38. Quy trinh dong goi WLED vo co':
Phii t6 hop phat quang (1), Gdn thau kinh (2).
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Két luan chwong 2

- Véi muc tiéu nghién ctru, ché tao cac t6 hop phat quang tng dung cho chiéu
sang nhu OLED va LED dé hoan thanh luan an, chung toi da sir dung cac

phuong phéap cong nghé, cling nhu cac phép do dac hién dai, cd do tin cdy cao.

- Viéc nghién ctu cac dic trung cdu tric, quang ctia cac mang to hop phat
quang dugc thuc hién trén cac thiét bi hién dai nhu Xray, FE-SEM, LB-550,
Hé quang pho phan gidi cao... Ngoai ra, dé thuan tién hon trong qua trinh ché
tao va khao sat, nghién ctru, ching t61 da chu dong xay dung thém cac h¢ cong
nghé¢ va khao sat mau bao gém: H¢ khqu co hoc dé tron mau; Hé do d6 on
dinh ctia WLED bing qua cau tich phan 150 cm va may do do roi
LUXMETER (LX1010BS); B6 ga mau dich chuyén 2 chiéu sir dung do phd
huynh quang; Hé tao bui nano (BNN) dé chuan bi mau trudc khi sir dung khao
sat phan bd kich thudc hat bang hé LB-550.

- Sir dung phuong phap quay phu li tdm c6 thé ché tao cac mang mong to hop
(PEDOT+TiO, va MEH-PPV+TiO,) chira nano oxit titan thuong pham (kich
thudc ~5 nm) va nano TiO, ché tao (~7 nm).

- Trén co s& cac mang mong to hop di ché tao OLED cau tric
ITO/PEDOT+TiO2/MEH—PPV+TiOz/A1q3/LiF/Aldé khao sat cac dac trung
dién phat quang va cac thong sb khac cia linh kién sau khi dong vo.

- Toéng hop thanh céng bot YAG:Ce nano st dung lam 16p t6 hop pha 1én chip
LED. Ché tao 5 loai t6 hop phat quang cho WLED véi cac d6 day 16p phu
khac nhau dé khao sat cac thong sb ciia dén WLED.

- Thiét ké va ché tao dén WLED tir chip LED xanh dwong loai 1 W va céc linh
phu kién don 1¢ khac nhu diy dan vang, dé tan nhiét, chao va choa dén cho

chiu sang ran.
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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 ciia cac 16p vt liéu trong OLED
3.1.1. Pho hap thy, huynh quang ciia mang MEH-PPV

Poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene vinylene] (MEH-PPV)
12 mot loai polymer c6 phd hip thu & ving anh sang xanh duong va phat quang manh
trong ving 4anh sang mau vang. Hinh 3. 1 dudi day 1a két qua phd huynh quang va
phd hip thu cia MEH-PPV bang hé quang phd phan giai cao Microspec-235b Vién
Khoa hoc Vit liéu va may quang phd hap thu UV/VIS/NIR Jasco V570 khoa Vat 1y
ky thuat va Cong ngh¢ Nano, truong Pai hoc Cong nghé, PHQG HN.

B | Phé phat "

4 | . O phat quang

£ 50000-',I - — Phé hép thy I N

= 1 A

: 1! i

: 40000 |

= '1 &

< 30000 ! 5

5 ‘e 13
.’: —

< 200004 ! 2

2 10000-

2

O § . 0.0

300 400 500 600 700 800
Buéc song (nm)
Hinh 3. 1. Pho quang huynh quang (2) va pho hap thu (1) cia mang MEH-PPV
duoc kich thich boi budc song 442 nm cua laser He-Cd.

Trén hinh Hinh 3. 1 13 pho hap thu va phat quang cia MEH-PPV. Binh pho
hap thy khoang 500 nm 14 do dich chuyén dién tir giira mitc ™ — w*cia MEH-PPV
[66]. Tir phd hip thu cia MEH-PPV, str dung phuong phap Tauc Plot tinh dugc do
rong viung cdm cia MEH-PPV. Hinh 3. 2 14 phd cin bac hai ctia d6 hap thu va ning
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luong theo ning lugng photon. Tir dd thi ta tinh dugce d6 rong ving cAm cua MEH-
PPV I1a2,1eV.

[MEH-PPV|

Q

’; L

=

=

x

I:I__/ L

155 1.8 2{.1 24 2.7 3.0 3.3

Nang lugng Photon (eV)

Hinh 3. 2. Phé can bdc 2 ciia do hdp thy va nang long theo ndng leong photon
theo phuwong phap Tauc plot.
3.1.2. Pho hap thu va huynh quang ciia mang Aluminum tris(8-hydroxyquinoline)
(Algs)
Alg; phat quang v6i 4nh sang nam trong ving nhay véi mat nguoi véi budc
song A, =530nm. Hinh 3. 3 1a pho hap thu va quang phat quang ciia Alg3. Tuong tur

MEH-PPV ciing bang phuong phéap Tauc Plot ta tinh duoc do rong ving cam ciia Alg3
la khoang 2,8 eV.
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Hinh 3. 3. Phé hdp thu (Ab), huynh quang (PL), huynh quang kich thich (PLE)
cua Alq3
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3.1.3. Vit liéu t6 hop sir dung lam 16p phat quang (MEH-PPV+TiO,) va truyén
156 trong (PEDOT+TiO,)

Viéc nghién ctru, ché tao OLED di dugc thuc hién boi nhiéu nghién ciru
trudce [2, 5, 7]. Trong ludn 4n ndy chung toi tap trung vao nghién ctiru ché tao OLED
nhim muc dich lam ngudn sang phing va chiéu sang. OLED c6 cau trac:
ITO/PEDOT+Ti0,/MEH-PPV+TiO,/Alq;/LiF/Al, trong d6 bdt nano TiO, su dung
13 bot thuong mai va bot ti ché tao. Dudi day 1a két qua nhan dugce d6i voi hai loai
vat li€u nay.

3.1.3.1. Vit liéu t6 hop sir dung TiO, thwong mai

76 hop MEH-PPV+TiO,

To hop MEH-PPV+TiO, duogc ché tao béng cach tron TiO, thuong mai voi
MEH-PPV, goi tit 1a MEH-PPV+TiO,-TM. Hinh 3. 4 1a anh FE-SEM ctia miu véi
20% theo khéi lugng. Hat nano TiO, (TiO,) phan b dong déu véi kich thude 5-7
nm. Anh huéng cua nhiét 6 trong ving tir 120°C - 180°C 1én hinh thai hoc cia
mang la khong dang Ké. Tuy nhién, Kkét qua thyc nghi€ém cho théiy nhiét d§ u thich
hop nhét cho cac tinh chat khac nhu dic trung I-V va phd quang huynh quang (PL)
la 150°C [25, 69].

Hinh 3. 4. Anh FE-SEM ciia mang t6 hop MEH-PPV+TiO>-TM i trong chdn
khong tai 150 °C.

71



T6 hop HTL (PEDOT+TiO>)

PEDOT Ia mdt trong s6 vat liéu tot nhat duge st dung lam 16p HTL trong
OLED boi vi PEDOT c¢6 d truyén qua cao ¢ ving nhin thay, 46 dan dién t6t va kha
nang chiu nhiét [35, 91]. Nham nang cao tiép xuc gitra ITO va PEDOT, cic hat nc-
TiO, thwong mai dugc tron vao trong PEDOT (PEDOT+TiO,-TM). Hinh 3. 51a anh
AFM chuyp bé mit mang t6 hop PEDOT+20%kl1 TiO, (kich thudc hat ~ 5 nm).

Véi d6 phan giai cao cia AFM c6 thé nhan thiy sy phan bd cac hat nano 1a
kha doéng déu va sip xép theo cac duong vong tron do qua trinh quay phu ly tam.
Céc hat nano TiO, lam cho bé mit ctia vat liéu polymer trd nén "gd ghé"va hinh
thanh mot luong 16n cac bién tiép xuc TiO,/PEDOT trong mang to hop
PEDOT+TiO,-TM [34].

Hinh 3. 5. Anh AFM ciia bé mdt mang t6 hop PEDOT+TiO>-TM (20% k).

Pé hiéu rd hon su anh hudng cta cac hat nano 6xit titan trong cac 16p EL va
HTL cua linh kién OLED, ching t6i d& khao sat dic trung dong thé (I-V) cua cac
linh kién gém cac 16p khac nhau. D6 1a OLED don 1é6p polymer (ITO/MEH-
PPV/Al, ki hiéu 14 SMED), OLED goém 2 1ép polymer tinh khiét
(ITO/PEDOT/MEH-PPV/AIl - PPMD), OLED gom 16p kép polymer véi MEH-
PPV+TiO, lam 16p phat quang (EL) va PEDOT+TiO, lam lop HTL
(ITO/PEDOT+TiO,/MEH-PPV+TiO,/Al - PMCD), cudi cung 1a OLED da 16p ciu
trac ITO/PEDOT+TiO,/MEH-PPV+TiO,/LiF/Al, ki hiéu MMCD), trong d6 16p
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siéu mong LiF 1am 16p truyén dién tir (ETL). Lép nay day 10 nm (pha trén 16p EL)
dugc bdc bay bang chum tia dién tir, trén cing 1a 16p mang méng nhom. Hinh 3. 6

trinh bay cac duong cong I-V cua céc linh kién.

Dong dién (nA)

Dién thé (V)

Hinh 3. 6. Bdc trung I-V ciia cdc linh kién OLED cdu triic da I6p khéc nhau. (a) -
Don lop MEH-PPV (SMED); (b) - c6 thém lop polymer lam HTL (PPMD); (c) - co
hai 16p mang té hop (PMCD) va (d) - ¢6 thém I6p LiF (MMCD).

Hinh 3. 6 cho thiy dién thé mo (hay dién thé ngudng) cta cac linh kién
SMED, PPMD, PMCD va MMCD c6 cac gia tri tuong ung 1a 3,4 V; 2,6V; 2,2 V va
1,7 V. Déi véi diot day du cac 16p (MMCD), dién thé mé nho nhat. Piéu ndy ching
t6 su can bang tot nhét trong tdc d6 tiém va van chuyén hat tai (dién tir va 15 trong)
da dat dugc nho cac 16p HTL va LIF/ALdugc ghép kep giita 16p EL véi Andt va EL
v6i Ktdt. Cac hat nano trong cic 16p EL va HTL di gop phan lam giam dang ké
dién thé ma cua linh kién.

Nhu da biét, anh huong cia cac 16p HTL, ETL va LiF/Al 1én dic trung I-V
d3 dugc ching minh 13 do qua trinh can bang tc d6 tiém dién tir va 1 trng tir cac
dién cuc vao trong 16p phat quang. Tuy nhién, nguyén nhan cac hat nano tinh thé
tron vao polymer co thé cai thién hiéu suat phat quang cia OLED cho dén nay van
gy nhiéu tranh luan. Cac két qua cua ludn an duogc giai thich dya trén mo hinh cua
Carter va cac cong sy [17]. Nhom tac gia nay dé xuat cach giai thich su ting hiéu

sudt cta linh kién c6 thé do su thay doi hinh thai hoc cua linh kién khi c¢6 cac hat
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nano trong to hop. Trong qua trinh quay cta phuong phap quay phu li tAm, cac hat
nano bi “vang” manh vao polymer do tac dung cua luc tinh dién, va sau d6 luc mao
dan c6 thé cudn dung dich MEH-PPV vio céac khe trong nhé xung quanh céc hat
nano. Do d6 cac khuyét tat nhu 10 héng (tam bét hat tai) duoc loai trur. Hon nira bé
mit trén ciing cac 16p polymer tré nén nham hon, khi boc bay 16p LIF/AL va mang
nhom (Ktot) 1én trén tao ra bién tiép xuc voi dién trd nhé nhét (tiép xtic Omic tot
hon). Ngoai ra, sy phan ly va truyén dién tich tai cac bién tiép gidp nano/polymer 1a
do qua trinh tiém dién tich, dic biét 1a dién tr vao trong polymer ciing trd nén tot
hon lam giam chiéu cao rao thé tai cic bién tiép xuc. Do vay dién ap lam viéc cua
OLED t6 hop giam so v6i dién ap lam viéc cia OLED thuén khiét. Tai dién ap thap,
su tiém dién tich vao 16p phat quang duoc cho 1a bi Ktdt han ché, doan tang rat doc
ctia didc trung I-V cta diot t6 hop cho thiy sy tiém dién tich tai Ktot dang xay ra -
nguyén nhan c6 thé do bé mit nham cua mang t6 hop ciu tric nano. Tai dién ap cao
hon, su truyén dién tich vao 16p phat quang MEH-PPV lam xuét hién ving dién tich
khong gian t6i han. Pay ciing 14 vu diém ctia mang t6 hop MEH-PPV + nc-TiO, sir
dung lam 16p phat quang, ciing nhu cac mang t6 hop PEDOT + nc-TiO, hay PVK +

nc-TiO, 1am 16p truyén 15 tréng.
3.1.3.2. Vit liéu t6 hop sir dung TiO, ché tao

Tinh chat ciia dung dich chira TiO, ché tao

Hinh 3. 7 1a phd hép thy ctia dung dich phan tan TiO, phu thudc vao ti 18 khoi
(r) axit oleic trong tién chat. Phd hép thu cia MEH-PPV tinh khiét c6 mét dinh tai ~
520 nm, hoan toan phu hop véi s6 liéu nhan duogc trong cac nghién ctru trude [5, 7].
Bo h?ip thu trén phé ctia cac mau duoc dich vé phia song ngfm (dich xanh) khi ti 1€
khdi cua axit oleic/tién chat r tang 1én (Hinh 3. 7a). Bo hép thy twong tng véi r tir

1,5 dén 10 nam trong khoang tir 354 nm dén 308 nm.
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Hinh 3. 7. Phé hdp thu ciia TiO, ché tao phan tan trong dung dich véi r tiv 1,5 dén

10 (a). Buong phu thugc vao tan sé cia hé s6 hcfp thu nhdn dwoc tir s6 liéu thuc

nghiém UV-Vis (1) va dwong trung khit (2) cho truong hop r=2, chon = 2.

Dit liéu UV-Vis tai ving budc song ngan cé thé sir dung dé danh gia do rong

ving ning luong cAm (E,) cua cac hat nc-TiO, phan tan trong dung dich (Béng 2)

boi phuong trinh sau [29]:

A
a=—»>(hv-E)"
hv( <)

(3.1)

trong d6 a la do h?ip thu, 4 la hfmg s6 Planck, v - tan sb cua bic xa UV-VIS, A -

hang s6 va n= 0.5 doi voi chuyén doi thang va n = 2 d6i véi chuyén doi xién trong

chat ban din. Puong cong tring khit (Hinh 3. 7b) khi n=2 cho két qua phu hop tbt.

Bang 3. 1. D¢ réng vimg cam ciia nc-TiO; phdn tan trong dung dich phu thudc vao

ti 1é khéi r (xdc dinh tie phé hdp thu UV-VIS).

Ratio (r)

1.5

2.0

3.0

5.0

7.0

10.0

E, (eV)

2.154+0.05

2.17+0.05

2.16+0.05

2.24+0.05

2.33+0.06

2.37+0.07
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Kich thudc hat nc-TiO, duoc khao sat gian dd nhiéu xa tia X (XRD) trén cac
mau bot. Mau bot nhan dugc bang cach trai dung dich 1én trén dé Si (TiO,/Si) roi &
& 450°C. Trén Hinh 3. 8 13 gian d6 XRD ctia mau voi r =1,5. Nhan thiy c6 6 dinh
hoan toan trung voi cac dinh dic trung cua pha anatase TiO,. Hai dinh (021) va
(211) tng v6i d = 0.240 nm va 0.192 nm, 4 dinh c6 cudng do thap hon 1a (111),
(130), (113) va (121) ung vo6i d = 0,285 nm; 0,170 nm 0,149 nm va 0.212 nm. Kich
thudce hat (R) tinh dugc nho st dung cong thire Scherrer [29]:

R 0.94 (3.2)
fcosd

trong do A 1a budc song st dung (Acuke = 0.15406 nm), B- dO rong tai 1/2 chiéu cao
ctia dinh (radian) va 8- goc nhiéu xa Bragg. Kich thudc trung binh cua hat nc-TiO,
xac dinh tir cac dinh trén 1a 8,5 nm. Tuong tu, kich thudce ctua hat cua nc-TiO, véi r
= 10 nhan dugc 1a 7 nm. Nhu vay, két qua do XRD cho thy kich thuéc hat nano

TiO, gidm theo chiéu tang cua ti 1¢ Kkhdi 7.

400 ————————————————

300 + (021) 211 -

200

100

Cuong dé (d.v.t.d)

30 40 50 60 70
26 (d9)

Hinh 3. 8. Gian do nhiéu xa tia X ciia bt TiO, trén dé Si (TiO,/Si)
cho truong hop r = 1,5.
Trong khi d6, d6i v6i cac mau véi r < 10, bo hip thy cta phd UV-VIS cia
dung dich phan tan TiO, phii mot phan ph6 hap thu cia MEH-PPV, trong khi d6

pho hap thu ctia mau véi r > 10 khong anh huong 1én phd hép thu cia polymer
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MEH-PPV (Hinh 3. 7). Vi vay, ti khéi r = 10 giira axit oleic acid va tién chat

[Ti(iso-OC3H5),] duoc xem nhur 14 ti 1& t6i wu dé tong hop cac hat nano TiO,.
Mang méng té hop nano sir dung nc-TiO, ché tao

Mang t6 hop HTL nhéan dugc tir pha tron 20%kl nc-TiO, (7 nm) ché tao vao
trong PEDOT (PEDOT+TiO,-CT). Hinh 3. 5 1a 4nh AFM cta mang t6 hop nay. C6
thé thdy anh AFM cua t6 hop PEDOT+TiO,-CT khac v&i anh AFM cua t6 hop
PEDOT+TiO,-TM & chd cac hat nano TiO, ché tao khong phai 1a cac "qua cau" nho
nhu TiO, thuong mai va bién phan cach giita TiO, va PEDOT vi thé khong 16 rang
bang. Piéu nay lam cho tiép xtc cta TiO, va PEDOT tét hon.

Hinh 3. 9. Anh AFM ciia mang t6 hop PEDOT+TiO>-CT (20%kl TiO-).

Bé mit cua t6 hop MEH-PPV+TiO,-CT duoc thé hién bang anh FE-SEM,
trén Hinh 3. 10, ti 1& khdi pha tron TiO,-BT/MEH-PPV 1a 20%. Nhiét d6 1 mau
cling khong anh hudng nhiéu 1én hinh thai hoc bé mit cua mang. Tuong tu nhu trén,
nhiét 46 G dugc chon 13 150°C. Nhin chung, anh FE-SEM cho thidy phan b hat
TiO, l1a kha déng nhét, ngoai tror mot vai diém sang hon chung t6 ¢ su co cum cua
cac hat nnao TiO,. Anh FE-SEM cua t6 hop MEH-PPV+TiO,-CT ciing thé hién
mdt s6 nét khac voi anh FE-SEM ciia to hgp MEH-PPV+TiO,-TM, tuy nhién khong
1& rang nhu truong hop anh AFM cia céc to hop HTL.
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Hinh 3. 10. Anh FE-SEM bé mdt mang t6 hop MEH-PPV+TiO»-CT (véi 20 k1%
nc- TiO,) s dung lam lop EL trong OLED.

Hinh 3. 11 trinh bay cac duong cong dic trung dong thé cua bdn linh kién
OLED (N1, N2, N3 va N4) ché tao tir bdn loai chuyén tiép dj chat tuong tng HI1,
H2, H3 va H4. Tir hinh nay thiy rd dién thé m¢ ciia OLED duoc cai thién (hay giam
dan) tir N1 dén N4. Linh kién N4 ché tao tir hai t6 hop cho 16p truyén 15 trong va
16p phat quang (HTL va EL) véi cac hat nano TiO, ché tao (kich thudc ~ 7 nm) ¢
dac trung -V tdt nhat: dién thé mé ~ 0.75 V va d6 doc cua duong dac tuyén -V

cling cao nhat.

N4
N3 |

2.5
2.0 h
1.5 ’
1.0 _

0.5

05 00 05 10 15 20 25
DPién ap (V)

Mit d6 dong (mA/cm?)

Hinh 3. 11. Bdc trung dong thé (I-V) ciia OLED cdu tao

tir cdc I6p t6 hop khdc nhau.
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O day cac linh kién OLED duoc ki hiéu nhu sau:
N1: ITO/PEDOT/MEH-PPV/Al
N2: ITO/PEDOT/MEH-PPV+nc-TiO,
N3: ITO/PEDOT+nc-TiO, /MEH-PPV/Al
N4: ITO/PEDOT-+nc-TiO,/ MEH-PPV+nc-TiO,/Al

C6 thé nhan thay, dic trung I-V cua cac linh kién OLED ché tao tir cac to hop
polymer va TiO, ché tao dugc cai thién dang ké ¢ dién thé mo, dic biét ddi véi linh
kién N3 va N4. Pién thé mo ctia N3 va N4 tuong tng vao khoang 0,95 V va 0,55 V.
Trong khi d6 gié tri cia dién thé mo thap nhat cia OLED ché tao tir t6 hop st dung
TiO, thuong mai cao hon han, tic 1a vao 1,70 V (xem hinh Hinh 3. 6). Diéu nay
chtng to cac hat nano TiO, ché tao tron vao trong polymer di tao ra tiép xuc
TiO,/polymer tot hon han trudng hop st dung TiO, thuong mai. Chuyén tiép di
chat trong truong hop da tao thudn loi cho cac hat tai truyén qua céac 16p truyén 15

tréng vao 16p phat quang.
3.2. Pic trung, tinh chat cia linh kién OLED

3.2.1. Pic trung tinh chit ciia dén chuin sir dung trong hé Everfine YT1000
va LCS-100.

T hop phat quang, truyén dién tir va 18 tréng trong OLED néi riéng va trong
cac linh kién phat sang ban din noi chung 1a rat quang trong. Tir cac két qua AFM,
FE-SEM, PL va I-V, buéc dau cé thé danh gid duoc chat lugng cia cac 16p mang
sir dung trong OLED. Tuy nhién, két qua do dac cac dic trung phat quang cia linh
kién s& 1a thong sd quan trong dé danh gia chat lugng cua ching. Céac thiét bi sir
dung dé khao sat cac linh kién nhue OLED, LED trong luan an dugc dung nhiéu 1a
hé dién phat quang sir dung qua cau tich phan. V&i mdi hé qua cau tich phan, dén
chuan 14 ngudn sang khong thé thiéu dugc va dong vai trd quan trong trong viéc so
sanh, danh gia cac dac trung cua mau (OLED, WLED). Trong luan an, hai h¢ dugc
do dac trung cua linh ki¢n 14 h¢ Everfine YT1000 va LCS-100. Bén chuan sir dung
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trong hé Everfine YT1000 1 dén halogen 10 W, ¢6 phan bd phd ning luong tir 380
+ 800 nm. Pén chuin co toa d6 mau (x=0,439; y=0,404), quang thong 1461,1 Im,

Hé s6 hoan mau 99,9 va nhiét d6 mau 1a 3000 K.

Pén chuan sir dung trong hé LCS-100 ciing 1a dén halogen nhung c6 cong
sudt 5 W, c6 phan bd phd ning luong do duge tir 360 ~ 1000 nm. Két qua cho thay
dén chuén c¢6 toa d6 mau (x=0,3319; y=0,3321), quang thong 728 Im, H¢ s6 hoan
mau 95,2 va nhiét d mau la 5525 K.

Do 6n dinh cta dén chuan ciing rat quan trong trong viéc danh gia do 6n dinh
ctia cac LED, OWLED ché tao. Chinh vi vay, dén chuin cling dugc khao sat do on
dinh theo thoi gian. Két qua khao sat do 6n dinh theo thoi gian cua dén chuan duoc
danh gia qua cac dai luong: Quang thong (Im), nhiét ¢6 mau - CCT va Hé s6 hoan
mau CRI. Két qua dugc trinh bay trong phan khao sat cac théng sb ciia LED va
OLED ché tao.

3.2.2. So' @6 mach dién khao sat cac dic trung ciia OLED di dong vo
Cac OLED ché tao duogc khéao sat dic trung I-V, phé dién huynh quang va do
6n dinh theo thoi gian bang hé dién quang két hop qua cau tich phan LCS-100.
OLED duoc cép dién ap thuan, vdi dién ap khoang 6-9 V. Trong luan an 4
OLED duoc khao sat 1an lugt tmg OLED don, khao sat theo cip mac song song 2

OLED va 4 OLED.

OLEDsb 1 OLED s6 2

OLED s6 3 - OLED sb 4
a5 |

Dién cuc Katot

Hinh 3. 12.  Anh chup OLED da déng géi (mdt sau).
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3.2.3. Dac trung I-V cua OLED

Hinh 3. 13 13 ddc trung I-V cta cac OLED ché tao

3.0 - 3
OLED s6 1 (1) o | [OLEDE62] (2)
25 |
. _-
T 20t e
el =
=t
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Hinh 3. 13.  Bdc trung I-V ciia OLED: OLED s6 1 (1), OLED s6 2 (2), OLED sé
3 (3), 2 OLED mdc song song (4).

Hinh 3. 13 cho thdy dién thé mo (hay dién thé 1am viéc) vao khoang
1,75+1,8 V. Gia tri dién thé mé ctia OLED doéng vo 16n hon cac linh ki¢n chua dong
v 1a do khi dong vo ¢o st dung 16p hop kim chaa Cr phu trén Ktdt dé bao vé dién
cuc. Pién trd cua 16p nay cing véi dién tré ciia cac tiép xtc va day dan khién cho
dién thé 1am viéc tang lén chut it (khoang 0,06 von).

Két qua khao sat mat do dong trong khi OLED chiéu sang cho thiy cac
OLED hoat dong voi mat do dong kha nho, trung binh khoang 5,625 mA/cm®. Gia
tri ndy so véi mat 4o dong cia WLED khi hoat dong 1a rat nho. Véi dong nho nhu
vay thi nhiét luong toa ra khi OLED hoat dong khong dang ké. Pay 1a mot dic diém
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ndi bat khién cho OLED s& 1a ngudn sang ran trong thé ky nay. Thé mé cua cac

OLED b 1, 2, 3 va cap song song $6 2,3 vao khoang 1,75+1,8 V.

[4 OLED méc song song|

10 |

Dong dién (uA)

0 " 4 4o 1 1
0.4 08 12 _ 16 | 20 24
bién thé (V)

Hinh 3. 14. Dgac trung I-V cua 4 OLED.

Véi cdu hinh 4 OLED mic song song, Hinh 3. 14 1a dac trung I-V, voi dién
ap dat vao 1a 6 V, dong dién 1a khoang 10 pA, thé mé 1a khoang 1,81 V. Trén thuc
té OLED c6 cong suét cuc dai khi dit ¢ dién ap 6 V va dong dat khoang 900 pA.

Tir cac théng s6 vé dién cho thay voi 4 OLED ché tao c6 cong suét tiéu thu
dién nang kha nho, vao khoang 5,4 mW. Véi cong suét tiéu thu nhu vay la rat nho
s0 voi cong suét tidu thy ciia LED vo co (loai WLED sir dung cho chiéu sang
thudng c6 cong suat tir 1W) va nho hon rat nhiéu so véi cong suat tiéu thu cla cic
den hién tai nhu dén huynh quang, compact,...

3.2.4. Pac trung dién phat quang cia OLED

Hinh 3. 15 1a hinh anh 4 OLED da dong goi va dang phat sang.
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Hinh 3. 15.  Anh OLED dang phdt sing (mdt truéc): 4 OLED mdc song song véi
dién ap dat vao 6 V.

Do 4 OLED mic song song, v6i thé md ciia cac OLED 14 kha gin nhau nén
khi dién ap duoc diéu chinh qua muc 1.7 V, cac OLED bt dau sang. Trén Hinh 3.
15 1a hinh 4nh 4 OLED dang phat sang vdi dién ap dat vao 6 V, mat do dong dién
do dugc 13 5,625 mA/cm®. Tir hinh anh cho thiy bé mat 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 duoc ¢6 phé phat xa ttr 450 nm dén 600 nm. OLED c6 toa d6 mau la
x= 0,2567, y=0,5447, nhiét d6 mau 7061 °K va quang thong khoang 0,24 Im. 4
OLED ché tao dugc voi quang thong nho hon nhiéu so véi mot LED vé co (Vi
LED v6 co 1 W, quang thong khoang 15 Im). Tuy nhién, véi dién tich cia OLED la
khoang 4 x 2 x 2 mm® thi quang théng nhu vy ciing 1 kha 16n. Gia st néu ta ting
dién tich cia OLED 1én c& 30 lan (dién tich OLED khoang 5x5 ¢cm) thi quang thong
dat duoc co thé so sanh voi LED v6 co 1 W. Nhin bang mat thuong ta ciing cam
nhan dugc OLED c6 anh sang trang xanh voi thanh phan phd manh nhét 13 ving
xanh 14 cdy 530 nm. Tir két qua khao sat ciing do duoc Hé sé hoan mau CRI cia
OLED ché tao 1a 43,11 (Hinh 3. 17). Hé s hoan mau nay kém xa so véi cac dén
chiéu sang bay gid (CRI: 70+100). Ching ta biét ring Hé sé hoan mau cia mot
ngudn sang duoc danh gid bang cach so sanh véi 14 mau chuan. Tir két qua phod

dién quang ctia OLED (Hinh 3. 16) cho thdy OLED ché tao duoc con thiéu nhiéu
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mau phan xanh duong va mau do. Pay ciing chinh 13 nguyén nhan khién cho OLED

c6 Hé s6 hoan mau thap. Cong suit quang ctia 4 OLED c6 duoc 12 44,4 Im/W.

“ % Color Rendering Index Panel

Hinh 3. 16. Két qua Phé cong sudt va biéu do mau ciia OLED.
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Hinh 3. 17. Két qua toa d6 mau ciia OLED

3.2.5. P 6n dinh ciia OLED theo thoi gian

Pé danh gia do 6n dinh cia OLED, can phai c6 phuong phap riéng dé khao
sat. Trong diéu kién ctia phong thi nghiém, ludn an chua thé khao sat d6 6n dinh ciing
nhu tudi tho ctia cac OLED. Tuy nhién cac OLED dugc khao sat do on dinh theo
thoi gian bang hé LCS-100. Thong qua d6 6n dinh cua quang thong, Hé sé hoan
mau CRI va nhiét d6 mau (CCT) cta OLED ta c6 thé danh gia duoc 6n dinh cia
OLED. Cac OLED duoc bao quan trong diéu kién khong khi binh thuong va dugc
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do kiém tra dinh ky vao cac thoi gian: thang 10/2012; 12/2012; 01/2013 véi thoi
gian do 30 phut. Qua trinh do dac dugc thuc hién trén h¢ LCS-100. Két qua thu
dugc 14 do on dinh theo thoi gian cua cac dai lwong nhu: Quang thong (Im), nhiét
do mau CCT (K), H¢ s6 hoan mau CRI. 4 OLED dugc mic song song v&i dién ap
thuan 9 V duoc cip boi ngudn nudi Keithley 2602A.

Hinh 3. 18 1a do on dinh theo thoi gian cta quang thong cua cap 4 OLED
dugc khao sat 1an 1, 1an 2, 1an 3 1an luot theo cac ngay 02/10/2012, 06/12/2012,
02/01/2013 va quang thong ctia dén chuan. Két qua do duoc quang thong cua
OLED la khoang 0,2375 Im. Quang thong cia OLED 1a kha 6n dinh v6i do thing
giang 1a 1,7%; 2,1% va 1,9% db6i v6i cac lan khao sat 1, 2, 3 va dén chuan co do
thang giang 1a 1,7%. Do thing giang & day 1a ty 1 phan trim giita hiéu cua quang
thong 16n nhat véi quang thong nhé nhat trén quang thong trung binh. So véi cac

LED v6 co thi 4 OLED ndy c6 quang thong kha 6n dinh trong khoang thoi gian

khao sat.
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Hinh 3. 18. B¢ on dinh theo thoi gian cia quang thong 4 OLED: khdo sat lan 1
(a), lan 2 (b), lan 3 (c) va dén chudn logi 5 W (d).
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Tuong ty két qua d6 6n dinh theo thoi gian cua quang thong, Hinh 3. 19 13
két qua do 6n dinh theo thoi gian cua nhi¢t d0 mau cua cap 4 OLED va dén chuin

theo thoi gian.
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Hinh 3. 19. B¢ 6n dinh theo thoi gian ciia nhiét @6 mau 4 OLED: khdo sdt lan 1
(a), lan 2 (b) va lan 3 (c) va dén chudn logi 5 W(d).

Tur két qua cho thdy OLED ché tao c6 nhiét d6 mau ciing kha on dinh vé6i d6
thang giang tuong Ung trong cac lan khao sat 1, 2, 3 13 2,2%, 4,9%, 2,9% va do
thing giang cua dén chuan 1a 0,1%.

Hinh 3. 20 12 két qua sy 6n dinh ctia Hé s6 hoan mau CRI theo thoi gian cua

OLED ché tao dugc.
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Hinh 3. 20. B¢ 6n dinh theo thoi gian ciia Hé s6 hoan mau 4 OLED: khdo sdt lan
1 (a), lan 2 (b) va ldn 3 (c) va dén chuan (d).

Tur két qua cho thdy OLED ché tao c6 Hé s6 hoan mau c6 do thiang gidng

tuong Ung trong cac 1an khao sat 1, 2, 3 13 17%, 15% va 16% va dén chuén 14 0,05.
3.2.6. Phan tich kha ning sir dung OLED lam ngudn sang

T nhimg két qua khao sat cia OLED trén ta thiy OLED véi ciu triic
ITO/PEDOT+TiO,/MEH-PPV+TiO,/Alqs/LiF(0,5)/A1 OLED ché tao c6 Hé sb
hoan mau, quang théng va hiéu suat quang thu dugc con thap. Pé c6 thé tmg dung
cho chiéu sang can phai cai thién duoc quang thong ciing nhu Hé s6 hoan mau. Pé
c6 thé cai thién duoc Hé sé hoan mau can ché tao 16p t6 hop phéat quang véi nhiéu
thanh phan polymer khic c6 phd buc xa trong ving xanh dwong va ving mau do.

Quang théng cia OLED c¢6 thé dugc cai thién voi dién tich OLED 16n hon.
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Két luan chwong 3

- Céac két qua khao sat phd hip thu va quang phat quang cia MEH-PPV va
Alg3 cho thay:

+ MEH-PPV hip thu manh ving anh sang xanh duong va c6 phd phat
quang manh ving anh sang mau vang. Tl phd hép thy tinh duoc do

rong ving cdm ciia MEH-PPV 1a ~2,1 eV.

+ Alg3 hap thu manh viing 4nh sang 400 nm va phat quang ving 4anh sang
530 nm. Tur phd hép thu tinh dugc d6 rong ving cam cia Alq3 vao
khoang 2,8 eV

- Vi kich thuée hat TiO, 5-7 nm, mang mong t6 hop PEDOT+TiO, va MEH-
PPV+TiO, ty 18 1a 20% ki, TiO, phan tan trong to hop véi do ddng nhét cao.

- Céc linh kién OLED ché tao tir t6 hgp MEH-PPV+TiO, CT cho két qua t6t
hon ca vé dién thé 1am viéc, hiéu suit phat quang, thoi gian séng va do on

dinh cao.

- Viéc ché tao thanh céng OLED cau trac ITO/PEDOT+TiO,/MEH-
PPV+TiO,/Alqs/LiF/Al c6 quang thong khoang 25 Im/cm?®, cong suit 44,5
Im/W va hé sb hoan mau 43,11 hoan toan co trién vong phét trién thanh dén
chiéu sang c¢& nho. Tuy nhién quang thong va Hé sd hoan mau cia OLED
chua cao so voi WLED. Dé c6 thé str dung OLED lam ngudn sang can phai
nang cao cong suat, cai tién hé s6 hoan mau va quang thong ciia dén OLED.
Piéu nay c6 thé thuc hién trong cac cong trinh tiép theo, bang cach ché tao
cac 16p hitu co/polymer véi dién tich 16n hon va chtra nhiéu thanh phan phat

quang pho rong hon.
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Chuong 4
NGHIEN CUU TINH CHAT CUA VAT LIEU VA LINH KIEN PHAT
SANG SU DUNG LED VO CO

4.1. Khao sat do day cia 16p phat quang phi 1én chip LED

Theo quy trinh ché tao mau (Hinh 2. 34 trong chuong 2) to hop phat quang
dong thoi duoc phil trén dé thiyy tinh dé khao sat cac ddc trung quang va dong thoi
dugc phu trén chip LED xanh duong dé tao LED anh sang trang. Do day cua 16p
phu 1én chip LED c6 thé anh huéng dén nhiéu thong sé cia WLED nhu quang
thong, Hé s6 hoan mau, hay nhiét d6 mau... Viéc khao sat d6 day 16p phat quang
sau khi phu 1én chip LED dugc khao sat bang kinh hién vi quang hoc. Thong sé d6
day cua cac mau tuong ung véi thong sb thé tich cia mau phu 1én chip LED. Hinh
4.1 1a so d6 kich thu6c cua chip LED xanh dwong va chén phan xa. Hinh 4. 2 13 anh
chup qua kinh hién vi cta chip LED xanh duong.

2 rrure

Chén phdnxa

\ / [ 0,5 rreery
3 orvery E
:

-l

Hinh 4. 1. Cdu triic chip, dé tan nhiét va chén phan xa ciia LED xanh dwong.

Hinh 4. 2. Anh chup qua kinh hién vi quang hoc ciia chip LED: Mdt trén (a), mdt
ngang (b) cua chip LED.
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T6 hop phat quang duge nho 1én trén mit ciia chip LED theo céc thé tich
khac nhau. Sau khi khdo sat cac thong sé cua LED, t6 hop phat quang duoc tach ra
dé khao sat chiéu day. Hinh 4. 3 1a hinh anh chip LED sau khi pha t6 hop phat
quang va hinh anh t6 hop phéat quang dugc tach khoi chip LED dé khao sat do day.

(b)

(c) (d)

Hinh 4. 3. Hinh anh LED da phii t6 hop phdt quang (a, b) va té hop phdt quang
sau khi tach khoi chip LED (c, d).

T6 hop phat quang sau khi tach khéi chip LED duoc cit déu lam hai phan va
dugc khao sat cac thong sd kich thudc nhu bé diy, dudng kinh bang kinh hién vi
quang hoc. Kich thuéc cia to hop phat quang dugc do bang thudc gin trén kinh
hién vi. Tir thude do ta doc dugc bé ngang cua chip LED (d,) va do day cua to hop
(7). Hinh 4. 4 1a So d0 mit cit ngang cta to hop phat quang sau khi da tach khoi
chip LED.
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Hinh 4. 4. Mt cat ngang cia té hop phdt quang sau khi da tach khéi chip LED.

Hinh 4. 5 14 anh chup qua kinh hién vi cta to hop phat quang TH3

Hinh 4. 5. Anh chup mdt cdt ngang ciia I6p phdt quang sau khi tach ra khéi chip

ctia TH3-M]I (a), TH3-M4 (b).

Bang 4. 1 1a thong s6 ché tao va khao sat chiéu day cua t6 hop phat quang TH3

Bing 4. 1. Théng sé ché tao va khdo sat chiéu day mau.

STT Méau Thé tich dung dich phat quang (ul) Bé day (mm)
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

91




4.2. Pic trung, tinh chat ciia cac 16p vat liéu phii trong linh kién WLED
4.2.1. Vit liéu phat quang YAG:Ce thwong mai (YAG:Ce TM)
4.2.1.1. Céu triic, kich thwéc bot phat quang YAG:Ce TM

Bot phat quang YAG:Ce TM c¢6 kich thudc kha 16n, dé ting hiéu qua khi
tron 14n v6i polymer MEH-PPV hay QDs CdSe/ZnS, YAG:Ce dugc nghién nho
trude khi sir dung. Hinh 4. 6 13 két qua khao sat kich thudc bot phat quang YAG:Ce

thuong mai.

Hinh 4. 6.  Anh SEM bot YAG:Ce TM chwa nghién (a), sau khi nghién (b).

Tir két qua cho thdy YAG:Ce TM c¢6 kich thudc phan bd trong khoang 1+5
pm. Sau khi nghién, kich thudc cé giam di dang ké, c6 nhiéu hat co kich thudc c&
vai trim nm. Tinh chit phat quang cia YAG:Ce phu thudc nhiéu dic tinh két tinh
ciia YAG [53]. YAG co su két tinh cang cao thi cudng d6 phat quang cang 16n.
Hinh 4. 7 1a két qua do nhiéu xa tia X ctia bt YAG:Ce TM theo Pattern: 00-033-
0040, CAS Number: 12005-21-9 (phu luc 1)

420

400

Cuong do (.v.t.d)
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. 80 7
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Hinh 4. 7. Pho nhiéu xa tia X cia YAG:Ce TM
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Tir két qua cho thdy do két tinh ctia YAG:Ce TM 1a khé cao voi dinh manh
nhat 1a dinh (420).

4.2.1.2. Tinh chit quang phat quang ciia YAG:Ce TM

Bt phat quang vo co Y3Als0,,:Ce (YAG:Ce) 1a bdt phat quang thuong mai
(YAG:Ce TM) duoc san xuét tai Anh, co kich thuéc 5 um, dinh phat quang 545 nm
dugc sir dung dé ché tao WLED hién nay. Trudc khi phii 1én LED chip chung toi da
tién hanh nghién ctru tinh chat quang ciia YAG:Ce TM v&i ngudn kich thich 1a Laser
He-Cd hai budc song 325 va 442 nm. Bot YAG:Ce TM thuong dugc trdn voi keo
trong sudt trong ving kha kién tao thanh dang keo bot rdi phu 1én chip LED xanh
duong. Trong ludn 4n ching t6i di sir dung loai keo trong sudt 1a loai Poly(methyl

methacrylate) (PMMA). Hinh 4. 8 trinh bay pho quang phat quang ctia YAG:Ce TM.

7000

Y,ALO, :Ce™
(1) Kich thich 442 nm
(2) Kich thich 325 nm
Binh phat xa: 545 nm
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Hinh 4. 8. Phé quang phat quang ciia bt vé co YAG:Ce kich thich tai buéc song
325 va 442 nm

Tur két Hinh 5.8 chung t6i nhan thiy, bot YAG:Ce TM c6 cuong d6 phat quang
manh véi bude song kich thich 442 nm va cudng d6 phat quang yéu voi budc song kich
thich 13 325 nm. YAG:Ce TM c6 dinh phd phat quang khoang 545 nm. Ty 1é so sanh
gitta cuong d6 phat quang dugce kich thich bang 442 nm va 325 nm 1a khoang 30 lan.
Theo mdt s6 két qua nghién curu trudc, YAG:Ce ¢ phé héip thu tai 2 dinh 340 nm va 460
nm (phu luc 2). Trong d6, dinh ph6 hap thy manh 13 460 nm. Tur két qua cho thdy
YAG:Ce TM c6 thé két hop véi chip LED xanh dwong dé ché tao WLED.
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PMMA c6 vai tro lam keo va lam thau kinh trong WLED. PMMA lam mbi
truong phan tan, giit bot YAG:Ce 6n dinh trén chip LED. PMMA thudng chiém 50-
80% trong mbi WLED vi vay viéc khao sat dic tinh quang phéat quang va quang hap
thy 13 rat can thiét. Hinh 4. 9 va Hinh 4. 10 1a pho quang phat quang va pho truyén
qua cua keo PMMA da str dung.
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Hinh 4. 9. Phé quang phat quang ciia PMMA (1) va bét vé co YAG:Ce TM (2)
kich thich boi buoc song 442 nm.
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Hinh 4. 10. Phé truyén qua ciia PMMA.

Két qua cho thay keo PMMA phat quang rat yéu dudi budc song kich thich
442 nm. Viéc PMMA phat quang yéu dong nghia vé6i viéc hap thu kém buc xa kich
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thich 442 nm. Diéu d6 co thé nhin thiy rd hon trén Hinh 4. 10, PMMA c6 d6 truyén
qua trén 90% trong ving kha kién. Viéc PMMA hap thu yéu birc xa kich thich 13 mot
loi thé vé mit quang hoc cho to hop phat quang thir cap. Tai budc song kich thich
442 nm ty 1 cuong d6 phat quang ctia bot YAG:Ce va keo 1a khoang 30 1an. Nhu vay
viéc o6 mit cua keo trong sudt c6 thé 1am giam di cuong d6 phat quang ciia YAG:Ce
khoang 3%. Nhu vdy thanh phan keo PMMA c6 tac dung chu yéu 1a lién két cac bot
va gan bot v6i chip LED xanh duong chir khong 1am anh hudng dén tinh chat quang
cua bot phat quang YAG:Ce.

4.2.2. Lép phii chita polymer din MEH-PPV

Tir két qua khao sat phd hip thu va quang huynh quang cua polymer dan
MEH-PPV (xem Hinh 3. 1 trong Chuong 3) cho thdy MEH-PPV c6 dai hap thu
trong ving tir 400 dén 550 nm va c6 dinh phd hip thu cao nhat 12 khoang 480 nm.
Pho phat quang c6 2 dinh tai 590 nm (viing 4nh sang vang) 1 ving phat xa cuc dai va
620 nm (vung anh sang do). Nhu vay viéc st dung MEH-PPV phu 1én chip LED
xanh duong 1 thich hop vé phuong dién hap thy quang. Véi phd phat xa cuia LED
xanh duong 1a khoang 460 nm sé& 14 ngudn anh sang so cap rat phu hop dé kich thich
polymer MEH-PPV phat ra 4nh sang thir cdp c6 dinh phat quang chi yéu mau vang,
cong thém dinh phu 13 mau do. Viéc két hop giita 4nh sang xanh duong va mau vang
s& cho mat ta cam gic trang. Hon nira cong thém dinh phy mau d6 cia MEH-PPV,
WLED ché tao bang viéc pht polymer MEH-PPV 1én chip LED xanh dwong hira hen
cho WLED véi Hé s6 hoan mau cao. Hinh 4. 11 14 két qua pho phét quang cia LED
xanh duong va polymer MEH-PPV.
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Hinh 4. 11. Pho phdt quang LED xanh dwong (1), polymer MEH-PPV (2), phé tong
cong LED xanh duwong va MEH-PPV (3).

Puong cong 1 1 phd phét xa ciia chip LED xanh duong duoc cap nguén 3,5 V
va dong 200 mA duoc do bang hé quang phd phéan giai cao Microspec-235b. Puong
cong 2 1a phd quang phat quang cia MEH-PPV kich thich bdi budc song 442 nm. Tir
két qua cho thay viéc két hop giita LED xanh duong va polymer MEH-PPV c6 kha
nang tao ra ving pho trai rong tir 400 nm dén 750 nm (do thi 3). Mot ngudn sang voi

ving pho nhu vay 1a mot ngudn sang kha tt dé st dung trong chiéu sang.
4.2.3. Lop phi YAG:Ce TM va MEH-PPV

Vi kha nang phat quang manh cua MEH-PPV tai hai dinh 590 nm va 620 nm
cung véi dinh phat quang ctia YAG:Ce khoang 545 nm, viéc két hop giita bot phat
quang vo co YAG:Ce va hitu co MEH-PPV c¢6 thé tao ra dugc mét t6 hop phat quang
moi phat ra ving phd thir cap co dai phd rong trong ving kha kién khi duoc kich
thich boi chip LED xanh duong. Hinh 4. 12 13 ph6 quang phéat quang ciia to hop
YAG:Ce va MEH-PPV.

96



80000 |- (1): YAG:Ce
(2): MEH-PPV.

70000 |- (3): (1)+(2)

60000 -
50000 —
40000 —
30000 -

20000

Cuong dé huynh quang (d.v.t.d)

10000 -

%00 50 600 700 800
Budc séng (nm
Hinh 4. 12. Phé phdt quang ciia YAG:Ce: 510-610 nm (d6 réng khodng 100 nm) (1),
MEH-PPV: 540-640 nm (d6 réng khodng 100 nm) (2) va t6 hop YAG:Ce+MEH-PPV
(do rong khoang 150 nm) (3) duoc kich thich boi budc song 442 nm.

Viéc két hop giira bot YAG:Ce va polymer MEH-PPV khién dai phd phat
quang dugc md rong hon. YAG:Ce co phd quang phat quang dugc trai rong tir
khoang 500 dén 650 nm va dinh phd 1a 545 nm. Tuy nhién khi c6 thém Polymer
MEH-PPV tron 1an thi phd phat quang dugc mé rong hon trong khoang tir 500 dén
750 nm va dinh phat quang 1 khoang 580 nm. Viéc mé rong phd nhu vay s& c6 loi
thé hon cac loai WLED thuong mai trén thi truong 1a loai chi c6 YAG:Ce phii trén
chip LED xanh duong.

4.2.4. L6op phii chira chAm lugng tir (QDs CdSe/ZnS)

Cham luong tr CdSe/ZnS c6 cudng do phat quang kha manh khi duogc kich
thich bang laser 442 nm. Hinh 4. 13 1 phd hip thu va quang phat quang cta dung
dich Qds CdSe/ZnS. Két qua duoc khao sat bang hé do phd phan giai cao va hé do
pho hap thy UV/VIS/NIR Jasco V570.
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Hinh 4. 13. Phé hdp thu (1) va phé huynh quang (2) ciia dung dich QDs CdSe/ZnS.

Tir két qua phd hap thu va phat quang ta thay chdm lugng tir CdSe/ZnS ¢
dinh phd hép thu tai budc song 550 nm va ¢ bo hap thu kéo dai tir 550 dén ving tir
ngoai. Khi dugc kich thich bdi budc song 442 nm cham luong tir ¢6 dinh phd phét
quang tai 570 nm va cé phd trai rong tir 490 - 650 nm. Cham luong tir sir dung
trong luan an 1a loai CdSe c6 vo boc 1a ZnS (9 16p ZnS) duogc ché tao boi nhoém
nghién ctru Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Véi céc chim luong
tr CdSe khong co 16p vo boc, s& co dinh phd phat quang 12 510 nm. Trong trudng
hop CdSe dugc boc vo thi khong nhitng cuong do phat quang sé ting manh ma dinh
phd phét quang ciing dich vé phia song dai. Két qua cho thay, khi duoc kich thich
boi blic xa 442 nm, ngoai dinh phat quang 570 nm 13 do hiéu tng vo6 boc, con xuat
hién dinh 510 nm la do dinh phé ctia cac chim lugng tor CdSe chua dugc boc vo
[46, 78]. Su xuat hién dinh ph6 510 nm va dinh phd 570 nm c6 ¥ nghia rat 16n dén
viéc ché tao t6 hop phat quang c6 ving pho trai rong trong ving kha kién. Tur pho
hap thy ciia chim lugng tir CdSe/ZnS cho thay chdm lugng tir nay ciing rét thich
hop cho viée sir dung LED xanh dwong budc song 460 nm 1am ngudn kich thich quang.
Hinh 4. 14 1a két qua ph6 quang phat quang ctia t6 hgp CdSe/ZnS + MEH-PPV.
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Hinh 4. 14. Phé quang phat quang cia dung dich CdSe/ZnS (1), MEH-PPV (2) va
16 hop CdSe/ZnS + MEH-PPV (3)

Tur két qua cho thiy viéc két hop gitra CdSe/ZnS + MEH-PPV sé& gitip mo
rong dai phd phat quang. Khi kich thich tai budc song 442 nm, pho phat quang cua
t6 hop QDs CdSe/ZnS va MEH-PPV trai rong tir 490 dén 720 nm.

Nhu két qua trong phan 4. 1. 2, Hinh 4. 12 t6 hop giita YAG:Ce va Polymer
MEH-PPV tron 1an thi pho phat quang duoc mé rong hon trong khoang tir 500 dén
750 nm va dinh phat quang 1a khoang 580 nm. Nhu vay tir két qua quang phat
quang ciia cac mau (Hinh 4. 14), ta thdy rang to hop CdSe/ZnS va MEH-PPV co
dic tinh phat quang giéng nhu t6 hop YAG:Ce va Polymer MEH-PPV va c6 thé tng
dung duogc trong vi¢c ché tao WLED. Néu str dung to hop CdSe/ZnS va MEH-PPV
phu 1én LED xanh duong cé thé ché tao duoc WLED véi viing pho rong hon so véi

WLED v6 co thuong mai trén thi truong.
4.2.5. Vit liéu phat quang YAG:Ce tong hop (YAG:Ce CT)
4.2.5.1. CAu triic tinh thé hinh thai hoc

Bot phat quang YAG:Ce sau khi tong hop bang phuong phap sol-gel nhiét 4o
thfip (YAG:Ce CT) duoc khao sat cac dac trung ciu truc, kich thude cling nhu cac
dic tinh quang. Hinh 4. 15 1a két qua nhiéu xa tia X cta bot YAG:Ce CT voi nong
do Ce 1a 2%, 1 tai cac nhi¢t do khac nhau trong khong khi.
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Tir két qua cho thiy tinh thé YAG:Ce CT c¢6 qua trinh tinh thé hoa manh,
phu thudc nhiéu vao nhiét d6 0. Tai nhiét do 0 240 °C chua thay xuét hién cac dinh
nhiéu xa. Cac dinh nhidu xa chi suit hién khi nhiét d6 u tir 700 °C. Tir két qua cho
thdy xuat hién dinh (111) ctia Ce,O do lugng Ce 14 con du. Do két tinh ctia YAG:Ce
tang manh ¢ nhiét d6 u > 1000 °C. Trong diéu kién thi nghiém cua luan an YAG:Ce
duogc 0 tai nhiét do cao nhat 1a 1200 °C, két qua da xuat hién cac dinh ctia YAG nhu
(420), (532), (642).... 1a nhitng dinh manh ctia YAG:Ce TM [68]. Tir két qua cho
thdy kha nang tinh thé hoa cia YAG:Ce c6 thé dugc cai thién hon khi duoc 0 trong
nhiét d6 cao hon 1200°C.

Ce0,)
111
20

Cuong dé (.v.t.d)
(
400
b
640
64
741

4
2

g

(e
(d
(c
IR I R DS ;|
" : : e
60 70

20 30 a0 _ 50
Géc nhieu xa - 20 (d9)

Hinh 4. 15. Pho nhiéu xa tia X cia YAG:Ce CT tai cdc nhiét dé i khdc nhau: a
(240 °C); b (700 °C); ¢ (800 °C); d (900 °C), e (1000 °C); £ (1100 °C); g (1200 °C).

Hinh 4. 16 1a két qua anh hién vi dién tir quét (SEM) ctia bot YAG:Ce CT.
Tur két qua cho thdy YAG:Ce CT c6 kich thudc tir 10 dén 600 nm phu thudc nhiéu
vao nhiét o . Kich thudc ciia mau ting dan theo nhiét do 0. Tai nhiét do u cao
nhat 1200 °C khong nhin thiy rd ranh gidi cta cac hat. Trong truong hop nay kich
thudc hat 16n nhat va trén 600 nm. Kich thude hat YAG:Ce CT cang 16n khi nhiét

dd 1 cang cao.
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Hinh 4. 16. Anh SEM ciia bét YAG:Ce tai cdc nhiét @ v khdc nhau: a (700 °C),
b (800°C); ¢ (900 °C), d (1000 °C); e (1100 °C); f (1200 °C).
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4.2.5.2. Tinh chit quang phat quang ciia YAG:Ce CT

Bot YAG:Ce CT dugc khao sat tinh chat quang hap thu va huynh quang
bang hé quang phd UV/VIS/NIR Jassco V570 va hé quang phd phan giai cao
Microspec-235b. Hinh 4. 17 1a két qua phd hip thu cia YAG:Ce CT va phd quang
phat quang cua YAG:Ce voi bude song kich thich 1a 442 nm.

(455 nm) —=—(1): Phé hép thu ]
—»— (2): Phé huynh quang

(1) Do hap thy (d.v.t.d)
(pyA'p) Buenb yuAny op Buend (2)

400 ‘ 4ér0 ‘ SDID ‘ 5;30 I 660 SéO 7{50 I ?50 ‘ 800
Buéc sdng (nm)
Hinh 4. 17. Phé hdp thu (dwong cong 1) va quang phdt quang (dwong cong 2) ciia
YAG:Ce CT tai budc song kich thich 442 nm.

Tir phd hép thy ta thdy YAG:Ce c6 dinh hap thuy tai budc séng 455 nm rat phu
hop véi pho hap thu ctia YAG TM (phu lyc 2). Pay 1a ving anh sang xanh duong,
cling chinh 1a ving phd phat xa cta chip LED xanh dwong InGaN. Nhu vy bot
YAG:Ce CT c6 thé str dung dé phit Ién chip LED xanh dwong dé tao anh sang tring.
Viéc do phd hap thu ddi vdi mau bot 1a tuong ddi kho, doi hoi phai do bang hé qua
cau tich phan. Pdi voi bot YAG:Ce TM chung t6i dd st dung hé UV/VIS/NIR
Jassco V570 dé khao sat phd hap thu nhung khong thu dugc két qua. Pay co 18 1a do
kich thudc ctia hat YAG:Ce 13 16n (c& um). Déi v6i bot YAG:Ce CT véi kich thude
nho hon rat nhiéu (c& nm) nén cé thé khao sat dugc dic trung hap thu bang hé

UV/VIS/NIR Jassco V570.
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Hinh 4. 18. Phé quang phat quang ciia bét YAG:Ce CT tai cdc nhiét dg i khdc
nhau, thoi gian 1 2h: (1) 700 °C; (2) 800 °C; (3) 900 °C; (4) 1000 °C; (5) 1100 °C;
(6) 1200 °C.

Pho phat quang 1a mot trong nhimng tham s6 quan trong trong viéc danh gia
mg dung cho chiéu sang. Tir két qua cho thiy phd quang phat quang ciia YAG:Ce
CT c6 dinh ph6 phéat quang 1a khoang 520 nm phu hop véi dich chuyén ciia murc
4f—5d cia ion Ce’‘trong mang tinh thé YAG khi bi kich thich boi budc song 442
nm (Hinh 4. 18). Két qua cho thdy cudng do phat quang phu thudc nhiéu vao nhiét
d6 0, nhiét do & cang cao cho cudng do phat quang cang cao. Tir phd phat quang
cho thay budc song dinh phat quang cia YAG:Ce khong phu thudc vao nhiét do u.
Két qua nay ciing tring hop vai cac két qua cua cic tac gia khac trén thé giGi [9, 86,

90, 93, 95].
4.2.5.3. Phan b6 kich thwéc hat YAG:Ce CT khio sat bang hé LB-550.

Bot YAG:Ce con duoc khao sat kich thudc hat bﬁng hé LB-550. Thong
thudng dé do kich thudc hat bang hé LB-550, bot YAG:Ce duoc hoa tan trong dung
dich nuéc khir ion (phwong phap truyén théng). Hinh 4. 19 (1) 1a két qua phan bd
kich thudc hat cua dung dich YAG:Ce boi hé LB-550.
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Hinh 4. 19. Phdn bé kich thuéc hat YAG:Ce CT 1 tai nhiét d¢ 700 °C (a), 1000 °C
(b) and 1200 °C (c): (1) do theo phwong phdp truyén thong, (2) sir dung phirong
phdp BNN.

Két qua khao sat bang hé LB-550 cho thdy YAG:Ce TH c¢6 kich thuéc phan
bd tir 200 nm+ 6000 nm va kich thudc hat 16n dan theo nhiét d6 . Tuy nhién, két
qué cho thay kich thudc hat 16n hon so véi két qua khao sat bang SEM. Pay ciing 1a
do hiéu ung két dam cua cac hat c6 kich thudc nho (nano mét). Nhu vay, bing
phuong phap chuan bi mau truyén thong, viéc str dung hé LB-550 cho két qua kich
thudc hat khic xa so véi két qua FE-SEM. Hinh 4. 19 1a két qua khao sat sy phan
bd kich thudc hat ciia mdu YAG:Ce CT bang hé LB-550 véi sy tro gitip cua k¥
thuat chuan bi mau- Phuong phap tao bui nano (BNN) d trinh bay trong chuong 2.

Tir két qua cho thay kich thude hat quan sat duoc nhé hon nhiéu so véi két
qua khi chua str dung phuwong phap BNN. Trong mau 1 tai nhiét d6 700 °C (a) kich
thude hat phan bd tir 4 + 17 nm, mau G tai 1000 °C kich thuéc hat phan bd tir 8.7 +
20 nm. Véi mau u tai nhiét d6 1200 °C khong nhin théy cac hat c6 kich thudc nano.

Kich thudc hat trong truong hop nay cd micro mét.
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4.2.5.4. Tinh chit quang pho ciia dung dich bui nano YAG:Ce TH

Dung dich YAG:Ce chuén bi bang phuong phap BNN dugc khao sat tinh chét
quang sau khi do kich thudc hat. Hinh 4. 20 1a phd quang phéat quang ctia dung dich
YAG:Ce CT.

Cuong d6 huynh guang (d.v.t.d)
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Hinh 4. 20. Phé quang phat quang ciia dung dich YAG:Ce véi nong do madu khdc

nhau, dwong cong 2 g véi nong dé gap 2 lan nong dé ciia dwong cong 1.

Két qua trén Hinh 4. 20 cho thay dung dich duoc tao bing phuong phap
BNN c6 pho quang phat quang trung v6i pho phat quang ciia bot YAG:Ce ban dau.
Viéc dung dich YAG:Ce chuan bi bang phuong phap BNN c6 phd phat quang nhu
trén cho thiy cac hat trong dung dich vé6i sy phan bé kich thuée do dugc bang
phuong phap LB-550 chinh 13 cdc hat YAG:Ce CT. Nhu vay, c6 thé thiy phuong
phap BNN di tach va thu dugc cac hat nano tir bot YAG:Ce CT. Bang phuong phap
BN bt YAG:Ce duogc khao sat kich thudc mot cach kha chinh xac va gén voi két
qua khao sat bang SEM. Tur két qua trén ciing cho thdy phuong phap BNN rit c6
ich va can thiét khi sir dung hé LB-550 dé khao sat phan bd kich thudc hat.
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4.3. Pic trung, tinh chit ciia LED tring (WLED)

WLED ché tao duoc khao sat dic trung [-V va do on dinh theo thoi gian
bang hé Everfine YT1000 va LCS-100. Hiéu suét luong tir ctia cac t6 hop ciing
dugc tinh tir két qua Pién quang cia WLED. Trong qué trinh khao sat thong s cua
WLED ché tao, WLED thuong mai ciing déng thoi duoc khao sat dé 1am két qua so
sanh. Trong luan an 2 WLED thuong mai loai 1 W va 1 WLED thuong mai cua
hang Philip véi cong suat 12 W da duoc khao sat.

4.3.1. Dac trung WLED thuong mai
4.3.1.1. Pac trung I-V

Tuong ty nhu OLED, cac LED v6 duoc dat cép dién ap thuan 3,5 V, dong
dién 1a 200 mA bai ngudn nudi Keithley 2602A. Hinh 4. 21 1a mo ta duong dic
trung -V cia WLED thuong mai. Day 1a WLED thuong mai loai Luxeon 1W - Dai
Loan. Tir két qua cho thdy WLED thuong mai c¢6 thé mé khoang 2,4 V.

Dong dién (A)

0.02

a
000 punmmnnnssnsnannesnnnuuun®

0.0 0.5 1.0

15 20
bién thé (V)

Hinh 4. 21. Dac trung I-V cua WLED thuong mai.
4.3.1.2. Pic trung dién huynh quang

Hinh 4. 22 1 pho dién quang va toa d6 mau cia WLED thuong mai loai 1 W
duoc khao sat béng hé LCS-100. Véi dién &p dat vao 3,5 V, dong 200 mA, quang
thong do duoc 1a 14 Im. Pay 1a loai WLED thuong mai voi chét luong thép, co toa
dé mau la (x=0,196; y=0,128). Véi toa d0 mau nhu vay LED thuong mai nay cho
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mau phd tréi vé ving xanh duong. Hon nita, két qua nhu trén cho thiy pho cua

LED con thiéu nhiéu ving xanh 14 cdy va ving mau d6. Pay chinh 1a 1y do ma hé

LCS-100 khong do dugc nhiét o mau cia LED thuong mai nay (trong truong hop

nay nhiét do mau s& 16n hon 10000 K). Khong do dugc nhiét d§ mau nén khong cod

ket qua Hé s6 hoan mau.
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Hinh 4. 22. Phdn bé phé nang lwong cua WLED thwong mai va hé toa do mau.

Hinh 4. 23 14 két qua phd dién quang va toa do mau cia WLED thuong mai
loai 1 W khac dugc khao sat bﬁng hé Everfine YT1000.

Relative Spectrum:0.622
Wavelength (nm) : 560.0

Hinh 4. 23. Phdn b6 phé ndng lwong va toa do mau ciia WLED thirong mai khdo

sdt bang hé Everfine YT1000.

Véi loai WLED khao sat bang hé Everfine YT1000, cho két qua quang thong

1a 22 Im, nhiét ¢ mau 1a 5173°K va Hé s6 hoan mau 79.8.
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Dbén WLED cua Philip 1a loai dén st dung chip LED xanh duong kich thich
16p phosphor phat quang mau vang (chinh 1a 16p vo ctia dén). Hinh 4. 24, Hinh 4. 25
1a két qua pho dién quang va toa do mau ctia dén WLED thuong mai ctia hing Philip
v6i cong suat 12 W duoc khao sat bang hé Everfine YT1000. Két qua cho thiy dén
LED philip c6 H¢ s6 hoan mau 13 80,8 va cho anh sang mau vang voi toa d0 mau

(x=0,4597; y=0,4100).

Relative Spectrum:0.998
Wavelength(nm) :610.0

L . x70.4597y = p.4100 §
Te = 2698K

Hinh 4. 25. Hinh anh va toa do mau cua den WLED thuong mai 12 W.
4.3.1.3. P) 6n dinh theo thoi gian

Do 6n dinh cia WLED duogc khéo sat bﬁng hé LCS-100. LED thuong mai
dugc cap dién ap 3,5 V va dong dién 12 200 mA. Vi cac LED vo co, thoi gian thap
sang 1a lién tuc khoang 3- 4 h/ngay. Hinh 4. 26 1a d6 6n dinh theo thoi gian cta
quang thong LED TM duoc khao sat lan 1, 1an 2, 1an 3, 1an luot theo cac ngay
03/10/2012, 01/11/2012, 01/02/2013.

108



15.50

|LED TM - 03-10-12]
15.48 |
£
; 15.46 "L ﬂ,
S ? VW\J\
= 15.44 .h
[®)]
e
T 15421
a
15.40 |
1538 " i i 1 i " i i
0 200 400 600 800 1000 1200
Thai gian (giay) (a)
15.53 15.50
15.52 F LED TM - 01-11-12] L LED T™M - 01-02-13
. 15.49
15.51
15.50 | 15.48 |
~ 1549} = [
£ et S toasbalh | -
S 1 X J = (1] - " -
D 15.46 n i 2 i !\h i ihi
c i W S 15454 1 1! i1 i
2 hord % yj g 154al Il MJ\ L u v
15.43 | o i H i
2 1542f e v
T 1541F T 1542
15.40 | i
J 4539} I 1541
15.38 + 15.40 F
1537 | i
15.36 st
15.35 - L : . 15.38 ' L ' : :
0 200 400 600 300 1000 120C 0 200 400‘_ _600 _800 1000 1200
Thai gian (giay) Thdi gian (giay)
b) ()

Hinh 4. 26. B$ 6n dinh theo thoi gian cia quang théng LED TM: khdo sdt lan 1
(a), lan 2 (b), lan 3 (c).

v6i do thang giang tir 0,2 + 0,4%.

Tur két qua quang thong theo thoi gian cho thdy WLED c6 d6 6n dinh cao,

4.3.2. Pic trung WLED c¢6 céu tric 1 (TH1) (YAG:Ce TM/Chip LED xanh

duwong)

WLED vé6i ciu traic YAG:Ce TM/Chip LED xanh dwong dugc ché tao bang

viéc phu t6 hop 1 (TH1) 1én chip LED xanh duong véi do day 16p phit khac nhau.

LED xanh duong dugc st dung trong ludn an 1a loai Luxeon 1W - DPai Loan véi
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cong suat 1 W, budc song dinh tir 450 dén 470 nm. Hinh 4. 27 14 pho dién quang
cua LED xanh duong.

Relative| Spectrum:0.991 1.0 = 3.17mN/nm
Wavelen h{nm) =457 .0

x=0.1438 v =0.0410 .
Tc »= 100000K

(b)

Hinh 4. 28. Hé¢ toa do mau (a) va anh chup LED xanh dwong 1W(b).

THI1 dugc phi tryc tiép 1én chip LED xanh duong, nén v6i mdi WLED ché
tao can phu trén 1 chip LED xanh dwong riéng. Cac chip LED xanh dwong khac
nhau c6 budc séng dinh khac nhau vai nm va c¢6 cong suét ciing khic nhau tir 3-6
Im. Hinh 4. 29 13 két qua khao sat phd dién quang cia WLED ché tao bang cach
pht TH1 1én chip LED xanh duong c6 dinh 1a 456 nm véi d6 day 16p phu khoang

1,1 mm.
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Relative Spectrum:0.§11 1.0 — 0.7011mW/nm . .| x10.3973y = 0.3008 §
Wavelength (nm) :556.0 h Te¢ = 7936K

Hinh 4. 29. Phdn b6 phé cong sudt ciia WLED véi THI.
WLED vé6i TH1 ¢6 nhiét d6 mau la 7936 °K, CRI la 79,4 va c6 toa d6 mau
nam trong viing anh sang trang. Quang thong cua LED do duoc 1a 21 Im.
Tu phé cong suat caa LED, ta tinh dugc hiéu suit luong tor cua THI1 1a
28,73%. Hinh 4. 30 13 két qua phéan tach phd cia WLED dé tinh hiéu suat luong tir
(phuong phép tinh hiéu suit luong tir dugc trinh bay trong chuong 2).

(1) Blue LED

(2) LED trang

H(3) Blue bi hap thu
(4) Huynh quang

(1

S6 photon/cps

2)
(3)

4)

14000 16000 18000 20000 22000 24000

S6 séng (cm™)
Hinh 4. 30. Phé sé photon ciia WLED: THI/LED blue
4.3.3. Pic trung WLED c¢6 ciu triic 2 (MEH-PPV/Chip LED xanh dwong)

WLED vé6i céu tric 1 duogc ché tao béng viéc phu tryc tiép TH2 1én chip
LED xanh duong véi cac d6 day khac nhau. Do do nhdt cia TH2 nho nén rat kho
dé tao duoc 16p phit c6 d6 day du 16n. Dudi day 1a két qua vé dién va quang cia 2

WLED véi d¢ day 16p phu khoang 30, 80 pum.
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4.3.3.1. Pac trung I-V

Viéc ché tao WLED bang phuong phéap phu truc tiép t6 hop phat quang 1én
trén chip LED xanh duong c6 thé 1am anh hudng dén dic trung dién ciia LED xanh
duong. Bac biét véi 16p phu 1a TH2: YAG:Ce TM+MEH-PPV. MEH-PPV la loai
polyme din nén rat c6 thé c6 anh hudng dén dic trung dién cua chip LED xanh
duong. Pé xem sy anh huong cia MEH-PPV, tién hanh khao sat dic trung I-V cua
WLED sau khi dugc ché tao. Hinh 4. 31 1a két qua dic trung I-V cia LED xanh
dwong va WLED ché tao véi cdu tric MEH-PPV/Chip LED xanh duong.

[Blue LED (1)—=— Blue LED phti MEH-PPV

0.10 |- 0.10 H (2)—e— Blue LED

0.08 0.08 |
~ (a) = (b)
< =
‘g_ 0.06 |- .@_ 0.06 |
o Lo

(=)}

2 oo4f £ o004}
8 fa

0.02 - 0.02 |-

0.00 I-lllllllllllllllIIIIIIIIIJ 000 jessessasssssaunans

1 1 1 1 1 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2,9 25 3.0 3.5 0.0 0.5 1.0 1_,:5 gvﬂ 25 3.0 3.5
Dién thé (V) bién thé (V)

Hinh 4. 31. Dac trung I-V cua LED xanh dwong: LED xanh duwong (a), LED xanh
duwong phu MEH-PPV (bl) va LED xanh duong (b2).

Két qua cho thiy viéc phu t6 hgp MEH-PPV lén chip LED xanh duong, hau
nhu khong anh huong dén tinh chat dién caa chip LED. Véi chip LED chua phu ¢o
thé mo khoang 2,75 V, chip LED sau khi phu TH2, ¢6 thé mo khoang 2,7 V. Viéc
thé mé cta chip LED c6 giam chiit it so voi chip LED chua phu 1a do khi chip LED
dugc phu thi viéc tdéa nhiét s¢ kho khan hon. Lép MEH-PPV s€ can trd viéc toa
nhiét cua chip, dan dén nhiét d6 ban dau cua chip LED tang khién thé mo s& nho

hon chut it.
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4.3.3.2. Pic trung dién huynh quang

WLED sau khi dugc khao sat dac trung I-V, tiép tuc duogc khao sat cac dac
trung dién quang bang hé Everfine YT1000. Hinh 4. 32 14 pho dién quang va toa do
mau cuia WLED TH2-M1.

Relative Spectrum:0.012 1.0 = 0.6417mN/nm [§ x= 01725y = 0.0779
" |

Wavelength (nm) : 655.0 . | Te >= 100000K

Hinh 4. 32. Phdn b6 phé ndang heong va toa d¢ mau ciia chip LED xanh dwong phii
TH2, do day 30 um.

Tir két qua ta thay thanh phan phd cia WLED TH2-M1cha yéu 13 phan mau
xanh duong. Do d6 day TH2 nho nén phan anh sang mau vang cia MEH-PPV chiém
ty 1& rat nho, toa d0 mau cia WLED ché tao theo td hop 2 nam trong vung anh sang
xanh duong, cach xa vung elip trén hé toa d0 mau CIE 1931xy. S¢ di cuong do
huynh quang cia MEH-PPV nho 1a vi v6i ndng d6 dung dich MEH-PPV nhu di ché
tao thi do nhét ciia dung dich nhd, nén rat kho dé pht mang MEH-PPV du day 1én
chip LED. Trong truong hop nay WLED c6 quang thong va Hé s6 hoan mau rat nho,
gan nhu 13 LED xanh duong. Thong s6 cu thé cia WLED duoc liét ké trong ban:

Bang 4. 2. Théng sé ciia WLED TH2-M].

Toa dé mau (x; y) | Hé s6 hoan mau: Ra | Nhiét d& mau | Quang théng (Im)

0.1725; 0,0779 3,4 > 100000 °K 4,34

113



Hinh 4. 33 1a phé dién quang va toa d0 mau cua WLED TH2-M2 ché tao
bang viéc phii TH2 1én chip LED xanh duong v6i d6 day 80 um. Tir két qua ta
thay thanh phan mau d6 cia LED ché tao vdi ty 16 MEH-PPV 5% di dugc ting
1én, tuy nhién voi cuong do con kha nhd. WLED trong trudng hop nay cé toa do
mau x= 0.1931, y= 0,0972

L x70.2281)y=0.1822
Te >=/100000K

Relative Spectrum:0.091 1.0 = 0.1012mWA/nm
Wavelength (nm) =617 .0

500

a00

1
gvelepath (p

Hinh 4. 33. Phdn b6 phé ndang heong va toa d¢ mau cia chip LED xanh dwong phii
16 hop 2 véi do day 80 um.

Tir két qua phd dién quang cho thay, véi TH2-M2 thanh phan mau d6 dong
gbp boi MEH-PPV d tang 1én. Viéc thanh phan phd ving d6 tang hon ciing da lam
tang Hé s6 hoan mau cua LED tir 3,4 dén 15,8 va quang thong tang 1én khong déng
ké tir 4,3354 dén 4,4362. Tuy nhién do tang van chua du dé co thé tao duoc anh sang
trang va diém mau (toa d6 x=0.2281; y=0,1822) ciia LED van ndm ngoai ving anh
sang trang (elip) trén hé toa d6 mau CIE-1931xy. Anh sang duoc tao ra tir LED nay

cho mit ta cam nhan 13 mau xanh duong 14 chu dao.

Hiéu suét luong tir cua to hop phat quang 13 mét trong nhiing thong sb rat
quang trong dé danh gia chat luong huynh quang cua to hop phéat quang tht cap. Tir
phd cong suat cia WLED TH2-M2, hiéu suit lugng tir caa TH2 duogc tinh toan.
Trong trudng hop nay LED xanh duong st dung c6 bude song 1a 460 nm. Hiéu suat
cua TH2 tinh duoc 1a 11,63%.

MEH-PPV 1a chat c¢6 hiéu suat phat quang 16n. Hiéu suét luong tr cia MEH-
PPV c6 thé dat tir 60 +~ 90% tuy thudc vao loai dung méi [75, 76, 82, 85]. Tuy nhién
tir két qua tinh toan cho thay hiéu suat luong tr cia TH2 1a nho. Nguyén nhan din
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dén hiéu suét luong tr cia TH2 nho 1 vi d6 day 16p phu con quéa nho, chua dat dén
d6 day bao hoa kha nang hap thy cia MEH-PPV.

4.3.3.3. D) on dinh theo thoi gian

MEH-PPV 1a loai polymer khong bén trong méi trudng tir ngoai. Viéc sir
dung MEH-PPV phii 1én chip LED xanh duong véi pho kich thich c¢6 budc song dinh
1a 457 nm rat c6 thé s& lam anh hudng dén thoi gian séng cia MEH-PPV. Thyc té vé6i
2 WLED ché tao bang viéc phu to hop 2 1én chip LED xanh dwong c6 d6 6n dinh rat
kém. Thoi gian séng cia WLED trong trudng hop nay rat thip, nén viéc khao sat o
6n dinh cia WLED nay don gian va c6 thé danh gia bang mat ngudi. Hai WLED nay
dugc cap ngudn 3,5 V va dong 200 mA lién tuc. Sau thoi gian khoang khoang 3h thi
16p polymer MEH-PPV d3 bi tay trang (chuyén thanh mau tring thay vi mau do ban
dau). Pé tim nguyén nhan cta su tay trang 16p TH2, mang MEH-PPV dugc khao sat
d6 suy giam cudng do quang phat quang theo thoi gian trén hé quang phd phan giai
cao. T6 hop 2 duoc phu trén dé thuy tinh sau d6 0 2h tai 120°C trong chan khong va
trong khong khi. Két qua khao sat su phan bb cuong d6 quang huynh quang theo thoi
gian ciia mau dudi tic dung ctia anh sang kich thich 442 nm cho thay polymer MEH-
PPV rat dé bj gia hoa va bi tdy trang (MAu ban dau c6 mau do, sau qua trinh kich
thich, mau chuyén thanh mau tring). Sau khoang 30 phut, cudong d6 huynh quang ctia
mau U trong khong khi giam di 12%, mau u trong chan khong giam di khoang 5%.
Hinh 4. 34 14 két qua khao sat sy phu thudc ciia cudng d6 quang huynh quang theo
thoi gian cua mang MEH-PPV.

10200
10000 | ¥

800 | b
9600 [
400 |

9200 |

9000 |

Quang thung (d.v.t.d)

8800 | a

8600
o

T T T T T T
5 10 15 20 25 30

Thoi gian (phut)

Hinh 4. 34. Sw suy gidm cuwong do quang huynh quang theo thoi gian: Mdu 1 trong
khéng khi (a), mdu 1 trong chdn khong (b).
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C6 nhiéu nguyén nhan anh huéng dén do 6n dinh cuia MEH-PPV nhu nhiét
d6, birc xa tir ngoai. Trong diéu kién nay mang polymer da dugc u téi nhiét do 120
°C, trong khi d6 nhiét do cua chip LED trong luc hoat dong cao nhét cling chi dat
khoang 80 °C. Nhu vay ta c6 thé coi nhiét do khong 12 nguyén nhan lam giam d6 6n
dinh cia MEH-PPV. Theo mot sb tac gia nhu B.H. Cumpston and Jensen KF,
Scurlock RD et al, [24, 30, 75, 76] cling thura nhan sy gia héa va téy tréng cua
polymer MEH-PPV 1a do su c6 mat cua tac nhan Oxy trong khong khi: Do polymer
ban dau c6 cau trac chii yéu 1a cac lién két Alkyl (C-H). Khi & nhiét trong khong
khi, v6i sur c6 mit ciia Oxy cac lién két C-H bi thay thé bang céc lién két Carbonyl
(C=0). Du¢i tac dung cua tia tir ngoai hay burc xa Blue, cac lién két C=0 rat d& bj
giy dut khién polymer bi thay d6i cau triic va lam cho cudng do huynh quang giam
nhanh chéng. Qua trinh bé giy lién két C-H boi Oxygen c6 thé duge mo ta trong
Hinh 4. 35.

Birc xa tlr ngoai

Hinh 4. 35. Qud trinh éxy héa khién MEH-PPV bj tdy tring.

Nhu vdy budc dau c6 thé thidy nguyén nhan 1am giam huynh quang cua
MEH-PPV 14 do birc xa xanh duong (laser He-Cd: 442 nm) va tac nhan oxy ton tai
trong linh kién. Tuy nhién mét thyc té cho thay, véi cac WLED ché tao bang viéc
pha TH2 1én chip LED xanh duong, hién tuong tdy mau cua 16p phii van xay ra sau
mot thoi gian chiéu sang khong lién tuc khoang 100 gid, mac du cac LED d6 da
dugc ché tao trong moi truong khi tro. C6 18 voi lidu lugng manh cua tin hiéu kich

thich, laser He-Cd (442 nm) thi MEH-PPV s& bi tdy mau nhanh hon 1a khi duoc
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kich thich boi tin hiéu xanh dwong tir chip LED xanh duong. Nhu vay dé c6 thé
giam hién tugng tdy mau cia MEH-PPV chung ta can giam liéu luong xanh duong
chiéu vao MEH-PPV.

4.3.4. WLED véi cu tric 3: YAG:Ce TM+MEH-PPV/Chip LED xanh dwong.

Nhu trong phan trén, Hinh 4. 31 1a két qua dic trung I-V ciia LED xanh
duong va WLED ché tao voi cau trac MEH-PPV/Chip LED xanh duong. Két qua
cho thay viéc c6 thém thanh phan polyme din MEH-PPV phu 1én chip LED khong
lam anh hudéng dén dic trung I-V cia LED. Trong to hop cdu trac 3 ndy, dic trung
[-V ctia LED ché tao duoc bo qua, ludn an chi tap trung khao sat cac dac trung vé

dién quang, Po 6n dinh theo thoi gian...
4.3.4.1. Dac trung dién quang

WLED véi cau tric 3 ché tao bang viéc phit TH3 1én chip LED xanh duong.
TH3 duogc phu trén 6 chip LED xanh duong véi cac d¢ day 16p TH3 khac nhau
(Hinh 4. 36-Hinh 4. 41). Cac mau duoc khao sat phan bb phd dién quang bang hé
Everfine YT1000. Duéi day 14 cac két qua thu duoc khi do quang thong cia LED
ché tao véi dién ap thuan 3,5 V, dong dién 200 mA.

Relative Spectrum:0. 1.0 = 0.0612mN/nm x5 0.3870]y = P.4420

Wavelength (nm) : S68.

Te = 4231K

Hinh 4. 36. Phdn b6 phé ndng heong va toa dé mau ciia WLED TH3-M1.
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x0.3822'y = 0.4180
Te = 4215K

Relative Spectrum:0.
Wavelength (nm) : 564 .

x 7 0.4243 y = 0.4267

Wavelength (nm) : 578.0 Tc = 3397K

Relative Spectrum:0.56 - = 0.2474mN/nm
Wavelength (nm) :570.0

Hinh 4. 39. Phdn b6 phé ndng heong va toa dé mau ciia WLED TH3-M4.
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. x = 0.3162 v = 0.3201
Relative Spectrum:0.507 1.0 = 0.2750mN/nm

Wavelength (nm) :576.0 % - Tec=B371K

x £0.2630y = 0.2522 |
Tc=19514K |

Relative Spectrum:0.22 1.0 = 0.2231mN/nm
Wavelength(nm) :570.0

Hinh 4. 41. Phdn b6 phé ndng heong va toa dé mau ciia WLED TH3-M6.

Tir cac két qua dién quang cia WLED ché tao véi cau truc 3 ta thay thanh
phan phé cuia WLED dugc dong gop chu yéu 1a thanh phan xanh dwong cia chip
LED blue va thanh phan mau vang cia t6 hop phat quang MEH-PPV va bot
YAG:Ce. Véi LED TH3-MI1 (Hinh 4. 36) thanh phéan t6 hop phat quang 1a qua
nhiéu so véi thanh phan xanh dwong nén anh sang LED c6 mau vang v6i diém mau
nam ngoai ving anh sang trang (hinh elip trén hé toa d6 mau CIE-1931xy véi toa do
x =0,33; y = 0,33). Trong truong hop ndy Hé sé hoan mau thu duoc 1a thap. Viéc
giam do day mang to hop phat quang trong mau TH3-M2 (Hinh 4. 37), diém mau
ciia WLED d4 dich vao trong vung anh sang trang va Hé sé hoan mau ctia LED da
tang 1én. Viéc giam do day mang to hop phat quang trong TH3-M3 (Hinh 4. 38)

chua lam dich chuyén nhiéu diém mau cia WLED. Trong truong hop niy, thanh
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phan mau vang, thianh phan phét quang ciia to hop TH3 van nhiéu hon so véi thanh
phan xanh duong nén diém mau vin nam trong vung 4nh sang vang. Trong 3 miu
TH3-M1, M2, M3 Hé¢ s hoan mau khong thay ddi nhiéu khi thay doi do day cua
mang t6 hop phat quang. Day c6 18 1a do tai d6 day du 16n (> 1,4 mm) thi kha ning
hap thu cia mang t6 hop di bdo hoa. Trong 3 miu TH3-M4 (Hinh 4. 39), TH3-M5
(Hinh 4. 40), TH3-M6 (Hinh 4. 41) thidy Hé s6 hoan mau ting dang ké. Mau TH3-
M35 véi d6 day tuong Gmg 14 0,9 mm c6 Hé s6 hoan mau cao nhat. Véi do day mang
0,6 mm (TH3-M6), WLED cé Hé s6 hoan mau giam 14 do tai d6 day 0,6 mm thanh
phan 4nh sang mau xanh duong chiém uu thé hon anh sing mau vang. Bang 4. 3 1a

cac thong so co ban cia cac WLED cheé tao voi cau truc TH3

Bang 4. 3. Bdng cdc théng s6 ciia WLED ché tao véi cau triic TH3 (YAG:Ce

TM+MEH-PPYV):
STT Mau Do day mang | CRI Tc Quang CIE (x5y)
t6 hop (mm) thong (Im)
1 TH3-M1 2 61,17 | 4231 3,2067 0,3870; 0,4420
2 TH3-M2 1.7 63,2 4215 13,044 0,3822; 0,4180
3 TH3-M3 1.4 64,3 3397 19,282 0,4243; 0,4267
4 TH3-M4 1.1 79,6 5765 8,4241 0,3267; 0,3350
5 TH3-M5 0.9 82,3 6371 8,6749 0,3162; 0,3201
6 TH3-M6 0.6 78,4 | 19514 | 3,4264 0,2630; 0,2522

Hinh 4. 42 13 d6 thi mo ta mbi lién hé gitra Hé s6 hoan mau va d6 day mang
ctia WLED ché tao béi t6 hop TH3/chip LED xanh duong. Trong trudng hop nay ta
thdy véi d6 day ctia mang t6 hop 0,9 mm, Hé s6 hoan mau ctia WLED 14 cao nhét

dat 82,3.
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Hinh 4. 42. Sy lién hé giita H¢ s6 hoan mau va do day mang TH3.

Hinh 4. 43 13 pho cong suat cua cac WLED ché tao voi cac do day khac
nhau. D6 thi cho thiy su chuyén ddi birc xa xanh duong sang birc xa mau vang do

la kha ro rét.
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Hinh 4. 43. Phé céng sudt ciia WLED véi TH3: TH3-1(1), TH3-2(3), TH3-3(3),
TH3-4(4), TH3-5(5), TH3-6(6).
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Hiéu suét luong tr cia TH3 dugc tinh tir két qua phd cong suat ciaa WLED
mg v6i cac do day 16p phii khac nhau. Hinh 4. 44 1a d6 thi biéu dién méi tuong
quan giita hiéu suat luong tir ctia cac to hop theo do day.
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24 |

Hiéu suét lugng tir (%)
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20- 1 " 1 " 1 . | 1 " Il " 1 " 1 L
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B6 day (mm)
Hinh 4. 44. Hiéu sudt luong tir cua cdc ) hop theo do day.

Tir két qua Hinh 4. 44 cho thay hiéu suat lugng tir khong phu thudce vao do
day mang va cho gia tri quanh 32,8%. V&i mau c6 do day 0,6 (TH3-M6) c6 hiéu
sut lugng tir 1a 29,8. Pay 1a do d6 day mang t6 hop qua nho. Vi cac mau khac khi
d6 day tang tir 0,9 dén 2 mm thi hiéu suét lugng tir 1a khong thay doi nhiéu, gan nhur
bao hoa. Nhu vady TH3 c¢6 hiéu suét lugng tr 16n hon TH1. Pay c6 1€ 1a do dac tinh
phat quang manh cua MEH-PPV.

4.3.4.2. P} on dinh theo thoi gian

Nhu di biét trong truong hop WLED ché tao bﬁng TH2, d 6n dinh cua
WLED 14 khong cao. TH2 nhanh chéng bi tdy mau duéi bic xa xanh duong.
Nguyén nhan dugc dy doan la do sy c6 mat cia Oxy, Kkét hop voi buc xa xanh
duong lam gy lién két trong MEH-PPV. Trong trudng hop nay WLED dugc ché
tao bang viéc pha TH3, vé két qua dién quang cho thdy TH3 rat phu hop cho viéc
ché tao WLED véi Hé s6 hoan mau cao. WLED duoc cip dién ap 3 V va dong 200
mA lién tyc trong thoi gian 90 ngiy dé khao sat d6 on dinh. Hinh 4. 45 13 két qua

khao sat d6 on dinh caa LED duogc thip sang lién tuc 5h mdi ngay.
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Hinh 4. 45. Quang théng ciia WLED cdu triic 3: TH3-MS theo thoi gian.

Tu két qua cho théy véi cau trac TH3-MS5, 16p TH3 co6 do 6n dinh cao. Sau
thoi gian 90 ngdy thap sang, quang thong van tuong dbi on dinh. Pic biét hién
tugng tdy mau chua thay xuét hién.

4.3.5. Piac trung WLED c¢6 ciu tric TH 4 (YAG:Ce TM + MEH-PPV+
CdSe/ZnS/Chip LED xanh dwong)

4.3.5.1. Pic trung dién quang

WLED véi cau tric 4 ché tao bang viéc phu TH4 1én chip LED xanh duong.
TH4 duoc phu trén 7 chip LED xanh duong véi cac do day tir 0,6 dén 2,2 mm
(Hinh 4. 46+Hinh 4. 52). Cac mau duogc khdo sat phan bd phd dién quang bang hé
Everfine YT1000. Duéi day 14 cac két qua thu duoc khi do quang thong ctia LED
ché tao véi dién ap thuan 3,5 V, dong dién 200 mA.

-0

. x70.3802)y =0.4779 §
k Te = 4516K

Relative Spectr
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Hinh 4. 46. Phdn b6 phé ndng heong va toa dé mau ciia WLED TH4-M1.
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Hinh 4. 50. Phdn b6 phé nang heong va toa dé mau ciia WLED TH4-MS5.

x 7 0.2589y = 0.2616 |

Relative Spectrum:0.366
TcF 17753K

Wavelength (nm) :558.0

x 7 0.2536 y = 0.2465 N
% Tc = 29260K

Hinh 4. 52. Phdn b6 phé ndang heong va toa dé mau ciia WLED TH4-M7.

Tir cac két qua dién quang cia WLED ché tao véi cau tric 4 ta thiy phd cua
WLED duoc trai rong trong ving kha kién. Pic biét thanh phan huynh quang duoc
mé rong hon va lién tuc hon so voi LED ché tao bang TH3. Anh sang tring cia
LED ¢ day dugc dong gop chu yéu 1a thanh phan xanh duong ctia chip LED blue va
thanh phan mau xanh 14 ciy, mau vang cta to hop phat quang MEH-PPV+ YAG:Ce
TM + CdSe/ZnS. Tuong ty nhu LED TH3-M1 (Hinh 4. 36), LED TH4-M1 (Hinh 4.
46) thanh phan pho phat quang 1a qua nhiéu so v6i thanh phan xanh dwong do d
day mang pha TH4 16n nén anh sang LED c6 mau vang v6i diém mau nam ngoai
ving anh sang trang, Trong truong hop nay Hé s6 hoan mau thu dugc chua cao.
Viéc giam do day mang t6 hop phat quang trong mau TH4-M2 (Hinh 4. 47), diém
mau cua WLED di dich vao trong ving anh sng trang va Hé s6 hoan mau cia LED
da ting lén. Viéc giam d6 day mang to hop phat quang trong TH4-M3 (Hinh 4. 48)

cling 1am dich chuyén diém mau cia WLED vao gan tidm hinh elip hon. Trong
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truong hop nay, thanh phan mau vang, thanh phan phat quang ciia t6 hgp TH4 vin
nhiéu hon so véi thanh phan xanh dwong nén mau cta LED van trdi vé 4nh sang
vang. Trong 2 mau TH3-M1, M2 H¢ s hoan mau khong thay doi nhiéu khi thay dbi
d6 day ctia mang t6 hop phat quang. Pay c6 1& 1a do tai d6 day nay (> 1,5 mm) thi
kha ning hap thu ciia mang t6 hop di bao hoa. Trong 4 mau TH4-M3 (Hinh 4. 48),
TH4-M4 (Hinh 4. 49), TH4-M5 (Hinh 4. 50), TH4-M6 (Hinh 4. 51), TH4-M7
(Hinh 4. 52), thiy Hé s6 hoan mau ting dang ké. Mau TH4-M6 véi do day tuong
ung la 0,9 mm c6 Hé s6 hoan mau cao nhét. Khi do day mang cua td hop TH4-M7
giam xudng 0,6 mm, Hé s hoan mau giam 1a do tai d6 day nay thanh phan anh
sang mau xanh duong chiém wu thé hon anh sang mau vang. Bang 4. 4 13 cac thong

s0 co ban cua cac WLED ché tao véi cau trac TH4

Bdng 4. 4. Bdng cdc théng s6 ciia LED t6 hop 4.

Mau | Do day (mm) | CRI Tc | Quang thong (Im) CIE (x5y)
TH4-M1 2.2 63,4 | 4516 9,7214 0,3802; 0,4779
TH4-M2 2 67,3 | 5198 12,194 0,3437;0,4170
TH4-M3 1.7 72,9 | 6390 14,435 0,3109; 0,3610
TH4-M4 1.4 76,7 | 7388 14,210 0,2964; 0,3322
TH4-M5 1.1 79,2 129260 8,4633 0,2536; 0,2465
TH4-M6 0,9 82,5 | 17753 8,0855 0,2589; 0,2616
TH4-M7 0.6 79,2 129260 8,4633 0,2536; 0,2465

Hinh 4. 53 1a d¢ thi mbi lién hé gitra Hé s6 hoan mau va d6 diy mang cia
WLED ché tao béi to hop MEH-PPV+ YAG:Ce TM + CdSe/Zn/chip LED xanh
duong. Trong trudng hop nay ta thiy voi do day ctia mang t6 hop 0,9 mm, Hé sb
hoan mau ctia WLED la cao nhat dat 82,5.
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Hinh 4. 53. Su lién hé giita H¢ s6 hoan mau va do day mang TH4.
Hinh 4. 54 1a pho cong suat cia cac WLED ché tao véi cac do day khac
nhau. D6 thi cho thiy sy chuyén dbi birc xa xanh dwong sang buc xa mau xanh 14
cay-vang do la kha ro dét.
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Hinh 4. 54. Phé céng sudt ciia WLED véi TH4: TH4-1(1), TH4-2(3), TH4-3(3),
TH4-4(4), TH4-5(5), TH4-6(6), TH4-7(7).
Hiéu suat luong tir cia TH4 duogc tinh tir cac phd cong suat cia WLED tng
v6i cac do day 16p phu khac nhau. Hinh 4. 55 1a d¢ thi biéu dién mdi twong quan

giita hiéu sudt luong tir ctia cac to hop theo do day.
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Hinh 4. 55. Hiéu sudt lwong ti ciia cdc t6 hop theo dé day.

Tir Hinh 4. 55 cho thiy hiéu sudt luong tir khong phu thudc vao do day
mang va cho gia tri quanh 41,6%. V&i mau c6 do day 0,6 (TH4-M7) c6 hiéu suét
luong tir 1a 38%. Pay 1a do d6 day mang t6 hop qua nho. Vi cac mau khac khi do
day tang tir 0,9 dén 2,2 mm thi hi¢u suat luong tir 1a khong thay d6i nhiéu, gan nhu
bdo hoa twong tu trong trudng hop TH3. Tuy nhién trong TH4, hiéu suat luong tir
tang hon so voi TH3. Hiéu suét ting 12 do vai trd cta chdm lugng tir CdSe/ZnS.
Theo cac cong bd trudce day, chidm lugng tor CdSe/ZnS c6 hi¢u suét lugng tir cao

khoang 60 -90% [47, 48].

Véi cac to hop phat quang dugc két hop tir nhiéu thanh phan nhu MEH-PPV,
YAG:Ce, QDs CdSe/ZnS thi yéu td ddng nhat cua t6 hop 13 rat quan trong. Cac to
hop phat quang ddng nhat sé tao ra dwoc mot nguodn sang dong nhat theo cac huéng
khac nhau. Bang viéc chup anh SEM, hay kinh hién vi dién tir ta chi c6 thé danh gia
dugc d6 dong nhat trén bé mat cua to hop ma rat kho dé danh gia duoc do6 dong
nhat bén trong ctia t6 hop. Trong luin an ching t6i dd xr dung phuong phap do
phan bd goc cua ngudn sang dé danh gia do on dinh cia to hop phat quang. Dudi

Hinh 4. 56 1a két qua phan b goc cia WLED ché tao bang t6 hop TH4-M3.

128



ZindE SR 1.27e-2 6.33e-3 1 =lis

Hinh 4. 56. Phdn b6 cuong dé theo goc ciia WLED TH4-M3.

Tur d6 thi phan bd goc nang luong cho thdy WLED véi to hop TH4-M3 co
d6 phan bd goc kha rong, 116,8°. Cudng do phan bd 1a kha déu theo cac goc khac
nhau. Tir két qua cho thiy t6 hop YAG:Ce, MEH-PPV va CdSe/ZnS la kha dong
nhat. Sy dong nhét cta t6 hop con duge danh gia qua Hé s6 hoan mau cia WLED
do duogc tai cac vi tri goc khac nhau trong Hinh 4. 57.
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Hinh 4. 57. Méi twong quan giita Hé s6 hodn madu theo goc ciia WLED TH4-M3.
Tur két qua cho théy tai cic goc khac nhau tir -82,8° dén 82,8° Hé s6 hoan
mau cia WLED kha on dinh. C6 do thing giang khoang 2,9%. Két qua niy cho
thidy v&i to hop phat quang gdm cac thanh phan phat quang khac nhau nhu
YAG:Ce, MEH-PPV va QDs CDSe/ZnS thi t6 hop TH4-M3 c6 d6 dong nhét cao,

cac chét phat quang thanh phan déu dugc phén tan déu trong t6 hop.
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4.3.5.2. P} on dinh theo thoi gian

Nhu két qua trén ta thdy viéc st dung mot loai polymer MEH-PPV dé ché
tao WLED s& c6 d6 6n dinh rat thap. Chi sau mot thoi gian ngan chiéu sang, MEH-
PPV di bi tdy mau, din dén hiéu suat quang giam nhanh. Trong t6 3 véi su két hop
thém YAG:Ce da gitip giam dugc hién tugng tdy mau cia MEH-PPV. LED ché tao
bang t6 hop 3 da c6 do 6n dinh kha tot. Viéc ché tao WLED bang t6 hop 4: MEH-
PPV+ YAG:Ce TM + CdSe di cho két qua WLED voi Hé s6 hoan mau cao. Tuy
nhién v&i sy c6 mit cua CdSe, viéc khao sat dd 6n dinh cia WLED trong truong
hop nay lat rat can thiét. Hinh 4. 58 1 d0 thi mo ta do on dinh ciia Hé s6 hoan mau -
CRI cia WLED ché tao bang t6 hop 4- TH4-M6 theo thoi gian. WLED TH4-M6
duogc thip sang thudng xuyén trong khoang 3 thang (trung binh 4h/ngiy) véi dién
ap 1a 3,5 V, dong dién 200 mA. Sau mdi thang sir dung, LED dugc khao sat Hé $6

hoan mau lién tuc trong 10 phut.
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Hinh 4. 58. B¢ 6n dinh LED TH4-M6 theo thoi gian do.

Tir Hinh 4. 58 ta thdy 1an 1 Hé s6 hoan mau thay doi tir 81.16 dén 84.50 v&i do
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thidng gidng trung binh 13 4,02%:; 1an 2 13 3,04% va 1an 3 13 3,69%. Ching ta biét rang
Heé sb hoan mau duoc tinh trén 14 tham s6 mau chuan. Véi d6 thing giang nhu vay, co

thé thiy WLED ché tao bang t6 hgp TH4 1a kha 6n dinh va bén theo thoi gian.

4.3.6. Pic trung WLED c¢é cdu tric 5 (MEH-PPV+YAG:Ce CT/Chip LED

xanh dwong)
4.3.6.1. Dic trung dién quang

WLED véi cdu tric 5 ché tao bang viéc phu TH5 1én chip LED xanh dwong.
THS5 duoc phu trén 5 chip LED xanh duong véi cac d6 day 16p TH3 tir 0,6 dén 1,7
mm (Hinh 4. 59+Hinh 4. 63). Cac miu dugc khao sat phan bd phd dién quang bang
hé LCS-100. Dudi day 1a cac két qua thu dugc khi do quang thong cia LED ché tao
véi dién ap thuan 3,5 V, dong dién 200 mA.
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Hinh 4. 59. Phdn b6 phé ndng heong va toa dé mau ciia WLED TH5-M1.
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Hinh 4. 60. Phdn b6 phé ndng heong va toa dé mau ciia WLED TH5-M?2.
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Hinh 4. 61. Phdn b6 phé ndang heong va toa dé mau ciia WLED TH5-MS3.

0a— 0.850—
0.3— 0.743 ;
o= 0.635—--
Sy 0.527
a0
£ = 0.420
£
= 0312 ; 'E/ [
o1 ! -
0,205
2 //
o 0.093 : I
St
ool 0010 ! |
-0010 0088 0206 0312 0420 0627 0635 0743 0580
@0 | I | | | | | i T i T i | X
360 400 450 500 S50 600 650 YOO RO 80O 850 900 950 1000 TO0 Intmastisr Timeins

Hinh 4. 62. Phdn b6 phé nang heong va toa dé mau ciia WLED TH5-M4.
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Hinh 4. 63. Phdn b6 phé ndng heong va toa dé mau ciia WLED TH5-MS.

Tir cac phd dién quang cia WLED ché tao voi cau triic 5 ta thay phd cia
WLED duoc trai rong trong ving kha kién. Pic biét thanh phan huynh quang dugc
tang cudong hon tai ving budc séng 520 nm do sy dong gop cua YAG:Ce CT. Phod
WLED mo¢ rong va lién tuc hon so véi LED ché tao béng TH3. Anh sang tréng cua
LED ¢ day dugc dong gop chu yéu 1a thanh phan xanh duong ctia chip LED blue va
thanh phan mau xanh 14 cdy, mau vang cia to hop phat quang MEH-PPV+YAG:Ce
TM+YAG:Ce CT. Tuong ty nhu LED TH3-M1 (Hinh 4. 36) va LED TH4-M1
(Hinh 4. 46), LED TH5-M1 c6 thanh phan to hop phat quang 1 qiia nhiéu so voi
thanh phan xanh duong do d6 day mang phi TH5 16n nén 4nh sang LED c6 mau
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vang voi diém mau nam trong ving anh sang tring. Trong trudng hop nay Hé sb
hoan mau thu duoc chua cao. Viéc giam d6 day mang t6 hop phat quang trong mau
TH5-M2 (Hinh 4. 60), diém mau cia WLED da dich vao trong gan tim elip ving
anh sang tring va Hé s6 hoan mau cua LED d3 tang lén. Viéc giam d6 day mang to
hop phéat quang trong TH5-M3 (Hinh 4. 61) ciing 1am dich chuyén diém mau cia
WLED véao gan tdm hinh elip hon. Trong truong hop niy, thianh phan mau vang,
thanh phan phat quang cua to hop TH5 vaAn nhiéu hon so v&i thanh phan xanh
dwong nén mau cia LED van tri vé anh sang vang. Trong 2 mau TH5-M1, M2 Hé
s6 hoan mau khong thay doi nhiéu khi thay d6i do day ciia mang t6 hop phat quang.
Pay c6 18 1a do tai d6 day nay (> 1,4 mm) thi kha ning hip thu ctia mang t6 hop da
bdo hoa. Trong 4 miu TH5-M3 (Hinh 4. 61), TH5-M4 (Hinh 4. 62), TH5-M5 (Hinh
4. 63), thay Hé s6 hoan mau tiang dang ké. Tai miu TH5-M4 vé6i do day twong tng
12 0,9 mm c6 Hé sé hoan mau cao nhit. Viéc giam do day mang xuéng 0,6 mm
(TH5-M5) khién Hé s6 hoan mau giam 1a do tai d6 diay nay thanh phan anh séng
mau xanh duong chiém uu thé hon anh sang mau vang. Bang 4. 5 1a cac thong s6 co

ban cua cac WLED ché tao véi cau tric THS.

Bdng 4. 5. Bdng cdc théng s6 ciia LED t6 hop 5.

Mau P day (mm) | CRI Te CIE (x;y)

TH5-M1 1.7 69,57 5176 | 0,3421;0,3783
TH5-M2 1.4 70,14 3867 | 0,3934;0,4041
TH5-M3 1.1 71,32 4086 | 0,3801;0,3878
TH5-M4 0,9 84,36 9367 | 0,2986; 0,2620
TH5-MS5 0,6 78,14 6667 | 0,3137;0,3039

Hinh 4. 64 13 do thi mbi lién hé gitra Hé s6 hoan mau va d6 diy mang cia

WLED ché tao béi to hop MEH-PPV+ YAG:Ce TM + CdSe/Zn/chip LED xanh
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duong. Trong trudng hop nay ta thiy voi do day ctia mang t6 hop 0,9 mm, Hé sb
hoan mau ctia WLED la cao nhat dat 82,5.
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Hinh 4. 64. Sw lién hé giiva Hé s6 hoan mau va do day mang THS
Viéc khao sat cac thong sd dién quang cta cac mau THS duoc thuc hién trén
hé LCS-100. Két qua phd phan bd cong suat ciia hé cho dudi dang anh nén trong
truong hop nay hiéu suat lugng tir cia TH5 1a chua duoc tinh. Hinh 4. 65 1a két qua
khao sat mdi lién hé gitra Hé s6 hoan mau va cong suat ctia LED xanh duong.
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Hinh 4. 65. Sw lién hé giiva Hé s6 hoan mau va céng suat LED xanh dwong.

Tu Hinh 4. 65 cho thiy trong khoang cong suat tir 200 dén 1000 mW, Hé s

hoan mau khong phu thudc vao cong suat ciia LED xanh duong.
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4.3.6.2. D) on dinh theo thoi gian

Nhu cac WLED ché tao bdi cac to hop 1, 2, 3, va 4. Véi WLED ché tao bang
t6 hop cau tric 5 ciing duoc khao sat do 6n dinh theo thoi gian. Hinh 4. 66 13 d6 thi
md ta do on dinh ciia Hé s6 hoan mau - CRI caia WLED ché tao bang TH5- M4 theo
thoi gian. WLED TH5-M4 dugc thip sang thuong xuyén trong khoang 3 thang
(trung binh 4h/ngay) véi dién ap 1a 3,5 V, dong dién 200 mA. Sau mdi thang sir
dung, LED dugc khao sat Hé s6 hoan mau lién tuc trong 10 phut.
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Hinh 4. 66. Bé 6n dinh LED TH5-M4 theo thoi gian do.

Tur két qua d6 on dinh cia LED TH5-M4 ta thay Hé s6 hoan mau thay doi tir
84.12 dén 84.48 v&i do thiang giang trung binh 14 0,37% khdo sat 1an 1; lan 2 1a
0,48% va 1an 3 14 0,5%.

Két luan chwong 4
— T cac két qua vé phd hap thu va quang phat quang cta cac to hop cho thay:

+ Cac chat phat quang MEH-PPV, YAG:Ce TM, QDs CdSe/ZnS va
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YAG:Ce CT c6 kha ning hap thu manh ving budc séng xanh duong, 13
cac chat phat quang manh trong cac ving anh sang xanh 14 ciy, vang va
do (tir 500 + 700 nm). Cac chat nay phu hop lam 16p phu 1én chip LED
xanh duong kich thich tao ra cac phd phat quang ma to hop cuia chiing

1a 4nh sang tring.

+ Viéc két hop cac chat phat quang MEH-PPV, YAG:Ce TM, QDs
CdSe/ZnS va YAG:Ce CT c6 thé tao ra dugc cac t6 hop phat quang

méi v6i ving phd phat quang trai rong va lién tuc trong ving kha kién.

+ Viéc két hop YAG:Ce véi polymer MEH-PPV va QDs CdSe/ZnS da
cai thién duoc dang ké hé s6 hoan mau cia WLED, tang hi¢u suét

lugng tir.

— Ki thuat BNN cho phép khong nhimng lam giau lugng bot nano YAG:Ce ché tao
bang phuong sol-gel nhiét d6 thap, ma con phan chia dugc bot co kich thudce
hat khac nhau. Bot nano YAG:Ce CT véi dinh phat quang tai 520 nm 1a vat li¢u
phu hop dé phu 1én chip LED xanh duong, tao ra LED trang. Cac LED tring
nay cho hé s6 hoan mau thich hop, do 6n dinh cao, do d6 hoan toan co thé st

dung lam nguon chiéu sang ran.

— LED tring ché tao tir cac t6 hop 3 (TH3), 4 (TH4) va 5 (TH5) cing mét do day
mang (0,9 mm) c6 hé s6 hoan mau tuong ung la 82,3; 82,5; va 84,6. Céc gia tri
nay cao hon so v6i hé¢ sd hoan mau ctia LED trang thwong mai (CRI 1a 79,8) va
dén LED trang 12 W cua Philip (CRI 1a 80,8).

— Hiéu suat luong tir va hé s6 hoan mau cua t6 hop phat quang phu thudc khong
dang ké vao do day 16p phét phi, nhung phu thuéc manh vio thanh phan cac
chat phat quang trong 16p phu to hop. Trong cac 16p phu to hop tir TH1 dén
TH4 thi 16p TH4 cho hiéu suét luong tir cao hon ca.
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KET LUAN VA KIEN NGHI

Dé hoan thanh muc ti€u ché tao va nghién ctru cac dac trung di¢n quang cua

vat li€u lai nano st dung cho chiéu sang ran nhu OLED va LED chung to6i da tién

hanh trén cac hé cong ngh¢ va phan tich trén cac hé thiét bi hién dai, c6 do tin cay

cao. Cac ket qua chinh cua luan an la:

l.

St dung phuong phip quay phi li tim da ché tao cic mang mong to hop
(PEDOT+TiO, va MEH-PPV+TiO,) chira nano oxit titan thuong pham (kich
thudc ~5 nm) va nano TiO, ché tao (~7 nm). Trén co sd cac mang mong to
hop da ché tao thanh céng OLED ciu trac ITO/PEDOT+TiO,/MEH-
PPV+TiO,/Alqs/LiF/Al va khao sat cac dac trung di¢én quang, cac thong $6

khéc cua linh ki¢n sau khi dong vo.

Céc két qua khao sat pho hap thy va quang phat quang ciia MEH-PPV va Alq3
cho thay:

— MEH-PPV hép thy manh ving 4nh sang xanh duong va ¢6 phd phat quang
manh ving anh sang mau vang. Tur phd hip thu tinh duoc do rong ving

cAm cia MEH-PPV 1a ~ 2.1 eV.

— Alg3 hép thy manh ving anh sang 400 nm va phat quang ving anh sang
530 nm. Tur pho hap thy tinh duge d6 rong ving cam cta Alq3 vao khoang
2,8eV

So v6i cac linh kién OLED ché tao tir t6 hgp MEH-PPV+TiO, thwong mai thi

OLED ché tao tir to hop t6 hop MEH-PPV+TiO, ché tao cho thé mé thip hon

va day 1 yéu t6 cai thién hiéu suat phat quang va d6 6n dinh ctia OLED.

Luan an di tong hop thanh cong bot YAG:Ce nano sir dung lam 16p to hop

phu 1én chip LED xanh dwong. Ché tao 5 loai t6 hop phat quang cho WLED

v6i cac d day 16p phu khac nhau dé khao sat cac thong sb ctia dén WLED. Tur

cac két qua vé phd hap thu va quang phat quang cia céac to hop cho thiy:
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— Cac chat phat quang MEH-PPV, QDs CdSe/ZnS va YAG:Ce CT hap thu
manh ving budc song xanh duong, déng thoi phat quang manh trong cac ving
anh sang xanh 14 cdy, vang va do (tir 500 + 700 nm). Céc chat nay phu hop
1am 16p phit 1én chip LED xanh duong, birc xa ctia LED kich thich 16p phu t6
hop, két hop véi phd ctia LED tao ra tong phd phat quang anh sang tring.

— Viéc két hop cac chét phat quang MEH-PPV, YAG:Ce TM, QDs CdSe/ZnS
va YAG:Ce CT c6 thé tao ra duoc cac to hop phat quang méi voi ving phod
phat quang trai rong va lién tuc trong ving kha kién, cai thién duoc dang ké

hé sb hoan mau cia WLED, tang hiéu suét lugng tir.

— Ki thuat BNN cho phép khong nhitng lam giau lugng bot nano YAG:Ce ché
tao bang phuong sol-gel nhiét do thip, ma con phéan chia dugc bot co kich
thudc hat khac nhau. Bot nano YAG:Ce-tong hop véi dinh phat quang tai
520 nm 1a vat liéu phtt hop dé phu 1én chip LED xanh duong, tao ra LED
tra'ing. Cac LED tra'ing nay cho hé s6 hoan mau thich hop, do 6n dinh cao, do

do6 hoan c6 thé sir dung lam ngudn chicu sang ran.

LED trang ché tao tir cac to hop 3 (TH3), 4 (TH4) va 5 (TH5) cung mot do
day mang (0,9 mm) c6 hé s6 hoan mau tuong ung la 82,3; 82,5; va 84,6. Cac
gia tri ndy cao hon so voi hé s6 hoan mau cua LED trang thwong mai (CRI 1a
79,8) va dén LED trang 12 W cua Philip (CRI 1a 80,8). Két qua cho thiy vai
trd ciia vat lidu lai 1a rat 16n trong viéc nang cao chat lugng cia cac linh kién
chiéu sang.

Hiéu sudt luong tir va hé s6 hoan mau cia to hop phat quang phu thudc khong
dang ké vao do day 16p phat quang, nhung phu thuéc manh vio thanh phan
cac chat phat quang trong 16p phu to6 hop. Trong cac 16p phu to hop tir TH1
dén TH4 thi 16p TH4 cho hiéu suét luong tir cao hon ca.

Viéc ché tao thanh cong OLED véi cudng d6 phat quang khoang 25 Im/cm?,
cong suat 44,5 Im/W va hé s6 hoan mau 43,11 cho thdy OLED hoan toan c6

trién vong ung dung 1am ngudn sang trong twong lai gan. Tuy nhién quang
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thong va Hé s6 hoan mau ciia OLED chua cao so voi WLED. Dé c6 thé su
dung OLED lam ngudn sang can phai ning cao cong suét, cai tién hé sé hoan
mau va quang théng cta dén OLED. Piéu nay c6 thé thuc hién trong cac cong
trinh tiép theo, bang cach ché tao cac 16p hiru co/polymer voi dién tich 16n

hon va chira nhiéu thanh phan phéat quang phd rong hon.

139



DANH MUC CONG TRINH KHOA HQC CUA TAC GIA
LIEN QUAN PEN LUAN AN

. Do Ngoc Chung, Nguyen Nang Dinh, Pham Hong Duong, Chu Anh Tuan and
Tu Trung Chan (2009), “White light emission from InGaN LED chip covered
with MEH-PPV polymer film”, Tuyén tdp cdc bdo cdo Hoi nghi Vit Iy Chdt ran
va Khoa hoc Vit liu Toan Quoc lan thi 6, tr 332-335.

. Nguyen Nang Dinh, Do Ngoc Chung, Nguyen Phuong Hoai Nam, Pham Hong
Duong (2010), “Preparation and investigation of MEH-PPV films used for white
emitting diodes”, Comm. in Phys, Vol. 21, No.2, pp.153-159.

. Do Ngoc Chung, Tran Thi Thao, Nguyen Nang Dinh, Pham Hong Duong
(2011), “Investigation of Stability of White Light Emitting Diodes Made from
Y;Al;0,,:Ce + MEH-PPV Hybrid Composites”, T uyén tdp cac bao caoHgi nghi
Vat Iy chat ran va Khoa hoc vt liéu Toan Quéc lan thir 7, TPHCM, tr 184-188.

. Nguyen Nang Dinh, Nguyen Phuong Hoai Nam, Do Ngoc Chung (2011),
“Investigation of Energy Transfer in a Blend of electroluminescent Conducting

Polymers”, Comm. Physics, Vol. 21, No. 4, pp. 373 - 377.

. Nguyen Nang Dinh, Do Ngoc Chung, Pham Hong Duong (2012),
“Characterization of Hybrid Composites of Nano YAG:Ce-CdSe/ZnS Quantum
Dots and Conjugate Polymer Used for Solid State Lighting”, Inter.J.Engi &
Tech (IJET), Vol. 2, No. 7, pp. 1111 - 1115.

. Nguyen Nang Dinh, Do Ngoc Chung, Tran Thi Thao, David Hui (2012), “Study
of nanostructured polymeric composites used for Organic Light Emitting Diodes
and Organic Solar Cells”, Journal of Nanomaterials, Vol. 2012, Article ID
190290, 6 pages, 2012. doi:10.1155/2012/190290. (ISI).

. Do Ngoc Chung, Nguyen Nang Dinh, David Hui, Nguyen Dinh Duc, Tran
Quang Trung, Mircea Chipara (2013), “Investigation of polymeric composite

films using modified TiO, nanoparticles for organic light emitting diodes”,

140



Current Nanoscience, Vol. 9, pp. 14 - 20. (ISI).

. Do Ngoc Chung, Nguyen Nang Dinh, Do Ngoc Hieu, Pham Hong Duong
(2013), “Synthesis of Cerium-doped Yttrium Aluminum Garnet Nanopowder
Low-Temperature Reaction Combustion Method”, VNU Journal of Science,

Mathematics and Physics, Vol. 2, pp. 53-60.

. Do Ngoc Chung, Le Trac Tuan, Tran Cong Hao, Do Ngoc Hieu, Nguyen Nang
Dinh (2013), “Organic - inorganic Hybrid Luminescent Composite for Solid-
State Lighting”, Communications in Physics, Vol. 23, No. 1, pp. 57-63.

Danh myc nay gdm 09 cong trinh.

141



TAI LIEU THAM KHAO

Tiéng viét

1.

Pao Khic An (2003), Vit liéu va linh kién ban ddan quang dién tir trong théng
tin quang, Nha xuét ban Pai hoc Qudc gia Ha Noi.

Lé Ha Chi (2011), Ché tao va khdo sdt cdc tinh chat phat quang, quang dién va
dién hod cua cac lop chuyén tié'p di chat cdu triic nano, Luan an Tién si Vat liéu

va linh kién ban din nano, trudng Pai hoc Cong nghé, Pai hoc qudc gia Ha Nbi.

. Lé Vin Doanh, Piang Vin Dao, Lé Hai Hung, Ngd Xuan Thanh va Nguyén Anh

Tuan (2008), K3 thudt chiéu sang, Nha xuat ban Khoa hoc va Ky thuat Ha Noi.
Nguyén Ning Dinh (2006), Vat Iy va kj thudt mang mong, Nha xuat ban Pai hoc
Qudc gia Ha Noi.

Piang Vin Thanh (2006), Nghién citu tinh chdt phdat quang ciia vit liéu t6 hop
hitu co-v6 co' cdu triic nano g dung trong diét phdat quang hiru co, Luan vin
thac sy Vit ly, Pai hoc Cong nghé¢, Pai hoc Quéc gia Ha Noi

Tran Thi Chung Thuy (2009), Nghién citu tinh chdt quang va huynh quang ciia
mét s6 polymer dan té hop cdu triic nano g dung trong diét phdat quang hitu
co, Bao cao téng két dé tai khoa hoc céip B9, Bo GD & PT, Thai Nguyén, ma sb
B2007-TN04-04.

Tran Thi Chung Thuy (2010), Nghién citu ché tao, tinh chdt quang va dién ciia
vt liéu t6 hop cdu triic nano (polymer va nano tinh thé TiO-) dimg cho OLED,
Luén an Tién si Vat ly, Vién Vat ly va Pién tir, Vién Khoa hoc va Cong nghé

Viét Nam.

Tiéng Anh

8.

Abell S.J., Harris R.I., Cockayne B., Lent B. (1974), "An investigation of phase
stability in the Y,03-Al,05 system", J. Mater. Sci. Vol. 9(4), 527.
Agus P., Wang W.-N., Takashi O., Lenggoro [.W., Tanabe E., Kikuo O. (2008),

"High luminance YAG:Ce nanoparticles fabricated from urea added aqueous

142



precursor by flame process", Journal of Alloys and Compounds, Vol. 463, pp.
350-357.

10. Akcelrud L., (2003), "Electroluminescent polymers", Progress in Polymer
Science, Vol. 28, pp.875-962.

11. Almcida R.M.,(1999), "Sol-Gel planar waveguides for integrate optics", J. Non-
Cryst. Solids, Vol. 259, pp. 176-181.

12.Almcida RM., Du X.M., Barbier D., Orignac X. (1999), “Er’’-doped
multicomponent silicate glass planar waveguides prepared by sol-gel
processing”, J. Sol-Gel Sci, Technol, Vol. 14, pp. 209-216.

13. Armstrong H. L. and Hancock J. (1964), “Electroluminescence of organic
dielectrics”, Canadian Journal of Physics, Vol. 42(4), pp. 823-824.

14. Bowen P. (2002), “Particle Size Distribution Measurement from Millimeters to
Nanometers and from Rods to Platelets”, J. Disp. Sci. Tech., Vol. 23, 631.

15.Bessho, M and Shimizu, K (2012). "Latest trends in LED lighting". Electronics
and Communications in Japan, Vol. 95 (1): 1. doi:10.1002/ecj.10394.

16. Burroughes J. H., Bradley D. D. C, Brown A. R., Marks R. N, Mackay K.,
Friend R. H., Burns P. L. and Holmes A. B. (1990), “Light emitting diodes based
on conjugated polymers”, Nature 347, pp. 539-541.

17.Carter S. A., Scott J. C. and Brock P. J. (1997), “Enhanced luminance in
polymer composite light emitting devices”, Appl. Phys. Lett, Vol. 71 (9), pp.
1145-1147.

18.CIE, “Method of measuring and specifying color rendering properties of light
sources,” in CIE13.2-1995 (CIE, Vienna, Austria, 1995).

19.Chang C.C, Pai C.L., Chen W.C., Samson A. J. (2005), “Spin coating of
conjugated polymers for electronic and optoelectronic applications”, Thin Solid
Films, Vol. 479, pp. 254-260.

20.Chiang, C. K., Park Y. W., Heeger, A. J., Shirakawa H., Louis E. J.,
MacDiarmid A. G. (1977), “Electrical Conductivity in Doped Polyacetylene”,
Phys. Rev Lett, Vol. 39, pp. 1098.

143



21.Chipara M.; Chipara M. D. (2008), “Uv-Vis investigations on ion beam
irradiated polycarbonate”, E-Polymers, Article Number: 145.

22.Choulis S. A., Mathai M. K., Choong V. E. (2006), “Influence of metallic
nanoparticles on the performance of organic electrophosphorescence devices”,
Appl. Phys. Lett. Vol. 88, 213503.

23.Chung D. N, Dinh N. N, Duong P. H., Tuan C. A. and Chan T. T (2009), “White
light emission from InGaN LED chip covered with MEH-PPV polymer film”,
T uyén tdp cac bao cao Hoi nghi Vat Iy Chat ran va Khoa hoc Vit liéu Toan
Quédc lan thi 6, tr 332-335.

24.Chung D. N, Thao T. T., Dinh N. N, Duong P. H. (2011), “Investigation of
Stability of White Light Emitting Diodes Made from Y;Al;0,,:Ce + MEH-PPV
Hybrid Composites”, Tuyén tdp cdc bdo cdoHgi nghi Vit Iy chat rdn va Khoa
hoc vat lieu Toan Quéc lan thir 7, TPHCM, tr 184-188.

25.Chung D. N, Dinh N. N, Hui D., Duc N. D, Trung T. Q., Chipara M. (2013),
“Investigation of polymeric composite films using modified TiO, nanoparticles
for organic light emitting diodes”, Current Nanoscience, Vol. 9, pp. 14 - 20.
(IST).

26.Chung D. N, Dinh N. N, Hieu D. N., Duong P. H. (2013), “Synthesis of Cerium-
doped Yttrium Aluminum Garnet Nanopowder Low-Temperature Reaction
Combustion Method”, VNU Journal of Science, Mathematics and Physics, Vol.
2, pp. 53-60.

27.Chung D. N., Tuan L. T, Hao T. C, Hieu D. N., Dinh N. N. (2013), “Organic -
inorganic Hybrid Luminescent Composite for Solid-State Lighting”,
Communications in Physics, Vol. 23, No. 1, pp. 57-63.

28. Commission Internationale de 1’Eclairage, A Review of Chromatic Adaptation
Transforms, CIE 160 (2004);

29. Cullity B. D. and ed. (1978), “Elements of X-Ray Diffraction”, Addison-Wesley
Publishing Company, Inc., Reading, MA, p. 102.

144



30. Cumpston B.H. and Jensen K.F. (1995), “Photo-oxidation of polymers used in
electroluminescent devices”, Synth. Met., 73, pp. 195-199.

31.Dinh N. N, Chung D. N, Nam N. P. H, Duong P. H. (2010), “Preparation and
investigation of MEH-PPV films used for white emitting diodes”,Comm. in
Phys, Vol. 21, No.2, pp.153-159.

32.Dinh N. N, Nam N. P. H, Chung D. N. (2011), “Investigation of Energy
Transfer in a Blend of electroluminescent Conducting Polymers”, Comm.
Physics, Vol. 21, No. 4, pp. 373 - 377.

33.Dinh N. N, Chung D. N, Duong P. H. (2012), “Characterization of Hybrid
Composites of Nano Y AG:Ce-CdSe/ZnS Quantum Dots and Conjugate Polymer
Used for Solid State Lighting”, Inter.J. Engi & Tech (IJET), Vol. 2, No. 7, pp.
1111 -1115.

34.Dinh N. N, Chung D. N, Thao T. T., Hui D. (2012), “Study of nanostructured
polymeric composites used for Organic Light Emitting Diodes and Organic
Solar Cells”, Journal of Nanomaterials, Vol. 2012, Article ID 190290, 6 pages,
2012. doi:10.1155/2012/190290. (ISI).

35.Dinh N. N., Chi L. H., Thuy T. T. C., Thanh D. V., Nguyen T. P. (2008), “Study
of Nanostructured Polymeric Composites and Hybrid Layers Used for Light-
Emitting Diodes”, J. Korean Phys. Soc. Vol. 53, No.2, p. 802-805.

36.Hashimoto K. & Nayatani Y. (1994), “ColorVisual Clarity and Feeling of
Contrast”, Res. Appl., Vol. 19(3), pp. 171-185.

37.Harry G. (2001), “Particle-Size Distribution, Part I - Representation of Particle
Shap, Size, and Distribution”, Pharm, Tech., Vol. 38.

38.Heliotis, G., Itskos, G., Murray, R., Dawson, M.[JD., Watson, .M. and
Bradley, D.COD.CJC. (2006), Hybrid Inorganic/Organic Semiconductor
Heterostructures with Efficient Non-Radiative Energy Transfer. Adv. Mater.,
18: 334-338. doi: 10.1002/adma.200501949.

145



39.Holen C. and Harber G. (2001), “LCD backlighting with high luminescent
coloured light emitting diodes”, in Pro. Ninth International Symposium on the
Science & Technology of Light source, pp. 373-374.

40.Holton G. and Brush S.G. (2001), Physics, the human adventure, New
Brunswick, Rutgers University Press.

41.Hung L.S. and Chen C.H., (2002), "Recent progress of molecular organic
electroluminescent materials and devices", Materials Science and Engineering,
Vol. R39, pp.143-222.

42.1an T.F., John C.C., Tsunemasa T., lan E.A. (2005), Proc. of SPIE Vol. 5941

43.1SO 13320, "Particle size analysis - Laser diffraction methods - Part 1: General
principles", Page 16.

44.1SO 9276-2:2001: Representation of result of particle size analysis - Part 2:
Calculation of average particle sizes/diameters and moments from particle size
distributions.

45.1to, T., Shirakawa, H. and Ikeda, S. (1974), “Simultaneous polymerization and
formation of polyacetylene film on the surface of concentrated soluble Ziegler-
type catalyst solution”, J. Polym. Sci. Polym. Chem. Ed., 12: 11-20. doi:
10.1002/pol.1974.170120102.

46.Jeong W.I., Kim S.Y., Kim J.J., Kang J.W. (2009), "Thickness dependence of
PL efficiency of organic thin films”, Chemical Physics, Vol. 355, pp. 25-30.

47.Joshua J.A. (2011), Synthesis and Characterization of CdSe-ZnS Core-Shell
QuantumDots for Increased Quantum Yield, Ph.D. Thesis, University of San
Luis Obispo.

48.Katrin P., Tracy W., Jeremy B., and Tracy M. (2010), "Photoluminescence of
Colloidal CdSe/ZnS Quantum Dots: The Critical Effect of Water Molecules", J.
Phys. Chem., Vol. 114, pp. 12069-12077.

49.Kepler R. G., Beeson, P. M., Jacobs, S. J., Anderson, R. A., Sinclair, M. B.,
Valencia, V. S. & Cahill, P. A. (1995), “Electron and hole mobility in tris (8-
hydroxiquinolinolato-N1,08) aluninium”, Appl. Phys. Lett., Vol. 26, pp. 3618-
3620.

146



50.Kim J.S, Jeon P.E, Park Y.H, Choi J.C, and Park H.L. (2004), “White-light
generation through ultraviolet-emitting diode and white-emitting phosphor”,
Applied Physics Letters, Vol. 85, pp. 3696-3698.

51.Leger J. M. and Carter S. A., Ruhstaller B., Nothofer H. G. and Scherf U.
(2003), "Thickness-dependent changes in the optical properties of PPV-and PF-
based polymer light emitting diodes", Physical Review B, Vol. 68, pp. 054209.

52.Li J. G, lkegami T., Lee J. H, Mori T., Yajima Y. (2000), "Co-precipitation
synthesis and sintering of yttrium aluminum garnet (Y AG) powders: The effect
of precipitant”, J. Euro. Cera. Soci. Vol. 20, 2395.

53.Li G. J.,, Lee H. J., Mori T. (2000), Crystal phase and sinter-ability of wet-
chemically deriver YAG powders, J. Ceram. Soc. JPN. Vol. 108(5) 439.

54.LinY.T., Zeng T. W., Lai W.Z., Chen C.W,, Lin Y.Y.; Chang Y. S., Su W.F.
(2006), “Efficient photoinduced charge transfer in TiO2 nanorod/conjugated
polymer hybrid materials”, Nanotechnology, Vol. 17, pp. 5781- 5785.

55.Lindley D. (2001), “Boltzmann’s Atom”, New York: The Free Press.

56.Liu C.J., Yu RM., Xu Z.W, Cail., Yan X.H, Luo X.T. (2007), "Crystallization,
morphology and luminescent properties of YAG:Ce3+ phosphor powder
prepared by polyacrylamide gel method", Tran. Nonferrous Met. Soc. China,
17(5), 1093.

57.Miao C. Y., Li D. P, Liu L. F., Luo X. X., Wei K. 2004, Synthesis and
luminescence properties of YAG:Ce®*, Chin. J. Spec. Lab. Vol. 3, 563.

58.Michael V., Sanjay M., Aivaras K., Mohammad J., Michael Z., Volker H.
(1999), "Low temperature synthesis of nanocrystalline Y;Al;0;, and Ce-doped
Y;Al;0,, via different sol-gel methods”, J. Mate. Chem. 9, 3069.

59.Nakamura S., Mukai T. and Senoh M. (1994), "Candela-Class High-Brightness
InGaN/AlGaN Double-Heterostructure Blue-Light-Emitting-Diodes". Appl.
Phys. Lett. Vol. 64, 1687.

60.Nakamura S. (2006), “Millennium technology prize awarded to UCSB's.
Ia.ucsb.edu”, Retrieved on March 16, 2012.

147



61.Nakamura S., Senoh M., Iwasa N. and Nagahama S. (1995), “High-Brightness
InGaN Blue, Green and Yellow Light-Emitting Diodes with Quantum Well
Sttructure”, Jpn. J. Appl. Phys., Vol. 34, L797.

62.Neumann L., White, E.T. and Howes, T. (2003), “What does a mean size
mean?”, AIChE presentation at Session 39 Characterization of Engineered
particles November 16-21 San Francisco, CA, Page 14.

63.Nizamoglu S., Zengin G., and Demira H.V. (2008), “Color-converting
combinations of nanocrystal emitters for warm-white light generation with high
color rendering index”, Applied Physics Letters, Vol. 92 (3), pp. 031102-
031102-3.

64.0ey C. C., Djurisi¢ A.B., Kwong C. Y., Cheung C.H., Chan W. K., Nunzi J. M.,
Chui P. C. (2005), "Nanocomposite hole injection layer for organic device
applications", Thin Solid Films, Vol. 492, pp. 253-258.

65. Office of Energy Efficiency and Renewable Energy (2009), Multi-Year Program
Plan FY’09-FY’l5 Solid-State Lighting Research and Development, U.S.
Department of Energy, English National government publication.

66.0mer, B. M. (2012), “Optical Properties of MEH-PPV and MEH-PPV/ [6,6]-
Phenyl C61-butyric Acid 3-ethylthiophene Ester Thin Films”, Journal of Nano-
& Electronic Physics, Vol. 4 Issue 4, pp. 04006-1.

67.Pan Y.X., Wu M.M., Tailored Q.S. (2004), "photoluminescence of YAG:Ce
phosphor through various methods", J. Phys. Chem. Sol. Vol. 65, 845.

68.PDF No. 01-072-0021, ICSD No. 15328; ASTM files for crystalline structures.

69.Petrella A.,Tamborra M., Cozzoli P. D., Curri M. L., Striccoli M., Cosma P.,
Farinola G.M., Babudri F., Naso F., Agostiano A. (2004), “TiO2 nanocrystals -
MEHPPV composite thin films as photoactive material”, Thin Solid Films,
451/452, pp. 64-68.

70.Phillips J. M., Burrows P. E., Davis R. F., Simmons J. A., Malliaras G. G., So
F., Misewich J.A., Nurmikko A. V., Smith D. L., Tsao J. Y., Kung H., Crawford
M. H., Coltrin M. E., Fitzsimmons T. J., Kini A., Ashton C., Herndon B., Kitts
S., Shapard L., Brittenham P. W., Vittitow M. P. (2006), Basic Research Needs
For Solid-State Lighting, United StatesOffice of Science.

148



71.Planck, M. (1914). The Theory of Heat Radiation. Masius, M. (transl.) (2nd ed.).
P. Blakiston's Son & Co. OL 7154661M.

72. Satinder K.B., Verma M.(2011), "Measurement of nanoparticles by light-scattering
techniques", Trends in Analytical Chemistry, Vol. 30, Issue 1, pp. 4-17.

73.Satoh T., Fujikawa H., and Taga Y. (2005), "Influence of indium tin oxide
electrodes deposited at room temperature on the properties of organic light-
emitting devices", Applied Physics Letters, Vol. 87, pp. 143503.

74.Schubert E.F. (2006), Light Emitting Diodes, Cambridge University Press, New
York.

75.Scott J. C., Kaufman J., Brock P. J., DiPietro R., Salem J., Goitia J. A. (1996),
“MEH-PPV Light, Emitting Diodes: Mechanisms of Failure”, J. Appl. Phys.,
Vol. 79, pp. 2745-2753.

76.Scurlock R. D., Wang B. J., Ogilby P. R, Sheats J. R. and Clough R. L. (1995),
“Singlet oxygen as a reactive intermediate in the photodegradation of an
electroluminescent polymer, J. Am. Chem. Soc., Vol. 117, pp. 10194-10202.

77.Servati P., Prakash S. and Nathan A. (2002), “Amorphous silicon driver circuits
for organic light emitting diode displays”, J. Vac. Sci. Technol. Vol. A 20, 4.

78.Song J.H, Atay T., Sufei S., Hayato U., and Arto V.N. (2005), "Large
Enhancement of Fluorescence Efficiency from CdSe/ZnS Quantum Dots
Induced by Resonant Coupling to Spatially Controlled Surface Plasmons", Nano
Lett., Vol. 5(8), pp. 1557-1561.

79.Su J., Zhang Q. L., Gu C. J., Sun D. L., Wang Z. B., Qiu H. L., Wang A. H. and
Yin S. T. (2005), "Preparation and characterization of Y3Al;0;, (YAG) nano-
powder by co-precipitation method", Mater. Res. Bull. Vol. 40(8) 1279.

80.Tang C.W. and Van Slike S. A. (1987), “Organic electroluminescent diodes”,
Appl. Phys. Lett. Vol. 51, 913.

81.Tauc J., Grigorovici R. and Vancu A.(1996), “Optical properties and electronic
structure of amorphous germanium”, Phys. Stat. Sol., Vol. 15, pp. 627-637.

149



82.Ton-That C., Phillips R. M., Nguyen T. P. (2008), “Blue shift in the
luminescence spectra of MEH-PPV films containing ZnO nanoparticles”, J.
Lumines., Vol. 128, pp. 2031-2034.

83.Tong S. H., Lu T. C. and Guo W. (2007), "Synthesis of YAG powder by
alcohol-water co-precipitation method", Mater. Lett., Vol. 61(21) 4287.

84.Vaqueiro P. and Lopez-Quintela M. A. (2008), "Synthesis of yttrium aluminium
garnet by the citrate gel process", J. Mater. Chem., Vol. 8(1) 161.

85.Vidya G. G., Sreelekha, Nampoori V.P.N., Prathapan S., Joseph R. (2010),
"Synthesis and photophysical investigations of Poly [2-methoxy-5-(2’-ethyl-
hexyloxy) -1, 4-phenylenevinylene] (MEH-PPV)", International Conference on
Advances in Polymer Technology, Page No. 342.

86.Wang Z. H., Gao L., Niihara K. (2000), "Synthesis of nanoscaled yttrium
aluminum garnet powder by the co-precipitation method", Mater. Sci. Eng. A,
Vol. 2000, 288, pp. 1-4.

87. Washington, DC, The Promise of Solid State Lighting for General Illumination
Light Emitting Diodes —LEDs- and Organic Light Emitting Diodes -OLEDs,
Optoelectronics Industry Development Association,
http://www.netl.doe.gov/ssl/PDFs/oida_led-oled rpt.pdf.

88.Wold, J. H. and Valberg, A. (2000). "The derivation of XYZ tristimulus spaces:
A comparison of two alternative methods". Color Research &
Application 26 (S1): S222. doi:10.1002/1520-6378(2001)26:1+<::AID-
COL47>3.0.CO;2-4

89. Yamada M., Mitani T., Narukawa Y., Shioji S., Niki I., Somobe S., Deguchi K.,
Sano M. and Mukai T. (2002), “InGaN-Based Near-Ultraviolet and Blue-
Light Emitting Diodes with Hight External Quantum Efficiency Using a
patterned Sapphire Substrate and a Mesh electrode”, Jpn. J. Appl. Phys. Vol. 41,
pp. L1431-1433.

150



90.Yan X. H., Zheng S. S., Yu R. M., Cai J., Xu Z., Liu C. J., Luo X. T. (2008),
"Preparation of YAG:Ce3+ phosphor by sol-gel low temperature combution",
Trans. Nonferrous Met. Soc. China, pp. 648-653.

91.Yang S. H., Nguyen T. P., Le Rendu P., Hsu C. S. (2005), “Optical and
electrical properties of PPV/SiO2 and PPV/TiO2 composite materials”,
Composites Part A: Appl. Sci. Manufact., Vol. 36, pp. 509-513.

92.Yang H., Yuan L., Zhu G., Yu A., Xu H. (2009), “Luminescent properties of
YAG:Ce®™ phosphor powders prepared by hydrothermal-homogeneous
precipitation method”, Mater. Lett., 63, pp. 2271 —2273

93.YumJ. H,, Seo S. Y., Lee S., and Sung Y. E. (2003) “Y3Al50,,:Ce(¢s Phosphor
Coatings on Gallium Nitride for White Light Emitting Diodes”, Journal of The
Electrochemical Society, Vol. 150 -2, pp. H47-H52.

94. Yusuf M. M., Imai H., Hirashima H. (2002), “Preparation of porous titania film
by modified sol-gel method and its ation to photocatalyst”, J. Sol-Gel Sci.
Technol. 25, pp. 65-74.

95.Zhang Q. U., Saito F. (2003), "Mechanochemical solid reaction of yttrium oxide
with alumina leading to the synthesis of yttrium aluminum garnet", Powder

Technol. Vol. 129, pp. 86-91.

151



PHU LUC

Phu luc 1: Pattern: 00-033-0040, CAS Number: 12005-21-9
Phu luc 2: Genaral information of YAG:Ce
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Pattern : 00-033-0040 Radiation= 1540598 Quality : High
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Lattice : Body-centered cubic Mol. weight = 593.62 52.781 17
53.929 1

S.G. : 1a-3d (230) Volume [CD] = 1731.85 55108 31
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Additional Patterns: To replace 00-008-0178 and 00-030-0051. Color: White. 77.873
Sample Preparation: Stoichiometric amounts of the constituent oxides were 78.861
blended and calcined at 1650 C for two hours. After grinding, the resultant 79.762
product was placed in an iridium crucible, fused in an induction heater and 80.768
several single-crystal boules grown using the Czochralski technique. Sample 81.707
Source or Locality: The sample was prepared at NBS, Gaithersburg, 82.653
Maryland, USA. Temperature of Data Collection: Pattern taken at 298 K. 84.550

Data collection flag: Ambient. 86.435
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Natl. Bur. Stand. (U.S.) Monogr. 25, volume 19, page 11 (1982)

CAS Number: 12005-21-9

Radiation : CuKou1 Fifter : Monochromator crystal
Lambda: 154060 d-sp : Diffractometer

SS/FOM : F30=89(0.0119,30)
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Laser Materials Ce:YAG

General Information
Cerium-doped YAG is commonly used as a phosphor in cathode ray tubes and white
light-emitting diodes, and as a scintillator.

Contact us with your specific requirements or for availability and pricing.

Physical Properties Absorption Coefficient Chart
Coefficient of Thermal Expansion 6.14x 109K
Thermal Diffusivity 0041 cm? 52 . 0'18% ?91 :T'dmb(?'!
Thermal Conductivity nzwm'k! o
Specific Heat (Cp) 0s591gt k! ;ES
Thermal Sheck Resistant H00 W m! é
Refractive Index @ 632.8 nm 1.83 (g
dn/dT (Thermal Coefficient of Refractive | E.
Index) @ 1064am La107K g
Maolecular Weight 593.7 g mol! %
Melting Point 1965°C B e e e
Wavelength (nm)
Density 456 gcm™
MOHS Hardness 825
Young's Modulus 335 Gpa
Tensile Strength 2 Gpa
Crystal Structure Cubic
Standard Orientation <lll>
Y3+ Site Symmetry D,
Lattice Constant a=12013 &

Need Help? Please Call: (406)585-3772 or Email: sales@scientificmaterials.com
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