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(54) HOP CHAT HUU CO, PIOT PHAT SANG HUU CO VA THIET BI PHAT SANG
HUU CO CHUA HOP CHAT NAY

(57) Sang ché dé cap t6i hop chat hitu co ¢ 18i anthraxen vong va nhom thom hodc di
vong thom va/hodc nhom amin duoc gin vao 161, va diot phat sang hitu co va thlét bi phat
sang hitu co chira hop chat hiru co nay. Do hop chat hiru co theo sang ché c6 cdu tric cing
ran va vé co ban 13 do rong t6i da tai nira cuc dai (full width at half maximum - FWHM)
hep, nén c6 thé san xuit diot phat sang hitu co va thiét bi phat sang hitu co véi cac dién thé
diéu van dugc lam giam va cac hi¢u suat hiéu sudt phat quang dugc tang cuong va do tinh
khiét mau sic, sir dung hop chat hitu co. Sang ché nay con dé cap t6i diot phat sang hitu co
va thiét bi phat sang hitu co chira hop chit nay.
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Linh vue ki thuat dwoc dé cap

Sang ché nay dé cdp t&i hop chét hiru co, va cu thé hon 14 t6i hop chét hitu co ting
cuong hiéu sut phat quang va do tinh khiét mau sic, diot phat sang hiru co va thiét bi

phét sang hitu co chira hop chét nay.
Tinh trang ky thuit cia sang ché

Do cac thiét bi hién thi tré nén 16n hon, nén ton tai nhu cau vé thiét bi hién thi
phéng v6i viée chiém khong gian nhé. Trong cac thiét bi hién thi phang, thiét bi hién thi
sir dung diot phat sang hitu co (organic light-emitting diode - OLED) da tr¢ thanh ti€u
diém.

Trong OLED, cac dién tich dién dugc ti€ém vao trong 16p phat gitta dién cuc ti€ém
dién tu (titc la, cuc am) va dién cuc tiém 16 tréng (tike la, cuc duong), nén cac dién tich
dién duoc két hop dé duoc ghép cap, va sau do phat sang khi cac dién tich dién dugc két

hop bién mat.

OLED c¢6 thé dugc tao thanh, tham chi trén dé trong subt mém déo nhu dé nhua.
Ngoai ra, OLED c6 thé duoc didu van tai dién thé thap hon 1a 10 V hodc nhé hon. Ngoai
ra, OLED c¢6 muc tiéu thu cong sudt tuong dbi thip dé din dong khi so sanh véi cac tAm
hién thi plasma va cac thiét bi hién thi dién phat quang vo co, va do tinh khiét vé& mau sic
cua ching la cuc ky cao. Ngoai ra, do OLED co6 thé hién thi cdc mau sic khac nhau nhu
mau xanh luc, mau xanh lam, mau d6 va dang tuong tu, nén thiét bi hién thi OLED da
thu hit duge nhidu sy chu y nhu 14 thiét bi hién thi thé hé tiép theo c6 thé thay thé thiét b
hién thi tinh thé 1éng (crystal display device - LCD).

OLED c¢6 thé ¢6 16p vat liéu phat dugc tao 16p don gilta cuc duong va cuc am, Theo

cach khac, OLED c¢6 thé ¢6 16p phét dwoc tao dang nhiéu 16p chira 16p tiém 13 trng (hole
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injection layer - HIL), 16p van chuyén 18 tréng (hole transport layer - HTL), 16p vat liéu
phét (emitting material layer - EML), 16p van chuyén dién tir (electron transport layer -
ETL) va 16p tiém dién tu (electron injection layer - EIL) gifta cuc duong va cuc am sao
cho OLED c¢6 thé ting cuong hiéu sudt phat quang. Lép phat duoc tao thanh nhidu 16p ¢6
thé con chua 16p chin exciton nhu 16p chan dién tir (electron blocking layer - EBL) gitta
HTL va EML va/hodc 16p chan 15 tréng (hole blocking layer - HBL) gitta EML va ETL

de ngan can cac exciton khéi bién mat.

EML thong thuong chira chit cht va chét pha tap, va viéc phat xa thuc té duoc thuc
hién tai chét pha tap. Do vat liéu dugc st dung lam chét pha tap mau lam phai c6 do rong
ving cdm rong hon khi so sanh v6i chit pha tap mau xanh luc va/hodc mau do, nén s& ¢
khé khan trong viéc phat trién chét pha tap mau xanh lam. Céng bd don sang ché My s6
US No. 2007/0292714 bdc 16 céac vat li¢u phat quang xanh lam voi 161 pyren va phan thay
thé diphenyl. Tuy nhién, vat liéu phat quang trong tinh trang k§ thuét ctia sang ché co
hiéu suét phat quang thap va tudi tho ngin va thé hién do tinh khiét vé mau sic thip va
tao ra han ché cho viéc ap dung viéc hién thi toan bo cac mau séc.

Ban chit ky thuit cia sang ché

Theo do, sang ché duogc boc 16 & day dé xuat hop chét hitu co, diot phat sang hitu co
va thiét bi phéat sang hiru co chira cac hop chét hitu co ma vé co ba 1a khic phuc mot hodc
nhiéu van dé trong cac vAn dé néu trén do cac han ché va nhuoc diém cua tinh trang k¥

thuat cua sang ché.

Muc dich theo sang ché 1a dé dé xuit hop chit hitu co, diot phat sing hitu co va
thiét bi phat sang hiru co ¢6 thé ting cudng hidu sudt phat quang va d6 tinh khiét cia mau
sic.

Muc dich khac cta sang ché 1a dé d& xuét diot phat sang hitu co va thiét bi phat
sang hitu co ¢6 thé lam giam dién thé diéu van va viéc tiéu thu ning lugng, va co thé cai

thién tudi tho thiét bi.
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Céc dac diém va cac uvu diém cta sang ché s& duoc thé hién trong phin mé ta duéi
day, va mot phﬁn clia no s€ tré nén rdo rang nho phén md ta hodc co thé duoc hoc nho
bang cach thuc hién sang ché nay. Nhitng muc dich néu trén va nhiing wu diém khéc cta
phén boc 10 nay s€ cb thé duoc thuc hién va thu duoc nho céu tric duge mo ta cu thé &

phan md ta bang van ban va cac di€m yéu cau bdo hd cling nhu cac hinh vé kem theo.

Theo mdt khia canh, sang ché dé xuat hop chat httu co dugc biéu dién bdi cong

thire hdéa hoc 1 sau:

Cong thtrc hda hoc 1

R1—(L1)m

O'O O (LZ)““F*%
O.

trong do mdi thanh phén trong sd Ry va Ry duogc chon mdt cach doc lap tr nhém
chira hydro, nhom amin khong duoc thé hoac duoc thé voi nhém thom hodc di vong
thom C4-C30, nhom aryl Cs-Cso khong dugc thé hodc dugc thé v6i nhém thom hodc di
vong thom Cs-Czo, nhom di aryl Cs4-Czo khong dugc thé hodc duoc thé véi nhém thom
hodc di vong thom Cs-Cszo, nhém aralkyl Cs-Cso khong dugce thé hodc duoc thé v6i nhom
thom hodc di vong thom C4-C3o, nhém di aralkyl C4-Cso khong duoc thé hodc duoc thé
v6i nhém thom hodc di vong thom Cs-Cso, nhom aryloxyl Cs-Cso khong duoc thé hoic
duoc thé véi nhom thom hodc di vong thom Cs-C3o va nhém di aryloxyl C4-C3o khong
duoc thé hodc duoc thé véi nhém thom hodc di vong thom Cs-Csp va it nhit mot thanh
phén trong s6 Ry va R, khong phai 14 hydro, doteri va triti; mdi thanh phan trong sd Ly va

L dugc chon mot cach ddc 1ap thr nhom chira nhém arylen Cs-Cso khong duoce thé hodc
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dugc thé véi nhom thom hodc di vong thom Ca-Cso, nhém di arylen Ca-Cso khong duoc
thé hodc duoc thé voi nhom thom hodc di vong thom C4-C30, nhdm aralkylen Cs-Cso
khong dugc thé hodc dugc thé véi nhém thom hodc di vong thom C4-Cso, nhém di
aralkylen C4-Cs3o khong duogc thé hodc duoc thé véi nhém thom hodc di vong thom Cs-
C30, nhom aryloxylen Cs-Cso khong duge thé hodc duge thé véi nhém thom hodc di vong
thom C4-C3o va nhém di aryloxylen C4-C3o khong duoc thé hodc dugc thé véi nhém thom
hodc di vong thom Cs-Cs0; mdi thanh phén trong s6 m va n mot cach doc l1ap 1a 0 (khong)
hodc 1; X 12 CR3R4, NRs, O hodc S, trong d6 mdi thanh phan trong sé Rs dén Rs duoc
chon mot cach ddc 1ap tor nhém chura hydro, nhém alkyl Ci-Cz0 mach théng hoac dugc
phan nhanh, nhém aryl Cs-Cso khdng dugce thé hodc duoc thé véi nhom thom hodc di
vong thom Cy4-C3o, nhom di aryl Cs4-Cso khong duogc thé hodc duoc thé vi nhom thom
hoac di vong thom C4-C30, nhom aralkyl Cs-Cso khong duoc thé hoac duoc thé v&i nhém
thom hoac di vong thom C4-C3o, nhém di aralkyl C4-Cs¢ khong dugce thé hodc duoc thé
véi nhém thom hodc di vong thom C4-Cso, nhém aryloxyl Cs-Cso khong duoc thé hodc
duoc thé véi nhém thom hoic di vong thom Cy4-C3o, nhém di aryloxyl C4-Cso khong duoc
thé hodc duoc thé véi nhém thom hodc di vong thom C4-C3p, nhém arylamin Cs-Cso
khong duoc thé hodc duoc thé v6i nhom thom hodc di vong thom Cs-C3o va nhém di
arylamin Cs4-Cs0 khong duoc thé hodc duogc thé v4i nhom thom hodc di vong thom Ca-

Cso.

Theo khia canh khac, sang ché nay boc 16 diot phat sang hitu co (OLED) chta dién
cuc tha nhat; dién cuc thtr hai quay mét vao dién cuc thtr nhét; va 16p vat li¢u phat xa thu
nhét gifta dién cuc thu nhét va dién cuc thu hai, trong d6 16p vat lidu phat xa thir nhét

chtra hop chat hitu co néu trén.

Theo khia canh khac nira, séng ché dé xut thiét bi phat sang hitu co chtra dé va

OLED duoc b6 tri trén dé, nhu duoc md ta & trén.
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Can hicu rang cd phan mo ta tong quat néu trén lan phan mo ta chi tiét sau day la
chi dugc néu lam vi du va nham muc dich thé hién sang ché r6 hon, nhu dugce néu &
nhitng diém yéu cau bao ho.

Mo ta van tat cac hinh vé

Céc hinh v& kem theo, von dugc chira dé cho phép hiéu thém vé sdng ché, theé hién

(cac) phuong an thyuc hién sang che, va cung v6i phan md ta, cd chuc nang gidi thich céc

phuong an thuc hién nguyén ly cta sang ché.
Fig.1 1a hinh cét so lugc minh hoa thiét bi hién thi phat sing hitu co theo sang ché.

Fig.2 1a hinh cit so luge minh hoa diot phat sang hitu co theo phuong an thuc hién

lam vi du ctia séng ché.

Fig.3 1a gian dd so lugc minh hoa co ché phat quang boi dd rong ving cAm mirc
ning luong gitra chit cha hop chét hitu co lam chit pha tap huynh quang trong EML

dugc tao 16p don theo phuong an thuc hién lam vi du theo sang ché.

Fig.4 1a hinh cit so luge minh hoa diot phét sing hitu co theo phuong an thyc hién

1am vi du khéc theo séang ché.

Fig.5 la gian d0 so luge minh hoa co ché phat quang ctia vat liéu huynh quang dugc

lam tré theo phuong 4n thuc hién lam vi du khéc theo sang ché.

Fig.6 1a gian d6 so luoc minh hoa co ché phét quang béi cac d9 rong ving cAm murc
ning luong gitta cht chu, chét pha tap huynh quang va chét pha tap huynh quang dugc
lam tré trong EML duoc tao 16p don theo phuong an thue hién lam vi du khac theo sang

r
A

ché.

Fig.7 1a hinh ct so luoc minh hoa diot phat sang hitu co theo phuong én thuc hién
lam vi du khéc theo sang ché.
Fig.8 1a hinh cit so lwge minh hoa diot phat sang hitu co theo phuong 4n thuc hién

lam vi du khéc theo séng ché.
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Fig.9 14 gian d6 so lugc minh hoa co ché phat quang bdi cac do rong ving cim mirc
ning luong gitta chit chu, chit pha tap huynh quang dugc lam tré va vat liéu huynh
quang trong EML duoc tao 16p kép theo phuong an thuc hién 1am vi du khac theo sang

ché.

Fig.10 1a hinh cit so lugc minh hoa diot phat sang hitu co theo phwong an thuc hién

lam vi du khéc theo sdng ché.

Fig.11 la gian dd so luoc minh hoa co ché phét quang bdi cac do rong ving cAm
mirc nang lugng gitta chét chu, chat pha tap huynh quang dugc lam tré va vat liéu huynh
quang trong EML dugc tao 16p ba theo phuong an thuc hién lam vi du khéc theo sdng

r
A

ché.
MG ta chi tiét sang ché
Nhitng khia canh cua sang ché s&é dugc mo ta chi tiét, cdc vi du vé céc khia canh do

duoc thé hién trén cac hinh vé& kém theo.
Hop chét hitu co

Pit phat sang hitu co (organic light emitting diode - OLED) phét anh séang khi céac
16 tréng dugce tiém vao tir cuc duong va cac dién ti duge tiém vao tu cuc am duoc két
hop dé tao thanh cac exciton trong EML va sau d6 cdc exciton ¢ trang thai kich thich
khong can béng, trd lai trang thai co ban dn dinh. Hiéu suét luong tr ngoai (external
quantum efficiency - EQE; nex) cta vt liéu phat quang dugc ap dung cho EML ¢6 thé

dugc tinh todn boi phuong trinh (1) sau:

Next = T]S/T X T X @ X nout—coupling (1)
Trong phuong trinh (1), “ns/” 1a hiéu sut sinh exciton (ti 16 nhém don/nhém ba);
“r 1a théng sb cAn bang dién tich; “®” 14 hiéu suét luong tir birc Xa; “Nout-coupling” 12 hiéu

suat tach roi.
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“ns/r”” 14 ti 1¢ bién d6i tir exciton thanh anh sang va ¢ tri s6 tdi da 1a 0,25 trong
truong hop ctia cic vat liéu huynh quang. Theo ly thuyét, khi cac dién tr gap cac 16 tréng
dé hinh thanh exciton, exciton nhém don ¢6 spin dwoc ghép cip va exciton nhém ba co
spin dugc ghép cap dugc tao ra theo ti 1€ 1a 1:3 theo céc viéc sép Xép spin. Chi exciton
nhom don trong sd cac exciton chi ¢ thé tham gia vao quy trinh phat xa trong trudng

hop cta céc vat liéu huynh quang.

Thong sb can bang dién tich “r” 1a can bang gifta cac 16 trong va cac dién tr trong
do6 tao thanh cac exciton va ndi chung la c6 tri so6 la “1” gia st theo viéc khép 1:1 la
100%. “®” la tri s0O lién quan téi hi€u suat phat quang cua cac vat liéu chiéu sang thuc té

! q : at 1€ :

va phu thude vao hién tuong phat quang cia chét pha tap trong hé chat chu-chét pha tap.

“Nout-coupling”” 12 ti 1& ctia anh sang duoc tach ra bén ngoai trong toan b anh sang
duogc phéat ra trong céc vat liéu phat quang. Khi vat li€u phat quang dang hudng duoc ling
dong nhiét trén mang mong, mdi phan tit trong cdc phén tir phat quang khong ¢ hudng
cu thé, ma tdn tai v6i céc trang thai ngdu nhién. Hiéu suit tach trong huéng ngau nhién
nay noi chung la dugc gia st la “0,2”. Theo do, khi két hop 4 thong s6 clia phuong trinh
(1) néu trén, OLED ¢6 thé thé hién hiéu suét phét quang 5% bdi gié tri toi da trong truong

hop st dung vat liéu huynh quang trong tinh trang k¥ thuat cua sang ché.

Tréi lai, cac vat lidu l1an quang sir dung co ché phat quang khac bién do6i ca cac
exciton nhém don va exciton nhom ba thanh 4nh sang. Céc vét liéu 1an quang bién dbi
cac exciton nhom don thanh cac exciton nhom ba qua viéc giao cit lién hé thong
(intersystem crossing - ISC). Do d6, ¢6 thé ting cudong hidu sudt phat quang trong truong
hop ap dung cac vat liéu 1an quang st dung ca céc exiton nhom don va céc exciton nhoém

ba trong qué trinh phat quang khi so sanh véi céc vat liéu huynh quang.

Trong truong hop s dung céc phic chit kim loai c¢6 kim loai nang nhu Ir, Pt, va
dang tuong tu 1am cac vat lidu 1an quang, c6 thé bién dbi trang thai nhém ba thanh trang
thai nhém don qua céc lién két spin-quy dao manh nho kim loai nang. Tuy nhién, cac vat

liéu 1an quang mau xanh lam trong tinh trang k¥ thuét ctia sang ché khong co du do tinh
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khiét v& mau sic cho thiét bi hién thi va thé hién tudi tho phat quang ngin, va do dé
khong dugce st dung trong cac thiét bi hién thi thuong mai.

Do d6, can phai phat trién hop chat phat quang c¢6 hiéu suat phat quang va do tinh
khiét v& mau sic duoc ting cudng, va diot phat sang chua hop chét phat quang nay. Hop
chat hitu co theo sang ché nay c6 161 anthraxen vong v6i hinh thai héa hoc rin, va it nhat
mot phan thay thé duoc lién két vao 16i anthraxen vong. Hop chét hitu co theo sang ché

¢6 thé duogc biéu dién boi cong thirc héa hoc 1 bén dudi:

Cong thirc hoa hoc 1

R1—(L)m

Trong cong thirc hoa hoc 1, mdi thanh phan trong s6 R; va Ry duoc chon mdt cach
doc 14p tir nhém chtra hydro, doteri, triti, nhom amin khong duoc thé hodc duoc thé véi
nhom thom hoac di vong thom Cs-C3zo, nhém aryl Cs-Czo khong dugce thé hodc dugc thé
véi nhom thom hodc di vong thom Cs-Cso, nhom di aryl Cs-Cso khong duge thé hoic
duoc thé véi nhom thom hodc di vong thom C4-C3o, nhom aralkyl Cs-Cso khong dugce thé
hodc duoc thé v&i nhom thom hodc di vong thom Cs4-C30, nhom di aralkyl C4-Cso khong
duoc thé hoic duoe thé v6i nhom thom hodc di vong thom Cy4-C30, nhom aryloxyl Cs-Cso
khong duogc thé hodc dugc thé voi nhom thom hodc di vong thom C4-C30 va nhom di
aryloxyl C4-C30 khong dugc thé hozc duoc thé vi nhom thom hoic di vong thom Cy-Cso,

va it nhat mot thanh phan trong s6 Ry va Ry khong phai 1a hydro, doteri va triti,
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Mbi thanh phén trong s6 L1 va Ly duge chon mot cach doc lap tir nhédm chira nhom
arylen Cs-C3o khong dugc thé hodc dugc thé voi nhém thom hodc di vong thom C4-Cso,
nhom di arylen C4-Cso khong duoce thé hodc duoc thé véi nhém thom hodc di vong thom
C4-C30, nhédm aralkylen Cs-Cszo khong dugce thé hoac duoc thé v&i nhom thom hodc di
vong thom C4-C30, nhom di aralkylen Cs4-C3o khong duogc thé hodc dugce thé véi nhom
thom hodc di vong thom Cs4-C30, nhom aryloxylen Cs-Cso khong duoc thé hodc dugc thé
v6i nhém thom hodc di vong thom C4-Cso va nhom di aryloxylen Cy-Cso khong duoc thé
hodc dugc thé véi nhom thom hodc di vong thom C4-C3o, va mdi thanh phén trong sb m

va n mot cach doc lap 1a 0 (khong) hoac 1, va

X 1a CR3R4, NRs, O hodc S. Mbi thanh phén trong s6 R; dén Rs duge chon mot
cach doc 1ap tr nhom chura hydro, doteri va triti, nhom alkyl Ci-Cz0 mach théng hodc
dugc phan nhanh, nhém aryl Cs-C3o khong duoc thé hodc duoc thé véi nhom thom hoic
di vong thom C4-C30, nhom di aryl Cs-C3p khong duoc thé hodc duoc thé véi nhom thom
hoac di vong thom C4-C3o, nhom aralkyl Cs-C3o khong duoc thé hodc duoc thé voi nhom
thom hodc di vong thom C4-C30, nhom di aralkyl C4-Cso khong duoc thé hodc duoc thé
v6i nhém thom hodc di vong thom Ca-Cso, nhém aryloxyl Cs-Cso khong dugc thé hodc
duoc thé voi nhém thom hodc di vong thom Cy4-C3o, nhém di aryloxyl C4-Cso khong duoc
thé hodc duogc thé v6i nhom thom hodc di vong thom Cs-Cso, nhém arylamin Cs-Cso
khong duoc thé hodc duogc thé véi nhom thom hodc di vong thom Cs-Csp va nhom di
arylamin C4-C30 khong duoc thé hodc duoc thé voi nhom thom hodc di vong thom Ca-

Cso.

Nhu duge st dung & day, thudt ngit “khdéng duoc thay thé” nghia 1a nguyén ti

hydro duoc lién két, va trong truong hop nay nguyén tir hydro chira proti, doteri va triti.

Nhu dugce st dung ¢ day, thudt nglr “di - hetero” dugc mo ta trong “di vong thom -

9 L¢ bR 1Y

béo - heteroalicyclic ring”, “nhom alkyl di vong - heterocyclic alkyl group”, “nhém di

9 ¢

aryl - heteroaryl group”, “nhém di aralkyl - heteroaralkyl group”, “nhom di aryloxyl -

9 <¢ bR EN44

heteroaryloxyl group”, “nhém di arylamin - heteroaryl amino group”, “nhom di arylen -

-10-
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heteroarylene group”, “nhém di aralkylen - heteroaralkylene group”, “nhom di
aryloxylen - heteroaryloxylene group”, va dang tuong tu nghia la it nhat mot nguyén tir
cacbon, vi du 1 dén 5 nguyén tir cacbon, tao thanh cic vong thom hoic vong béo duoc
thay thé v&i it nhat mot nguyén tir di vong duge chon tir nhém chira N, O, S va té hop

cta chung.

Nhom thom hodc di vong thom Cs-Cso, c6 thé duogc thay thé v6i it nhdt mot cua
nhom amin, nhom aryl Cs-Cszp, nhém di aryl C4-Cso, nhém aralkyl Cs-Csp, nhém di
aralkyl C4-C3o, nhom aryloxyl Cs-Csp, nhéom di aryloxyl Cs-Cso, nhom arylen Cs-Cso,
nhom arylamin Cs-C3p va nhom di arylamin Cs-Cso, cia Ri, Ra, R3, R4 va/hodc Rs,
va/hodc it nhdt mot cia nhom arylen Cs-Csp, nhém dj arylen C4-Cso, nhém aralkylen Cs-
C30, nhém di aralkylen Cs4-C30, nhdm aryloxylen Cs-C3o va nhom di aryloxylen Cs-Cso
ctia L1 va/hodc Lo, ¢6 thé khong dugc thé hodc duoc thé véi it nhat mot nhoém chue khéc.
Vi du, nhém thom hodc di vong thom Cs-Cso ¢6 thé duoc thay thé voi, nhung khong han
ché &, nhom alkyl Ci-Cao khong duoc thé hodc dugc thé voi nguyén tir (cic nguyén tir)
halogen, nhém (cidc nhom) cyano va’hodc nhom (cac nhom) nitro; nhom alkoxy Ci-Cao
khéong duoc thé hodc duoc thé véi nhom (cac nhém) cyano va/hodc nhém (cac nhom)
nitro; nhom alkyl halogenua nhu —CF3; nhém hydroxyl, nhom cacboxyl, nhém cacbonyl
va nhom amin, mdi thanh phan trong sé ching mét cach twong tng khong duge thé hoic
duoc thé véi nguyén tir (cdc nguyén tir) halogen, nhém (cdc nhom) cyano va/hodc nhom
(cac nhom) nitro; nhom amin dugce thay thé v6i nhom alkyl Ci-Cio; nhém amin dugc thay
thé voi nhom aryl Cs-Csp va/hodc nhém di aryl C4-Cso; nhom nitro; nhom hydrazyl; nhém
sulfonyl; nhém alkyl silyl Ci-Ca; nhém alkoxy' silyl Ci1-Cao; nhém cycloalkyl silyl Cs-
C30; nhom aryl silyl Cs-C3o; nhém aryl Cs-Cso; nhom di aryl Cs-Cso; nhom aralkyl Cs-Cso;
nhom di aralkyl C4-C30; nhom aryloxyl Cs-Cso; nhém di aryloxyl Cs-Cso; va dang tuong

tu,

Nhém thom hodc di vong thom C4-Csp ¢ thé bao gdm, nhung khong han ché o,

nhom aryl Cs-Csg, nhom di aryl Cs4-Cso, nhom aralkyl Cs-Cso, nhom di aralkyl Cs-Cso,
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nhom aryloxyl Cs-Cso, nhom di aryloxyl Cs4-C30, nhom arylamin Cs-Cso va/hodc nhém di

arylamin Cy4-Cso.

Vi dy, nhém thom hodc di vong thom Cs-Cso, ¢c6 thé tao thanh it nhit mot thanh
phan trong s6 Ri dén Rs theo cong thirc héa hoc 1 hodc dugc thay thé véi it nhat mot
thanh phan trong sé R; dén Rs cua cong thirc hoa hoc 1, mdt cach doc lap c6 thé bao
g6m, nhung khéng han ché &, nhém thom khong dugc dung hop hodc dugc dung hop
nhu phenyl, biphenyl, terphenyl, tetraphenyl, naphthyl, anthracenyl, indenyl, phenalenyl,
phenanthrenyl, azulenyl, pyreneyl, fluorenyl, tetracenyl, indacenyl hodc spiro fluorenyl,
mdi thanh phén trong ching c¢6 thé 1a nhém di vong thom khong duoc thé hodc duoc thé,
hodc khong duoc dung hop hodc dugc dung hop nhu furanyl, thiophenyl, pyrrolyl,
pyridyl, pyrimidyl, imidazolyl, pyrazolyl, oxazolyl, iso-oxazolyl, thiazolyl, iso-thiazoyl,
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, tetrazinyl, indolyl, cacbazolyl,
benzothieno cacbazolyl, quinolinyl, iso-quinolinyl, phthalazinly, quinoxalinyl, cinnolinyl,
quinazolinyl hodc salinyl khong duge thé hoic duoc thé, mdi thanh phén trong s6 chiing

c6 thé khong duogc thé hodc duge thé.

Trong trudng hop nay, khi sé cac vong thom hodc di vong thom tao thanh mot cach
twong ung 1a Ry tdi Rs trong cong thie hda hoc 1 tré nén 16én hon, thi toan bd hop chét
hitu co ¢6 thé c6 ciu truc lién hop dai sao cho dd rong ving cdm nang lugng clia né ¢
thé bi giam mot cach dang ké. Vi du, mdi thanh phan trong sé Ry t6i Rs trong cong thirc
héa hoc 1 ¢6 thé co tir 1 dén 4 vong thom, tdt hon néu 1a 1 hodc 2 vong thom. Ngoai ra,
mdi thanh phan trong s6 Ry dén Rs mot cach twong g c6 thé 1a vong 5 thanh phén, vong
6 thanh phén hodc 7 thanh phﬁn sao cho hop chét hitu co 6 thé c6 do rong tdi da tai nura

cuc dai (full width at half maximum - FWHM) hep.

Theo phuong an thuc hién 1am vi du, L1 va/Lo 12 bo phan lién két trong cong thic
héa hoc 1 ¢6 thé 1a bd phan lién két thom khong dugc thay thé hoac duoc thay thé. Vi du,
trong truong hop ma trong d6 L va/hodc Lo 1a nhém arylen Cs-Czo khong duge thay thé

hoic duogc thay thé, thi mdi thanh phén trong sd L1 va/hodc Lo mdt cach doc lap co thé
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| dugc chon tir nhom, nhung khong han ché &, phenylen, biphenylen, terphenylen,
tetraphenylen, indenylen, naphthylen, azulenlyen, indacenylen, acenaphthylen,
florenylen, spiro-fluorenylen, anthracenylen, fluoranthrenylen, triphenylen, pyrenylen,
chrysenylen, naphtacenylen, picenylen, perylenylen, pentaphenylen va hexacenylen, moi
thanh phén trong sé chung mot cach tuong tng 1a khong duoc thé hoic dugc thé voi

nhom thom hodc di vong thom Cs-Cso.

Theo phuong an thuc hién khéc, trong truong hgp ma trong do L1 va/hodc Lo [a
nhom di arylen C4-Cso khong duoc thé hodc duge thé, thi mdi thanh phan trong s6 L
va/hodc Lo co thé duge chon mdt cach doc lap tor nhém, nhung khong han ché o,
pyrrolylen, imidazolylen, pyrazolylen, pyridinylen, pyrazinlylen, pyrimidinylen,
pyridazinlylen, indolylen, iso-indolylen, indazolyelen, purinylen, quinolinylen, iso-
quinolinylen, benzo-quinolinylen, phthalazinylen, naphthyridinylen, quinoxalinylen,
quinazolinylen, benzo-iso-quinolinylen, benzo-quinazolinylen, benzo-quinoxalinylen,
cinrﬂinylen, phenathridinylen,  acridinylen,  phenanthrolinylen,  phenazinylen,
benzoxazolylen, benaimidazolylén, furanylen, benzo-furanylen, dibenzo-furanylen,
thiophenylen, benzo-thiophenylen, thiazolylen, iso-thiazolylen, benzo-thiazolylen,
oxazolylen, iso-oxazolylen, triazolylen, tetrazolylen, oxadiazolylen, triazinylen,
benzofuro-dibezno-furanylen,  benzothieno-benzo-furanylen,  benzothieno-dibenzo-
furanylen, benzo-thiophenylen, dibenzo-thiophenylen, benzothieno-benzo-thiophenylen,
benzothieno-dibenzo-thiophenylen,  cacbazolylen,  bezno-cacbazolylen,  dibenzo-
cacbazolylen, indolo-cacbazolylen, indeno-cacbazolylen, benzofuro-cacbazolylen,
benzothieno-cacbazolylen, imidazo-pyrimidinylen va imidazo-pyridinylen, mdi thanh
phan trong s6 chung mot cach twong tng 1a khong duoc thé hodc dugc thé véi nhom

thom hodc di vong thom Cs4-Cso.

Theo mot phuong an thyc hién lam vi duy, khi 36 cua céc vong thom hodc di vong
thom mot cach twong tng 1a Ly va/hodc L trd nén 16n hon thi toan bo hop chét hitu co ¢6

thé c6 cac cau trac lién hgp dai sao cho do rong vung cam nang lugng cia nd cé thé bi
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giam mot cach dang ké. Tbt hon néu, sb cac vong thom hodc di vong thom tao thanh mot
cach twong tng 14 Ly va/hodc L trong cdng thire hoa hoc 1 ¢6 thé 1 hodc 2, va tdt hon
nira néu 12 mot. Ngoai ra, mdi thanh phan trong sé L1 va/hodc Ly mét cach tuong tng c6
thé 12 vong 5 thanh phin, vong 6 thanh phin, hodc vong 7 thanh phan lién quan t6i viée
tiém dién tich va/hodc véan chuyén dién tich, va tdt hon néu 1a vong 6 thanh phén. Vi du,
mdi thanh phan trong s L1 va/hodc L, mot cach doc 1ap c6 thé 14, nhung khong han ché
0, phenylen, biphenylen, pyrrolylen, imidazolylen, pyrazolylen, pyridinylen,
pyrazinlylen, pyrimidinylen, pyridazinlylen, furanylen hodc thiophenylen khong duoc

thay thé hodc duoc thay thé.

Theo phuong &n thyc hién lam vi du, mdi thanh phan trong s6 Ry va R ¢6 thé dugc
lién két tdi vi tri -ortho, vi tri -meta hodc vi tri -para, tbt hon néu 1a vi trf meta hodc vi tri

para cua 18i anthraxen vong mdt cach truc tiép hodc thong qua bd phan lién két L1 va La.

Do hop chét hitu co duoc biéu dién boi cong thire héa hoc 1 ¢6 18i anthraxen vong
ran v& mat hinh thé, dugc lién két béi nhom amin va/hoic nhom thom hodc di vong
thom, nén né ¢6 thé ting cuong do tinh khiét vé mau sic cia né. Cu thé 13, c6 kha ning
ap dung diot phét sang hodc thiét bi lam giam dién thé didu van cta ching va ting cudng
hiéu sudt phét quang ctia ching bang cach str dung hop chét hitu co theo sang ché nay. Vi
du, hop chét hitu co theo sang ché nay co thé duge st dung lam chét pha tap cua 16p vat

li¢u phat cua diot phat sang hitu co.

Theo mdt phuong an thyc hién lam vi du, hop chét hitu co theo séng ché c6 thé 1a
hop chit hitu co ¢6 16i anthraxen vong va nhém thom hodc di vong thom dugc lién két
(duoc két nbi hodc duoc két hop) vao 161 anthraxen vong. Nhom thom hodc di vong thom
6 thé dugc lién két mot cach truc tiép to1 161 anthraxen vong hodc dugc lién két vao 15i
anthraxen vong thong qua bd phén lién két vong thom hodc di vong thom. Hop chét hitu

co nay c6 thé co cau tric sau theo cong thirc hoa hoc 2:

Cong thtrc hda hoc 2
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Theo cong thirc hoa hoc 2, mdi thanh phan trong sé Ri1 va Riz dugc chon mdt cach
doc 1ap tir nhom chtra nhoém aryl Cs-Cso khong duogc thé hodc duge thé véi nhom thom
hodc di vong thom C4-C30 va nhom di aryl Cs-Cso khong dugce thé hoac duoc thé voi
nhém thom hodc di vong thom C4-C3, mdi thanh phén trong s6 Lz va Ly duoc chon mot
cach ddc lap tr nhém chtra nhom arylen Cs-Cso khong dugce thé hodc duogc thé v6i nhom
thom hodc di vong thom Cs4-C39 va nhom di arylen C4-Cso khong duoce thé hodc duoc thé
v6i nhém thom hodc di vong thom Cs-Cso, Mi thanh ph?m trong sb ova p mdt cach doc
1ap 14 0 (khong) hodc 1, va it nhit mot trong sé o va p 1a 1. Mdi thanh phén trong s6 m, n

va X 1a gibng nhau nhu dugc x4c dinh trong céng thirc héa hoc 1.

Theo phuong 4n thuc hién lam vi du, mdi thanh phan trong s6 nhém aryl va nhém
di aryl cua Ri1 va/hodc Ris trong cong thirc hoa hoc 2 mot cach twong ting c6 thé bao
gdm nhém aryl va nhém di aryl nhu duge giai thich trong cong thirc hoa hoc 1, va mdi
thanh phén trong sé nhom arylen va nhém di arylen ctia L va/hodc L4 trong cong thire
hoa hoc 2 mét cach twong tng ¢6 thé bao gdbm nhém arylen va nhom di arylen nhu dugc
gii thich trong c6ng thirc héa hoc 1. Ngoai ra, mdt thanh phan trong s6 o va p trong cong
thirc hoa hoc 2 ¢6 thé, nhung khong han ché &, 0 (khong). Theo phuong 4n thuc hién lam
vi du, mdi thanh phén trong 36 Ri1 va Ry 6 thé duoc lién két t6i vi tri -ortho, vi tri -meta
hodc vi tri -para, tdt hon néu 1a vi tri meta hodc vi tri para trén vong sau thanh phﬁn bén
ngoai trong 16i anthraxen vong mét cach truc tiép hodc thong qua thanh phan lién két L

hodc La.
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Theo phuong an thuc hién lam vi du khac, hop chét hitu co theo sang ché c6 thé 1a
hop chét hitu co c6 151 anthraxen vong dugc lién két boi cac nhém amin thom hodc di

vong thom. Nhu hop chit hitu co ¢6 thé c¢6 ciu tric sau ctia cong thirc hoa hoc 3:

Cong thic hda hoc 3

Ro1 X
N
Ros”” N/R 23>
p

Trong cong thic hoa hoc 3, mdi thanh phﬁn trong sb Rap to1 Ros duoc chon mot
cach doc 1ap tir nhom chtra nhom aryl Cs-Cso khong duogc thé hodc duoc thé voi nhom
thom hodc di vong thom C4-C3 va nhém di aryl Cs-Cso khong duoc thé hodc duoc thé
v6i nhom thom hodc di vong thom Cs-Cso. Mi thanh phén trong s6 o va p mdt cach doc
1ap 14 0 (khong) hoac 1, va it nhat mot trong sb o va plal.X1a giéng nhau nhu duoc xac

dinh trong cong thirc hda hoc 1.

Theo phuong an thuc hién lam vi du, mdi thanh phan trong s6 nhom aryl va nhom
di aryl ctia Ro1 dén Raq trong cong thire hoa hoc 3 mdt cach twong tng c6 thé chira nhom
aryl va nhom di aryl nhu duogc giai thich trong cong thirc hoa hoc 1. Ngoai ra, mot thanh
phan trong s6 o va p trong cong thirc hoa hoc 3 c6 thé, nhung khong han ché o, 0
(khong). Theo phuong 4n thuc hién 1am vi du, mdi thanh phan trong s6 nhom amin duoc
thay thé voi nhom thom hodc di vong thom co thé duoc lién két vao vi tri -ortho, vi tri

meta hodc vi tri para, tot hon néu la vi tri meta hodc vi tri para cta 16i anthraxen vong.

Nhu 1a m6t vi du, mdi thanh phan trong sé Ri1 va Rya trong cong thirc héa hoc 2 ¢6

thé chua imidazolyl va thizaolyl mdi thanh phin trong s6 chung khong duoc thé hoic
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dugc thé véi phenyl va mdi thanh phén trong sb Ro1 dén Raa trong cong thirc hoa hoc 3 ¢6
thé bao gdm phenyl. Cu thé, hop chit hitu co theo sang ché c¢o thé co mot trong cac cdu

tric sau cta cong thirc hoda hoc 4:

Cong thirc hoa hoc 4

Hop chit 1 ~Hop chit 2 Hop chit 3

Hop chét 7 Hop chit 8 Hop chét 9
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Hop chit 19 Hop chat 20 Hop chat 21
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Hop chit 22 Hop chit 23 Hop chat 24

Hop chét 28 Hop chat 29 Hop chat 30

Hop chat 31 Hop chat 32 Hop chat 33
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Hop chat 43 Hop chat 44  Hop chat 45
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Hop chiit 46 Hop chit 47

MBbi hop chit trong cac hop chit hitu co dugc biéu didn bai cdc cong thirc hda hoc 2 t6i 4
néu trén co6 161 anthraxen vong ran dugc tao thanh duoc lién két boi cac nhom thom hodc
di vong thom hodc cdc nhém amin dugc thay thé v&i cac nhém thom hodc di vong thom.
Mbdi hop chét trong céac hop chét hiru co ¢6 do tinh khiét vé mau sdc duoc cai thién va ¢o
thé duoc st dung lam hop chét phat quang dé cai thién hiéu suat phat quang ctia diot phét

sang hitu co hodc thiét bi phat sang hitu co.
[Diot va thiét bi phat séng hitu co]

Nhu duoc giai thich & trén, hop chét hitu co dugc biéu dién boi cic cong thirc hda
hoc tir 1 dén 4 ¢6 thé duoc 4p dung cho 16p vat lidu phat cia diot phét séng hitu co ¢6 dd
tinh khiét v& mau sic cao, dién thé didu van thip va hidu sudt phét quang cao. Diot phat
sang hitu co theo sang ché ¢6 thé duoc ap dung cho thiét bi phat sang hiru co nhu thiét b
hién thi phat sang hiru co va thiét bi phat sang hitu co. Thiét bi hién thi c¢6 diot phat sang
hitu co theo sang ché s& dugc giai thich. Fig.1 1a hinh cit so luoc minh hoa thiét bi hién
thi phat sdng hitu co theo sang ché.

Nhu dugc minh hoa trén Fig.1, thiét bi hién thi phét sang hitu co 500 chira dé 502,
tranzito mang mong Tr trén dé 502, va diot phat sang hitu co 600 dugc két ndi toi tranzito
mang mong Tr.

DPé 502 co thé chua, nhung khong han ché o, thiy tinh, vat li¢u mém déo, mong
va/hodc cac nhya polyme. Vi dy, vat liéu mém déo c6 thé duoc chon tir nhém, nhung
khong han ché &, polyimid (PI), polyetersulfon (PES), polyetylennaphtalat (PEN),
polyetylene terephtalat (PET), polycacbonat (PC) va td hop cua ching. Tranzito mang
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moéng Tr, va dé 502, ma diot phat sang hitu co 600 dugc sip xép qua do, tao thanh dé

dang mang.

Lép bo dém 504 co thé duoc b tri qua dé 502, va tranzito mang méng Tr duoc bd

tri qua 16p bo dém 504. Lép dém 504 nay co6 thé duoc luge bo.

L6p ban dan 510 duoc bo tri qua 16p bd dém 504. Theo mdt phuong an thuc hién
lam vi du, 16p ban din 510 c6 thé chira c4 vét lidu ban dan oxit. Trong truong hop nay,
mau chin sang (khong duoc thé hién) c6 thé duoc bd tri bén dudi 16p ban dan 510, va
mau chin sang (khong dwoc thé hién) c6 thé ngan can dnh sang khoi di t6i 16p ban dan
510, va nho d6, ngan can viéc 16p ban dan 510 khoi bi lam héng do 4nh séang. Theo cach
khac, 16p ban dan 510 c6 thé bao gdm, nhung khong han ché ¢, silic da tinh thé. Trong

trudng hop nay, cac g dbi dién ciia 16p ban dan 510 co thé duge pha tap véi cac tap chét.

Lép cach ly cong 520 dugce tao thanh tir vat liéu cach ly dugc bb tri trén 16p ban dan
510. L6p cach ly cong 520 c6 thé chira vat liéu cach ly vo co nhu silic oxit (SiOx) hodc
silic nitrit (SiNy).

bién cuc céng 530 duoc tao thanh tir vét liéu dan nhu kim loai duoc b tri qua lép
cach ly c¢bng 520 dé twong mg véi trung tim ctia 16p bén dan 510. Trong khi 16p cach ly
cdng 520 duoc bb tri qua toan bd dién tich cla dé 502 trén Fig.1, 16p céach ly cong 520 ¢6

thé duoc tao mau giéng nhu dién cuc cong 530.

L(’)’p cach ly lién 16p 540 duogc tao thanh tir vat liéu cach ly duoc bd tri trén dién cuc
cbng 530 voi viée che phi toan bd bé mat cia dé 502. Ldp cach ly lién 16p 540 ¢6 thé
chtra vt liéu cach ly vo co nhu silic oxit (SiOy) hodc silic nitrit (SiNx), hodc vat liéu cach
ly hitu co nhu benzocyclobuten hodc photo-acryl.

Lép céch ly lién 16p 540 c6 cac 18 tiép xtic 16p ban dan thir nhét va 1¢p ban dan tha
hai 542 va 544 phoi cac canh ctia 16p ban dan 510 ra. Céc 15 tiép xtc 16p ban dan thir
nhét va 16p ban dan tht hai 542 va 544 dugc bd tri qua céac canh dbi dién cua dién cuc

cdng 530 v6i viée tach biét khoi dién cuc cdng 530. Céc 18 tiép xuc 16p ban dan thir nhat
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va 16p ban din tht hai 542 va 544 duoc tao thanh ndm trong 16p cach ly cong 520 trén
Fig.1. Theo cach khac, cac 15 tiép xtc 16p ban din thir nhat va 16p ban dan tht hai 542 va
544 duoc tao thanh chi trong 16p cach ly lién 16p 540 khi 16p cach ly cong 520 duoce tao

mau giong nhu dién cuc cong 530.

bién cuc nguén 552 va dién cuc mang 544, duoc tao thanh tr vat liéu din nhu kim
loai, duoc bb tri trén 16p cach ly lién 16p 540. Dién cuc ngu@)n 552 va dién cuc mang 544
duoc dat tach biét khoi nhau so vai dién cuc céng 530 va tiép xuc ca hai canh cda 16p ban
dan 510 mot cach tuong tng qua cac 13 tiép xtic 16p ban dan thir nhat va 16p ban dan thw

hai 542 va 544.

Lép ban dan 510, dién cuc céng 530, dién cuc nguén 552 va dién cuc mang 554 tao
thanh tranzito mang moéng Tr, von hoat dong nhu thanh phan diéu véan. Tranzito mang
moéng Tr trén Fig.1 ¢6 cdu tric dong phang trong d6 dién cuc cong 530, dién cuc ngudn
552 va dién cuc mang 554 duoc b tri qua 16p ban din 510. Theo cach khac, tranzito
mang mong Tr c6 thé ¢ cdu tric dugc dit so le ddo ngugc ma trong d6 dién cuc cong
duoc b tri bén dudi 16p ban dan va céc dién cuc nguén va dién cuc mang dugc b6 tri bén

trén 16p ban dan. Trong trudng hop nay, 16p ban dan c6 thé chia silic vo dinh hinh,

Maic du khoéng dugce thé hién trén Fig.1, nhung duong céng'va duong dir licu, cit
nhau dé xac dinh ving diém anh, va thanh phén chuyén mach, von duoc két ndi toi
dudng cdng va dudng dir liéu, c6 thé con duoc tao thanh trong viing diém anh. Thanh
phan chuyén mach duoc két ndi toi tranzito mang mong Tr, von 13 thanh phan diéu van.
Ngoai ra, duong cdng suit duoc dat tich biét va song song véi dudng cdng hodc duong
dir liéu, va tranzito mang méng Tr c¢o thé con chira tu tich trit duge dinh céu hinh dé gitr
dién thé cua dién cuc cong khong ddi cho mot khung.

Ngoai ra, thiét bi hién thi phat sang hitu co 500 c6 thé chira bo loc mau (khong
duowcj thé hién) dé hip thu mot phan ciia anh sang duge phat ra tir diot phat sang hitu co
600. Vi du, bd phén loc mau (khong duogc thé hién) c6 thé hap thu anh sdng c6 budc séng

cu thé nhu mau dé (red - R), mau xanh luc (green - G) hodc mau xanh lam (blue - B).
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Trong trudng hop nay, thiét bi hién thi phat sang hiru co 600 c6 thé tao ra diy d cac mau

sdc qua bo phan loc mau (khong duoc thé hién).

Vi duy, khi thiét bi hién thi phat sang hitu co 500 1a loai phat xa day, thi bd phan loc
mau (khong duoc thé hién) c6 thé duge bd tri trén 16p cach ly lién 16p 540 véi viéc tuong
g v6i diot phat sang hiru co 600. Theo cach khac, khi thiét bi hién thi phat séng htu co
500 1a loai phat xa dinh, thi bd phén loc mau (khong dugc thé hién) c6 thé duge bd tri
trén diot phat sang hitu co 600, nghia la, dién cuc thu hai 620.

Lép thu dong 560 duoc b tri trén cac dién cuc nguén va dién cuc mang 552 va 554
qua toan bo dé 502. Lop thu dong 560 cé bé mat trén phing va co 15 tiép xtc mang 562
phoi dién cuc mang 554 cua tranzito mang mong Tr ra. Trong khi 16 tiép xuc mang 562
duge bd tri trén 13 tiép xuc 16p ban dan tht hai 554, n6 ¢ thé duoc dat tich khoi 18 tiép

xtc 16p ban dan tha hai 554,

Diot phat sang hitu co 600 chtra dién cuc thu nhét 610 duoc bd tri trén 16p thu dong
560 va duoc két ndi t6i dién cuc mang 554 cia tranzito mang méng Tr. Diot phét sdng
hitu co 600 con chira 16p phat 630 va dién cuc tht hai 620 mdi thanh phan trong s6 ching

duoc bé tri lién tiép trén dién cuc thi nhat 610.

Dién cuc thi nhat 610 duogc bd tri trong tirng vung diém anh. Dién cuc thu nhét 610
¢6 thé 1a cuc duong va chira vat liéu dan c6 tri sb cong thoat tuong dbi cao. Vi du, dién
cuc thit nhat 610 c6 thé chua, nhung khong han ché ¢, vat liéu dan trong sudt nhu indi
thiéc oxit (ITO), indi kém oxit (IZO), indi thiéc kém oxit (ITZO), SnO, ZnO, indi cesi
oxit (ICO), k&m oxit dugc pha tap nhdm (AZO), va dang tuong tu.

Theo mdt phuong an thuc hién lam vi du, khi thiét bi hién thi phat sang hitu co 500
la loai phat xa dinh, dién cuc phan xa hodc 16p phan xa (khong dugc thé hién) c6 thé
duoc bd trf bén dudi dién cuc thu nhét 610. Vi du, dién cuc phéan xa hodc 16p phan xa
(khong duogc thé hién) c6 thé chira, nhung khong han ché ¢, hop kim nhom-paladi-copper
(APC).
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Ngoai ra, 16p bo ngin 570 duoc bd tri trén 16p thu dong 560 dé che phii cac go cua

dién cuc thtr nhat 610. Lép bd ngdn 570 phoi trung tAm cua dién cuc thi nhit 610 ra.

Lép phat 630 duge bd tri trén dién cuc thir nhit 610. Theo mdt phuong an thuc hién
lam vi du, 16p phat 630 c6 thé c6 clu tric duoc tao 16p don cia 16p vat liéu phat. Theo
cach khac, 16p phat 630 ¢6 thé ¢ cu tric duge tao dang da 16p cua 16p tiém 15 trdng, 16p
van chuyén 16 tréng, 16p chan dién tu, 16p vat liéu phat, 16p chan 15 tréng, 16p van chuyén
dién t& va’/hoac 16p tiém dién t& (xem cac hinh v€ Fig.2, Fig.4, Fig.7, Fig.8 va Fig.10).
L6p phat 630 chira hop chét hitu co duge biéu didn boi cong thirc bit ky trong s cac
cdng thirc hoa hoc tir 1 t6i 4. Vi du, hop chat hitu co duoc biéu dién boi cong thire bat ky
trong sb cac cong thirc hoa hoc tir 1 t6i 4 ¢6 thé duge sir dung lam chét pha tap cia 1op

phat 630, va 16p phat 630 c6 thé chira chit chti va cac chét pha tap khéc.

Dién cuc thir hai 620 dugc bb tri qua dé 502 ma 16p phat 630 duoc bb tri trén do.
Dién cuc thtr hai 620 c¢6 thé dwoc bd tri qua toan bo ving hién thi va c6 thé chtra vat ligu
dan c6 tri sb cong thoat tuong dbi thép khi so sanh v&i dién cuc thtr nhit 610. Pién cuc
tha hai 620 c6 thé 14 cuc 4m. Vi du, dién cuc thtr hai 620 c6 thé chua, nhung khong han
ché &, nhom (Al), magie (Mg), canxi (Ca), bac (Ag), hop kim ctia chiing hodc td hop cta
chung nhu hop kim nhom-magie (Al-Mg).

Ngoai ra, mang bao boc 580 ¢6 thé duoc bd tri qua dién cuc thi hai 620 dé ngan
can hoi 4m tir bén ngoai khoi xAm nhép vao trong diot phat sing htu co 600. Mang bao
boc ¢6 thé cé, nhung khdong han ché &, chu tric duoc can cia mang cach ly vo co thr

nhat 582, mang cach ly hitu co 584 va mang cach ly vo co thit hai 586.

L6p phét 630 cua diot phéat sang hitu co 600 c6 thé chtra hop chit hitu co dugc bidu
din boi cong thirc bét ky trong s6 cac cong thirc hoa hoc tir 1 t&i 4 lam chét pha tap, nhu
duge mo ta & trén. Hop chit hitu co nay co 161 anthraxen vong rén va it nhit mét thanh
phén trong s& nhém (cic nhém) thom hodc di vong thom va/hodc nhém (cdc nhénm)

amin duoc lién két véi 161 anthraxen vong. C6 thé san xudt di6t phat sang hitu co 600 va
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thiét bi hién thi phat sang hiru co ¢6 thé ting cudng dé tinh khiét vé mau sic va hiéu suét

phét quang cua chung cling nhu lam giam dién thé di€u van cua chung.

Fig.2 1 hinh cét so luge minh hoa diot phat sdng hitu co ¢ hop chét hiru co 1am
chét pha tap huynh quang trong EML don theo phuong 4n thuc hién lam vi du theo sang

14
A

ché.

Nhu dugc minh hoa trén Fig.2, diot phat sang hitu co (OLED) 100 theo phuong an
thuc hién lam vi du theo sang ché chtra cac dién cuc thi nhét va dién cuc tht hai 110 va
120 quay mdt vao nhau, 16p phéat 130 dugc bd tri gifta cac dién cuc thu nhét va dién cuc
thtr hai 110 va 120. Theo mdt phuong an thuc hién lam vi du, [6p phat 130 chura 16p ti€ém
16 tréng (hole injection layer - HIL) 140, 16p vén chuyén 13 tréng (hole transport layer -
HTL) 150, 16p vt liéu phat (emitting material layer - EML) 160, 16p van chuyén dién tir
(electron transport layer - ETL) 170 va 16p tiém dién t& (electron injection layer - EIL)

180 mdi 16p trong s6 ching duge can lién tiép tir dién cuc thi nhat 110.

Dién cuc thtr nhit 110 ¢6 thé 1a cuc dwong cung cép 16 trbng vao trong EML 160.
Nhu duoc mé ta & trén, dién cuc thir nhét 110 ¢6 thé chua vat liéu dan co tri s6 cong thoat
tuong d6i cao, vi du, oxit din trong sudt (transparent conductive oxide - TCO). Theo
phuong an thuc hién lam vi du, dién cuc thu nhét 110 c6 thé chira, nhung khong han ché

ITO, 170, ITZ0O, SnO, ZnO, ICO, AZO, va dang tuong tu.

Pién cuc tha hai 120 ¢6 thé cuc 4m cung cép dién tir vao trong EML 160. Nhu duoc
mo ta & trén, dién cuc tha hai 120 c6 thé chtra vt liéu dan co céc tri ) cong thoat twong
dbi thép, tire 14, vat liéu phan xa cao nhu Al, Mg, Ca, Ag, cac hop kim cua chung, td hop
cua chung, va dang tuong tu.

HIL 140 duge bd tri gitta dién cuc thir nhit 110 va HTL 150 va cai thién tinh chat
giao dién gitta dién cuc thu nhat vo co 110 va HTL hitu co 150. Theo mot phuong én
thuc hién lam vi du, HIL 140 c6 thé chua, nhung khong han ché o, 4,4°4”-Tris(3-
metylphenylamino)triphenylamin (MTDATA), 4,4° 4”-Tris(N,N-diphenyl-
amino)triphenylamin (NATA), 4,4’ 4-Tris(N-(naphtalen-1-yl)-N-phenyl-
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amino)triphenylamin (1T-NATA), 4,4’ 4>-Tris(N-(naphtalen-2-yl)-N-phenyl-
amino)triphenylamin (2T-NATA), dong phtalocyanin (CuPc), Tris(4-carbazoyl-9-yl-
phenyl)amin (TCTA), N,N’-diphenyl-N,N’-bis(1-naphthyl)-1,1’-biphenyl-4,4”-diamin
(NPB; NPD), 1.4,5,8,9,11-Hexaazatriphenylenhexacacbonitril (Dipyrazino[2,3-f:2°3’-
h]quinoxalin-2,3,6,7,10,11-hexacacbonitril; HAT-CN), 1,3,5-tris[4-
(diphenylamino)phenyl]benzen (TDAPB), poly(3,4-etylenedioxythiphene)polystyren
sulfonat (PEDOT/PSS) va/hodc N-(biphenyl-4-yl1)-9,9-dimetyl-N-(4-(9-phenyl-9H-
cacbazol-3-yl)phenyl)-9H-fluoren-2-amin. HIL 140 c6 thé bi bé qua phﬁ hop voi cdu tric
cta OLED 100.

HTL 150 duogc bd trf 1ién k& véi EML 160 gitra dién cuc tht nhat 110 va EML 160.
Theo mdt phuong an thuc hién lam vi du, HTL 150 ¢6 thé chtra, nhung khong han ché ¢,
N,N’-diphenyl-N,N’-bis(3-metylphenyl)-1,1’-biphenyl-4,4’-diamin (TPD), NPB, 4.,4°-
bis(N-cacbazolyl)-1,1’-biphenyl (CBP), Poly[N,N’-bis(4-butylpnehyl)-N,N’-bis(phenyl)-
benzidin] (Poly-TPD), Poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(4,4’-(N-(4-sec-
butylphenyl)diphenylamin))] (TFB), Di-[4-(N,N-di-p-tolyl-amino)-phenyl]cyclohexan
(TAPC), N-(biphenyl-4-yl1)-9,9-dimetyl-N-(4-(9-phenyl-9H-cacbazol-3-yl)phenyl)-9H-
fluoren-2-amin va/hoac N-(biphenyl-4-y1)-N-(4-(9-phenyl-9H-cacbazol-3-
yl)phenyl)biphenyl-4-amin.

EML 160 c6 thé chta chét cht va chat pha tap. Theo phuong an thuc hién lam vi du
nay, EML 160 c6 thé chtra chat chu (chit chu thir nhat) va hop chét hitu co duge biéu
didn boi cong thirc bét ky trong sb cac cong thire hoa hoc tir 1 téi 4 lam chét pha tap
huynh quang (chit pha tap huynh quang thtr nhat). EML 160 c6 thé chta chét pha tap
huynh quang buéi luong tir khoang 1 tdi khoang 50% theo khéi luong va co thé phat mau

xanh lam.

Chét chi cia EML 160 c6 thé, nhung khong han ché &, 9-(3-(9H-cacbazol-9-
yl)phenyl)-9H-cacbazol-3-cacbonitril (mCP-CN), CBP, 3,3’-bis(N-cacbazolyl)-1,1’-
biphenyl (mCBP), 1,3-Bis(cacbazol-9-yl)benzen (mCP), Oxybis(2,1-
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phenylen))bis(diphenylphotphin oxit (DPEPO), 2,8-
Bis(diphenylphosphoryl)dibenzothiophen (PPT), 1,3,5-Tri[(3-pyridyl)-phen-3-yl]benzen
(TmPyPB),  2,6-Di(9H-cacbazol-9-yl)pyridin  (PYD-2Cz),  2,8-di(9H-cacbazol-9-
yl)dibenzothiophen (DCzDBT), 3°,5‘-Di(cacbazol-9-yl)-[1,1°-bipheyl]-3,5-dicacbonitril
(DCZzTPA), 4°-(9H-cacbazol-9-yl)biphenyl-3,5-dicacbonitril  (pCzB-2CN),  3°-(9H-
cacbazol-9-yl)biphenyl-3,5-dicacbonitril (mCzB-2CN), diphenyl-4-triphenylsilylphenyl-
photphin oxit (TPSO1), 9-(9-phenyl-9H-cacbazol-6-yl)-9H-cacbazol (CCP), 4-(3-
(triphenylen-2-yl)phenyl)dibenzo[b,d]thiophen, 9-(4-(9H-cacbazol-9-yl)phenyl)-9H-3,9’-
bicacbazol, 9-(3-(9H-cacbazol-9-yl)phenyl)-9H-3,9’-bicacbazol  va/hodc  9-(6-(9H-
cacbazol-9-yl)pyridin-3-y1)-9H-3,9’-bicabazole.

Cu thé, chét chi c6 thé duoc sit dung trong EML 160 c6 thé chira, nhung khong han
ché &, mot thanh phan trong s6 H1 dén H5 duoc biéu dién boi cau tric sau theo cong

thuc hda hoc 5:
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Trong truong hop ndy, mic ning lugng nhém don cua trang thai kich thich Si!
va/hodc muc nang lwong nhém ba cua trang thai kich thich T'y ctia chét chii 1a cao hon
muc nang lugng nhom don cua trang thdi kich thich $i¥P va/hodc mtc ning lugng nhom

ba clia trang thai kich thich Ti¥® cta chat pha tap huynh quang thtr nhét (xem, Fig.3).
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ETL 170 va EIL 180 duoc can mot cach lién tiép gitta EML 160 va dién cuc thu
hai 120. ETL 170 chuta vat liéu ¢6 d¢ linh dong cua dién tir cao dé tao ra do én dinh cua

cac dién tir vo1 EML 160 bdi viéc van chuyén dién tir nhanh.

Theo mot phuong an thuc hién lam vi du, ETL 170 c6 thé chua, nhung khong han
ché &, cac hop chit gbc oxadiazol, cac hop chét gdbc triazol, cac hop chit gdc
phenanthrolin, cac hop chat gc benzoxazol, cac hop chét gde benzothiazol, cac hop chét

gbc benzimidazol, cac hop chét gde triazin, va dang twong tur.

Vi du, ETL 170 ¢6 thé chua, nhung khong han ché ¢, tris-(8-hydroxyquinolin nhém
(Alg3), 2-biphenyl-4-yl-5-(4-t-butylphenyl)-1,3,4-oxadiazol (PBD), spiro-PBD, liti
quinolat (Liq), 1,3,5-Tris(N-phenylbenzimidazol-2-yl)benzen (TPBi), Bis(2-metyl-8-
quinolinolato-N1,08)-(1,1’-biphenyl-4-olato)nhom (BAlq), 4,7-diphenyl-1,10-
phenanthrolin (Bphen), 2,9-Bis(naphtalen-2-yl)4,7-diphenyl-1,10-phenanthrolin
(NBphen), 2,9-dimetyl-4,7-diphenyl-1,10-phenathrolin (BCP), 3-(4-Biphenyl)-4-phenyl-
5-tert-butylphenyl-1,2,4-triazole ~ (TAZ), 4-(Naphthalen-1-yl)-3,5-diphenyl-4H-1,2,4-
triazole (NTAZ), 1,3,5-Tri(p-pyrid-3-yl-phenyl)benzen (TpPyPB), 2,4,6-Tris(3’-(pyridin-
3-yl)biphenyl-3-y1)1,3,5-triazin (TmPPPyTz), Poly[9,9-bis(3’-((N,N-dimetyl)-N-
etylamoni)-propyl)-2,7-floren]-alt-2,7-(9,9-dioctylfloren) | (PFNBrY) va/hodc
tris(phenylquinoxalin) (TPQ).

EIL 180 dugc b tri gitra dién cuc thit hai 120 va ETL 170, va c6 thé cai thién cac
tinh chét vat ly ctia dién cuc thi hai 120 va do dé, ¢6 thé lam giam tudi tho cia OLED
100. Theo mdt phuong an thuc hién lam vi du, EIL 180 c¢6 thé chta, nhung khong han
ché &, kiém halogenua nhu LiF, CsF, NaF, BaF, va dang tuong tu, va/hodc hop chéit kim
loai hitu co nhu liti benzoat, natri stearat, va dang tuong tu.

Theo mdt phuong an thuc hién lam vi dy, khi EML 160 chira chit chi va chit pha
tap huynh quang tht nhat c6 thé hop chét hitu co duge bidu dién boi cong thirc bat ky
trong s6 cac cong thirc hoa hoc tir 1 téi 4, can thiét dé diéu chinh mic ning luong nhom

don ctia céac trang thai kich thich va/hoac cac muc nang lugng nhém ba cua trang thai
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kich thich gitta chit cht va chit pha tap huynh quang thi nhat. Fig.3 14 gian d6 so luoc
minh hoa co ché phat quang béi do rong viing cAm muc niang luong gitta chat chu va chat

pha tap huynh quang trong EML don theo phuong 4n thuc hién lam vi du theo sang ché.

Nhu dugc minh hoa trén Fig.3, mdi mirc trong mirc ning lwong nhém don clia trang
thai kich thich Si¥ va muc nang luong nhom ba ctia trang théi kich thich T1" ctia chét chu
12 cao hon muc nang luong nhom don ciia trang thai kich thich Si¥P va mitc nang luong
nhom ba cta trang thai kich thich T1™ cta chat pha tap huynh quang tht nhat, mot cach
twong Ung, sao cho ndng luong exciton dugce sinh ra trong chét chii ¢6 thé truyén toi chat
pha tap huynh quang thir nhit. Theo mot phuong n thure hién lam vi du, khoang giéi han
bude song phat xa ctia chit chu ¢ thé chong 14n nhidu hon véi khoang gisi han budc
song hép thu cta chét pha tap huynh quang thi nhét sao cho ning lugng exciton c6 thé

truyén mot cach hiéu qua tir chit chu t6i chat pha tap huynh quang tha nhit.

Do EML 160 chtra hop chit hitu co dwoc biéu dién béi cong thirc bét ky trong s6
cac cdng thire hoa hoc tur 1 t6i 4, c6 161 anthraxen ran duoc lién két boi nhém amin duoc
thay thé v6i nhom thom hodc di vong thom va/hodc boi nhém thom hodc di vong thom,
lam chét pha tap huynh quang, nén do tinh khiét vé mau sic ctia n6 ¢6 thé duge cai thién.
Ngoai ra, c6 kha nang l1am giam dién thé didu van va cai thién hiéu suét phat quang va

tudi tho cia OLED 100 stt dung chat pha tap huynh quang 6n dinh vé mat ciu truc.

Mic du EML 160 chi chita chét chu va chét pha tap huynh quang trong phuong én
thuc hién néu trén, nhung EML ciing ¢6 thé c6 hai hodc hon hai chét pha tap. Fig.4 la
hinh ¢t so luge minh hoa OLED c¢6 chit chu, vat lidu huynh quang dugc lam tré lam
chét pha tap thi nhét, va hop cht hitu co duoc biéu dién béi cong thire bat ky trong sd
cac cong thirc hoa hoc tir 1 t6i 4 lam chat pha tap thi hai trong EML don theo phuong an
thuc hién lam vi du khéc theo sang ché. Nhu duoc minh hoa trén F ig.4, OLED 100A theo
phuong an thuc hién lam vi du khéac theo sang ché chira cac dién cuc thir nhét va dién cuc
thir hai 110 va 120 quay mat vao nhau va 16p phét 130a dugc b tri gitta cac dién cuc thir

nhét va dién cuc tht hai 110 va 120.
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Theo mdt phuong an thuc hién lam vi dy, 16p phat 130a c6 thé chtra HIL 140, HTL
150, EML 160a, ETL 170 va EIL 180 mdi thanh phan trong s6 ching duoc can lién tiép

tir dién cuc thi nhét 110.

Theo phuong 4n thuc hién nay, EML 160a c6 thé chira chit chu (chét chii thir nhat),
chat pha tap thtr nhit va chit pha tap thir hai. Chét pha tap thi nhat ¢6 thé 1a chat pha tap
huynh quang dugc lam tré (T dopant) nhu chat pha tap huynh quang dugc lam tré dugc
kich hoat b&i nhiét, va chét pha tap thir hai c6 thé chét pha tap huynh quang (chét pha tap
F). Vi du, hop chét hiru co duoc biéu din boi cong thire bat ky trong sé cic cong thirc
hoa hoc tir 1 t&i 4 ¢6 thé duoc st dung lam chat pha tap tha hai. Khi EML 160a con chira
chét pha tap huynh quang dugc lam tré 1am chét pha tap thir nhat, c6 thé 4p dung OLED
100A céi thién hiéu sudt phat quang mot cach dang ké bing cach didu chinh céc mirc

nang luong gitta chat chi va cic chat pha tap.

Huynh quang duoc lam trén c6 thé dugce phan loai than huynh quang dwgc lam tré
dugc kich hoat bdi nhiét (thermally activated delayed fluorescence - TADF) va huynh
quang duoc lam tré duoc kich hoat boi truong (field activated delayed fluorescence -
FADF). Exciton nhém ba cé thé duoc kich hoat béi nhiét hodc bdi dién truong trong
huynh quang duoc lam tré sao cho siéu huynh quang nim ngoai hiéu sut phat quang tbi

da boi vat liéu huynh quang truyén théng c6 thé duge tao ra.

Do céc exciton nhém ba nam trong vat liéu huynh quang duogc lam tré co thé duoc
kich hoat bdi nhié€t hodc dién truong dugce sinh ra trong subt qué trinh diéu van diot nén
cac exciton nhéom ba co6 thé duoc tham gia vao trong cac qua trinh phét xa, nhu dugc
minh hoa trén Fig.5, 1a gian dd so lwgc thé hién co ché phat quang cta vat liéu huynh
quang duoc lam tré trong EML theo phurong 4n thuc hién 1am vi du khac theo sang ché.

Do vét liéu huynh quang dugc lam tré thuong c6 cd mot nita bd phan cho dién tr va
mdt nira bd phan nhén dién ti nén né c6 thé duge bién ddi thanh trang théi truyén dién
tich ndi phan t& (intramolecular charge transfer - ICT). Trong truong hop st dung vét

liéu huynh quang duogc lam tré, vén c6 thé dugc bién doi thanh trang thai ICT, 1am chét
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pha tap, ca cac exciton c¢6 muc ndng lugng nhom don S; va cac exciton c6 muic nang
luong nhém ba Ty ¢6 thé di chuyén téi trang thai mic ning luong trung gian, tic 12 trang
thai ICT, va sau d6 cac exciton duge tao trang théi trung gian ¢6 thé dugc truyén ti trang
thdi co ban (So; S1 = ICT € T). Do ¢4 cac exciton muc ning lwgng nhom don Si va cac
exciton ¢6 muc ning lugng nhom ba T trong vat liéu huynh quang duge lam tré déu
tham gia vao trong quy trinh phét xa nén vat liéu huynh quang duoc lam tré c6 thé cai

thién hiéu suét lugng tr ndi va hiéu sut phat quang.

Do ¢4 qu§ dao phén tir bi chiém cao nhét (Highest Occupied Molecular Orbital -
HOMO) va quy dao phéan tir khong bi chiém thap nhat (Lowest Unoccupied Molecular
orbital - LUMO) déu duogc phan bb rong rai qua toan b phan tu nam trong vat li¢u
huynh quang chung, nén né khong kha thi dé bién d6i lién thong gitta mic ning luong
don va mac nang lugng nhom ba nam trong n6 (quy tic chon lwa). Trai lai, do vat li¢u
huynh quang duge lam tré, ¢6 thé duoc bién déi thanh trang thai ICT, c6 it qu§ dao chong
lan gitta HOMO va LUMO, nén c6 it twong tdc gilta qu¥ dao phén tu trang thai HOMO
va quy dap phén tir trang thdi LUMO nam trong vat liéu huynh quang dugc lam tré. Két
qua la, cac thay dbi cta céc trang thai spin ciia cac dién tir khong c6 anh hudng 1én cac
dién tr khéac, va bang truyén dién tich (charge transfer band - CT band) méi khong theo

quy tac chon loc dugc hinh thanh trong vat li¢éu huynh quang dugc lam tré.

No6i cach khac, do vat liéu huynh quang dugc lam tré c6 mdt nira bd phan nhan dién
tir tach biét khoi mot nita b phan cho dién tu nam trong mot phan tir, nén tdn tai trang
thai bi phan cuc c6 mémen ludng cuc 1én ndm trong phén tir. Do tuong tac gitta quy dao
phéan tt HOMO va qu¥ dao phan t&d LUMO tré nén nhd véi trang thai duge phén cuc cia
momen ludng cuc nén ca cac exciton muc nang lugng nhém ba va cdc exciton mac nang
lugng nhém don déu c6 thé duoc bién ddi thanh trang thai ICT. Do do, ca céc exciton co
muc nang lugng nhoém ba Ty cling nhu céc exciton c6 mic nang lugng nhém don S; ¢o

thé tham gia vio trong qué trinh phat xa.
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Trong truong hop cua viée diéu van diot chtra vat lidu huynh quang duoc lam tré,
25% exciton ¢c6 mtrc ndng luong nhom don Si va 75% exciton ¢6 muc nang luong nhom
ba Ti duoc bién ddi thanh trang thai ICT bai nhiét hodc dién trudong, va sau do cac
exciton duoc bién ddi chuyén t6i trang thai co ban So véi viéc phat quang. Do d6, vat liu

huynh quang dugc lam tré ¢6 thé c¢6 hiéu sudt luong tir ndi 1a 100% theo Iy thuyét.

Vit liéu huynh quang dwoc 1am tré phai ¢6 do rong ving cdm AEst™ bang véi hodc
nho hon khoang 0,3 eV, vi du, tr khoang 0,05 t6i khoang 0,3 eV, gilta muc nang luong
nhom don S; va mic nang Iugng nhom ba Ty sao cho ndng lugng exiton trong cd murc
nang lugng nhém don va mic nang luong nhém ba c¢é thé duge truyén téi trang thai ICT.
Vit liéu c6 mic nang luong do rong ving cidm nhé gitra mirc ning lugng nhém don Sy va
murc nang luong nhém ba Ty ¢6 thé thé hién viéc huynh quang chung véi viée cat lién hé
théng (Inter system Crossing - ISC) ma trong dé cac exciton c6 murc nang lwgng nhém
don Si ¢6 thé dugc truyén téi cdc exciton cé muc ning luong nhom ba Ty, cling nhu
huynh quang duoc lam tré voi viée cét lién hé thdng dao nguoc (Reverser Inter System
Crossing - RISC) ma trong d6 céac exciton c6 muc nang luong nhom ba T ¢6 thé dugc
truyén theo cach thang dung téi cac exciton ¢ mirc nang lugng don Sy, va sau d6 exciton

c¢6 mirc nang lugng nhom don Sy ¢6 thé duoc truyén t6i trang thai co ban So.

Do viat liéu huynh quang dugc lam tré ¢6 thé thé hién hiéu suit luong tor nd1 la
100% theo ly thuyét nén c6 thé 4p dung lam hiéu suat phat quang cao nhu vt liéu lan
quang truyén théng chira kim loai niang. Tuy nhién, do su hinh thanh lién klét gitta bo
phéan nhén dién ti-bd phéan cho dién tr va cac viéc X04n trong khong gian trong vat liéu
huynh quang dugc lam tré, va chuyén tiép van chuyén dién tich (charge transfer transition
- CT transition) duoc gay ra boi chiing, vat liéu huynh quang duoc lam tré thé hién phd

rong trong qué trinh phat xa, tao thanh d6 tinh khiét vé mau sac kém.

Theo mot phuong an thuc hién lam vi du theo sang ché, EML 160a chtra hop chét
duoc biéu dién boi cong thie bit ky trong sd céc cong thire hoa hoc tir 1 t6i 4 1am chét

pha tap tht hai (chat pha tap huynh quang) dé ngin can viéc do tinh khiét vé mau séic cia
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OLED 100A khoi bi ha thap dil ¢6 st dung vt liéu huynh quang duogc lam tré lam chét
pha tap thir nhat. Céc exciton ¢6 mirc ning lugng nhom ba Ty ¢6 thé duge truyén t6i cac
exciton ¢ mirc nang luong nhom don S; trong chat pha tap huynh quang dugc lam tré
bdi RISC, va nang luong nhom don ctia chét pha tap huynh quang duoc lam tré c6 thé
dugc truyén toi chét pha tap huynh quang trong ciing mdét EML bai viée truyén nang
lwong Dexter phu thudc vao ham séng chong l4n gitra cac phén tir lién ké do céc trao dbi

dién tir lién phan tir va viéc khuéch tan exciton.

Trong trudng hop ndy, do viée phat xa cubi ciing trong EML 160a dugc thuc hién
tai chét pha tap thir hai, tirc 13, hop chét hiru co duoc biéu dién bai cong thire bét ky trong
s6 céc cong thtrc hoa hoc tur 1 tdi 4, von ¢6 do rong tdi da tai ntra cuc dai (FWHM - full
width at half maximum) hep trong sudt qua trinh truyén ning luong exiton tir trang théi
kich thich tdi trang thai co ban, OLED 100A c6 thé ting cuong do tinh khiét vé mau sac
cua n6. Ngoai ra, do OLED 100A c¢é thé cai thién mdt cach dang ké hiéu suit phat quang,

nén c6 thé ap dung diot siéu huynh quang.

Theo phuong an thuc hién lam vi du, chit chu trong EML 160a c6 thé, nhung
khong han ché &, mCP-CN, CBP, mCBP, mCP, DPEPO, TmPyPB, PYD-2Cz, DCzDBT,
DCzTPA, pCzB-2CN, mCzB-2CN, TPSO1, CCP, 4-(3-(triphenylen-2-
yl)phenyl)dibenzo[b,d]thiophen, 9-(4-(9H-cacbazol-9-yl)phenyl)-9H-3,9’-bicacbazol, 9-
(3-(9H-cacbazol-9-yl)phenyl)-9H-3,9’-bicacbazol va/hodc 9-(6-(9H-cacbazol-9-
yl)pyridin-3-yl)-9H-3,9’-bicabazol.

Theo phuong an thyuc hién lam vi du khac, chat pha tap tht nhat (chét pha tap huynh
quang duoc lam tré) dugc st dung trong EML 160a ¢6 thé, nhung khéng han ché 4,
bis(4-(9H-cacbazol-9-yl)phenyl)metanon ~ (Cz2BP),  9-(3-(9H-cacbazol-9-yl)-5-(4,6-
diphenyl-1,3,5-triazin-2-yl)phenyl)-9H-cacbazol (DcrTrZ), 3-(9H-cacbazol-9-yl)-9-(4-
(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-9H-cacbazol (4-DcrTrZ), 10-(4-(4,6-diphenyl-
1,3,5-triazin-2-yl)phenyl)-10H-spiro[acridin-9,9'-xanthen], 4,5-di(9H-cacbazol-9-yl)
phtalonitril (2CzPN), 2.,4,5,6-Tetra(9H-cacbazol-9-yl)isophtalonitile (4CzIPN), 3,4,5,6-
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Tetrakis(cacbazol-9-yl)-1,2-dicyanobenzen (4CzPN), 4,4”-Di(10H-phenoxazin-10-yl)-
[1,1 :2,1-terphenyl]-4,5 — dicacbonitril (Px-VPN), 9,9',9”-(5-(4,6-diphenyl-1,3,5-triazin-
2-yl)benzen-1,2,3-triyl) tris(9H-cacbazol (TczTRZ) va/hodc 12-(4-(4,6-diphenyl-1,3,5-
triazin-2-yl)phenyl-5-phenyl-5,12-dihydroindolo[3,2-a]cacbazol (32alCTRZ). Cu thé,
chét pha tap huynh quang duoc lam tré c6 thé duoc sir dung l1am chét pha tap thir nhat

~trong EML 160a c6 thé céu tric bat ky trong sd cic cdu tric sau clia cong thirc hoa hoc 6:

Cong thire hda hoc 6

Ve Ny
H_/\_\::’J @ 4 —/
Tz TRZ 3Z2aICTRZ

Nhu vdy, khi EML 160a chira chét chu (chit chii tht nhat), chat pha tap huynh
quang duoc lam tré (chat pha tap thi nhat) va hop chét hiru co duge biéu dién boi cong
thirc bat ky trong sd cac cong thirc héa hoc tir 1 t6i 4 lam chét pha tap huynh quang (chat
pha tap tht hai), thi c6 kha nang &p dung siéu huynh quang va dé cai thién do tinh khiét
vé mau sic bing cach diéu chinh cdc mirc nang luong gitta chét chu, chét pha tap thir

nhit va chit pha tap tht hai.

N6i céch khac, EML 160a theo phuong an thuc hién thu hai theo sang ché chta hop
chét hitu co duogc biéu dién bai cong thire bit ki trong s6 cc cong thire héa hoc tir 1 t6i 4

lam chét pha tap thtr hai. Hop chét hitu co ¢6 16 anthraxen vong rén vé mit cdu tric dugc
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lién két boi it nhdt mot cia nhom thom hodc di vong thom va nhom amin dugc thay thé
v61 nhom thom hodc di vong thom va FWHM hep. Theo do, ¢ thé ap dung OLED ma c6
thé cho phép diéu van tai dién thé thdp va tang cuong hiéu sudt phat quang va do tinh
khiét vé mau sic cua né st dung hop chét hitu co dugce biéu dién bdi cong thirc bat ky
trong s cac cong thire hoa hoc tir 1 t6i 4. Ngoai ra, ciing ¢6 thé tdi da hoa hiéu suit phat
quang va tudi tho cia OLED 100A khi EML 160a chira chat pha tap huynh quang duoc

lam tré.

Fig.6 1a gian dd so luoc minh hoa co ché phat quang bgi do rong ving cdm mirc
ning luong gitta chit chu, chét pha tap thir nhat (chit pha tap huynh quang dugc lam tré)
va chat pha tap th hai (chat pha tap huynh quang) trong EML theo phuong 4n thuc hién
lam vi du khac theo sang ché. D8 cp t6i Fig.6, mdi murc trong sé mirc ning lugng nhém
don cta trang thai kich thich Si" va niang luong nhém ba cta trang théi kich thich T\ cta
chit chu phai cao hon mdi mirc trong sb mirc nang lugng nhém don cta trang thai kich
thich $1™ va muc ning lugng nhom ba cua trang thai kich thich Ti™ ctia chét pha tap
huynh quang dugc lam tré, mot cach tuong Uing, sao cho niang lugng exiton duoc sinh ra

trong chét chu c6 thé duge truyén toi chit pha tap huynh quang dugc lam tré tr trude.

Khi mtrc ning luong nhém ba cla trang théi kich thich Ti" cua chét chii khong phai
la du cao hon muc ning luong nhém ba cua trang théi kich thich Ti™ ctia chit pha tap
huynh quang dugc lam tré, thi cac exciton clia trang thdi nhom ba Ti™ cta chét pha tap
huynh quang dugc lam tré c¢6 thé duoc chuyén t6i mic ning lugng nhom ba cua trang
thai kich thich Ti cta chit chi. Do do, cac exciton cia trang thai nhom ba Ti™ ctia chat
pha tap huynh quang duogc lam tré c6 thé bién mit nhu 1a viéc khong phat xa va ching
khong thé dong gop vao viée phat xa. Vi du, mirc ning lugng nhdm ba cua trang thai kich
thich T1" ctia chét chu c6 thé cao boi lugng it nhét 14 0,2 eV khi so sanh véi mic ning

lwong nhém ba cia trang thai kich thich Ti™ cta chét pha tap thit nhét.

Ngoai ra, can thiét dé diéu chinh tinh chit cic muc ning lugng quy dao phan tir bi

chiém cao nhét (Highest Occupied Molecular Orbital - HOMO) va cac mirc ning luong
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quy dao phan t khong bi chiém thdp nhat (Lowest Unoccupied Molecular Orbital -
LUMO) ctia chit cht va chét pha tap huynh quang duge lam tré. Vi du, s& uu tién 1 do
rong ving cam muc ning lugng ({HOMOH-HOMOTD{) gitta mrc ndng lugng quy dao
phan t& bi chiém cao nhit (HOMO") ctia chit chil va mirc nang luong qu dao phan tir bi
chiém cao nhit (HOMO™) cia chit pha tap huynh quang duoc lam tré, hodc do rong
ving cAm mic nang luong (LUMOM-LUMO™)) gitta mtic nang lwgng quy dao phan tix
bi khong bi chiém thap nhit (LUMOW) ciia chat chi va muc ning lwong quy dao phan ti
bi khong bi chiém thdp nhit (LUMOTP) ciia chat pha tap thir nhit c6 thé bing véi hodc
nho hon khoéang 0,5 eV, vi du, gitta khoang 0,1 eV t6i khoang 0,5 eV. Trong truong hop
nay, cac dién tich c6 thé duoc dich chuyén mét cach hiéu qua tir chét chu t6i chét pha tap

huynh quang dugc 1am tré va nho d6 ting cuong hidu sudt phat quang cudi cling.

Ngoai ra, can thiét d& ap dung OLED cho phép truyén céc ning lugng tir chét pha
tap huynh quang duoc lam tré, vén duoc bién dbi thanh trang thai phuc ICT béi RISC,
thanh chét pha tap tht hai ctia vt liéu huynh quang trong EML 160a, va ¢ hi¢u suit
phat quang va do tinh khiét v& mau sdc cao. Pé 4p dung OLED nau, mdi mirc trong sd
muc nang lugng nhom don cla trang thi kich thich Si™P va/hodc mutc nang lwong nhém
ba cua trang thai kich thich T1™ ctia chit pha tap thir nhat phai cao hon mtc nang lugng
nhom don cta trang thai kich thich S;*P va/hodc muc nang lugng nhom ba cia trang thai

kich thich T1*P ctia chét pha tap thtr hai.

Khi EML 160a chtra chit chi, chit pha tap huynh quang duoc lam tré (chét pha tap
thir nhit) va chit pha tap huynh quang (chit pha tap tha hai), né c6 thé chtra chat chu
nhiéu hon céc chét pha tap theo ti 1€ khéi lwong. Theo mot phuong an thue hién, EML
160a c¢6 thé chira chit pha tap tht nhit nhiéu hon chét pha tap tha hai theo ti 1¢ khdi
lwong. Vi du, céc thanh phén cia chit chi ¢6 thé 16n hon cac thanh phén cia chat pha tap
thir nhét theo khdi lwong trong EML 160a, va cac thanh phin cta chit pha tap tht nhat c¢6
thé 16n hon céc thanh phan cta chét pha tap thi hai theo khéi hugng trong EML 160a.

Trong trudng hop nay, ning luong exiton c¢é thé dugc truyén mot cach hidu qua tir chit
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pha tap thir nhét tGi chét pha tap thir hai trong EML 160a. Vi du, khi EML 160a chira
chét chu, chét pha tap huynh quang dugc lam tré (chit pha tap thtr nhat) va chat pha tap
huynh quang (chét pha tap thtr hai), thi chét pha tap thir nhit va chét pha tap tht hai c6
thé chtra boi luong tir khoang 1 t6i khoang 50% theo khdi lugng trong EML 160a.

Ngoai ra, OLED theo séng ché c¢6 thé con mot hodc nhiéu 16p chin exciton. Fig.7 1a
hinh cit so lwgc minh hoa diot phét sang hitu co ¢6 hop chét hitu co lam chit pha tap
huynh quang trong EML don theo phuong an thuc hién lam vi du khic theo sdng ché.
Nhu duoc minh hoa trén Fig.7, OLED 200 theo phuong an thuc hién thir ba theo sang
ché chtra cac dién cuc thu nhét va dién cuc thir hai 210 va 220, va 16p phat 230 duge bd

tri gita cac dién cuc thu nhét va dién cuc th hai 210 va 220.

Theo phuong an thuc hién lam vi du, 16p phat 230 chuoa HIL 240, HTL 250, va
EML 260, ETL 270 va EIL 280 mdi thanh phin trong sé ching dugc can lién tiép bén
trén dién cuc tha nhét 210. Ngoai ra, 16p phat 230 con chtra 16p chédn exciton thi nhit,
tic 1a 16p chan dién tr (electron blocking layer - EBL) 255 duoc bb tri gitta HTL 250 va
EML 260 va/hodc 16p chin exciton thi hai, tuc 13, 16p chan 16 trong (hole blocking layer
- HBL) 275 duoc bd tri gitta EML 260 va ETL 270.

Nhu duge dé cap tgi o trén, dién cuc thr nhét 210 ¢6 thé 1a cuc duong va chua,
nhung khong han ché &, vat liéu dan c6 céc tri s6 cong thoat cao nhu ITO, IZ0, SnO,
7n0, ICO, AZO, va dang twong tu. Dién cuc thi hai 220 ¢6 thé 1 cuc 4m va c6 thé chira,
nhung khong han ché &, vat liéu dan c6 cac tri sb cong thoat tuong dbi nhé nhu Al, Mg,

Ca, Ag, cac hgp kim hodc td hop cda ching.

HIL 240 duge bd tri gitta dién cuc thir nhit 210 va HTL 250. HIL 240 c6 thé cha,
nhung khong han ché 6, MTDATA, NATA, IT-NATA, 2T-NATA, CuPc, TCTA,
NPB(NPD), HAT-CN, TDAPB, PEDOT/PSS va/hodc N-(biphenyl-4-y1)-9,9-dimetyl-N-
(4-(9-phenyl-9H-cacbazol-3-yl)phenyl)-9H-fluoren-2-amin. HIL 240 cé thé bi bé qua
phit hop véi cu trac cia OLED 200.
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HTL 250 duoc bd tri 1ién ké véi EML 260 giita dién cuc thi nhat 210 va EML 260.
HTL 250 c6 thé chia, nhung khoéng han ché &, cac hop chat amin thom nhu TPD,
NPD(NPB), CBP, poly-TPD, TFB, TAPC, ), N—(biphenyl-4-yl)—9,9-dimetyl-N-(4-(9-
phenyl-9H-cacbazol-3-yl)phenyl)-9H-fluoren-2-amin va/hodc N-(biphenyl-4-yl)-N-(4-(9-
phenyl-9H-cacbazol-3-yl)phenyl)biphenyl-4-amin.

EML 260 c6 thé chta chat cha (chat cha thir nhét) va it nhat mot chét pha tap. Theo
phuong an thuc hién lam vi du, EML 260 c6 thé chia chét chu va hop chét hitu co duoc
bidu dién boi cong thirc bat ky trong sb cac cong thirc hoa hoc tir 1 t6i 4 1am chét pha tap
huynh quang (chat pha tap huynh quang tht nhat). Vi du, EML 260 c6 thé chira chat pha
tap huynh quang boi khoang 1% tdi 50% theo khéi luong. Theo phuong an thuc hién lam
vi du, mirc ning luong nhém ba cta trang thai kich thich Ti" va/hodc muic nang lugng
nhém don cua trang thai kich thich $i™ ctia chit chu 13 cao hon mitc nang luong nhém ba
cua trang thai kich thich T\'P va/hodc muc ning lugng nhom don cia trang thai kich

thich S1FP <% chét pha tap huynh quang thir nhat (xem, Fig.3).

Theo phuong an thuc hién lam vi du khac, EML 260 ¢6 thé chira chit cha (chit chu
tht nhit), chét pha tap thi nhit va chit pha tap tht hai. Chét pha tap tht nhit c6 thé 1a
chét pha tap huynh quang dugc lam tré, va chét pha tap thtr hai c6 thé chét pha tap huynh
quang. Hop chit hitu co duoc biéu dién bdi cong thire bét ky trong sb cac cong thirc tir 1

dén 4 c6 thé duoc st dung lam chit pha tap thit hai.

Theo mot phuong an thuc hién lam vi du, chét cht co thé, nhung khong han ché o,
mCP-CN, CBP, mCBP, MCP, DPEPO, PPT, TmPyPB, PYD-2CZ, DCzDBT, DCzTPA,
pCzB-2CN, mCzB-2CN, TPSO1, CCP, 4-(3-(triphenylen-2-
yl)phenyl)dibenzo[b,d]thiophen, 9-(4-(9H-cacbazol-9-yl)phenyl)-9H-3,9’-bicacbazol, 9-
(3-(9H-cacbazol-9-yl)phenyl)-9H-3,9’-bicacbazol va/hodc 9-(6-(9H-cacbazol-9-
yDpyridin-3-y1)-9H-3,9’-bicabazol. Cu thé, chat chu co thé bao gém, nhung khong han
ché &, 1a thanh phan bét ky trong s6 H1 dén HS duoc biéu dién béi cong thirc hoa hoc 5 &

trén.
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Chat pha tap tht nhét co thé, nhung khong han ché &, Cz2BP, DerTrZ, 4-DerTrZ,
10-(4-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-10H-spiro[acridin-9,9'-xanthen]|, 2CzPN,
4CzIPN, 4CzPN, Px-VPN, TczTRZ va/hodc 32alCTRZ). Particularly, chit pha tap huynh
quang duoc lam tré ¢o thé, nhung khong han ché &, chét bét ky trong cong thire hoa hoc 6

néu trén.

Trong truong hop nay, do rdng vung cdm gitta mirc nang luong nhém don cua trang
thai kich thich $;™ va muc ning lugng nhém ba cia trang thai kich thich T1™ ctia chat
pha tap thtr nhit c6 thé bang véi hodc nho hon khoang 0,3 eV. Ngoai ra, mitic ning lugng
nhom don cta trang théi kich thich Si'! va/hodc mic nang lugng nhom ba cia trang thai
kich thich T;¥ ctia chit chu 1a cao hon muc ning luong nhém don cla trang thai kich
thich $1™° va/hodc mirc ning lwong nhom ba ctia trang thai kich thich T1™ ctia chét pha
tap tht nhét. Vi du, mtc ning lvong nhom ba cuia trang thai kich thich T1" cta chat chi
¢6 thé cao hon murc nang luong nhém ba cia trang thai kich thich T;™ cia chét pha tap
thtr nhit boi luong it nhit khoang 0,2 eV. Ngoai ra, mic niang lwong nhém don cla trang
thai kich thich $1™P va/hodc muc ning luong nhom ba cla trang thai kich thich T cua
chat pha tap tht nhét 14 cao hon murc ning lugng nhém don cla trang théi kich thich S;P

va/hodc muc nang lvong nhom ba cua trang théi kich thich Ti"P cua chat pha tap tht hai.

Ciing vdy, do rong ving cAm mic ning lugng (HOMO"-HOMO'™P)) gifta m(rc ndng
lwong quy dao phén ti bi chiém cao nhat (HOMO) cua chét chu va mutrc nang luong quy
dao phén tur bi chiém cao nhit (HOMO™) ctia chét pha tap thir nhét, hodc do rong ving
cdm mtrc nang luong (JLUMOY-LUMO™)) giita mtc nang lugng qu§ dao phan tt bi
khong bi chiém thdp nhit (LUMO") cta chit chi thir nhat va muc ning luong quy dao
phan tir bi khong bi chiém thép nhit (LUMO™™) ciia chit pha tap tht nhat c6 thé bang véi
hoic nhé hon khoang 0,5 eV. Trong truong hop EML 260 chira chat chil, chat pha tap tht
nhit va chét pha tap thi hai, EML 260 c6 thé chira chit pha tap tht nhat va chit pha tap
thi hai tir khoang 1 t6i khoang 50% theo khdi lugng.
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ETL 270 dugc bd tri gitta EML 260 va EIL 280. Vi du, ETL 270 c6 thé chua,
nhung khong han ché &, cac hop chit gdc oxadiazol, cac hop chat goc triazol, cac hop
chét gbc phenanthrolin, cac hop chét gde benzoxazol, cac hgp chit gde benzothiazol, cac
hop chét géc benzimidazol, cac hop chét géc triazin va dang tuong tu. Vi du, ETL 270 c6
thé chua, nhung khoéng han ché &, Alqs, PBD, spiro-PBD, Liq, TPBi, BAlq, Bphen,
NBphen, BCP, TAZ, NTAZ, TpPyPB, TmPPPyTz, PFNBr va/hodc TPQ.

EIL 280 duoc bé tri gitra dién cuc thi hai 220 va ETL 270. ETL 280 c6 thé chira,
nhung khong han ché ¢, kiém halogenua nhu LiF, CsF, NaF, BaF; va dang tuong tu,

va/hodc hop chit kim loai hitu co nhu liti benzoat, natri stearat, va dang tuong tu.

Khi cac 16 tréng duoc van chuyén tdi dién cuc tha hai 220 via EML 260 va/hoac
cac dién tir duoc van chuyén tdi dién cuc thir nhat 210 thong qua EML 260, OLED 300
c6 thé co tudi tho thip va hiéu sudt phat quang bi 1am giam. P& ngan can cic hién tuong
nay, OLED 200 theo phuwong 4n thuc hién thir ba theo sang ché c6 it nhat mot 16p chin
exciton lién ké véi EML 260.

Vi du, OLED 200 cua phuong an thuc hién lam vi du chira EBL 255 gitta HTL 250
va EML 260 dé didu khién va ngan can viéc chuyén cac dién tir. Theo mot phuong an
thuc hién lam vi du, EBL 255 ¢6 thé chua, nhung khong han ché &, TCTA, Tris[4-
(dietylamino)phenyl]amin, N-(bipnehyl-4-y1)-9,9-dimetyl-N-(4-(9-phenyl-9H-cacbazol-
3-yl)phenyl)-9H-floren-2-amin, TAPC, MTDATA, mCP, mCBP, CuPc, N,N’-bis[4-
(bis(3-metylphenyl)amino)phenyl]-N,N’-diphenyl-[1,1’-biphenyl]-4,4’-diamin (DNTPD)
va/hodc TDAPB.

Ngoai ra, OLED 200 con chta HBL 275 1am 16p chén exciton thtr hai gitta EML
260 va ETL 270 sao cho céc 15 trdng khong thé duoc truyén tir EML 260 téi ETL 270.
Theo mot phuong an thuc hién lam vi du, HBL 275 ¢6 thé chira, nhung khong han ché &,
céc hop chét gbc oxadiazol, cac hop chét goc triazol, cac hop chat gbc phenanthrolin, cac
hop chét gbc benzoxazol, cac hop chét gbc benzothiazol, cac hop chit gbc benzimidazol,

va cac hop chat gbc triazin.
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Vi du, HBL 275 ¢6 thé chtta hop chét c6 muc nang luong HOMO tuong doi thap
khi so sanh véi vat liéu phét trong EML 260. HBL 275 ¢6 thé chira, nhung khong han ché
o, BCP, BAlq, Algs, PBD, spiro-PBD, Liq, Bis-4,5-(3,5-di-3-pyridylphenyl)-2-
metylpyrimidin (B3PYMPM) va td hop ctia chiing.

OLED 200 theo phuong 4n thuc hién tht ba theo sang ché chira hop chét hitu co
duoc biéu dién béi cong thire bat ky trong sé cac cong thirc héa hoc tir 1 dén 4 1am chét
pha tap trong EML 260. C6 thé san xuat OLED 200 cho phép n6 duoc didu van tai dién
thé thdp hon va ting cudng hiéu sudt phat quang va do tinh khiét vé mau sic ciia no.
Ngoai ra, khi EML 260 chira chét pha tap huynh quang duoc lam tré, c6 thé cai thién mot
cach dang ké hiéu sut phat quang (siéu huynh quang) va tudi tho cia diot. Ngoai ra,
OLED 200 con chira it nhat mot 16p chan exciton 255 va 275. Do such céc 16p chin
exciton 255 va 275 ¢6 thé ngan can viéc phat xa tai cdc giao dién gifta cdc 16p van chuyén
dién tich 250 va 270 va EML 260, OLED 270 con ¢6 thé ting cudng hiéu suét phat quang

va tuoi tho.

Cac OLED theo cac phuong an thuc hién néu trén co thé chi co 16p vat liéu phat
don. Theo cach khac, OLED theo sang ché ¢ thé chira 16p vat liéu phat nhiéu 16p. Fig.8
1a hinh cit so luge minh hoa diot phat sing hitu co ¢6 chat chu, vét liéu huynh quang
duoc 1am tré va hop chit hitu co lam chat pha tap huynh quang trong EML duoc tao 16p
kép theo phuong an thyc hién lam vi du khéc theo sang ch.é.

Nhu duoc minh hoa trén Fig.8, OLED 300 theo phuong an thuc hién lam vi du tht
tu theo sang ché chira cac dién cuc thir nhat va dién cuc tha hai 310 va 320 quay mit vao
nhau va 1ép phat 330 duoc bd tri gifta cac dién cuc th nhét va dién cuc tht hai 310 va
320.

Theo mot phuong an thue hién lam vi du, 16p phat 330 chra HIL 340, HTL 350, va
EML 360, ETL 370 va EIL 380 mdi thanh phdn trong s6 ching duoc can lién tiép trén
dién cuc tht nhét 310. Ngoai ra, 16p phat 330 ¢6 thé chira EBL 355 lam 16p chin exciton
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thir nhit duoc bd tri gitta HTL 350 va EML 360, va/hogc HBL 375 lam 16p chin exciton
thtr hai duoc b tri gitta EML 360 va ETL 370.

Theo phuong 4n thuc hién nay, EML 360 chia EML that nhat (EML1) 362 duoc bd
tri gitta EBL 355 va HBL 375 va EML thtt hai (EML2) 364 dugc bd tri gitta EML1 362
va HBL 375. Mot trong sé EML1 362 va EML2 364 chira hop chit hitu co dugc biéu
din béi cong thie bét ky trong sé cac cong thie héa hoc tir 1 dén 4 lam chét pha tap
huynh quang (chit pha tap huynh quang thir nhét, chit pha tap F), va thanh phéan khac
trong s6 EML1 362 va EML2 364 chtta chat pha tap huynh quang dugc lam tré (chit pha
tap T). O day, EML 360, trong d6 EML1 362 chita chét pha tap huynh quang va EML2
364 chira chit pha tap huynh quang duoc lam tré, s& dugc giai thich.

EML1 362 c6 thé chtra chat chu the nhit va chat pha tap huynh quang thw nhét 1a
hop chét hitu co dugc biéu dién bsi cong thire bat ky trong sb cac cong thire héa hoc tir 1
dén 4. Trong khi hop chit hitu co duoc biéu dién béi cong thirc bat ky trong sd céc cong
thire héa hoc tir 1 dén 4 ¢6 FWHM hep va do do, va co thé taing cuong do tinh khiét vé
mau sic clia nd, hiéu suit phat quang ctia n6 bi han ché do cic exciton nhom ba ciia né

khong thé duogc tham gia vao qué trinh phét xa.

Tréi lai, EML2 364 ¢6 thé chira chét chii thir hai va chét pha tap huynh quang dugc
lam tré. Chét pha tap huynh quang dugc lam tré trong EML2 364 c6 do rong ving cAm
nhé gitta mirc nang lwong nhém ba cua trang thai kich thich Ti™ va mirc ndng lugng
nhom don cia trang thai kich thich $;™, tuc 14 bang véi hodc nhé hon khoang 0,5 eV, va
nang lvong nhom ba trang thai kich thich cta n6 co6 thé truyén t6i nang luong nhém don
trang thai kich thich bai RISC. Trong khi chat pha tap huynh quang dugc lam tré c6 hiéu

suét lugng tr cao, nod thé hién do tinh khiét vé mau sic thép do FWHM rong cua nd.

Tuy nhién, theo phuong an thuc hién lam vi du nay, ca nang luong nhém don va
ning lugng nhém ba cua chét pha tap huynh quang duoc lam tré trong EML2 364 déu co
thé duoc truyén t&i chét pha tap huynh quang thit nhét duoc chira trong EML1 362 duoc
b tri lién ké véi EML2 364 bai viée truyén ning luong cong hudng Forster (FRET -
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Forster resonance energy transfer) truyén nang luong khong birc xa qua dién truong badi
cac tuong tac ludng cuc-ludng cuc. Do do, viéc phat xa cudi cung dugc thuc hién tai chét

pha tap huynh quang thtr nhét trong EML1 362.

No6i cach khac, nang lugng nhém ba ctia chit pha tap huynh quang duoc lam tré
duoc bién dbi thanh nang luong nhom don cia chét pha tap huynh quang dugc lam tré
trong EML2 364 boi RISC, va nang lugng nhém don cia chat pha tap huynh quang duoc
lam tr& duoc truyén toi nang luong nhom don cia chét pha tap huynh quang thtr nhat do
murc ning luong nhom don cia trang thai kich thich $i™ cua chat pha tap huynh quang
duge lam tré 1a cao hon muc ning lugng nhém don cla trang thai kich thich SifP cua
chét pha tap huynh quang thtr nhét (xem, Fig.9). Chét pha tap huynh quang tha nhat trong
EMLI 362 c6 thé phat anh sang ca bang cach st dung ning lugng nhom don va ning
luong nhém ba. Do d6, OLED 300 ting cuong hiéu suat phat quang va do tinh khiét vé
mau sic do FWHM hep ctia chit pha tap huynh quang thir nhat.

Trong trudng hop nay, chét pha tap huynh quang dwoc lam tré chi ¢ tac dung vén
chuyén nang luong téi chit pha tap huynh quang tht nhit. EML2 364 chira chat pha tap
huynh quang duoc lam tré khong phai khong tham gia trong qué trinh phat xa cudi cung,

trong khi EML1 362 chira cht pha tap huynh quang thit nhit phat ra anh sang.

M&i thanh phan trong s6 EML1 362 va EML2 364 mot cich twong tmg chira chét
chu thir nhit va chét chi tht hai. Vi du, mdi chit trong chét chii thir nhét va chat chu tha
hai mot cach tuong Gng c6 thé 1a, nhung khong han ché & mCP-CN, CBP, mCBP, MCP,
DPEPO, PPT, TmPyPB, PYD-2CZ, DCzDBT, DCzTPA, pCzB-2CN, mCzB-2CN,
TPSO1, CCP, 4-(3-(triphenylen-2-yl)phenyl)dibenzo[b,d]thiophen, 9-(4-(9H-cacbazol-9-
yl)phenyl)-9H-3,9’-bicacbazol, 9-(3-(9H-cacbazol-9-yl)phenyl)-9H-3,9°-bicacbazol
va/hodc 9-(6-(9H-cacbazol-9-yl)pyridin-3-y1)-9H-3,9’-bicabazol. Cu thé, mdi chat trong
36 chét chu thu nhét va chét chu tha hai ¢6 thé, nhung khong han ché ¢, 1a thanh phan bét

ky trong s6 H1 dén H5 duoc biéu dién béi cong thirc hoa hoc 5 & trén.
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Ngoai ra, chit pha tap huynh quang duoc lam tré, c¢6 thé dugc lam tré trong EML2
364, ¢ thé 1a, nhung khong han ché &, Cz2BP, DerTrZ, 4-DerTrZ, 10-(4-(4,6-diphenyl-
1,3,5-triazin-2-yl)phenyl)-10H-spiro[acridin-9,9'-xanthen], 2CzPN, 4CzIPN, 4CzPN, Px-
VPN, TczTRZ va/hodc 32alCTRZ). Particularly, chit pha tap huynh quang duge lam tré

c6 thé, nhung khong han ché &, chit bat ky trong cong thirc héa hoc 6 néu trén.

Theo mét phwong 4n thuc hién lam vi du, mdi thanh phan trong chét cht tht nhat
va chit chu tht hai ¢6 thé c6 ti 18 khdi luong 16n hon chat pha tap huynh quang th nhat
va chét pha tap huynh quang dugc lam tré trong EML1 362 va EML2 364, mot cach
trong ung. Ngoai ra, ti 1& khdi luong cia chat pha tap huynh quang dugc lam tré trong
EML2 364 ¢6 thé 16n hon ti 16 khdi luong cia chét pha tap huynh quang thir nhét trong
EMLI1 362. Trong trudng hop nay, c¢é thé truyén di ning lugng tir chat pha tap huynh
quang duoc lam tré trong EML2 364 t6i chét pha tap huynh quang thi nhat trong EML1
362.

Hién tai, cdc quan hé muc nang lugng gifra cac vat li¢u trong EML 360, chira cac
EML duoc tao 16p kép 362 va 364 theo phuong an thuc hién thtr tu theo sang ché, s&
duoc giai thich. Fig.9 1a gian dd so luoc minh hoa co ché phat quang boi cac d rong
ving cAm murc nang luong gifta chét chu, chat pha tap huynh quang dugc lam tré va vat
liéu huynh quang trong EML dugc tao 16p kép theo phuong an thuc hién lam vi du khac
theo sang ché. Nhu duoc minh hoa trén Fig.9, mic ning lugng nhom don cua trang thai
kich thich Si"! ctia chét chu thir nhat 14 cao hon muc nang luong nhém don cua trang thai

kich thich S;*P ctia chét pha tap huynh quang trong EML1 362.

Ciing vay, mdi mutrc trong mic ning luong nhém don cua trang théi kich thich S
va mirc nang luong nhém ba cta trang thai kich thich T1"? cua chat chii thi hai 1 cao
hon muc nang luong nhém don cia trang thai kich thich $i™° va mtrc ndng lvong nhom
ba cua trang thai kich thich T1™ ctia chat pha tap huynh quang dugc lam tré trong EML2
364, theo cach tuong ing. Ngoai ra, muc nang lugng nhom don cua trang thai kich thich

$1™ ciia chit pha tap huynh quang duoc lam tré trong EML2 364 14 cao hon mitc ning
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lwong nhém don cta trang thai kich thich S;P ctia chit pha tap huynh quang trong EML1
362.

Néu EML 360 khong thoa man cac didu kién mirc nang luong néu trén, thi s& ton tai
hién twong dap tit tai ca chit pha tap huynh quang duoc lam tré va chét pha tap huynh
quang va/hodc ning lwong khong thé dugc truyén téi chit pha tap huynh quang tir chét
pha tap huynh quang duoc lam tré. Két qua 1a, hiéu suét lwong tir cia OLED 300 ¢6 thé
bi lam giam.

Theo mét phuong an thuc hién lam vi du, d6 rong ving cam giita mic nang lugng
nhém don cta trang thai kich thich S;™ va mitc nang lugng nhom ba cta trang thai kich
thich Ti™ c6 thé bang voi hodc nhé hon khoang 0,3 eV. Ngoai ra, dd rong viing cAm mtrc
nang lwvong ((HOMOH-HOMO™P)|) gitta mirc nang lugng quy dao phan ti bi chiém cao
nhét (Highest Occupied Molecular Orbital - HOMO™) ctia chit chi thir nhét va/hodc chat
cht thtt hai va mutrc ning lwong quy dao phén ti bi chiém cao nhit (HOMO™) cua chat
pha tap huynh quang duoc lam tré, hodc do rong ving cAdm muc nang luong (JLUMOM-
LUMOTP|) gifta mtrc ning luong qu§ dao phan tir bi khong bi chiém thip nhat (Lowest
Unoccupied Molecular Orbital - LUMOM) ctia chét chi thir nhdt va/hodc chat chu tht hai
va muc nang lugng qu§ dao phén tir bi khong bi chiém thip nhat (LUMO™) cua chit pha
tap thir nhat c¢6 thé bang véi hodc nho hon khoang 0,5 eV.

Theo phuong an thuc hién lam vi du khac, chit chu tht nhat, duoc chua trong
EML1 362 cung véi chit pha tap huynh quang thi nhét, ttre 1a hop chét hitu co dugc biéu
din boi cong thic bt ky trong sb cac cong thirc hoa hoc tir 1 dén 4, co thé 1a cung mot
vat liéu nhu EBL 355. Trong trudng hop nay, EMLI 362 c6 thé c6 chirc ning chin dién
tir cling chu chtrc nang phat xa. No6i cach khac, EML1 362 cé thé hoat dong nhu 16p bod
dém dé chin cac dién tir. Theo mot phuong én thuc hién, EBL 355 ¢6 thé dugc bo qua

trong d6 EML1 362 ¢6 thé 1a 16p chan dién tir cling nhu 16p vt liéu phat.

Theo phwong 4n thuc hién lam vi du khac, EML1 362 c¢6 thé chira chat chu th hai
va chat pha tap huynh quang duoc lam tré, trong khi EML2 364 ¢6 thé chira chét chu tha

-46-



36472

nhit va chat pha tap huynh quang thi nhét 1a hop chit hitu co dugc biéu dién boi cong
thirc bat ky trong sb cac cong thirc hoa hoc tir 1 dén 4. Theo phuong an thuc hién nay,
chat chii thir nhét trong EML2 364 c6 thé 1a cing mot vat liéu nhu HBL 375. Trong
truong hop nay, EML2 364 ¢6 thé c6 chirc nang chin 16 tréng cling chu chirc ning phét‘
xa. Noi cach khac, EML2 364 c6 thé hoat dong nhu 16p bd dém dé chin céc 15 trong.
Theo mét phwong 4n thuc hién, HBL 375 c6 thé dugce bo qua trong d6 EML2 364 ¢6 thé

14 16p chan 16 tréng ciing nhu 16p vat liéu phat.

OLED c¢6 cac EML duoc tao dang ba 16p s& duoc giai thich. Fig.10 1a hinh cit so
lugc cua diot phat sang hitu co cé chét chu, vt liéu huynh quang dugc lam tré va hop
chét hitu co 1am chit pha tap huynh quang trong EML dugc tao 16p ba theo phuong an
thuc hién lam vi du khac theo séng ché. Nhu duoc minh hoa trén Fig.10, OLED 400 theo
phwong an thuc hién lam vi du thir nam theo séang ché chira cic dién cuc thi nhét va dién
cuc tht hai 410 va 420 quay mat vao nhau va 16p phat 430 dugc b tri gitta céc dién cuc

tha nhat va dién cuc tha hai 410 va 420.

Theo mot phuong an thue hién lam vi du, 16p phat 430 chtra HIL 440, HTL 450, va
EML 460, ETL 470 va EIL 480 mdi thanh phan trong s6 ching dugc can lién tiép trén
dién cuc thir nhit 410. Ngoai ra, 16p phat 430 c6 thé chita EBL 455 1am 16p chén exciton
thi nhat duge b tri gitta HTL 450 va EML 460, va/hoic HBL 475 lam 16p chin exciton
thir hai duge bb tri gitta EML 460 va ETL 470.

Theo phuong an thuc hién nay, EML 460 chita EML tht nhat (EML1) 462 duoc bd
tri gitta EBL 455 va HBL 475, EML tht hai (EML2) 464 duoc b tri gitta EML1 462 va
HBL 475 va EML thtr ba (EML3) 466 duogc bd tri gitta EML2 464 va HBL 475. Mbi
thanh phan trong s6 EML1 462 va EML3 466 chira chét pha tap huynh quang thir nhét
(chét pha tap F 1) va chét pha tap huynh quang thtr hai 2 (chit pha tap F 2), mot cach
turong ung, va EML2 thir hai 464 chira chat pha tap huynh quang duogc lam tré. Vi dy,
ting chét trong sb chit pha tap huynh quang thi nhit va chét pha tap huynh quang thir

hai c6 thé hop chét hiru co duoc biéu didn bdi cong thirc bat ky trong sb cac cong thirc
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hoa hoc tur 1 t6i 4, theo cach tuong ng. Trong truong hgp ndy, mac nang luong nhom

don cua trang thai kich thich $i™ cua chit pha tap huynh quang dugc lam tré trong

FD1 FD2

EML?2 464 ¢6 thé cao hon cac muc nang luong cia trang thai kich thich $i™! va S,
ctia chét pha tap huynh quang thtr nhét va chit pha tap huynh quang thir hai ma mdi phin
trong sb chung duoc chira trong EML1 462 va EML3 466, theo cich twong (g (xem,
Fig.11). M&i thanh phan trong s6 ciia EML1 462, EML2 464 va EML3 466 mdt cach

tuong tng con chtra cht chu thir nhat, chat chi thir hai va chat chu thir ba.

Theo phuong an thyc hién nay, ca nang lugng nhom don va niang luong nhom ba
clia chét pha tap huynh quang duoc lam tré trong EML2 464 c6 thé duoc truyén téi cac
chit pha tap huynh quang thir nhat va chit pha tap huynh quang tht hai ma moi chit
trong s chung duoc chita trong EML1 462 va EML3 466 duoc bd tri lién ké véi EML2
464 bdi co ché truyén nang lugng FRET. Theo do, viéc phat xa cudi cung dugc thuc hién
c4 tai cac chit pha tap huynh quang thir nhit va chét pha tap huynh quang thtr hai trong
EML1 462 va EML3 466.

Noi cach khéc, nang lugng nhém ba cia chét pha tap huynh quang dugc lam tré
duge bién dbi thanh nang luong nhom don cia chét pha tap huynh quang duoc lam tré
trong EML2 464 boi RISC, va néng lugng nhém don cua chét pha tap huynh quang dugc
lam tr& duoc chuyén thanh ning lwgng nhom don cia cac chat pha tap huynh quang thi
nhit va chit pha tap huynh quang thi hai do mitc ning lugng nhém don cla trang théi

kich thich S$1™ ctia chét pha tap huynh quang dugc lam tré 1a cao hon méc ning lugng

FD1 FD2

nhoém don cua cac trang thai kich thich S1FP! va S17P2 clia cac chat pha tap huynh quang
thtr nhit va chét pha tap huynh quang thir hai (xem, Fig.11). C4c chat pha tap huynh
quang thir nhat va chat pha tap huynh quang thr hai trong EML1 462 va EML3 466 ¢6
thé phat anh sang ca bang cach st dung ning lugng nhém don va nang lugng nhom ba.
Do d6, OLED 400 tang cuong hiéu suit phat quang va do tinh khiét vé& mau sic ctia n6 do

FWHM hep cta céc chat pha tap huynh quang tht nhat va thir hai.
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Trong trudng hop nay, chit pha tap huynh quang dwoc lam tré chi hoat dong nhu dé
truyén nang lwong t6i cac chit pha tap huynh quang thi nhit va chit pha tap huynh
quang thtr hai. EML2 464 chtra chat pha tap huynh quang duoc lam tré khong phai khong
tham gia trong qué trinh phét xa cudi cing, trong khi EML1 462 chtra chat pha tap huynh
quang thu nhit va EML3 466 chira chét pha tap huynh quang th hai phat ra anh sang.

MBOi thanh phan trong s6 EML1 462, EML2 464 va EML3 466 mdt cich tuong (mg
chra chét cht thir nhét, chit chu tht hai va chét chu tha ba. Vi du, mdi chat trong chat
chu tht nhét, chit chu thtr hai va chat chi tht ba mot cach twong tng c6 thé 13, nhung
khong han ché &, mCP-CN, CBP, mCBP, MCP, DPEPO, PPT, TmPyPB, PYD-2CZ,
DCzDBT, DCzTPA, pCzB-2CN, mCzB-2CN, TPSOI1, CCP, 4-(3-(triphenylen-2-
yl)phenyl)dibenzo[b,d]thiophen, 9-(4-(9H-cacbazol-9-yl)phenyl)-9H-3,9°-bicacbazol, 9-
(3-(9H-cacbazol-9-yl)phenyl)-9H-3,9’-bicacbazol va/hodc 9-(6-(9H-cacbazol-9-
yl)pyridin-3-y1)-9H-3,9°-bicabazol. Cu thé, mdi chat trong s& chét chu thi nhat, chit chu
th(r hai, va chit chi thir ba c6 thé, nhung khong han ché &, 1a thanh phan bat ky trong sd

H1 dén H5 duoc biéu dién boi cong thitc hda hoc 5 & trén.

Ngoai ra, chét pha tap huynh quang duoc lam tré, c6 thé dugc lam tré trong EML2
464, ¢6 thé 13, nhung khong han ché &, Cz2BP, DerTrZ, 4-DerTrZ, 10-(4-(4,6-diphenyl-
1,3,5-triazin-2-yl)phenyl)-10H-spiro[acridin-9,9'-xanthen], 2CzPN, 4CzIPN, 4CzPN, Px-
VPN, TczTRZ va/hodc 32alCTRZ). Cu thé 13, chét pha tap huynh quang duoc lam tré ¢

thé, nhung khong han ché &, chit bat ky trong cong thirc héa hoc 6 néu trén.

Theo mdt phuong an thue hién lam vi du, mdi thanh phan trong s6 chat chu thu nhat
t61 chat chu thu ba c¢6 thé ¢o ti 18 khéi lugng 16n hon chét pha tap huynh quang thir nhit,
chét pha tap huynh quang duoc 1am tré va chat pha tap huynh quang tht hai trong EML1
462, EML2 464 va EML3 466, theo cach tuong tng. Ngoai ra, ti 18 khdi luong cia chét
pha tap huynh quang dwoc lam tré trong EML2 464 ¢6 thé 16n hon ti 1& khéi lugng ctia
chét pha tap huynh quang tht nhét trong EML1 462 va ctia chat pha tap huynh quang tht
hai trong EML3 466. Trong truong hop nay, co thé truyén du nang lugng tir chét pha tap
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huynh quang dugc lam tré trong EML2 464 t&i chit pha tap huynh quang thir nhét trong
EML1 462 va t6i chét pha tap huynh quang thir hai trong EML3 466.

Cac quan hé mirc nang lugng trong cac vat li¢u trong EML 460 chtra hai EML 462,
464 va 466 theo phuong an thyuc hién thir nam theo sang ché s& dugc giai thich. Fig.11 1a
gian d6 so lwge minh hoa co ché phat quang bai cac do rong ving cdm murc nang luong
gitta chit chu, chét pha tap huynh quang dugc lam tré va vat liéu huynh quang trong
EML dugc tao 16p ba theo phuong an thuc hién lam vi du khac theo sang ché. Nhu duoc
minh hoa trén Fig.11, mirc ning luong nhdm don ctia trang thai kich thich S;"!! cua chét
cht th@ nhét 12 cao hon muc ning lugng nhém don cua trang thai kich thich S;™! ctia
chét pha tap huynh quang tht nhat trong EML1 462. Ngoai ra, mic nang lugng nhom
don cta trang théi kich thich S ctia chét chii thir ba la cao hon mic ning lugng nhém

FD2 cna chit pha tap huynh quang thtr hai trong EML3

don cua trang thai kich thich S;
466.

Ciing vay, mdi muc trong muc ning luong nhém don cta trang thai kich thich S,

va mirc nang lugng nhém ba cla trang thai kich thich Ti"? cta chat chi tht hai 13 cao
hon muc ning lwgng nhom don ctia trang théi kich thich S;™® va mtc nang lugng nhém
ba cua trang thai kich thich T,™ ctia chat pha tap huynh quang dugc lam tré trong EML2
464, theo cach tuong tmg. Ngoai ra, mdi muc trong sb muc nang luong nhom ba cia
trang thai kich thich T\"' ctia chit chu thir nhat trong EML1 462 va muc nang lugng
nhom ba cia trang thai kich thich Ti™3 ctia chat chu thir ba trong EML3 466 14 cao hon
muc ning luong nhom ba cla trang thai kich thich T, cua chét pha tap huynh quang
duoc 1am tré trong EML2 464. Ngoai ra, mic ning luong nhom don cua trang thai kich

thich $1™ ctia chat pha tap huynh quang duge lam tré trong EML2 464 1a cao hon cac

FDI FD2

muc nang luong nhém don cia trang thai kich thich S va S, cua cac chét pha tap
huynh quang thtr nhét va chit pha tap huynh quang thir hai trong EML1 462 va EML3

466.
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Theo mdt phuong an thuc hién 1am vi du, d6 rong ving cam gitta mic ning luong
nhom don cua trang théi kich thich S;™ va mirc nang lugng nhom ba cta trang thai kich
thich T1™ ¢6 thé bing v6i hodc nhé hon khoang 0,3 eV. Ngoai ra, do rong viing cim mirc
nang luong ((HOMOHB-HOMO™)) gitta mirc ning luong quy dao phén tir bi chiém cao
nhat (HOMOW) ctia chét chu thir nhit, thi hai va/hodc chat chu thir ba va me nang lugng
qu§ dao phan tir bi chiém cao nhit (HOMO™) ctia chét pha tap huynh quang dugc lam
tré, hodc do rong ving cdm muc ning lvong (JLUMOM-LUMO™)) gitta mitc nang lugng
qu§ dao phan tir bi khong bi chiém thip nhit (LUMOW) clia chét phu tht nhat, thi hai
va/hodc chit chu thir ba va mire nang lwong qu§ dao phan tir bi khong bi chiém thip nhét

(LUMO™P) ctia chit pha tap thir nhit c6 thé bang véi hodc nho hon khoang 0,5 eV.

Theo phuong an thuc hién lam vi du khac, chit chu tht nhat, duoc chua trong
EML1 462 cing v6i chét pha tap huynh quang thir nhét, tirc 1a hop chat hitu co duoe biéu
dién boi cong thire bit ky trong s6 cac cong thire hoa hoc tir 1 dén 4, co thé 1a ciing mot
vat liéu nhu EBL 455. Trong truong hop nay, EML1 462 c6 thé c6 chirc nang chdn dién
tir cling chu chtrc ndng phat xa. Noi cach khac, EML1 462 c6 thé hoat dong nhu 16p bd
dém dé chin céc dién tir. Theo mot phuong 4n thuc hién, EBL 455 c6 thé dugc bo qua

trong d6 EML1 462 ¢6 thé 1a 16p chin dién tir cling nhu 16p vat lidu phat.

Theo phuong 4n thuc hién 1am vi du khac, chit chii thi ba, von duge chta trong
EML3 466 cung voi chit pha tap huynh quang thi hai, tirc 13, hop chat hitu co duoc biéu
didn boi cong thire bat ky trong s cac cong thire hoa hoc tir 1 t61 4, co thé 1a cing mot
vat lieu nhu HBL 475. Trong trudong hop nay, EML3 466 c6 thé c6 chic nang chan 16
tréng cling chu chirc nang phét xa. N6i cach khac, EML3 466 c6 thé hoat dong nhu 16p
bd dém dé chin céc 16 tréng. Theo mot phuong én thuc hién, HBL 475 ¢6 thé dugc bo

qua trong d6 EML3 466 c6 thé 1a 16p chan 15 tréng ciing nhu 16p vat liéu phat.

Theo phuong &n thuc hién lam vi du khac nita, chat chii thr nhat trong EML1 462
c6 thé 1a ciing mot vat liéu nhu EBL 455 va chit chu tht ba trong EML3 466 ¢6 thé 1a
cung mot vat licu nhu HBL 475. Theo phuong 4n thuc hién nay, EMLI1 462 c6 thé c6
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chirc ning chan dién tir ciing nhu chirc ning phat xa, va EML3 466 c6 thé ¢6 chirc ning
chan 18 tréng ciing nhu chirc ning phat xa. Noi cach khac, mdi thanh phan trong sb
EML1 462 va EML3 466 c6 thé hoat dong nhu 12 16p bd dém dé chan cac dién tir hodc 1
trbng, theo cach twong tng. Theo mdt phwong an thuc hién, HBL 455 va EBL 475 ¢6 thé
duoc bo qua trong d6 EML1 462 c6 thé 14 16p chian dién tir cling nhu 16p phat va EML3
466 c6 thé 12 16p chan 16 tréng cling nhu 16p vat liéu phat.

Vi du thue hién sang ché
Vi du tdng hop 1: Téng hop clia hop chit 2

Viéc tong hop cua chat trung gian A-1 (2-(4-boropheyl)-1,4,5-triphenyl-1H-

imidazol)

CH{} N,
i A Amoni axetat P

;,',/ ‘1:1;& ~ \%‘é o A &

i N B B . . - TN

AN P Axit axetic \=/
i Hoi lwu 2h
8r i

A-1

5,00 g (27,03 mmol) 4-brombenzaldehyt, 12,58 g (135,13 mmol) anilin, 5,68 g
(27,03 mmol) benzil va 8,33 g (108,10 mmol) amoni axetat dugc dat trong binh 2 ¢d 500
mL va duoc hoa tan trong 250 mL axit axetic. Sau d6, hdn hop phan (g dugc hoi Iuu va
duoc khudy trong 3 gid. Sau khi phan tng hoan thanh, chat rin dugc ling dong duoc loc
va duoc rira v6i dung dich axit axetic/nude (3:1) dé dua ra 9,15 g bot tring A-1 (ning

suét: 75).

(2) Viéc téng hop cta chét trung gian A-2 (1,4,5-triphenyl-2-(4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)phenyl)- 1 H-imdiazol)
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A-1 A-2

500 g (11,08 mmol) chat trung gian A-1, 844 g (33,23 mmol)
bis(pinacolato)diboran, 0,30 g (0,33 mmol) Pda(dba)s
(tris(dibenzylideneaxeton)dipaladi(0)), 0,32 g (0,66 mmol) XPhos (2-
dicyclohexylphotphin-2’,4°,6’-triisopropylbiphenyl), 3,81 g (38,77 mmol) KOAc (kali
axetat) dugc dat trong binh 2 ¢6 500 mL va duoc hoa tan trong 200 mL 1,4-dioxan. Sau
do, hdn hop phan tmg duoc hdi lwu va duoc khudy trong 12 gio. Sau khi phan ing hoan
thanh, sic ky ¢Ot dugc thuc hién st dung hexan/etyl axetat (10:1) lam dung mo1 hién dé

dua ra 4,80 g chit rin A-2 (nang suat: 88,07%).

(3) Viéc tébng hop cia chat trung gian B-2  (4,4,5,5-tetrametyl-2-
(spiro[benzo[d,e]anthraxen-7,9’-fluoren]-9-yl)-1,3,2-dioxaborolan)

w )
Ny [
[/W,W'»s‘ /v S v\. 5[ 3 _D
kY / ' e e
b 4T SN0 0
S S N \ i
J *, FA -
. -
L N Filoivibaty, Kobng, K04
= \»\\rfq,L.._& £ gl Sd t ¥
77 <
o 1.4-Dicxana
N

2,00 g (4,99 mmol) hop chit B-1, 3,80 2 (14,97 mmol) bis(pinacolato)diboran, 0,14
g (0,15 mmol) Pdx(dba)s, 0,14 g (0,30 mmol) XPhos va 1,71 g (17,46 mmol) KOAc dugc
dat trong binh 2 ¢b 250 mL va duoc hoa tan trong 70 mL 1,4-dioxan. Sau do, hon hop
phan tng dugc hdi lwu va duge khudy trong 12 gid. Sau khi phan tng hoan thanh, sic ky
¢t duoc thuc hién st dung hexan/etyl axetat (10:1) lam dung mdi hién dé dua ra 2,1 g

chét rdn B-2 (ndng suét: 85,5%).
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(3) Viéc tébng hop cua chit trung gian B-3  (metyl-5-bromo-2-

(spiro[benzo[d,e]anthraxen-7,9’-fluoren]-9-yl-benzoat)

SN o Jr - HLC0C
SIS Eeta _
! " Fi Y i Z /r_“‘ﬂ = S,
N e p— e T S S
bl oo S PH{PPh )y, KO0, N N e N e
(’, ! 5, n/‘ AT - B ™ €‘._4:,\ ’g" 3 H" - - ’ .A" “‘f v.' - " ]
W 7 R PHE Wl §
v 7N
o ot ¢
==
B-2 B-3
-2

2,00 g (4,06 mmol) chét trung gian B-2, 1,66 g (4,87 mmol) metyl-5-bromo-2-
iodobenzoat, 2,81 g (20,31 mmol) KyCOsz, 0,14 g (0,12 mmol) Pd(PPhs)4
(tetrakis(triphenylphotphin)paladi(0)) dugc dat trong binh 2 ¢d 250 mL va duoc hoa tan
trong 70 mL dung méi duge tron 1An THE/mudce (3:1). Sau d6, hdn hgp phén tng dugc
hdi luu va duge khudy trong 12 gid. Sau khi phan (g hoan thanh, sdc ky cot duge thuc
hién st dung metylen clorua (MC)/hexan (3:7) lam dung moi hién dé dua ra 1,8 g chét

ran B-3 (ning suat: 54,68%).

(5) Viéc tbng hop cua chit trung gian B-4  (2-(5-Chloro-2-
(spiro[benzo[d,e]anthraxen-7,9°-fluoren]-9-yl)phenyl)propan-2-ol)

H2 TG HC —1“
f/’>;;"\ ?;r;:iﬁ‘\ } ;d“".‘l 7 r_\. / T 5, ‘;‘)T.".
; " ; ", K ) ) o & K . R A
R e N e N aat CH2Mgar o N (N
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o A0 ziner WL
w4 A \i‘____vid_,gf_‘ W
] T 'l',' \’"1;'}.»' S
o o
" mtd S
B-3 B-4

1,80 g (3,11 mmol) chét trung gian B-3 dugc dat trong binh 2 ¢6 250 mL, dugc hoa
tan trong 70 mL ete va dugc lam mat t6i 0°C. Sau do, 1,11 g (9,32 mmol, 3M) CHs:MgBr
dugc thém theo cach nho giot binh va dugc nang cham téi nhiét d6 phong. Sau khi phan
ung hoan thanh, nudc dugce thém va chit rén tao thanh duoc loc dé dua ra 1,75 g chét

trung gian B-4 (nang suat: 97,2%).
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(6) Viéc tong hop cua chit trung gian B-5 (11-Bromo-13,13,-dimetyl-13H-
spiro[benzo[f,g]indeno[ 1,2-b]anthraxen-7,9’-fluoren])
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1,80 g (3,11 mmol) chét trung gian B-4 duoc dit trong binh 2 ¢b 250 mL, duge hoa
tan trong 70 mL ete va dugc lam mat tdi 0°C. Sau do6, 0,22 g (1,55 mmol) BF3EtO duogc
thém theo cach nhd giot vao trong binh, dugc ning cham téi nhiét do phong, va duoc
khudy trong 5 gid. Sau khi phan Gng hoan thanh, sic ky cot dugc thuc hién st dung
MC/hexan 1am dung méi hién dé dua ra 1,0 g chét rin B-5 (ning sut: 57,34%).

(7)  Viéc tbng hop cuia hop chit 2  (2-4(13,13-dimetyl-13H-
spiro[benzo[f,g]indeno[ 1,2-b]anthraxen-7,9’-fluoren]-11-yl)phenyl-1,4,5-triphenyl-1H-

imidazol)

B-5 A-2 Hop chit 2

1,00 g (1,78 mmol) chét trung gian B-5, 1,07 g (2,14 mmol) chat trung gian A-2,
1,23 g (8,90 mmol) K,COs3 va 0,06 g (0,05 mmol) Pd(PPhs)4 dugc dat trong binh 2 cd
250 mL va dugc hoa tan trong 80 mL dung dich trén 1dn THF/nuéce (3:1). Sau d6, hon
hop phan tung duoc hdi luu va duge khudy trong 12 gio. Sau khi phan tng hoan thanh,
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sdc ky cot duoc thuc hién st dung MC/hexan (3:1) lam dung méi hién dé dua ra 0,7 g

chét ran hop chat 2 (nang suét: 46,0%).
Vi du téng hop 2: Téng hop cua hop chét 3

Viéc tong hop cta chit trung gian C-1 (4,5-diphenyl-2-(4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)phenyl)thiazol)

|
Sl [
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T SN . i T 3
n i 5 ot i
Tt Nep - A . I
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3,30 g (8,41 mmol) 2-(4-bromophenyl)-4,5-diphenylthiazol, 6,41 g (25,24 mmol)
bis(pinacolato)diboran, 0,23 g (0,25 mmol) Pdx(dba)s, 0,24 g (0,50 mmol) XPhos va 2,89
g (29,44 mmol) KOAc dugc dat trong binh 2 ¢d 500 mL va 80 mL 1,4-dioxan duoc hoa
tan. Sau do, hdn hop phan tng dugc hdi luu va duoc khudy trong 12 gio. Sau khi phan
tng hoan thanh, sac ky ¢t sir dung hexan/etyl axetat (10:1) lam dung mdi hién dé tao ra

2,72 g chét rdn C-1 (nang suat: 73,5%).

(2) Viéc tong hop ctia hop chat 3 (2-(4-(13,13-dimetyl-13H-
spiro[benzo[f,g]indeno[1,2-blanthraxen-7,9’-fluoren]-11-yl)phenyl)-4,5-diphenylthiazol)

=

g
hzmm f Faorto,

c-1 Hop chat 3

1,00 g (1,78 mmol) chét trung gian B-5, 0,94 g (2,14 mmol) chit trung gian C-1,
1,23 g (8,90 mmol) K»CO3 va 0,06 g (0,05 mmol) Pd(PPhs)s dugc dat trong binh 2 cd
250 mL va dugc hoa tan trong 80 mL dung dich tron 1an THF/nudc (3:1). Sau dé, hon
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hop phan tng duoc hdi luu va duge khudy trong 12 gio. Sau khi phan (mg hoan thanh,
sdc ky cot dugc thuc hién s dung MC/hexan (2:1) lam dung moi hién dé duara 1,0 g
chat rdn hop chit 3 (nang suét: 70,7%).
Vi du téng hop 3: Téng hop ctia hop chit 5

Viéc tbng hop cua chit trung gian E-2 (3-Bromo-13,13-dimetyl-13H-
spiro[benzo[f,g]indeno[1,2-b]anthraxen-7,9’-floren])
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0,05 g (1,04 mmol) hop chit E-1 duoc dit trong binh 2 ¢d 250 mL, duoc hoa tan
trong 50 mL clorophom va 0,17 g (0,055 mmol) brom dugc thém cham vao trong binh.
Sau d6, hdn hop phan ung duoc khudy tai nhiét o phong trong 24 gio. Sau khi phan tng
hoan thanh, dung moi la dried va sdc ky cot dugc thuc hién su dung MC/heXan (1:9) lam
dung mdi hién dé tao ra 0,50 g chit ran trang E-2 (ning suit: 85,9%).

(2)  Viéc téng hop cuia hop chat 5 (2-(4-(13,13-dimetyl-13H-
spiro[benzo([f,g]indeno[ 1,2-b]anthraxen-7,9°-fluoren]3-yl)phenyl)-1,4,5-triphenyl-1H-

imidazol
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1,00 g (1,78 mmol) chét trung gian E-2, 1,07 g (2,14 mmol) chat trung gian A-2,
1,23 g (8,90 mmol) KoCOs3 va 0,06 g (0,05 mmol) Pd(PPh3)s dugce dat trong binh 2 cd
250 mL va duoc hoa tan trong 80 mL dung dich tron 1dan THF/nuéc (3:1). Sau do6, hon
hop phan tng duoc hdi lwu va dwge khudy trong 12 gid. Sau khi phan ing hoan thanh,
sic ky cdt dugce thuc hién st dung MC/hexan (2:1) lam dung moi hién dé dua ra 1,3 g

chét ran hop chat 5 (ning suat: 85,5%).
Vi du téng hop 4: Tong hop ctia hop chit 6

Viéc tong hop cua hop chét 6 (2-(4-(13,13-dimetyl-13H-
spiro[benzo][f,g]indeno[ 1,2-b]anthraxen-7,9’-fluoren)phenyl)-4,5-diphenylthiazol

E-2 C-1 Hop chat 6

1,15 g (2,05 mmol) chit trung gian E-2, 1,08 g (2,46 mmol) chat trung gian C-1,
1,42 ¢ (10,24 mmol) KoCOs va 0,07 g (0,06 mmol) Pd(PPhs)s duge dit trong binh 2 ¢
250 mL va duoc hoa tan trong 120 mL dung dich tron 1an THF/nué6e (3:1). Sau do, hon
hop phén tng duoc hdi luu va duge khudy trong 12 gio. Sau khi phan ting hoan thanh,
sdc ky cot duoc thuc hién st dung MC/hexan (1:1) lam dung moi hién dé duara 1,2 g
chat rdn hop chit 6 (ning sult: 73,7%).
Vi du téng hop 5: Téng hop cua hop chét 7

Viéc téng hop cua hop chit 7 (N,N,13’-triphenyl-13"H-spiro[floren-9,7’-

phenaeno[ 1,2-b]cacbazol]-10’-amin
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1,2 g (1,97 mmol) hop chét 1-1, 0,40 g (2,36 mmol) diphenylamin, 0,05 g (0,06
mmol) Pdx(dba)s;, 0,01 g (0,06 mmol) P(t-Bu)s (tri-tert-butylphotphin), 0,57 g (5,90
mmol) NatBuO (natri tert-butoxit) dugc didt trong binh 2 cd 250 mL va dugc hoa tan
trong 100 mL toluen. Sau d6, hdn hop phan tung dugc hdi luu va duge khudy trong 12
gid. Sau khi phan tng hoan thanh, sic ky cot duoc thuc hién st dung MC/hexan (3:7)

lam dung moi hién dé taora 0,7 g chét ran hop chét 7 (nang suét: 5 1,0%).
Vi du téng hop 6: Téng hop cua hop chat 8

Viéc tong hop cta hop chit 8 (13°-Phenyl-10’-(4-(1,4,5-triphenyl-1H-imidazol-2-
yl)phenyl)-13’H-spiro[floren-9,7’-phenaleno[1,2-b]cacbazol
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Hop chét 8

1,10 g (1,80 mmol) hop chit I-1, 1,08 g (2,16 mmol) chét trung gian A-2, 1,25 g
(9,01 mmol) K2CO3 va 0,06 g (0,05 mmol) Pd(PPhs)s dugc dat trong binh 2 cb 250 mL
va duoc hoa tan trong 80 mL dung dich tron 1an THF/nuée (3:1). Sau d6, hdn hop phan

g duoc hdi luu va duoc khudy trong 12 gio. Sau khi phan tmg hoan thanh, sdc ky cot
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duoc thuc hién st dung MC/hexan (3:7) lam dung moi hién dé tao ra 1,00 g chét ran hop
chét 8 (ning suat: 65,1%).

Vi du téng hop 7: Téng hop ctia hop chat 13

Viéc tdng hop ctia hop chat 13 (N,N-diphenylspiro[benzo[8,9]anthrax[2,3-

b]benzofuran-7,9-fluoren]-11-amin
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K-1 Hop chat 13

1,5 g/ (2,80 mmol) hop chét K-1, 0,57 g (3,36 mmol) diphenylamin, 0,08 g (0,08
mmol) Pdx(dba)3, 0,02 g (0,08 mmol) P(t-Bu)s va 0,81 g (8,40 mmol) NatBuO dugc dit
trong binh 2 ¢ 250 mL va duoc hoa tan trong 100 mL toluen. Sau d6, hdn hop phén Gng
dugc hdi luu va duge khudy trong 12 gio. Sau khi phan mg hoan thanh, sic ky cot duoc
thuc hién st dung MC/hexan (3:7) dung dich hién détaoral2 g chét ran hop chit 13
(ndng suit: 62,3%).

Vi du tdng hop 8: Tong hop ctia hop chat 19

Viéc tdbng hop cua hop chat 19 (N,N,13’-Triphenyl-13’H-spiro[floren-9,7 -

phenaleno[ 1,2-b]cacbazol]-10’-amin
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Hop chit 19
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1,1 g (1,99 mmol) hop chit L-1, 0,41 g (2,30 mmol) diphenylamin, 0,05 g (0,06
mmol) Pdx(dba)z, 0,01 g (0,06 mmol) P(t-Bu); va 0,58 g (5,98 mmol) NatBuO duogc dat
trong binh 2 ¢b 250 mL va dugc hoa tan trong 100 mL toluen. Sau dé, hdn hop phan tng
duoe hoi luu va duoc khudy trong 12 gid. Sau khi phan tng hoan thanh, sic ky cot duoc
thue hién st dung MC/hexan (3:7) lam dung dich hién dé tao ra 0,8 g chét ran hop chét
19 (nang sut; 58,3%).

Vi du tht nghiém 1: Do FWHM ctia céc hop chit hitu co

Do rong tdi da tai ntra cuc dai (FWHM - full width at half maximum) ctia hop chét
2, hop chét 3, hop chét 3, hop chét 6, hop chit 7 va hop chit 8 duoc téng hop mdt céch
tuonwg tng trong cac vi du téng hop tir 1 dén 6 S& duoc do. Ciing vy, FWHM ctia vat
liéu huynh quang duoc lam tré, tic 1a 4CzIPN duoc do cho viéc so sanh. Céc két qua do
duoc thé hi¢n bang 1 bén dudi. Nhu duogc chi thi trong bang 1, tat ca céc hop chat hitu co
duoc téng hop trong cac vi du tong hop ¢6 FWHM hep hon tri s6 cua 4CzIPN, va duoc

mong doi la tang duong dugc dd tinh khiét vé mau sac ctia ching.

Bang 1: FWHM phat quang ctia hop chét hiru co

Mau FWHM (nm)

4CzIPN 85
Hop chat 2 54
Hop chat 3 51
Hop chit 5 65
Hop chiét 6 70
Hop chét 7 71
Hop chit 8 68

Vi du 1: Viéc san xuat diot phat sang hitu co (Organic Light-Emitting Diode - OLED)
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Diot phét sang hitu co duge san xuat st dung hop chit 2 duoc tong hop trong vi du
tong hop 1 1am chat pha tap trong 16p vét lidu phat (emitting material layer - EML). Dé
thuy tinh, ma dién cuc ITO (chta tAm phan xa) dugc gén vao do va co kich ¢& 40 nm x
40 nm x 0,5 mm, dugc rira bdi si€éu am st dung ruou isopropyl, axeton va nudc chung
cit (DI - distilled water) 1am dung mbi lam sach trong 5 phit va duoc lam khd trong 10 tai
100°C. Sau khi lam sach dé, dé duoc xtt Iy plasma O, trong 2 phut va dugc chuyén t6i
budng chan khéng dé ling dong 16p phat. Sau do, 16p phat va c6 cuc am duge lang dong
theo thtr tw sau: Ldp tiém 15 tréng (hole injection layer - HIL) (HAT-CN; 7 nm); 16p van
chuyén 13 trdng (hole transport layer - HTL) (NPB, 55 nm); 16p chin dién tir (electron
blocking layer - EBL) (mCBP; 10 nm); 16p vat li¢u phat (emitting material layer - EML)
(4-(3-(triphenylen-2-yl)phenyl)dibenzo[b,d]thiophen: Hop chét 2 (95:5 theo khdi luong);
25 nm); 16p chian 18 tréng (hole blocking layer - HBL) (B3PYMPM; 10 nm); 16p van
chuyén dién tir (electron transport layer - ETL) (TPBi; 20 nm); 16p tiém dién tir (electron

injection layer - EIL) (LiF); va cuc am (Al).

Ca say do, 16p chup (capping layer - CPL) duoc ling dong trén cuc 4m va thiét bi
dugc bao boc boi thuy tinh. Sau khi léng dong 16p phat xa va cuc am, OLED dugc truyén
tir budng lang dong t&i hop kho dé tao mang, tiép theo boi viée bao bao st dung epoxy c6
thé luu hoa duoc boi UV va chét thu hoi 4m. Viée san xuét diot phat sang hitu co ¢6 dién
tich phét xa 1a 9 mm?.

Céc vi du tir 2 dén 6: Viéc san xudt OLED

Diot phét sang hitu co duoc san xuét theo cling mot quy trinh va cling céc vt liéu
nhu trong vi du 1, trir viéc hop chit 3 (vidu 2) duoc téng hop trong vi du téng hop 2, hop
chat 5 (vi du 3) duoc tdng hop trong vi du téng hop 3, hop chat 6 (vi du 4) duge téng hop
trong vi du tong hop 4, hop chét 7 (vi du 5) dugc tong hop trong vi du tong hop 5 va hop
chit 8 (vi du 6) duoc téng hop trong vi du téng hop 6 duoc st dung lam chat pha tap

trong EML thay cho hop chét 2.

Vi du so sanh: Viée san xuat OLED
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Piot phat sang hitu co dugc san xuét theo ciing mdt quy trinh va ciing cac vat liéu
nhu trong vi du 1, trir viéc hop chat sau duoc st dung lam chét pha tap thay cho hop chét
1.
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Vi du thr nghiém 2: Viéc do cac tinh chét phét quang ctia OLED

MBJi diot trong cac diot phat sang hitu co duge san xudt boi cac vi du 1 dén 6 va vi
du so sanh duoc két ndi t6i ngudn cong sudt bén ngoai, va cac tinh chat phat quang cua
tat ca cac diot duoc danh gid st dung ngudn dong khong déi (KEITHLEY) va quang ké
PR650 tai nhiét do phong. Cu thé, dién thé didu vén (V), hiéu suat dong (Cd/A), hiéu suit
cong sudt (Im/W), hiéu suét lwong tir ngoai (external quantum efficiency - EQE; %), va
cac toa dd mau sic tai mét d6 dong 1a 10 mA/cm?® cho budc séng phat quang ctia cac diot
phat sang theo cac vi du 1 dén 6 va vi du so sanh s& dugc do. Céc két qua cua ching dugc

thé hién trong 2 sau.

Bang 2: Cac tinh chat phat quang ctia OLED

Mau v cd/A | Im/W | EQE (%) | CIEx | CIEy
Vi du so sanh 5,23 2,44 1,47 3,32 0,13 | 0,08
Vidu 1 3,72 7,16 6,05 5,33 |0,1538 0,1866
Vidu?2 3,99 7,56 5,96 537 | 0,157 | 0,201
Vidu 3 3,81 6,53 5,38 5,07 10,1538 0,1761
Vidu4 3,55 7.45 6,60 5,54 10,1528 0,1883
Vidu 5 4,74 5,30 3,51 3,95 | 0,156 | 0,184
Vidu 6 4,48 10,77 | 7.55 6,54 | 0,167 | 0,255
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Nhu duogc chi ra trong bang 2, khi so sanh v6i OLED st dung 4CzIPN lam chét pha
tap trong vi du so sanh, OLED st dung cac hop chét hitu co theo sang ché 1am chit pha
tap trong cac vi du 1 dén 6 da lam giam dién thé didu van tdi da 1a 32,1%. Ngoai ra, khi
so sanh véi OLED sir dung 4CzIPN lam chit pha tap trong vi du so sanh, OLED sir dung
cac hop chét hitu co theo sang ché lam chét pha tap trong céc vi du 1 to 6 ¢ hiéu suit
dong duoc ting cuong ti da 1a 341,3%, hidu sut cong suat ti da 1a 413,6% va hiéu suat
luong tir ngoai tdi da 1a 97,0%. Ngoai ra, OLED st dung cac hop chit hiru co 1am chat
pha tap c6 thé tao ra do tinh khiét v& mau sic cao clia mau cyan lam chi thi bdi cac toa do

mau Sac.

Tir cac két qua nay, da xac nhan duoc rang diot phat sang hitu co va thiét bj phat
sang hitu co nhu thiét bi hién thi phat sang hiru co va thiét bi chiéu sang hiru co ¢6 thé
lam giam cac dién thé didu véan va ting cudng mot cach dang ké hiéu suat phat quang

bang cach ap dung hop chit hitu co theo sang ché vao trong 16p phat.

Trong khi sang ché nay da duoc mo ta véi viée tham khéo t6i cdc phuong an thuc
hién lam vi du, nhung cac phuong an thuc va céc vi du khong phai nham han ché pham vi
bao ho theo sang ché. Ngoai ra, ngudi ¢6 kién thirc trung binh trong linh vuc sé thdy rang
céc phuong 4n cai bién va bién thé khac nhau c6 thé duoc tao ra ma khong nam ngoai y
twdng hodc pham vi cia sang ché. Do d6, sang ché cling bao ham ca nhitng phuong 4n
cai bién va bién thé cta sang ché nay, mién 1a chung nim trong pham vi cia cac diém

yéu cau bao ho sau day va cac phuong an twrong duong ctia ching.

Céc phuong an thuc hién khac nhau duge mo ta ¢ trén co thé duoc két hop dé tao ra
céc phuong an thuc hién khéac. Tt ca cac bang sang ché My, cac cong bd don sang ché
My, don sang ché My, cic bang sang ché nudc ngoai, cac don sang ché nuéc ngoai va
céc cong bd phi sang ché khéc - duoc dé cp t6i & ddy trong ban md ta nay va/hodc dugc
liét ké trong tai liéu vé thong tin sang ché duoc két hop toan bo & day dé vién dan. Cac

khia canh cda cac phuong an thuc hién c6 thé dugc diéu chinh, néu can dé ap dung cac
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khai niém cuia cac sang che, cac don va cac cong bd khac nhau dé tao ra cdc phuong an

thuc hién khéc.

Nhiing phuong an thay ddi nay va nhitng phuong 4n thay d6i khac c6 thé duge tao
ra d6i v6i cdc phuong 4n néu trén dua vao phan mo ta chi tiét néu trén. No6i chung, & cac
diém yéu cdu bao ho sau day, cac thuat ngit duoc str dung khong duge coi la dé gidi han
cac diém yéu cau bao hd dé vao céac phuong an cu thé ma duoc boc 1 trong phén mo ta
va trong cac diém yéu cdu bao ho, ma cin duoc hidu la bao ham tt ci céc phuong 4n kha
thi v6i day du pham vi ciia nhitng phuong 4n trong duong cua cac diém yéu cau bao ho

do. Do @6, cac diém yéu cau bao ho khong bi han ché bdi phan mo ta néu trén.
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1. Hop chat hitu co duoc biéu dién bdi cong thirc héa hoc 1 sau:

cong thirc hoa hoc 1

. 8'0 O o
0

trong d6 moi thanh phén trong s6 Ri va Ry duoc chon mot cach doc lap tir nhom

R1—(L4

>

chira hydro, doteri, triti, nhom amin khong duogc thé hodc duoc thé voi nhém thom hodc
di vong thom C4-C30, nhom aryl Cs-Cso khong dugce thé hodc duoc thé v6i nhom thom
hodc di vong thom C4-C30, nhom di aryl C4-Cs3o khong duoc thé hodc duoc thé véi nhom
thom hoac di vong thom C4-Cs30, nhom aralkyl Cs-Cso khong duoc thé hodc duoc thé véi
nhom thom hoac di vong thom Cs-Cs3p, nhom di aralkyl C4-Cso khong dugce thé hoac duoc
thé v6i nhom thom hoidc di vong thom Cs-Cso, nhom aryloxyl Cs-Cso khong duge thé
hodc dugce thé v6i nhom thom hodc di vong thom Cs-Csp va nhém di aryloxyl Cs-Cso
khoéng duoc thé hodc duoc thé véi nhém thom hodc di vong thom Ca-Cso, va it nhat mot

trong s& Ry va Ry khong phai 1a hydro, doteri va triti,

trong d6 mdi thanh phan trong sd L1 va L, dugc chon mdt cach doc lap tir nhém
chtra nhom arylen Cs-Cso khong duge thé hodc duge thé v6i nhém thom hogc di vong
thom Cs-C30, nhom di arylen C4-Cs0 khong duogc thé hodc duoc thé véi nhom thom hodc
di vong thom C4-C3p, nhom aralkylen Cs-C3o khong dugc thé hodc duoc thé véi nhom

thom hodc di vong thom C4-C3p, nhom di aralkylen Cy4-C3p khong duoc thé hodc duogc thé
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voi nhom thom hodc di vong thom Cy4-Cso, nhom aryloxylen Cs-Csp khong dugc thé hoac
duoc thé véi nhom thom hodc di vong thom C4-C3p va nhém di aryloxylen C4-Cszp khong
duoc thé hodc dugc thé v&i nhom thom hodc di vong thom Cy4-Cso, va mdi thanh phén

trong s6 m va n mot cach doc lap 14 0 (khong) hoac 1, va

trong do X 1la CR3R4, NRs, O hoac S, va mdi thanh phén trong sb R3 dén Rs duoc
chon mdt cach doc 1dp tor nhom chida hydro, nhom alkyl Ci-Cap mach théng hoac duogc
phan nhanh, nhém aryl Cs-Csp khong dugc thé hodc dugc thé véi nhom thom hodc di
vong thom Cs4-C30, nhém di aryl Cs4-Csp khong duoc thé hodc duoc thé v6i nhom thom
hodc di vong thom Cs-Cso, nhom aralkyl Cs-Cso khong duoc thé hodc duge thé véi nhom
thom hodc di vong thom C4-Cso, nhom di aralkyl C4-Cso khong dugce thé hodc dugc thé
v&i nhom thom hoac di vong thom Cs-Cszo, nhom aryloxyl Cs-Cso khong dugce thé hoac
duoc thé voi nhém thom hodc di vong thom Ca-Cso, nhdm di aryloxyl C4-C3o khong duoc
thé hoac duoc thé véi nhom thom hodc di vong thom C4-C3g, nhom arylamin Cs-Cso
khong duoc thé hodc duoc thé voi nhém thom hodc di vong thom Cs-C3p va nhém di
arylamin C4-C3p khong duoc thé hodc duoc thé voi nhém thom hodc di vong thom Cy-

Cso.

2. Hop chét hitu co theo diém 1, trong d6 hop chét hitu co c6 céu tric sau theo cong thire

héa hoc 2:

cong thtrc hoda hoc 2

(RH ~(Lalm

) AN
8'0 [ eom,
30
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trong d6 mdi thanh phr?m trong s6 Ry; va Ry, duoc chon mot cach doc 1ap tir nhom
chira nhom aryl Cs-Cso khdng dugce thé hodc dugc thé véi nhém thom hoidc di vong thom
C4-C3o va nhém di aryl C4-Cyo khong duoc thé hodc dugc thé v6i nhém thom hoic di
vong thom C4-Cs, va mdi thanh phén trong sb6 L; va L, dugc chon mét cach doc lap tir
nhom chira nhom arylen Cs-C;y khong dugc thé hoic dugc thé véi nhém thom hodc di
vong thom C4-Cso va nhém di arylen C4-Cso khong duge thé hodc dugc thé véi nhém

thom hoéc di vong thom C4-Cs,

trong d6 mdi thanh phén trong s& o va p mét cach doc lap 1a 0 (khdng) hodc 1, va it

nhat mdt trongsdovaplal,va

trong d6 mdi thanh phan trong sé m, n va X 1a gidng nhau nhu duoc xé4c dinh trong

cong thirc hoa hoc 1.

3. Hop chét hitu co theo diém 1, trong d6 hop chét hitu co ¢6 ciu tric sau theo cong thiic

héa hoc 3:

cong thic hda hoc 3

trong d6 mdi thanh phﬁn trong sb Ry, dén R, dugc chon mét cach doc 1ap tir nhom
chra nhom aryl Cs-C;o khong dugce thé hoac duoc thé v&i nhém thom hodc di vong thom
C4-C39 va nhém di aryl C4-Csy khong duge thé hodc duogc thé voi nhom thom hodc di
vong thom C4-Cs, va mdi thanh phﬁn trong sb ova p mot cach ddc 14p 1a 0 (khong) hodc

I, va

-68-



36472

trong do it nhdt mot trong sé o va p 1a 1, va X 1a gidbng nhau nhu duge xac dinh

trong cong thirc hoa hoc 1.

4. Hop chat hitu co theo diém 1, trong d6 hop chét hitu co c6 mot trong céc ciu tric sau

cua cong thtrc hoda hoc 4:

cong thire hoa hoc 4

!

A

e
i

Hop chat 4

Hop chét 7 Hop chat 8 Hop chit 9
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Hop chat 11 Hop chat 12

Hop chit 19 Hop chat 20 Hop chat 21 -

-70-



36472

Hop chat 28 Hop chat 29 Hop chat 30

Hop chat 31 Hop chét 32

Hop chat 36
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Hop chat 37 Hop chit 38 Hap chit 39

Hop chit 40 Hop chit 41 Hop chit 42

Hop chit 43 Hop chat 44  Hop chat 45

Hop chit 46 Hop chit 47

5. Diot phat sang hitu co, bao gom:
dién cuc thu nhit;
dién cuc thtr hai quay mat vao dién cuc thir nhét; va

16p vat liéu phat xa thu nhat gitta dién cuc thtr nhét va dién cuc th ha,
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trong do 16p vat liéu phat xa thir nhit chtra hop chat hitu co theo diém 1.

6. Biot phat sang hitu co theo diém 3, trong d6 16p vat liéu phat xa thu nhét con chua
chét chu thi nhit, trong d6 hop chat hitu co duge st dung lam chét pha tap huynh quang
thir nhat.

7. Diot phat sang hitu co theo diém S, trong d6 16p vat lidu phét xa thi nhit con chtra
chét chu thi nhit va chét pha tap tht nhét, trong d6 hop chat hitu co la chit pha tap thir
hai.

8. Diot phat sang hitu co theo diém 7, trong d6 mirc nang lugng nhém don cua trang thai
kich thich ctia chit pha tap thir nhat 12 cao hon murc ning lugng nhém don cla trang thai

kich thich ctia chat pha tap thit hai.

9. Diot phat sang hitu co theo diém 7, trong d6 do rong ving cAm gilta mrc nang luong
nhom don cua trang thai kich thich cta chat pha tap thi nhat va mirc nang lugng nhom ba
ctia trang thai kich thich cta chét pha tap thw nhét 1a bang véi hodc nhd hon khoang 0,3
eV.

10. Diot phat sang hitu co theo diém 7, trong d6 muic ning lugng nhém ba cua trang théi
kich thich cta chét pha tap thi nhét 1a thdp hon murc ning lugng nhém ba cia trang théi
kich thich ctia chit chu tht nhét va cao hon muc ning lugng nhom ba cla trang thai kich
thich ctia chit pha tap tht hai.

11. Diot phat sang hitu co theo diém 6, con bao gom: 16p vat li¢u phét xa thir hai gitta
dién cuc thir nhét va 16p vat liéu phat xa thu nhét hodc gitta 16p vat liéu phat xa thu nhét
va dién cuc tha hai, trong do 16p vat li¢u phat xa thtr hai chtra chét chu thir hai va chét

pha tap huynh quang dugc lam tré.

12. Diot phat sang hitu co theo diém 11, trong d6 16p vat liéu phét xa thtr hai dugce b tri
gitta 16p vat liéu phét xa thu nhéit va dién cuc th hai, va con bao gém 16p chan dién t
gifta dién cuc thir nhét va 16p vat lidu phat xa thir nhét.

13. Diot phat sang hitu co theo diém 12, trong do chit chu thir nhét 1a cung mot vat liéu

nhu 16p chan dién tu.
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14. Diot phat sang hitu co theo diém 11, trong do 16p vat li¢u phat xa thtr hai dugc bd tri
gitta dién cuc thi nhat va 16p vat lidu phat xa thu nhit, va con bao gdm 16p chan 18 tréng

gitta 16p vat liéu phat xa thu nhét va dién cuc tht hai.
15. Thiét bi phat sang hiru co, bao gdm:
dé; va

diot phét sang hitu co theo diém S trén dé.
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 9
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FIG. 10
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FIG. 11
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