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Alg3 Tris(8-hydroxyquinolinato)aluminium

AZO Aluminium-doped Zinc Oxide (Oxit kém pha nhom)

Ceo Fullerene (Carbon 60)

CN-PPV Cyano — substituted Poly para-phenylene vinylene

CRI Colour Rendering Index (Hé s6 hoan mau)

EIL Electron Injection Layer (L6p phun dién tir)

EL Electroluminescence layer (Pi¢n phat quang)

EML Emission Layer (16p phat quang)

ETL Electron Transfer Layer (L6p truyén dién tir)

F8BT Poly(9,9'-dioctylfluorene-co-benzothiadiazole)

F8T2 9,9-dioctylfluorene bithiophene

FE-SEM Field-Emission Scanning Electron Microscope (Kinh
hién vi dién tir quét phan giai cao)

HHTT Hexa(hexylthio)triphenylene

HIL Hole Injection Layer (Lop phun 15 tréng)

HOMO Highest Occupied Molecular Orbital (Quy dao phéan tu
dién day cao nhat)

HTL Hole Transfer Layer (L6p truyén 16 trong)

ICT Interchain Charge Transfer (Truyén dién tich lién chudi)

ISC Internal System Crossing

ITO Tin—doped Iridium Oxide (Oxit indi pha thiéc)

LB-550 Dynamic light scattering particle size analyzer (May phan
tich kich thudc hat bang tan xa dong luc hoc anh sang)

LCAO Linear Combination of Atomic Orbital (T hop tuyén
tinh cac orbita nguyén tir)

LCD Liquid Crystal Display (Man hinh tinh thé 16ng)

LED Light Emiting Diode (Pi6t phat quang)




LUMO Lowest ‘Uno‘ccup,ied Molecular Orbital (Qu¥y dao phan tir
chua dién day thap nhat)

MEH-PPV Poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene
vinylene]

MeLPPP Methyl-Substituted Poly-Phenylene

OLED Organic Light Emitting Diode (Pio6t phat quang hitu co)

ROLED Reverse OLED (OLED phét quang ngugc chiéu)

TOLED Trgnsparent Organic Light Emitting Diode (OLED trong
suot)

SOLED Stercked Organic Light Emitting Diode (OLED xép
chong)

PA Polyacetylene

PANI Polyaniline

PAT Poly(3-Alkylthiophene)

PBD 2-(4’-biphenyl)-1, 3,4-oxadiazole

PDA Phenylenediamine

PEDOT Polyethylenedioxythiophene

PEDOT-PSS | Poly(3,4-
ethylenedioxythiophene):(poly(styrenesulfonate)

PF Poly(9,9-Bis-(2-Ethylhexy)Fluorene-2,7-Diyl)

PFO Polyfluorene

PIA Photon Induced Absorption (Hap thu cam photon)

PL Photoluminescence (Quang phat quang)

PPE Poly(P-phenylene-ethynylene)

PPP Poly-paraphenylene

PPV Poly para-phenylene vinylene

PTAA Poly(3-Thiophene Acetic Acid)

PtOEP Platinum octaethyl porphine

PTV Poly Thiophene Vinylene




PVK PolyVinyl Karbazone

SE Singlet exciton

SSL Solid-State Lighting (Chiéu sang rin)

ST638 4,4’ 4"-Tris(N- (1- naphthyl)-N-phenyl-amino)-
triphenylamine

TAPC 1,1-bis[4-(di-p-tolyamino)]cyclohexane

TCO Transparent Conducting Oxide (Oxit dan dién trong sudt)

TE Triplet exciton

TNF Trinitrofluorenone

TPD N, N’-diphenyl-N, N’-bis(3-methyl phenyl)-1,1’-
biphenyl-4,4’-diamine

TPD N,N,N',N’-tetrakis(4-methoxyphenyl)-benzidine

WLED LED trang (White Emiting diode)

XRD Nhiéu xa tia X




LOI NOI PAU

Tir khi phat hién mot s6 polymer ciing c6 tinh chit ban dan, polymer dan dién
(Electrically conducting polymer), sau nay goi tit 1a polymer dan 1a vét liéu churc
ning méi trong cac nganh vi dién tir, quang dién tir va quang tir. Cing v6i mot sb
phan tir khdi lwong thap, polymer dan dugc Gmg dung ngay cang nhiéu trong khoa
hoc ki thuat. Gan day chung da thay thé tinh thé 1ong trong man hinh TV, dién thoai
di dong hay cac linh ki¢n dién tir v6 co khac. Cac man hinh hién thj hitu co hoat dong
nhu linh kién di6t phat quang di¢n tich rdng. Loai linh kién nay duoc goi 1a didt phat
quang httu co (Organic Light Emitting Diode) — OLED. Tham chi, trong tuong lai
khong xa, OLED s& thay thé LED v co trong linh vuc chiéu sang ran — ngudn sang
than thién moi truong va tiét kiém dién nang.

Tai liéu vé OLED nhu sach chuyén khao, gido trinh, ¢bng trinh khoa hoc, ... trén
cac thu tiéng nhu Anh, Puc, Phap, Nhat, Nga rat phong phi. O nudc ta, cac tai liéu
vé vat li ban din (v co) bang tiéng Viét ciing da dugc xuat ban / tai xuat ban tir 1au.
Trong khi d6, tai liéu vé polymer din hay ban din hitu co, nhét 14 sach chuyén khao
thi hau nhu chua cé.

Trong gan 15 nam lai ddy Nhom ching toi da tién hanh cac nghién ciru khoa hoc
vé vat liéu va linh kién trén co so polymer dan va t6 hop nand polymer voi oxit kim
loai. C4c loai linh kién duoc tap thé khoa hoc tap trung nghién ciru va trién khai ting
dung la OLED, pin mat troi hiru co (OSC) va sensor mang mong hitu co (OTFS).
Nham phan nao dap tng nhu ciu ngudi doc vé vt liu polymer va linh kién vi dién
tir hitu co day trién vong tng dung ndy, tac gia tip trung bién soan sach chuyén khao
“Polymer dan va diot phat quang hitu co”. Sach dugc bién soan mdt cach chon loc,
cap nhat phan tich cac cong trinh khoa hoc ciia nhiéu tac gia trén thé gidi va mot phan
dang ké tir cc cdng trinh khoa hoc, ludn 4n tién si cta cac thanh vién trong Nhom.
Sach nay c6 thé 1am tai liéu hoc tap, tra ctru, tham khao trong linh vuc chuyén sau vé
polymer din va OLED. Trong thoi gian t6i, khi c6 du diéu kién, ching t6i s& bién
soan thém sach chuyén khao vé OSC va OTFS phuc vu ban doc. Trong qué trinh bién
soan, tac gia khong tranh khoi nhitng sai st mong tat ca doc gia dong gop v kién,
giri nhan xét vé cho tac gia (dinhnn@vnu.edu.vn) dé sau nay néu sach nay duoc

tai ban s& c6 chit luong tbt hon.

Tac gia xin chan thanh cdm on cdc dong nghi¢p va doc gia vé nhiing ¥ kién dong

g6p quy bau cho nodi dung, hinh thirc va chét luong cua sach.

Tac gia


mailto:dinhnn@vnu.edu.vn

MO PAU

Trong tién trinh phat trién cua khoa hoc ki thuat vao cudi thé ky XX, dau thé ki
XXI c6 sy dong gop to 16n clia vat liéu ban dan vo co. Cac linh kién ban dan duoc sir
dung trong TV, may vi tinh, dién thoai di dong, cac do dung dién tir c4 nhén, v.v...
Riéng trong linh virc quang ban dan, man hién thi 13 mot minh chimg cho tdm quan
trong ctia chit ban din véi cude séng dan sinh noéi chung va khoa hoc ki thuit néi
riéng. Man hinh gitip cho doi séng vin héa cong dong tré nén phong phi, da dang
nhu TV 16n bé khac nhau, cac dién thoai di dong, iPhone, iPad, v.v... Tuy nhién, dé
ché tao céac cac linh kién ban dan doi hoi cong nghé cao, tiéu thu nhiéu dién nang va
hiéu suat sir dung vat liéu thap, nhu nuoi don tinh thé, epitaxi, cay ion, V.v... Nhiing
nam gan day, do nhu cau ning lugng 16n cho phat trién kinh té - x4 hdi cia tat ca cac
qudc gia, khung hoang ning luong toan cau ngay cang trd nén tram trong, mot trong
nhiing van dé 16n dat ra cho khoa hoc ky thuat 1a lam thé nao c6 thé ché tao ra cc
linh kién thiét bi hay hé théng Vi dién tu, trong d6 c6 ca ngudn chiéu sang tiéu dién
nang tiéu thu duoc giam thiéu. Thiét bi TV dau tién phuc vu cho nhu cau clia con
ngudi duoc phat minh vao nhitng nim 50 cta thé ky trude, ching c6 do phan giai
thap, man hién thi den tring, tiéu ton nhidu dién nang. Sang thé ki XXI cac TV bong
den dién tir da duoc thay thé béng TV ban dan, vi mach, siéu vi mach, ... vira c6 do
phan giai cao, vira nhe, nhiéu mau sic vira tiéu ton it dién nang, trong d6 man hinh
phang str dung ki thuat hién thi plasma, tinh thé long (LCD) vé&i dén chiéu hau la di6t
phét quang vo co (LED), ... Céc trang thiét bi ndy da tiét kiém dién niang déng ké so
v6i nhitng nam thap ki 80 cta thé ki trude. Mic du vy, cac cong nghé nén tao ra

chting van tiéu thy khong it dién ning.

Song hanh véi su phat trién cta cac linh vue khoa hoc k¥ thuat khac nhau,
cong nghé vat liéu dong vai trd then chdt cho sy phat trién khoa hoc k¥ thuét, ma ndi
troi nhét 1a tim ra va ung dung tri¢t dé hai chit ban din Si va Ge vao céc linh kién
ban dan (tién dé cho cong nghiép ban dan, dién tir va tu dong hoa, ...). O dau thé ki
XXI vit liéu polymer véi su da dang vé chung loai va kha ning ung dung rong rai
trong tat ca cac linh vuc da 1am thay d6i nén van minh nhan loai. So véi cac nguyén
t5 vo co hitu han, qué trinh téng hop da dang hoa céc loai vat liéu moi dé tao ra nhiéu
tinh chat méi ngay cang bé tic, thi polymer c6 thé khic phuc nhuoc diém nay vi
chdng 1a vat liéu rit da dang. Polymer, nhat 13 polymer din ngdy cang “thdm sau”
vao cac linh vire khoa hoc k¥ thuit tién tién. Riéng trong céng nghé ban dan, nay d4
dugc thay thé dan boi hop chat hitu co va polymer dan. Cac polymer dan c6 tinh chat

giong nhu ban din, cho nén con goi 1a ban dan hitu co, €O cac dic thu riéng nhu mém



déo, dé trai rong va mong, cong nghé ché tao linh kién don gian. Vi thé chiing ngay
cang duoc quan tAm nghién ctiru dé c6 thé ing dung thay thé hiéu qua cho ban din vo
co kho ché tao ma gia thanh lai cao.

Céc nghién ctru gan dy ching t6 su tham nhap ciia polymer dan vao linh vyc vi
dién tir thay cho ban dan vo co, dién hinh 1a di6t phat quang hiru co (OLED), pin mat
tro1 hitru co OSC), cam bién, linh kién transistor hitu co, mach tich hop hitu co, v.v...
dua trén cac polymer dan, polymer két hop va phan tir nho dé cho thiy tiém ning tmg

dung rat 16n ciia polymer dan.

Xét riéng trong truong hop hién thi va chiéu sang ran, man hinh OLED c6 nhiéu
vu diém hon han man hinh LCD (loai man hinh tién tién nhit cua thé ky trudc) 1a do
gon nhe, tiéu hao ning luong it. Cac vu diém dé caa OLED la hiéu suat hién thi cao,
mau sic da dang va trung thuc cing voi do phan giai cao va goc hién thi 16n, dic biét
nhat 13 tinh siéu mong va déo cua chiing s& 1am ting kha ning tmg dung cia OLED

cho cac thiét bi hién thi tinh té va chiéu sang ran hién dai
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CHUONG |. POLYMER DAN DIEN VA LINH KIEN PHAT QUANG
HOU cO

1.1. Cac chéat hiru co’ va polymer dan dién

Nhitng nghién ctru dau tién vé vat liéu phat quang hiru co da bat dau tir nhitng
nim cua thap ky 70, thé ki XXI, khi cac nha khoa hoc tim ra kha niang dan dién cia
cac polymer, 1am cho ching c6 thé thay dbi tir khong dan (chat dién méi) thanh din
t6t (chat kim loai) bang cach pha tap chat hay két hop hai loai polymer v&i nhau.

Polymer dan dién dau tién d6 1a polyacetylene, duoc ché tao boi Shirakawa [Ito
et al., 1974]. Cac kham pha tiép theo [Chiang et al., 1977] cho thidy d6 din cua
polymer c6 thé tang 1én gip 12 1an bang cach pha tap 6xy hoa. Tiép theo, nhiéu mang
mong dién phat quang hiru co di duoc ché tao thanh cong vao nhitng nam 1980 [Tang
& Van Slike, 1987]. Cac tac gia da chirng minh qua trinh dién phat quang cia cac
polymer din xay ra trén linh kién ba 16p ché tao tir 16p phat quang hitu co, andt va
catdt. Cac polymer két hop dung lam 16p phat quang xuat hién tré hon, khi
Burroughes [Burroughes et al., 1990] va cac cong sy da cong ché tao thanh cong céc
diot phat quang trén co s& polymer két hop, md dau cho qua trinh phst trién nganh
quang — dién tur hiru co. Lop phat quang manh Alg3 cling da dugc phat hién nam
1995 [Kepler et al., 1995]. Tinh chat phat quang cua Alg3 dugc do boi phd quang
phat quang va dién phat quang. Sau dé, linh vuc nay tién trién manh va cic san pham
thwong mai dau tién dua trén cac diot phat quang hitu co da duoc dua ra thi truong [Servati

et al, 2002].

Tur khi kham pha hién twong phat quang cia vat liéu hitu co, linh kién va thiét bi
phat quang hitu co ngayg ang dugc phat trién va hoan thién. Thoi gian séng cua thiét
bi cling nhu hiéu suat hodc dién thé 1am viéc dugc gia ting va hoan thién thém rat
nhiéu. Cac man hinh phang kich thudc 16n dang duoc cac tap doan san xuat 16n trén
thé gii nhu Sony, Kodak, Sanyo, Samsung, v.v... tdp trung nghién ctru. Bén canh
d6 cac nghién ciru vé linh kién cam bién hitu co cling dugc phat trién manh mé, nham
muc dich thay thé cho cac linh kién ban din v6 co vi gia thanh thap va su da dang
ctia ching. Dudi day 13 nhitng vu va nhugc diém chinh ctia cac ban din hitu co.

- Uu diém: C6 céc tinh chat twong dong vai cac ban dan vo co, dap ung cac tinh chat
dién, quang dién; gia thanh thap hon; Co thé ché tao dién tich 16n; Mém déo,
c6 thé tao hinh cong da dang; Mau séc hién thi phong phu va trung thuc; Géc

hién thi rong.
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- Nhuoc diém: Khong chiu duoc nhiét do khong cao; o linh dong cia cac hat tai

dién con chua cao.

Cac linh vuc ung dung ctia ban dan hitu co hién nay 1a linh kién OLED, man
hinh OLED phing hodc cong kich thudc 16n, pin mat troi hitu co, photodetector, cac
loai transistor, cac cam bién hoa hoc, bo nhé hitu co, chiéu sang ran, V.V...

Tt ca cac cau hinh OLED déu c6 thé phat trién thanh man hinh hién thi hitu co
kich thuéc 16n gép phan lam da dang thi truong man hinh phang, dong thoi
chiing ¢6 nhiéu tinh niang wu viét hon so v&i cac man hinh phang dang c6. Bang
1.1 dua ra cAc so sanh man hinh OLED véi méan hinh LCD - mét loai man hinh phang
pho bién hién nay:

Bang 1.1: So sanh gitta man hinh OLED va LCD

OLED LCD

OLED ty phat sang, 14 linh kién hién Hién thi LCD cén c6 dén hau

thi tich cuec.

OLED c¢6 goc nhin rong hon (gan LCD c¢6 gbc nhin khoang 30°. Tiéu
1700). hao ning lugng thap (2-10V).

Man hinh OLED ti€u hao it nang lugng Man hinh LCD tiéu hao nhiéu dién

hon. nang do dén chiéu hau.

OLED c¢6 ph6 mau rong, ~(16,78 triéu LCD c¢6 phé mau khoang 262.000

mau). mau.
OLED hién thi cac loai mau trung thuec, LCD c¢6 anh xanh da trdi manh trong
gan v6i mau ty nhién vung t6i ctia hinh anh va anh sang do6

manh trong cac diém sang.

OLED c6 d6 twong phan cao (ty sb LCD c6 do twong phan thip (ty sb
twong phan khoang 3000:1). tuong phan khoang 200:1).
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1.1.1. CAc chat polymer dan

Cac vat liéu ban dan hitu co duoc phan biét thanh 2 loai, ban dan hitu co polymer
hay con goi 1 polymer két hop va polymer c6 khéi luong phan tir thap hay con goi
1a vat liéu phan tir thép. Gan day, sy phan biét nay khong con rd rang do sy xuét hién
cua cac vat liéu lai, ching két hop céc tinh chit va cac thudc tinh cta cac vat lidu
polymer va vat li¢u phan tir thép [Turro, 1991]. Mot s6 vi du cuia cac loai vat liéu nay
duoc liét ké dudi ddy cung véi tén viét tat cua ching. O dau quyén sach tat ca cac tir

viét tat cling duoc giai thich day du.
Cé&c vat liéu ban dan hitu co va co kim:

- Céc ban dan hitu co phan tir nho: Pentacene, Perylene, TPD, PBD, Ceo, Algs,
PtOEP, btpacac, ADS053RE, 70-PBT-S12, HHTT, N3, TNF.

- Céc ban dan hitu co polymer: PPV, MEH-PPV, CN-PPV, PPE, PPP,
MeLPPP, PAT, PTV, PTAA, PF, F8BT, F8T2.

- Cac vat liéu lai: PVK, ST638, TPD, NDSP.

- Céc vat liéu co kim: PA, PDA, PANI, PEDOT.

Trong khudn kho sach chuyén khao ndy ching toi sé& trinh bay tong quan CAc
thudc tinh ctia polymer dan néu trén. Tiép theo 1a dién giai va phan tich két qua cia
cac cong trinh khoa hoc, trong d6 c6 ca cac cong trinh ctia ching t6i lién quan cong
nghé ché tao vat liéu va linh kién OLED.

a. Cdu tao phan tir va cdc lién két trong phdn tir

Piém then chét dé phan biét vat lidu hiru co véi vo co 1a khi bi kich thich thi trong
vat liéu vo co kich thich 4y mang tinh khong dinh x@ (delocalised), dugc mé ta bai
vector song k. Trong khi ¢6 ddi véi vat liéu hitu co, cac kich thich d6 c6 tinh dinh
xtr. Bé hiéu vé ban dan hitu co, can tim hiéu liéu ban din hitu co c¢6 “khe ving ning
lwong” ton tai trong don phan tir (tvong dwong véi d6 rong ving cam trong ban dan
v6 ¢0). Mudn hiéu ki van dé nay ban doc c6 thé tham khao trong cac tai liéu vé hoa
hoc carbon [Hadziioannou & Van Hutten, 2000].

Podng vi carbon phd bién nhét 1a 2C (nhan cd 6 neutron va 6 proton). Trong
carbon nguyén tir, 6 dién tr chiém cac orbita nhu trén Bang 1.2.
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Bang 1.2. C4u hinh dién tir cua carbon: 1s22s22p?

Orbita 1Is 2s 2px 2py 2p:

S6 dién tir 2 2 1 1 0

Cac orbita lai (hybrid orbital)

Carbon, ciing nhu cac nguyén t6 hod hoc khac, duoc hinh thanh béi cac lién két
cong hod tri, bang cach dung chung cac dién tir ngoai cling cua cac nguyén tir dé cho
16p vo dién tir ngoai cung duoc lap ddy. Vi vy, cac orbita nguyén tir tré thanh cac
orbita phan ti.

Carbon hinh thanh 2 lién két dé thém vao 2 dién tir lap day cac chd tréng trong
2 orbita p ( px va py) chua day. Theo cach nay, carbon c6 hod tri 2, hinh thanh 4 lién
két. Trong carbon (ciing nhu mét vai nguyén tir khac), 1ién két hoa hoc tién trién theo
cac budc trung gian: “hoat hoa” (promotion) va “lai hoa” (hybridization). Do d6 cac
orbita nguyén tir chuyén thanh cac orbita lai, rdi thanh céc orbita phan tir. D6i voi
qua trinh lai hoa, mét dién tir 25 duoc hoat hoa, din t6i orbita p, trong, tao ra

1522s12p3. Sau @6, carbon lién két lai hoa dién tir 2s con lai véi cac dién tir khéc:
Vé6i  3orbita2p —  cac lai hoa sp®
hay 2orbita2p —  céc lai hoa sp?
hay 1lorbita2p — lai hoa sp

Céc orbita lai sp3

C6 4 nhanh huéng téi cac dinh ctia mdt tir dién. Goc gifta cdc nhanh 1a 109,5°.
Trong lién két dang nay, carbon c6 thé hinh thanh 4 lién két, nghia 1a bang cach ding
chung dién tir v6i 16p vo 1s cua hidrd: vi du CHs (methane) minh hoa trén Hinh 1.1,
hay véi carbon sp® khac (nghia la: HsC-CHs, ethane). Lién két C-C trong ethane duoc
goi la lién két o. Céc lién két o rat manh, vi du nhu kim cuong gém cac carbon lién

két v&i nhau chi toan bang lién két o.
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orbita sp3

s Py Pz orbita sp3

Hinh 1.1. Sy hinh thanh cac orbita lai hoa sp3 va phan tir metan (CH4)

Céc orbita lai sp2

C6 3 nhanh ndm trong mit phing, tao timg cip v4i nhau goc 1200, va orbita p con
lai vudng goc véi mat phang nhu duge minh hoa trén Hinh 1.2. Trong orbita dang
nay, carbon lai sp? can lién két vdi mot carbon lai sp? khac dé hinh thanh phan ti, vi
du nhu H2C=CHg> : 2 cuia 3 nhanh cua mdi C lién két v6i H. Nhanh tha 3 caa mdi C
chdng chap véi orbita sp? cta C khac, dé hinh thanh lién két o. Céc orbita p con lai
cua ca hai C chéng chap nhau, hinh thanh lién két carbon/carbon khac, duoc goi la
lién két 7. (lién két 1o + 1m: ndi d6i C (Hinh 1.2).

Cac orbita lai sp

C6 2 “nhanh” doc theo mdt truc (thudng 1a x) tao véi nhau goc 180°, va 2 orbita
p con lai (doc theo truc y va z). Trong dang nay C c6 thé lién két véi 2 H va véi mot
orbita lai sp khac. N6 hinh thanh 1 lién két o giita cac orbita sp, va cac orbita 2p con
lai ctia mdi nguyén tir chong chap dé hinh thanh 2 lién két 7t (carbon ndi ba). Vi du
la Ethene (acetylene), HC=CH duogc minh hoa trén Hinh 1.3. Cac d¢ dai lién két 1a:
C-C=145A°;C=C=1,33A°;C=C=A° (1A°=101"m).
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orbitap, orbita p;

Hinh 1.2. Sy hinh thanh céc orbita lai hoa sp? va phan tir ethylene (C2Ha)

orbita p,

Hinh 1.3. Su hinh thanh céc orbita lai hoa sp va phan tir acetylene (C2Hz)

Day 1a mot lién két yéu, orbita twong tng thi thuong bat dinh xt, nghia 1a chiém mot

khong gian twong d6i 16n tinh tir carbon gbc ciia nod.

Vong Benzen

Céc orbita lai sp? ¢6 goc 120° twong g ddi véi timg cip lién két. Vi thé tir 6 lién

két & clia cac carbon sp? chiing ta c6 thé hinh thanh mdt hinh luc gidc déu. Mdi C s&

hinh thanh 2 lién két o, mdi lién két s& ndi v6i carbon l4n can cia chung. Mot orbita
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sp? con lai cia mdi C duoc lién két, vi du nhu véi H. Cac orbita p con lai sé chong
chap dé hinh thanh céc lién két =. C4u trac ciia phan tir benzen dugc minh hoa trén
Hinh 1.4,

hay

Hinh 1.4. Hai cu trtc bién gi6i han ctia vong Benzene.

Trén that té, vi tri cua cac lién két 7 hoan toan khong duoc xac dinh 1o rang. Su chéng
chap luong tir cua hai trang thai bién gidi han dugc chép nhan, & khia canh nao dé
khong thé quy cho cac lién két doi dién tir 14 bt dinh x& hoan toan dé hinh thanh “may
dién tich” m¢é rong toan phan tir (Hinh 1.5).

=12 )

Hinh 1.5. Céu trtc cua benzen. Canh cia vong c6 d6 dai 1a 1,39 A°,
trung gian gitra cac do dai lién két C-C va C=C.

Vong benzen 1a mot trong nhitg khéi dugc xay dung linh hoat va quan trong nhét
ctia ho4 hoc hitu co. Cac dién tir © bat dinh xt cua né ¢ céc tinh chit dic biét khi
tuong tic v6i anh sang, nho d6 mot sd phan tir chira cac vong benzen co thé cho hay
nhan céac dién tich twong ddi d& dang. Hau hét cac van dé vat Iy phan tir, bao gdm vat
1y ban dan hiru co déu lién quan dén cac phan tir chtra cic vong benzen [Cornnil et
al., 1997]. Vong benzen 1a ngudn gbc ctia cac phan tir két hop, chung 1a cic phan tir
c6 céc lién két carbon ndi ba/don hay d6i/don luan phién. Trong céc phén tir két hop,
cac dién tir © bat dinh xr xuyén subt toan b phén tir va lién két twong ddi long 1éo.
Céc tinh chit dién cua cac polymer két hop déu lién quan dén cac dién tir = bat dinh

XU nay.
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b. Cdu triic dién tir ciia cdc polymer két hop

Céc hé polymer bao gdm céac chudi carbon dai ma trong dé cac lién két carbon-
carbon d6i va don ludn phién nhau (polymer két hop) [Kao & Hwang, 1981]. Cau
tao phan tir cia mot s6 polymer két hop duoc minh hoa trén Hinh 1.6.

oOr 1Ot
PPP PPV

(Cﬁ W
‘P C| S
MeO
MEH-PPV Poly(thiophene)

Hinh 1.6. Mot s6 polymer két hop dan xuét tir cic vong benzen va
thiopene. C6 thé nhén thay cac khdi xay dung co ban ddi véi cac
hop chat minh hoa trén

Hinh 1.6 1a cic vong benzen va thiophene ndi v6i cac chudi bén canh bang cac
lién két don C-C hay cac lién két d6i C=C va don C-C luan phién. Thuc vay, day la
truong hop chung nhit nhung van c6 thé c6 cac bién doi khéng ngimg do tinh linh
hoat ctia hoa hoc hitu co. Cac goc lién két 120° trong benzen gia dinh rang cac nguyén
tir C 1a sp? lai hoa nhu trong graphit. Cac lién két sp? chu yéu cb dinh céu tric cia
phan tur trong khi do6 cac orbita p; khong cdp doi lam tdng tinh hoat dong dién-quang.
Mot cach biéu dién vong benzen dugc bt ddu véi khung sudn phiang va co tinh dén

su chong chap cia cac orbita p; (C4c dién tir 1) dwge mé ta trén Hinh 1.7.
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orbita m= khéng lai hoa

Hinh 1.7. Sy chong chap cua cac orbita p; trong vong benzene (nét dut)

Trong hau hét cac trudong hop chi ¢6 cac dién tir hod tri trong 16p vo p va s dong
gop vao céac lién két va cau tric ving. Céac dién tir s chi ¢ thé hinh thanh nén cac
lién két loai o (cac lién két truc). Trong khi d6 cac dién tir p c6 thé hinh thanh ca hai
lién két loai o va loai 7 (lién két ngoai truc). Cac lién két mt c6 nang luong lién két
thap, vi thé cac dién tr & lién két nay 1a bat dinh xt. Cac lién két © thudng hop véi
lién két o tao thanh cac ndi d6i hay ndi ba. Hinh 1.8 va 1.9 minh hoa céc lién két dién

tu 16p s va 16p p tuong Uing.

- G* Liénkét
i o
o o Phan lién két
S S

a. b.

Hinh 1.8. Lién két o hinh thanh tir dién ttr 2s. Khi A va B ¢6 cac ham song ddi ximg,
va cac ham spin phan ddi xtng: lién két 1a o-lién két. Néu chiing c6 cac ham song
phan dbi xtmg va cac ham spin d6i xtmg: lién két 1a o-phan lién két.

Hinh 1.8 minh hoa cic lién két o trong truc, twong tu cac ham song ddi xtimg va
cac ham spin phan ddi ximg duoc goi 1a o™-lién két. Nguogc lai cac ham séng phan
d6i ximg va cac ham spin d6i xing dugc goi 1a o-phan lién két. Hinh 1.9 minh hoa

cac lién két © ngoai truc. Trong lién két w, sy chong chap ham song thi khong manh
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nhu trong lién két o va c6 nang lugng lién két thap hon. Tuong tu, lwc ddy cia lién

két m-phan ddi xtng cling yéu hon [Hadziioannou & Hutten, 2000].

Viéc tron 13n cac orbita-p; (nguyén tir) suy bién dan dén cic mic ning luong
trong phan tir c¢6 thé tach thanh hai ving © va 7" hay lién két va phan lién két duoc
minh hoa trén Hinh 1.10.

Céac muc-nt duoc dién tir chiém day twong duong véi cac myc ning luong trong
vung ho4 tri ctia cac ban dan vo co. Mirc phan tir bi chiém day cao nhat goi 13 murc
HOMO (The highest occupied molecular orbital). Cac mutc-n™ khdng bi chiém chd
twong duong voéi cac mirc ning luong trong ving dan cia ban din vo co. Mitic phan
tir khong bi chiém chd thap nhat goi 13 LUMO (The lowest unoccupied molecular
orbital). Pic trung cau tric cta hau hét cac polymer két hop 1a hé 7 (cac orbita p,),
chding dai gan nhu “v6 han” - mé rong trén mot lugng 16n cac don vi monomer tuan
hoan. Pic diém nay dan dén d6 dan theo truc cua chudi trong cac polymer la 16n
nhat.

CAu trac dién tir cta cac ban dan hitu co trong ving hoa tri thuong duoc mo ta
boi 1i thuyét LCAO va trong ving dan 12 MO. Phuong phap LCAO va MO duoc
trinh bay chi tiét duéi day (Hinh 1.9 va 1.10).

X)) =
A B

o Phanlién két

A
Px Py

G)o

e B T Phanliénkét

- @@

a.

Hinh 1.9. Cac lién két dugc hinh thanh tir cac dién tir 16p p.
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Néng lwong

thd bt —- 5@33 %
chéng chép _H_ _H_ 8?:‘?5
SRR |

Hinh 1.10. Hai ving ning luong m VA * (a) va md hinh ciu tric (b)
cua phan tir benzene.

Hinh 1.9 trén minh hoa céc lién két & trong truc, trong tu cac ham song doi
xtng va cac ham spin phan dbi xing (goi 1a o-lién két). Nguoc lai cac ham song
phan ddi xtmg va cac ham spin doi xtng duoc goi 13 o-phan lién két. Hinh 1.10
minh hoa cac lién két 7 ngoai tryc. Trong lién két 7, su chong chap hai ham song

khong manh nhu trong lién két o, nang luong lién két vi thé thap hon.
M6 hinh LCAO

Mot phuong phap pho bién dé tinh cau trac ving ning lugng thudng sir dung cho
cac phan tir hitu co 1a phuong phap LCAO - phuong phéap to hop tuyén tinh cta cac
orbita nguyén tir [Yu & Cardona, 1996]. Co sé cua phuong phap nay la ham song
dién tir c¢6 thé mo ta bai sy chong chap cua cac ham song dién tir nguyén tir. Trong
tinh thé, phuong phap nay thuong duoc st dung dé mé ta ving hod tri hon 13 ving
dan, vi n6 1a phép tinh gan dung lién két manh. Trong cac tinh toan cdu trac ving,
thong s “chdng chap” hay “phi” ham séng c6 y nghia vat 1y I tuong tac cia cac

dién tir trong trudng tinh thé.

Céc thong sb chdng chap lién két duoc tim thiy nhu 13 cac yéu té ma tran cia
Hamiltonian tuwong tac trong biéu dién diéu hoa toa d6 ciu. Chi c6 5 yéu t6 ma tran
khac 0, trong do6 ba la:

(s|H]s)=Es,
(s|H|p.)=Eq,

<pz |H| pZ> =Epo
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va hai la:
<pX|H| pX> :<py‘H‘ py> = Eppﬂ

Trong do s 1a ham soéng phuong vi cuia orbita s; con px, py, Pz 1a 3 ham séng phuong
vi riéng cua orbita p, va E 13 ning lwong lién két. Su khac biét vé ning luong cia cac
phan lién két va lién két bang 2 1an ning lugng nay. Gia st truc z doc theo lién két,
khi d6 truc x va y ¢ thé hoan d6i nhau. Thuén loi 16n nhat ciia phuong phap LCAO
1a khi tinh toan c4u trac ving ctia cac hop chit, cac thong s6 chong chap ¢ thé dugc
danh gia tur cac vat liéu tinh khiét ban dau. Do d6, néu biét cac héng sb mang va ciu
trc tinh thé cua céc vat liéu ban dau, ching ta co thé doan nhan duoc céac thong sb
quan trong cta hop chat. Trong Hinh 1.11, minh hoa ba ving ning luong cia cac

ban dan Si, Ge va a-Sn & cot IV.

s phan lién ket o phan ién két

p phén lién két
— e 5 phan lién két 0-Sn —

Si —
— F mrc Fermi /
=/ P= /e F.mixc Feni
— \ F mirc Fermi

G

S — lién ket —
" p lién ket D lién két
—_ s phan lién két
§ — /—
S —\
— s lién két
s lién ket

s lién ket
Hinh 1.11. Cac thong s chong chap va céc ving bi tach trong ban dan loai IV: Si, Ge, a-Sn. -
Sn hoat dong gidng nhu kim loai do vi tri cia mirc Fermi (orbita p dugc 1ap day mot phan).

Phuong phap LCAO khéng chi ¢6 tac dung tét khi dinh tinh cac két qua vé cau
trac vung va dinh lugng cac ving hoa tri, ma con 1a phuong phap dugc chon Iya dé
tinh toan cdu triic ving cho cc ban dan hitu co, cho phép hiéu ban chat ciia cac orbita

phan tir trong céc oligomer va polymer cau triac chudi ngan.

Khoang cach nang luong gitta mac LUMO va HOMO dugc xem nhu tuong

duong ving ning lugng cAm trong ban dan hiru co. Hau hét cac loai polymer dan co
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ning luong ving cidm trong khoang 1,5 dén 3,0 eV (nhu minh hoa trén Hinh 1.12).
Vi vy chang rét thich hop cho céng nghé ché tao cac linh kién quang dién tir phat
anh sang trong vung kha kién [Yu, 1996].

phan lién két

P ARNS

LUMO

orbita lién két phan tir 7

/
’Oiﬂ‘ HOMO

Hinh 1.12. D6 rong ving cAm hinh thanh tir cac mirc LUMO va HOMO
ctia polymer dan.

Tir co hoc lugng tir, chung ta biét rang cac nguyén tir c6 cac muc dién tir riéng
biét, gian doan. Chi c6 cac muc nang lugng thép duoc lép dﬁy dién tur, tat ca cac muc
khac 13 tréng. Anh sang hay nhiét d6 c6 thé kich thich dién tir 1én cac mirc cao hon,
khi hoi phuc vé nang lugng thap chung phét anh sang. Hinh 1.13 minh hoa cac murc
dién tir cia mot nguyén tir giéng hydrd. Ddi v6i polymer din, so dd ning luong dién
tir s& thay d6i khi ghép cac don nguyén tir thanh cac chudi polymer. Khi chi c6 mot
nguyén tir, mdi trang thai trong nguyén tir ¢ thé chira hai dién tir, mot voi spin hudng
lén (spin-up) va mot voi spin hudng xudng (spin-down). Ghép hai nguyén tir véi
nhau, c6 thé c6 mot dién tir v6i spin-up va mot dién tir véi spin-down nam trong mot
trang thai, nhung cling c6 thé ton tai trang thai c¢6 cac dién tir déu c6 spin ciing hudng
1én hodc cung huéng xudng.
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Nang Irong (eV)

Hinh 1.13. So d6 cac mirc dién tir hoc ciia mot nguyén tir gidng hydro.

. Cdc murc nang luong phdn tur va cdu truc vung cua ban dan hiru co

Vi hai dién tir (ctia hai nguyén tir) tao nén lién két giita hai nguyén tir ¢ hinh
thanh phén tir c6 thé nam ¢ mot trong hai trang thai c6 nang luong khac nhau, nén
cac muc dong gop vao lién két tach ra va do d6 lam ting gap d6i sb trang thai ma
trong c4c trang thai nay c6 thé chira cac dién tir nang luong cao. RS rang 14 trong lién
két phan tir trén, to hop spin-up/down 1a c4u hinh lién két vi ning luong ciia n6 thap
hon dbi véi cac nguyén tir tach roi. Cac cau hinh spin-up/up hay down/ down duoc
goi 1a phan lién két, vi chung c6 ning luong cao hon cac mirc ning lwong trong hai
nguyén tu tach roi [Chance et al., 1975].

Do sai biét vé ning luong ctia cac mirc lién két va phan lién két 16n hay nho phu
thudc vao loai lién két. Lién két o cong hoa tri (Hinh 1.14a) tach cac mirc rit manh
va tat ca cac dién tir s& nam trong cac trang thai lién két. Mic dU cac trang thai phan
lién két bat dinh x c6 thé dong gop vao do dan, nhung khong cé dién tir ndo nam
trong cac trang thai phan lién két nay. Do d6 hau hét cac phan tir c6 loai lién két nay

déu co tinh chat cua dién moi.
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Hinh 1.14. Minh hoa su khac nhau cta cac lién két 1 va o 16p p trong lién két C=C.

Xét dén cac lién két yéu hon, nghia 1a cac murc nang luong lién két va phan lién
két gan nhau hon. Mot trong cac lién két phan tir yéu hon 12 lién két 7 trong ndi d6i
(tham chi la ndi 3). Trong d6, mot ndi van 1a lién két o, nhung ndi con lai 1a lién két
n khdng manh va bat dinh xt cao (Hinh 1.14b).

Sy bat dinh xt tot nhat dat duoc trong ndi doi va don ludn phién nhau giita cac
nguyén tir carbon (mic du céc lién két trong ban dan khong gidi han trong lién két
carbon — carbon). Trong truong hop nay, néu dua cac nguyén tir lai gan nhau dé hinh
thanh mot phan tir, cac muc s& tach ra nhung van c6 ning luong gan nhau. Piéu nay
goi 13 két hop va chiéu dai két hop xac dinh sb ndi don va d6i luan phién nhau trong
mot hang.

C6 thé tudng tuwong rang néu xay dung mot chudi nhiéu nguyén tir, chung ta s&
c¢6 nhidu muc, ludn ludn tach thanh cdc mirc lién két va phan lién két nhu duge mo
ta trong Hinh 1.15. N6i mot cach khac, khi kich thudc ctia phan tir ting thi s6 orbita
phan tir lién két va phan lién két ting. Do d6 su chong chép cua cac orbita p; khdng
lai hoa tir cac lién két d6i trong polymer két hop din dén mot s6 16n cac mirc ning
luong. Néu ting sd nguyén tir tdi vo cing, cac mirc nang lugng s& rat sat nhau tao

nén vung nang luong.
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Hinh 1.15. Muc dién tir hoc tir mot dén nhiéu nguyén tir

Tém lai, vat liéu phan tir nho s€ ¢6 cac mic nang lugng gidn doan va cac phan tur dai
v6 han (polymer két hop) s& c6 cac cau tric ving (c6 ving cam nho néu c6 cac lién
két 7, ving cam 16n néu chi ¢ cac lién két 6). Tuy nhién, rat kho dé tong hop dugc
cac phan tir polymer c6 chudi dai ma khong c6 bat ky sai hong nao. Diéu gi s& xay
ra khi polymer c6 sai hong va chi c6 cac chudi ngan?

Tro lai dinh nghia polymer va oligomer. Ca hai dwoc hinh thanh tr mot s
monomer — cac don vi lip lai. Monomer 13 phan tir co s& cho cac chudi ciia polymer
va oligomer, 1a don vi nho nhét duoc 13p lai nhidu 1an. Vi du nhu polyvinyl chloride
(PVC) hay polyethylene dugc minh hoa trong Hinh 1.16.

™
Wl

. peroxide | |c i
s:y:\: — vw:/:H\c/a"*:/‘?w . j T i o I A I h I
H; H. M ~\lf/T\l/i\l/ ...... /\I‘\l/‘l'\l\_/‘i\
W EAER IEAE
. . ¢ - - - H H
Polyvinyl chloride k \I/)’
a b.

Hinh 1.16. Qua trinh polymer hoa cua polyvinyl chloride (a) va phan ti
polyethylene, don vi monomer 1a -CHz- va don vi cubi 1a -CHs (b).
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Vi s6 don vi monomer lp lai xac dinh cac dic tinh dién tir, nén phén tr duoc goi
la monomer (mét don vi lap lai) hay oligomer (don vi lap lai nho hon 10 hay 15) va
polymer (don vi lip lai 16n hon 10). Ranh giéi giira polymer va oligomer van chua
duoc dinh nghia 16 rang. Cac chudi khong nhiéu loan dai c6 cac don vi lip lai hoan
hao 1a rat hiém, do d6 c6 thé xem phan tir 1a polymer néu ching ¢6 15 don vi lap lai
trg 1én. Trong trudng hop polymer din, sb don vi lip lai thudng vao khoang 15 dén
20 dé khi thém vao chung mot don vi lap lai s& khong lam thay ddi cac dic trung
dién tir ctia polymer [Wibourn & Murray, 1988 ; Dekker, 1998]. Trong mdt s6 cong
trinh vé cac polymer va oligomer két hop, duong phu thudc ning luong vao do dai
chudi c6 dang nhu trén (Hinh 1.17), tudn theo cong thuc:

const
E, =const — (1.1)
nrep
trong do En 1a nang lugng cho don vi 1dp lai n

Nrep 12 s6 don vi 1ap lai

45
4.0
3.5
3.0
25

W
28
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10 1 | 1 | 1 | 1 | 1 | 1

T

T

I

T

Nang lrong (eV)

1/n

Hinh 1.17. Sy phu thudc ctia ning lwong ving cim vao
do dai chudi polymer (a) va oligomer (b).

d. Cdc hat tdi va mirc nang luwong trong ban dan hirvu co

Trong vat 1y ban dan, mo ta qua trinh tai dién tich va truyén nang luong thyc hi¢n
boi cac hat tai co ban nhu dién tir, 16 tréng, phonon va céc chuan hat nhu soliton,
polaron, exciton. Trong d6 phonon va exciton chi tai ning luong. Pdi véi polymer
dan, dé mo ta qua trinh tai dién tich va nang luong trong chudi polymer két hop,

thong thuong str dung dén cac chuan hat chir khong dya trén cac hat co ban vi co ché
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dan cia cac polymer két hop dua trén co so ciia céc sai hong tich dién trong khung
suon polymer. Cac hat tai duwong hay am duoc xem nhu 13 cac san pham cua qua
trinh 6xy hoa hay khir polymer tuwong Gng va cac dién tich di chuyén bang cac budc

nhay (hopping) giita cac vi tri trén cac chudi khac nhau.

Hinh 1.18 minh hoa cac loai chuan hat soliton khac nhau trong polymer két hop
polyacetylene (PA) [Cornnil et al., 1997].

Céu tao polyacetylene (PA) khong sai hdng

H H H
c c c
Ving da
! 2okl Soliton
@ Mirc soliton == duro'ng
Vung hoa tri
Ving dan Soliton
[ ] .
M(rc s0liton s | == trung hoa
/\/\/\/ T g
Vung hoa tri
oo Viing dan Soliton
/\/\/\/ am

Mtrc soliton —1 l

Vung héa tri

Hinh 1.18. Cac loai chuan hat soliton khac nhau trong polymer két hop PA.

Soliton hinh thanh khi ¢c6 mét sai hong cau truc gitta 2 ndi © trong chudi cac ndi
T tiép can. Tuy thudc vao vi tri cua cac dién tich am va duong trén chudi két hop, ta
c6 céc loai soliton khac nhau véi mirc ning lwong ndm 6 giita ving cam. Khi mirc
nang lugng soliton khong chira di¢n tir, chra mot dién tir va chira 2 dién tir véi spin
dbi, chling ta c6 tuong Gng soliton dwong, soliton trung hoa va soliton am. Viéc két
hop ba loai soliton trén theo cac cach thirc khac nhau sé& cho cac chuan hat polaron
duong, polaron am, bipolaron duong va bipolaron am (Hinh 1.19).
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Céu tao polyacetylene (PA)
T \\H*\"ﬁ/ khdng sai hdng

(M
H

Soliton dwong + Soliton trung hoa

/\/@\/\/ Polaron duong
L]
/\/"\/\/ Polaron am
L
W Bipolaron dwong

_~ Bipolaron am

Soliton am + Soliton trung hoa

Soliton dwong + Soliton dwong

Soliton am + Soliton am

Hinh 1.19. Céc chuén hat polaron khac nhau trong polymer két hop PA.

Trong polymer dan, dé tién lop khi mo ta cc hat tai dién va ning luong, nguoi
ta thuong dung chuan hat polaron va exciton voi cac khai niém dic thu riéng dugc
trinh bay chi tiét hon trong phan sau. No6i chung, dé thun loi, thong nhat va tranh
ric roi trong qua trinh trinh mo ta cac loai hat tai dién va niang lugng trong polymer
dan, nguoi ta thuong st dung cac loai hat tai dién va nang luong da duogc hiéu thau
d4o trong cac ban dan vo co nhu mot bire tranh twong dong dé mo ta qua trinh truyén
tai nang luong va dién tich trong polymer dan nhung cic chuan hat dugc sir dung

ndy sé& co cac dic thu riéng twong tmg v4i moi chiing loai ctia polymer dan.
Polaron

Xét mot 16p hitu co (nhu polymer dan Alg3, MEH-PPV...) c6 kha ning phat
quang nam gitra hai dién cuc ant va catot.

Khi ap dat dién truong ngoai vao hai dién cuc cua linh kién OLED, cac hat tai
(am va duong) dugc phun tir cac dién cuc (catot, anét trong tng) vao 16p phat quang
hitu co. Qu4 trinh phun céc hat tai vao cac chudi hitu co giy nén céc sai hong hinh
hoc trén ciu trac nbi doi/don luan phién (do dai két hop) hinh thanh cip dién tu-
phonon, goi 1a polaron. Phonon dugc xem nhu mdt hat, dac trung cho sy lugng tu
hod nang lugng dao dong gilta cac nguyén tu trong phan tu. Thudt ngtr cdp dién tu-
phonon (polaron) dugc xem nhu 1a “chat keo” gan két giita cac dién tir lién két cta
cac nguyén tir khac nhau trong phan tir. Phu thudc vao loai hat tai phun vao (dién tu
hay 15 trong), sé tao nén cac polaron-dién tir va polaron-15 tréng chuyén dong doc

theo polymer vé cac dién cyc trai dau va 16p hitu co phat sang.
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Noi cach khac, polaron 1a cac hat tai twong tac véi mang, lam chuyén dong mot
hay nhiéu ion trong mot 6 don vi, tao nén trang thai lién két nhe trong vat ran. Khéi
lugng hi¢u dung cua polaron cao hon khdi lugng hi¢u dung cua dién tu ty do, boi vi
lgc hat duge thém vao, do vy do linh dong cua polaron la thép hon. Tai nhiét do
phong, cac polaron khong dugc tim thiy trong cac ban din vé co va né chi dugce xem

nhu 13 cac tinh chat vat 1y tai nhiét do thap.

Trén thyc té khong co cac hat tai tw do trong cac polymer két hop. Thay vao d6
1a cac polaron duong va am véi do linh dong thap hon, do d6 d6 linh dong cua céc
hat tai trong polymer thip hon trong chat ban din vo co (vao khoang 4 dén 6 bac).
Riéng dbi voi tinh thé phan tir, cac lién két trong cac tinh thé ndy thuong phang nhat
va khong thé nén dugc ching, d6 1a mot phan 1y do tai sao trong cac hé nhu vay do
dan lai cao [Schon et al., 2000]. Cac polaron duoc minh hoa bang cic mirc ning
luong riéng biét, dinh vi trong ving cam [Fesser et al., 1983], va ¢ thé xac dinh mot
cach dinh luong nhd do pho hap thy-cam photon (Photon-induced absorption, PIA)
[List et al., 1983].

Céc polaron biéu hién hai trang thai nang lugng méi nam giita HOMO va LUMO
va ¢6 d6 rong nho hon ving cAm Eg. Polaron 4m tao nén mirc ning luong thap hon
mic LUMO, nguoc lai polaron duong c6 mtc nang lugng cao hon miac HOMO.
Nhu vy, viéc lay di mot dién tir cAn niang luong it hon muc nang luong HOMO, va
khi dién tir lién két voi phan tir sé thu duoc nang lwong nhiéu hon mic LUMO (Hinh
1.20).

NOGi cach khac, cac gia tri nang lugng doi hoi twong g goi 12 “thé ning ion hoa”
(Ei) va “ai luc dién ti” (Ea) duoc biéu dién trén phuong trinh sau:
D--- Ei> D" +e
At+te -—-Ea 2> A
Eiva Ealién quan rat gﬁn khai niém “thé nang redox”’ dién hoa. Su khac bi¢t chinh
la Ej va Ea dugc dinh nghia cho cac dién tir trong chan khong, trong khi d6 thé niang
redox dugc chuin hoa cho cac dién tir trén dién cuc quy chiéu.
Cac luc hut gitra polaron duong va am hinh thanh nén exciton-polaron. Exciton-
polaron c6 spin va tinh chit cua trang thai don hay boi ba. Mtrc ning luong cia
exciton-polaron nam dudi ving din va ning luong phat ra nhu photon. Cac trang

thai ctia exciton-polaron anh hudng dén sy phat xa dnh sang va hi¢u suat luong tir vi
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chi ¢6 cac trang thai don (singlet) ciia ndé dong vai tro nhu phat xa photon, con cac
trang thai boi ba (triplet) khi giai phong nang lugng thuong sinh ra nhiét nang.

NG ——— LMD ——— WO
HOMO —§—4—  HOMO ——— — HOMO —

Trang thai co’ ban Polaron 16 tréng Polaron dién ter
(a) (b) (c)

Hinh 1.20. Céc trang thai nang lugng khac nhau ctia PA: Mtrc co ban
(a), Mirc polaron dwong (15 tréng) (b) va Mtic polaron am (dién tir) (c).

Exciton — Cép 16 trong/dién tir

Theo quang hoc dién tir vat ran, do lyc hat Coulomb gifra cac dién tr va 16 tréng
trai ddu trong ban dan, hinh thanh cip dién tir va 15 tréng (exciton) ¢ mirc ning
lwong dugc dinh xr trong ving cam. Cip nay trung hoa vé dién va chi ¢6 moment

ludng cuc. Co hai loai exciton:

- Exciton Wannier-Mott: Exciton loai ndy mé rong trén vai hang s mang hay don
vi monomer 13p lai va chung lién két twong ddi yéu do sy chan tinh dién (Coulomb)
clia mang va dién tir ¢ gitra cap 16 trdng/dién tir (Hinh 1.21). Nang luong lién két cua
exciton Wannier-Mott phu thudc vao hing s6 dién mdi cta vat liéu:

m'q* 1
" Rhm)?:n?

trong do En 1a gia tri nang luong riéng cua trang thai exciton thit n, € 1a ham dién moi
cuiia ban dan, n 1a gia tri riéng cua trang thai exciton thirn, m” 1a khéi luong hiéu dung
cua exciton Wannier-Mott [Wannier, 1937].

Tir cong thirc mé ta ning lugng trén, ta thdy cac exciton cb cac mirc gian doan
gidng nhu nguyén tir hydro ma cac mirc nang luong co thé thay doi dbi véi cac loai
ban dan c6 hoat tinh quang cao. Exciton tiéu biéu cho hau hét cac ban dan vo co 1a
exciton Wannier-Mott dong gép vao céac tinh chat vat Iy ciia ban din, ning luong
lién két tiéu biéu ctia né trong khoang 5 t6i 60 meV (Bang 1.3). Gia tri ndy c6 thé so
sanh v&i nang lugng nhiét tai nhiét d phong, keT = 25 meV. Do d6 tai nhiét do
phong, exciton Wannier-Mott trong hau hét cac ban dan vo co bi phan ly nhiét hay
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cac muc exciton dugc mé rong rat manh vi thé su hép thu kiéu exciton khac biét véi
hap thy quang hoc théng thuong [Frenkel, 1931].

Bang 1.3. Cac ning luong lién két exciton dbi véi mot s6 ban dan.

Vat liéu GaAs | InP | CdTe | ZnTe | ZnSe | ZnS | ZnO | CdSe | CdS

Ning lugng lienkét | 4.9 |5.1 |11 13 |20 |29 |59 |15 |27
exciton (meV)

[ ] ° [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Ving dan Ving dan
] L] L[] °
_@_
L ] L] ° [ ]
—
» " eI Viing héa tri Viing héa tri
o L] [ ] [ ]
Trang thai co ban Exciton Wannier
° ° L] L] %
N&ng lrong lién két 10 MeV
Ban kinh exciton 10 nm
o L [ ] [ ] L] ° ° ° L] L]
(a) (b)

Hinh 1.21. M6 hinh exciton Wannier-Mott trong mang tinh thé vo co (a) va
muc ndng luong cua exciton (b).

Exciton Frenkel: Cac exciton nay dinh xr manh trong mot 6 don vi cia mang
(Hinh 1.22). Do d6 lyc hit giita cip 18 tréng/dién tir khong bi che chan (lyc hat
nay ciing bi anh hudng boi sy twong tac voi cac dién tir 16i va cac thé ning lién
két). Chinh vi thé, cac exciton Frenkel khoé mé ta hon, va ning luong lién két
cao hon. Exciton Frenkel hiém khi quan sat duoc trong cac ban din vo co [Lee
et al., 1994].
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Hinh 1.22. Exciton Frenkel

Trong trudong hop cac ban din hitu co, chung ta mong doi ning luong lién két
exciton cao hon trong cac ban dan vé co. Thtr nhét, cac hing s dién moi trong cac
ban dan hiru co thip hon trong cac vat liéu vo co, lam ting ning luong lién két
exciton. Tht hai 1a cic exciton trong mot sd vat liéu c6 thé 13 cac exciton Frenkel.
Nang lugng lién két thuc cua exciton trong cac vat licu két hop hitu co trong khodng
tir 50 meV toi gan 1eV [Costa & Conwell, 1993]. Nhiéu tac gia cong bd cac sb lidu
rat khac nhau. Céc gi tri tiéu biéu trong khoang 300 dén 400 meV [Marks et al.,
1994].

Exciton trong mdt s6 ban dan hiru co khé duoc quan sat truc tiép, chu yéu do su
mo rong bo hap thy khong dong nhat. Cac dic diém hap thu exciton thi kho phan biét
v6i su hip thu ¢ bd ving cAm, d6 1a do phd hap thy thu duoc 1a chong chép cua ca
hai. Mic du ngdy nay d6 dai cta polymer c6 thé kiém soat duoc hoan toan bang
phuong phap tring hop hoa hoc, dd dai két hop hiéu dung c6 thé thay ddi do cac kich
thich va céac dién tich trén chudi, cac tap chat va cac tuong tac chudi — chudi. Do cac
dang hinh hoc dic biét ctia cac chudi két hop trong polymer, rat tién 1gi dé chia cac

exciton (xay ra trong polymer két hop) thanh 2 nhém khéc nhau:

Céac exciton chudi noi, cac cip dién ti-16 tréng (hay goi 1a cip polaron-15
tréng/polaron dién tir) trén cing mot chudi polymer trong ciing mot yéu td két hop.
Day la cac exciton thuong dugc mong doi nhét trong cac polymer [Friend et al., 1997
(Synth. Met)]. Cac exciton truyén dién tich, trong d6 dién tir va 18 tréng dugc tach
biét trén hai phan tir khac nhau, hay hai chudi polymer khac nhau c6 ning luong
ving cam khac nhau, nghia 1a cac exciton lién chudi [Friend et al., 1997
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(Sol.Stat.Com.)]. Cac exciton c6 thé phan ly theo hai cach, phan ly nhiét va phan ly
truong.

Trong cac chit ban dan vé co, tai nhiét do phong hau hét cac exciton bi phan ly
nhiét, ngoai trir ZnS, ZnO hay cac vat li¢u twong tu. Trong cac vat li¢u hiru co, cod
nang lugng lién két cao gap 10 lan niang luong nhiét can cho exciton phéan ly. Tuy
nhién, exciton trong cac vat liéu hitru co c6 thé duogc phan ly nho dién trudong. Theo

nguyén tac, hién tuong dién tr xuyén ham xuét hién khi vat liéu hiru co hay polymer

exc

dan dugc ap dat mot dién truong ngodi ¢ F,, > , trong d6 Eexc 12 ndng luong

exc
lién két trong khoang 0,3 — 0,4 eV d6i voi hau hét cac phan tir két hop, va rexc 1a ban
kinh exciton vao ¢& 5 — 10 nm. Do vy, dién truong can thiét cho qua trinh phan ly
it nhat 14 0,6.10° VV/cm. Gi4 tri dién trudong nay 1a vira du, sy phan ly khong dang ké
do x4c suat xuyén ham ciia dién tir thap, nhung khi bién d6 dién truong ting Ién su

phan ly s& dong gép quan trong vao do dan téng.

N6i chung, mé ta exciton s& phirc tap hon khi tinh dén cac twong tac dién tir —
dién tir va dién tr — mang. Tuong tac dién tir — dién tr dan dén hinh thanh exciton
singlet va triplet c6 nang lugng va kich thudc khac nhau. Exciton triplet cé spin S =

1 (spin cta cac hat dinh huéng cung chiéu) va exciton singlet c¢6 spin S = 0.

Céc exciton singlet va triplet

Qua trinh tai hop cia mot cip dién tir — 16 tréng theo hai cach : tai hop boi ba
(triplet) va don (singlet). Su khac biét chinh giira hai cach tai hop nay 1a dbi voi
singlet Ia tai hop buic xa, trong khi d6 d6i véi triplet 12 tai hop khong buc xa. Thong
ké don gian vé trang thai spin cho phép danh gié ti s6 singlet/triplet 1a 1/3. Mic du
vay c6 mot sd két qua nghién ctru [Marks et al., 1994] d3 chimg minh rang su khéc
nhau giita cac trang thai dién tir singlet va triplet c6 thé mo ta bang cac twong tac
orbita. Trang thai kich thich 1 cip dién tir ma spin c6 thé cao va thap, va c6 thé co
chuyén dong chinh xac déng pha hodc khong dong pha. Noi chung, cac treong hop
khac nhau xay ra c6 thé minh hoa trén Hinh 1.23, ba trang thai c6 thé 14 triplet
v6i moment spin toan phan S = 1, trong khi d6 chi c6 duy nhit mot trang thai

g v6i moment spin toan phan S = 0 1a singlet.
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A

Singlet Triplet

S=0 Mg=0 S=1 Mg=+1 S=1Ms=0 S=1 Mg=-1

Hinh 1.23. Ba trang thai triplet véi moment spin toan phan S = 1, trong khi d6
chi ¢6 duy nhat mot trang thai ing véi moment spin toan phan S = 0, la singlet.

Trong céc trang thai dién tir triplet, nguyén 1y Pauli bat budc hai dién tir tach xa
nhau. Két qua 1a mdi twong quan dién tir — dién tir giam, diéu nay kéo theo su 6n dinh
cua céc trang thai triplet so vdi cac trang thai singlet. Nang lugng cua cac trang thai

triplet nhd hon so véi céc trang thai singlet:
E(S1) = E(n,p) + K(n,p’) +3(n,p)
E(T1) = E(n,p’) + K(n,p?) - I(n,p)

Trong d6 J 1a ma tran bat nhan duoc bang cach tinh dén luc day cia cac dién tich do
cac qua trinh trao doi dién tir, va K 1a ma tran truyén cac lyc day dién tir gay ra boi
su tuong tac Coulomb. Su khac biét vé ning lugng giita cac trang thai triplet va
singlet 1a nhan t6 quan trong trong qua trinh nghién ciru cac vat liéu dién—lan quang
(electro—phosphorescent) va dic biét di voi su phat quang anh sang xanh da troi.
Céc trang thai triplet khong burc xa 1a do nguyén tac loc lya: qua trinh hdi phuc doi
hoi cac trang thai spin c6 thé ngugc nhau nhung khong dugc vi pham nguyén 1y loai
trir Pauli. Cac qua trinh hoi phuc birc xa cua triplet ¢6 giai thoi gian quéa 16n so véi

singlet, vi vay qua trinh hdi phuc khong buic xa cua triplet 13 troi hon.
1.1.2. Tinh chat dién

Hau hét cac tac gia [Murata et al., 2001; Michaelson, 1977; Pope & Swenberg,
1999] déu cho rang co ché dan cua cac polymer két hop duoc dia trén co sé chuyén
dong clia cc sai hong tich dién trong khung polymer két hop. Céc hat tai, hodc duong

(loai p) hay am (loai n), dugc xem nhu 13 cac san phdm cua qua trinh 6xy hod hay
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khir tuong tng, duoc thuc hién bang qua trinh phun dién tich théng qua céc tiép xtic
trong linh kién (Hinh 1.24).

e'.'/-\ T l

Tac nhan khir

Polymer

Polymer Tac nhan 6xy hoa
a b.

Hinh 1.24. Cac phan ttr 6xy hda (l2, Brz) (a) va khi (Ca, Li) (b) khi twong tac véi
polymer tao ra 16 tréng va dién tir twong tng.

Céc bién dang hinh thé bé gay tinh lién tuc dién tir (sy két hop) dan dén cac do
dai két hop ngan hon, do d6 1am ting tinh dinh x& cta cac kich thich. Tré lai trudng
hop dang xét, cac hinh thé cua chudi bi anh huong boi cac dicu kién bén ngoai nhu
cac dung moi, nhiét do va ap suat. Su kiém soat cac hinh thé nhu vay theo clu trac
phan tur hay céac diéu kién thuc nghiém ché tao 1a mot trong nhiing bai toan kho6 khan
cta linh vuc nghién ctru ban dan hitu co, trong d6 cac hiéu tmg hinh thai hoc dong

vai tro rat quan trong.

Céc hiéu Gmg nhu vay da dugc quan sat bang thuc nghiém ma trong d6 ngudi ta
tim thay hién twong huynh quang tir cac chudi don cia MEH-PPV phu thudc manh
vao hinh thé chudi [Michaelson, 1977; Pope & Swenberg, 1999]. Tién trién thoi gian
clia cac phd, cudng do phat xa va su phan cuc tit ca déu cung cap bang ching hién
nhién 1 hinh thé ban dau cta chudi trong dung dich duoc giit nguyén dang sau qua
trinh bay hoi dung moi. Cac chudéi MEH-PPV tao dugc tir MEH-PPV pha trong dung
mai toluene bi gdp cudn cao va thé hién hinh anh cta qué trinh phan cuc kich thich.
Exciton xuyén him dén cac ving ning luong thap két tip cao 1a nguyén nhan dé
chudi c6 tinh chat don sic. Chudi MEH-PPV tao dugc tir dung dich MEH-PPV pha
trong dung méi chloroform c6 tinh chit da mau va khéng c6 phd gian doan dot ngot
hay cudng do phd nhay bac ciing khong quan sét thay.

Céc sai hong hoa hoc va hinh hoc dong vai tro rat quan trong [lshii et al., 1999],

1am giam manh pham vi chong chép dién ti—n. Hé qua 13, chudi polymer c6 thé duoc
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xem nhu 13 chudi lién tiép cac doan két hop twong d6i ngan, c6 d6 dai khic nhau.
Trong buc tranh “phan tr”, cac kich thich hay di¢n tich dugc dinh xir trén cac doan
nhu vay. Do sy bién ddi trong cac d6 dai két hop, cac mirc nang luong duoc phan bd
ning luong theo cach lam ting hiéu Gmg dinh xtr. Két qua ctia qua trinh dinh x{r nay
1a cac dién tich di chuyén bang cic budc nhay giira cic vi tri trén cac chudi khac
nhau. Pién tich dugc truyén trong cac hé théng nhu vay 1a két qua ctia budc nhay

gitta cac chudi dugc nghién ctru chi tiét trong thap ky trudc.

N6i vé d6 linh dong, hau hét cac tai liéu déu thong nhat véi nhau vé co ché din
dién theo kiéu nhay coc nhur da trinh bay trong phan trén. Tuy nhién, viéc mo ta chinh
xac qua trinh din chua thuc hién duge va biéu thic do linh dong cua ban dan hiru co
duoc rat ra tir thue nghiém van chua duoc gidi thich rd rang [Blom et al, 2000].
Thong thuong, d6 linh dong ctia ban dan hitu co duge xac dinh tir phuong phap do
thoi gian bay (Time-of-flight TOF): mot xung anh sang hep tao ra mot 16p hat tai gan
mot dién cuc. Duéi tac dung cta dién truong, cac hat tai chuyén dong ngang qua 16p
ban dan hitu co vé phia dién cuc con lai. Thoi gian van chuyén (#) ngang qua mau

lién quan dén d6 linh dong cua hat tai theo cong thirc:

u== (12)

2"

Biéu thirc vé do linh dong ctia ban dan hiru co thu duoc tir thuc nghi¢m c6 dang nhu
Sau.

u(E)=t exp{—ﬁm[i—ijﬁ} (13)

KT \KT KT,
Véi E la dién truong, ning luong kich hoat A, To va B 1a cac thong sd phu thudc
vao polymer. Biéu thirc trén cho thay:

e Odién truong thép, dd linh dong c6 mot nang lugng kich hoat A. Nang luong
nay vao khoang 0,4 — 0,6 eV khong phu thudc vao thanh phan hoa hoc va cach
téng hop.

e O dién truong cao, d§ linh dong phu thudc vao dién truong theo quy luat

exp(SVE) v6i f= B[i—i}

KT KT,

e Khi nhiét do cao hon nhiét do To ndo d6, hé s6 £ s& nho hon 0.
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Quy luat phu thuoc cua do linh dong vao dién truong va nhiét do nay dugc quan
sat thdy 1an dau tién trén mau PVK vao dau thap nién 1970 va sau d6 1a cho céc vat
liéu phan tr v6 dinh hinh khac. DBdi véi cac polymer dan thudc ho PPV, A=0.48 eV,
o = 3.5x 10°*m?/Vs, B=2.9x10%V(V/m)*2 va To=600°K.

1.1.3. Tinh chat quang

Nhu di biét, trong cac hop chét hiru co cac dién tir théng thuong nam & cac orbita
phan tir 1ién két c6 ning lwong thap (mitc HOMO). Khi bi kich thich boi buc xa, dién
truong, vv... chung c6 thé nhay 1én cac orbita phan tir phan lién két c6 ning luong
cao hon (mic LUMO). Péi v6i phan tir hitu co ¢6 cac lién két o, lién két © va cac
dién tir & cac mirc khong lién két n (co chira cac dién tir), khi bi kich thich s& chuyén
1én cac mirc phan lién két o, phan lién két © c6 nang lugng cao hon [Schroeder,
2001]. Qua trinh chuyén mirc cta cac dién tir c6 thé xay ra theo bon cach o—c*, n—

6, m—m va n—n nhu minh hoa trén Hinh 1.25.

\ A c*
X m
! n
nc* ntr*
T
T*
(5 1 o e @

Hinh 1.25. Cac qua trinh chuyén mirc c6 thé xay ra
trong cac hop chit hitu co.

Dich chuyén 6—c" va n—c” chi xay ra khi cac dién tir hap thu photon trong ving
anh sang tir ngoai, nhitng dich chuyén nay chi xdy ra doi véi cac hop chat
hydrocarbon no chira céac lién két don. Con céc dich chuyén n—n", n—n" xay ra khi
dién ttr hap thu photon trong ving anh sang kha kién, voi bude song trong khoang
200 — 700 nm [Schroeder, 2001] . B6i véi ban dan hitu co, hién tuong hap thu thuong
xay ra trong ving kha kién do céc lién két co ban 14 cac lién két © va c6 cac nhom
mang mau (khi pha tap mau). Vi Iy do d6 khi xét dén qua trinh hap thu cua polymer
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dan, nguoi ta thudng chon mirc LUMO twong mg v6i mite ning lugng orbita phan
tir phan lién két ©° va mirc HOMO tuong tng v6i muc ning luong orbita phan tir
lién két .

Mit khac, thong qua qua trinh twong tic ndi chudi va lién chudi, cac trang thai
kich thich ban dau s& bién d6i thanh céc trang thai khac co thé phat quang hay khong
phat quang. Sy hinh thanh va bién dbi cua cac trang thai kich thich thuong duoc
nghién ctru bang phd hip thu cam tng photon (Photo-Induced Absorption, PIA).
Hinh 1.26a trinh bay nguyén Iy do phd PIA. Mau sé& duoc chiéu sang bang hai nguén:
mot ngudn do va mot ngudn bom. Ban dau, do truyén qua ciia mau doi véi tia do s&
duoc ghi lai, tiép theo, ngudn sang bom duoc bat I1én, tia bom sé& gay ra cac trang thai
kich thich trong miu. Xung anh sang cua tia do dén miu tré hon tia bom theo nhiing

khoang thoi gian khac nhau. Tin hiéu truyén qua c0 Vi sai:

£ _ Ton _Toff

1.4
T Ty (14)

trong d6 T, =T,e™ va T, =Te (“"
Vi Ton VA Torr 14 d6 truyén qua khi c6 va khong c6 tia bom, To 13 hing sb.

Puoc ghi nhan theo thoi gian tré nay. Néu bo qua su thay doi d6 phan xa mau do

hién tugng cam photon, ta c6:

Trong d6 Aa 13 su thay d6i d6 hip thu do hién tugng cam photon va d 1a d6 day mau.
Mat khéc, ta co: Aa(t,A1)=AN(t)o ()

AN(t) 12 mat d6 hat tai ¢ trang thai kich thich, o()) 1a tiét dién hap thu cta trang thai
kich thich. Do d6, vé nguyén tac, phé hép thu cam photon do truc tiép su phu thudc
thoi gian cua mat do hat tai bi kich thich cling nhu sy phu thudc vao nang luong kich

thich (budc song L) cua tiét dién hap thu.
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Hinh 1.26. Nguyén 1y quang ph6 hip thu cam quang (PIA) (a) va Cac qué trinh
chuyén doi trang thai khi dién tir hép thu nang lugng kich thich dugc thé hién
qua pho PIA (b).

Céac ngudn sang dugc st dung dé do phd PIA thuong 13 cac ngudn laser xung
femto giay hay pico gidy. Thong thudng, mau dugc lam lanh bang nito 1ong khi do.
Hinh 1.26b minh hoa céc qua trinh hap thu va truyén dién tich xdy ra trong qua trinh
do pho PIA. Khi nhan ning lugng kich thich, dién tir chuyén dén cac muc ning luong
kich thich khac nhau. Pién tir chuyén thanh trang thai singlet exciton. Tir trang thai
singlet exciton dién tir c6 thé chuyén thanh cac trang thai triplet exciton théng qua
qua trinh xuyén hé noi (“internal system crossing”) va trang thai polaron thong qua
su truyén dién tich giira cic mach polymer. Theo nhiing nghién ctru trude day, chi
co trang thai singlet exciton méi c¢6 kha ndng phat quang, trong khi triplet exciton va
polaron hau nhu khong c6 kha ning phat quang hodc hiéu suat phat quang 1a qué
thap.

1.1.4. Tinh chat quang phat quang va dién phdt quang

Hién nay co ché phat quang cua cac chat ban din hitu co chua duogc rd nhu d6i
v6i ban din vo co. Sy lién hé giita phd hap thu, cic trang thai kich thich (Hinh 1.26)
va pho phat quang cua cac ban dan hitu co thudng khong tring hop nhau, 1am cho
viéc xdy dung 1y thuyét lién hé chung cho cac hién tuong trén 1 rat khé khan. Mot
cach gan dung, ngudi ta st dung li thuyét phat quang trong ban dan vo co dé giai
thich hién twong phat quang ctia ban dan hitu co hay polymer dan.

Trong da sb cac ban dan hiru co, dinh phd quang phat quang thudng dich di mot
doan so v6i phd hap thu. Su dich phd nay thuong duoc giai thich bang d6 dich Stokes
do dao dong cua cac phan tir [Ma et al., 2002]. Hinh 1.27 14 ph6 hip thu, dién phat
quang va quang phat quang cia PPV,
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Hinh 1.27. Phé hip thu (Abs), quang phat quang (PL) va dién phat quang (EL) ctia PPV.

Tir Hinh 1.27 ¢6 thé nhan thdy phd quang phat quang bi dich han mot doan vé phia
budc song dai so voi phd hap thu. Mit khac, ta ciing nhan thay pho dién phat quang
va quang phat quang ciia PPV gan nhu tring nhau vé hinh dang. Nguogc lai, phd
quang phat quang va dién phat quang ciia mdt sd polymer dan lai khong tring nhau
[Pope & Swenberg, 1999].

900 |

600 |

Cwong db (dvtd)

300 400 500 600 700
Bwéc song (nm)

(a) (b)
Hinh 1.28. Ciu trac phan tir cia TAPC (a) va phé quang phét quang va dién

phat quang ctia mang mong TAPC (b), duong “TAPC” 13 phd phat quang cia
dung dich TAPC trong dichlorometane.

Hinh 1.28 thé hién pho dién phat quang va quang phat quang ctia mau TAPC (1,1-
bis[4-(di-p-tolyamino)]cyclohexane). Mot hién twong dang chi y khac 1 phd quang
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phat quang cta dung dich polymer va mang mong polymer c6 nhitng dic diém khac
nhau (Hinh 1.28b). Nhiéu két qua thuc nghiém khac cho thay su khac biét rat rd rang
giita phd quang phat quang ctia dung dich polymer va mang polymer. Phuong phap
tao mang va dung méi c6 anh hudng quan trong dén trat tu coa mang tao thanh, do
d6 ciing c6 anh huong 16n dén dong lyc hoc cua cac trang thai kich thich trong

polymer dan.

1.2. Linh kién diét phat quang hiru co’ (OLED)

1.2.1. Cdu tao — nguyén Ii hoat déong ciia OLED
a. OLED don lop polymer

Linh kién OLED chira don 16p polymer Ia loai linh kién don gian nhat (Hinh
1.29), n0 ¢o cAu tao bao gém mot 16p vat liéu hitu co nam kep gitra hai dién cuc.
Chtrc niang cuia andt 1a cung cap cac 16 tréng — dién tich dwong. Mang mong dan dién
trong sudt thuong dugc st dung lam anét 1a In,03:Sn (ITO). Pién cyc catdt cung cip
dién tir cho 16p hiru co. Cac hat tai (dién tir va 16 trong) duoc phun vao 16p phéat
quang hiru co, trong d6 ching s€ dugc hinh thanh dudi dang céc exciton.

e

/.
v+ /

Hinh 1.29. So d6 c4u tao ciia OLED don 16p polymer.

Do cic chudi polymer sip xép hdn don trong vat liéu hiru co, nén rat kho dé dan
cac hat tai dén ving phat quang — noi hinh thanh exciton. Mot van dé khé khan khéac
lién quan dén linh kién don 16p 1a cac hat tai c6 khuynh huéng tich tu trén mot trong
cac dién cuc va tao nén cac vung di¢n tich khong gian, ngan can qua trinh phun dién
tr va 16 tréng. Hon nita néu exciton dugc hinh thanh gﬁn dién cuc kim loai, qua trinh
dap tat s& pha huy cac exciton [Tang & Van Slike, 1987]. Gia st cac mirc ning luong
cua catdt va andt dugc chinh chinh xac vdi cac mirc phan tir cta 16p hiru co thi sy
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hoan chuyén ctia cac dién tir va 1 trong ciing khong can bang. Hat tai ¢6 do linh
dong cao hon co thé truyén qua toan bd cau tric diot ma khong gap hat tai trai ddu
dé tai hop. Két qua 1a chung tai hop & trong dién cuc dbi, dan dén khong phat quang.
Vi thé nguoi ta phai ché tao OLED da 16p véi cac 16p phun va truyén hat tai riéng
biét.
b. OLED da 16p polymer

CAu trac OLED da 16p co ban bao gdm 5 16p 1a (i) an6t trong subt — cung cap
dién tich dwong, (ii) 16p phun tréng (HIL - hole injection layer) /truyén 16 tréng (HTL
- hole transport layer), (iii) 16p phat quang (EL - emission layer), (iv) 1ép truyén/phun
dién tor (ETL - electron transport layer) va (v) catét — cung cip dién tich am
[Buroughes, 1990]. Qué trinh phat quang trong OLED dua trén co s& phun dién tich
duong va dién tich am tir cac dién cuc vao to hop cac 16p hitu co (Hinh 1.30). Két

qua 1a chung tu két hop voi nhau hinh thanh cac exciton roi tan da exciton 1a qua
trinh phat quang.

: L] N
- ” X
Catot i
3 \ hv
——%ﬁi N
Catot | = . 3
+ o—¢ %E_: @ Andt
Anét ETL | EL|HTL
(@) (b) ()

Hinh 1.30. So d cu tao (a), cAu tric ving ning lugng (b) va su van chuyén
dién tich (c) cua OLED da 16p.

Céc dién tur dugc phun tir vat liéu c6 cong thoat thép, trong khi do cac 16 tréng
dugc phun tir vat liéu c6 cong thoat cao. Budc song anh sang phat ra (mau phat
quang) phu thudc vao ban chit polymer hay cac phan tir nhé dugc lya chon (Hinh
1.31). Cac 16p ban dan hitu co duoc st dung trong OLED thuong 14 hai loai: vat liéu
phan tir (hay con goi 1a phan tir nho) hay polymer két hop dong céc vai tro khac nhau
trong qué trinh phun, truyén tai dién tich va phat quang s& dugc trinh bay chi tiét hon

trong phan sau.
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Hinh 1.31. C4u tao phan tir polymer dan va phén tir thap.

1.2.2. Cac lop trong OLED
Sy twong quan vé mat ning lugng va vai trd cua cac 1p vat liéu trong OLED

dugc trinh bay trong Hinh 1.32.

L6 tréng bien tvr
LUMO
g / *e
2 hv
=4 <
g
HOMO
v

Anét HTL EL ETL Catét

Hinh 1.32. So d6 d6 ning luong va nguyén 1i hoat dong ctia OLED da 16p.

Ld trong tir ving hoa tri ciia andt trong suét dugc phun qua 1ép HTL vao 16p
EML. Tuong tu, dién tir tir catot kim loai phun qua vao ving din cta EIL roi vao
EML, ching tai hop nhau dé phat quang. Céac 16p vat liéu andt, HTL, EIL va cat6t
dugc Iya chon sao cho sy twong quan vé cau tric ving ning luong cia ching 1a toi
vu cho sy chuyén vén hat tai vao ving phat quang va giam giit dién tich trong viing
nay, & day la 16p EML. Trong céc cau traic OLED da 16p, nguoi ta sir dung thém 16p
truyén 16 tréng (HTL) & gitta HIL va EML va 16p truyén dién tir (ETL) & giita EML

va EIL dé thoéa man muc dich trén.
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a. Andt trong suot

Oxit dan dién trong sudt (Transparent Conducting Oxide — TCO) cd cong thoat
cao thuong duoc ding 1am andt cho OLED. Vi an6t trong sudt nhu ITO (cong thoat
~ 4,8eV) thi anh sang phat ra tir lop EML c6 thé thoat duoc ra khoi linh kién. Anét
thich hop 1a phai tao ra duoc céc 15 trong (dién tich dwong) ma khi c6 dién trudong

phan cyc dat 1én andt thi 16 tréng duoc phun vao cac 16p hitu co. Cac polaron—16
tréng twong dbi dé dang sinh ra va diéu nay thuong dan téi sy mat can bang dién tich
giita hai loai hat tai [Nguyen et al., 2003]. D¢ tao ra OLED thay vi anh sang di qua
andt thanh linh kién cho anh sang di qua catét, nguoi ta thuong st dung anét c6 céng
thoat cao c6 thé khong trong sudt thay thé cho ITO. Khi d6 catét trong sudt ITO hay
AZO duoc dung dé thay thé cho catot kim loai [Elschner et al., 2000] .

b. Lép truyén 16 trong (HTL)
Tai tiép xtic voi andt, 16p truyén 18 trong (HTL) kiém soat va ting cudng qua

trinh phun 16 tréng tir an6t. Lép HTL nay phai c6 polaron—15 tréng véi do linh dong
clia cao, diéu d6 c6 nghia 1a mirc LUMO va thé ning ion hoéa Ei phai thap, muc
HOMO phai cao va x4p xi véi cong thoat ciia andt [Elschner et al., 2000; Ben-Khalifa
et al., 2003]. Piéu nay sé& lam giam rao thé AEn giita andt va 16p hitu co tiép giap, do
d6 16 tréng co thé dé dang phun vao 16p hitu co nay (Hinh 1.33).

Mc chan khéng

Ai lyc dién tor
Nang lwong ion héa

Cong thoat cla an6t
' LUMO

3 AEh

o HOMO
Anoét HTL

Hinh 1.33. So db ning luong so sanh v&i muc chan khong ciia andt
va 16p truyén 16 tréng (HTL).

Dbi voi vat lidu phan tir nho dung lam 16p HTL thuong 1a phthalocyanine dong
(CuPc) hay perylenetetracarboxylic-dianitride (PTCDA), v.v... Déi véi vat liéu
polymer két hop thudong 1a polyethylenedioxy thiophene (PEDOT), polyethylene
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dioxythiophene pha tron polystyrene sulfonate (PEDOT-PSS) hay polyaniline
(PANI), v.v...

Déi voi vat liéu phan tir thap, loai vat liéu c6 gdc amine nhan thom 1a thich hop
nhat so véi cac vat liéu phan tir thép khac. Loai vat li¢u hitu co loai p thuong dugc
str dung lam HTL 1a diphenyl diamines (TPD) va (NPB) vi chiing ¢6 do 6n dinh cao
trong moi truong nhiét do hay polyvinyle carbozole (PVK). Di v6i polymer két hop,
vat liéu thuong st dung lam HTL Ia poly paraphenylene vinylene (PPV). Dung dich
polymer nay dé dang duogc ché tao khong can bat ctr qua trinh xur 1y nhiét ndo, do d6
né 12 mot vat liéu rat dugc va chudng. Ngoai ra, cling c6 mot sb 16p HTL déng thot
c6 thé dung lam 16p phat quang khi chiing c¢6 thé hinh thanh cac exciton, thi du PVK

phat quang vung cuc tim.

C. Lop phat guang

Lop phat quang (EML) 1a mot trong céc 16p hitu co hay polymer dan cho phép
truyén dién tich va c6 kha ning giam gitt hay khoa 15 trong. Khi sir dung vat liéu
thich hop 1am 16p khoa 18 trong nguoi ta c6 thé ché tao linh kién OLED phat anh
sang xanh hiéu suat cao [Brutting et al., 2001]. Néu sir dung 16p truyén dién tir dong
thoi 1am 16p phat quang thi vi tri ctia ving tai hop dién tir — 16 tréng dong vai tro
quan trong. VUNg tai hop phat quang qua gan catot s& gy ra hién tuong “dap tat” cac
exciton dan dén giam cuong d6 anh sang phat ra [Crone et al., 1999]. Khi ¢b ging
“khoa” cac polaron—I15 tréng, hién tugng “dap tit” van c6 thé xay ra vi cac dién tich
c6 kha nang két tap tai 10p khoa 16 tréng. Lép EML sé& con duogc dé cap ki hon & cac

phan sau.

d. Lép truyén dién tir

L6p truyén dién tar (ETL) 12 chat ban dan hitu co loai n, dé dang truyén tai cac
polaron—dién tir. Vat liéu dung lam ETL mét cach hiéu qua phai c6 mirc LUMO thap
va thé nang ion hod cao. Lép ETL can phai twong thich véi 16p HTL dé c6 duge qua
trinh truyén hat tai véi sy can bang dién tich truyén vao 16p EML. Dé hoan thién qua
trinh truyén tai dién tir, hau hét cac phan tir géc can duoc pha tap véi cac phan tir ¢6
tinh chat huynh quang. Qua trinh pha tap nay din dén ting do linh dong cila cac hat
tai, xac suat tai hop cao hon va anh sang phat ra c6 mau va d6 sang hoan thién hon.

Néu str dung céc tap 1an quang nhu Iridium (Ir) va Platin (Pt) s& cho hiéu suit
luong tir tot hon so véi tap huynh quang. Phirc hitu co kim loai Alq3 (Hinh 1.31b) 1a
vat liéu phan tir nhé c6 tinh d6i xtmg phén tir cao, dugc s dung lam 16p ETL s& lam

tang hiéu suat luong tir. Hon nita, qué trinh ché tao cac 16p mang méng Alg3 ciing
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kha dé dang. Chiing c6 do on dinh kha t6t & nhitng nhiét d6 khac nhau va c6 thé tao
dugc trén nhiéu loai dé khac nhau. Do d¢ linh dong ciia polaron—dién tir ctia Alq3
cao hon d6 linh dong cta polaron—16 trong nén ching thudng duge xem nhu 13 mot
vat liéu hitu co loai n duogc sir dung lam 16p ETL trong t6 hop OLED da 16p [Gu et
al., 1999]. Thong thuong, cac vat liéu lam ETL ciing c6 thé lam 16p EML, vi du Algs
dong ca hai vai trod truyén dién tir va phéat quang ¢ buée séng 550nm. Ddi véi polymer
két hop, d6i khi ngudi ta ciing str dung cac dan xuét cia PPV lam 16p ETL. Lép phun
dién tir hitu co duoc dung dé thac day dién tir chuyén dong tir catdt vao 16p ETL.
Lé6p nay doi hoi phai d6 linh dong dién tir cao, c6 mic HOMO cao va LUMO thép.
Nguoi ta co thé hoan thién do dan cia 16p bang cach pha tap vao cac phan tir gbe cac
kim loai ¢ cong thoat thap hay cac kim loai hoat tinh cao [Murata et al., 2001].
Truyén dién tich t6t s& 1am giam dién 4p cap cho linh kién va tao nén hiéu suat phat
quang cao hon. Ciing vi thé ma nhiét sinh ra trén tiép xtc cua linh kién bai hiéu ing
Joule-Lenz ciing giam déng ké, do do tudi tho ctia OLED duoc cai thién.
e. Catot

Catbt 1a mang mong kim loai c6 cong thoat (dc) thip, cac vat liéu thuong duoc
str dung lam catot la canxi (Ca) va magnhé (Mg) hay hop kim CaMg. Nhém (Al)
cling c6 thé str dung 1am catdt va ngoai ra con 1am 16p phu 1én céc catdt dé chdng oxi
hoa. Dbi véi OLED phat sang qua andt, mot catdt hiéu qua phai sinh ra mot luong
16n dién tir, ddng thoi c6 vai tro nhu gwong phan xa cao anh sang phét ra tir 16p EML.
Viéc lya chon céc vat liéu 1am catét phai thoa min didu kién rao thé (AE.) giita catot
va cac 16p hitu co tiép giap 1a nho nhat (Hinh 1.34).

Mcrc chan khéng

Ai lyc dién tor
[ Nzng lwong ion héa Cong thoat cua catoét

LUMO »

t AEc

' E——

HOMO

ETL Catot

Hinh 1.34. So d6 ning luong so sanh véi mirc chan khong cua lop ETL va cat6t kim loai.

Poi khi ciing c6 thé st dung cliing mot vat liéu cho ca catdt va andt, thi du nhu
thay thé catdt kim loai bang ITO hay AZO 1am cho linh kién c¢6 nhiéu kha ning tng

47



dung hon. Vi¢c lya chon vat liéu catot can phai Ki ludng nham c6 dugc mat do dién
tir cao. Lop hitu co tiép giap phai c6 ai luc dién tir (x) c6 d6 16n bang d6 sai khéc
gitra cong thoat ctia 16p hiru co va cong thoat cua kim loai [Jabbour et al., 2000]. Vi
thé tim kiém vt liéu 1am catot hiéu qua cao van 1a van dén mang tinh thoi sy va can
thiét.

Bén canh céc vat lidu ké trén dbi voi OLED con ¢ thé dua voa cac 16p dém
khéac nhu cac 16p “khoa” dién tir va “khda” 16 trong, chung bao gdm mirc LUMO
trong d6i cao va mirc HOMO rat cao, cho phép giam cam cac 16 trong ¢ bién
tiép xuc (interface) giira chung voi cac 16p HTL, ETL va EML. Cac 16p nay tao
ra su can béng toc do truyén hat tai trai dau, nho do xac suit tai hop tang 1én,

dan dén hiéu suat phat quang ting.

1.2.3. Hiéu sudt phat quang ciia OLED

a. Céc qué trinh mAt mat niang luong va hiéu suidt OLED

So dd cau tao OLED da 16p duoc trinh bay trén Hinh 1.35. Qua trinh phat quang
trong OLED bt dau tir phun dién tich duwong va dién tich 4m tir cac dién cuc vao cac
16p hitu co (Hinh 1.32). Két qua cudi cung 1a ching két hop voi nhau thanh céc
exciton, roi tan da sinh ra phat quang. Budc song ciia anh sang phat ra phu thudc vao
viéc chon polymer hay céc phan tir nhé (tap chat cua 16p phét quang). Céc dién tir
duogc phun tir vat liéu c6 cong thoat thap, trong khi d6 céc 18 trong duoc phun tir vat
liéu c6 cong thoat cao. Do co6 su chénh 1éch gitra cac mirc HOMO va LUMO cua cac
16p khac nhau st dung trong OLED va cac mtrc Fermi cia cac dién cuc tao nén rao
thé ngan can qua trinh chuyén dong cua cac dién tich 4m va dwong 1am anh huong
dén qua trinh can béng dién tich trong linh kién, dan dén giam hi¢u suét cta linh kién
OLED (xem Hinh 1.32 va 1.35).
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Hinh 1.35. So d6 cau tao ciia OLED gdm 5 16p. Su chénh 1éch giita cac mirc
nang lugng cua cac 16p anot, catdt, HTL, ETL va EML st dung trong OLED
duoc mo ta trén Hinh 1.32 .

Muén cho OLED c6 hiéu suat phat quang cao can loai bé cac nguyén nhan dan
dén mat mat hat tai va ning lugng. Hiéu suat phat quang cia OLED cang cao khi s6
cdp hat tai (dién tir — 15 tréng) tai hop trong 16p phat quang cang nhiéu. Xac suit tai
hop clia cac cap hat tai thap 1a do su mat can bang trong qua trinh phun dién tir va 16
trbng Vao trong 16p phéat quang. CAc exciton dugc hinh thanh & hai dang 1a singlet va
triplet. Singlet lién quan dén tai hop buc xa, trong khi d6 triplet thuong gin véi qua
trinh tai hop khong birc xa. Cho nén hinh thanh triplet 1am giam hiéu suat phat quang.
Nhu vay, ti 18 sb exciton singlet/triplet dong vai tro rat quan trong trong viéc nang
cao hiéu suat phat quang ctia OLED.

Khong phai tat ca cac exciton singlet déu tai hop phat quang. Qua trinh mat mat
nay duoc giai thich theo hiéu suat quang phat quang thuan cua vat liéu hitu co ciing
nhu co ché dap tat exciton. Cudi cing 1a mot lugng 16n photon sinh ra khong thé
thoat ra khoi linh kién OLED. Qua trinh chong chap cc mang co tinh chat quang
khac nhau tao ra cac kiéu din sang trong linh kién. Hiéu suét dién phat quang (neL)
dugc dinh nghia I ti s6 gitta s6 photon phat ra c6 thé phat hién trén s cap dién tir—16
tréng dugc phun vao to hop céu tric hitu co. 7eL xac dinh boi biéu thirc sau
[Vohlgenannt et al., 2001]:
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S6 photon phat ra co thé phat hién

-y cap dién t-16 tréng dwoc phun vao

S6 exciton X s6 singlet exciton X

"EL” g4 cap dién ti-16 trdng dwoc phun vao sb exciton

sb photon phatra  sb photon phat ra c6 thé phat hién
- X -
sO singlet exciton s0 photon phat ra

Suy ra. Ne, =7 X rst xQgx ncoupling (15)

Trong d6: 714 thira sé can bang dién tich (tring véi sb dién tir — 16 tréng duoc phun
Va0 tao ra exciton), rst— ti s singlet/triplet (s6 exciton singlet trén s6 exciton triplet),
( — s6 photon phat ra trén mot singlet exciton (théng thudng bang 1) VA eoupling — ti
sO truyén anh sang thoat ra khoi linh kién (s6 photon cé thé thoat ra khoi linh kién

trén s photon dugc phat ra bén trong linh kién).

b. CAc bién phdp ning cao hiéu suét phat quang

Theo biéu thirc hiéu suat phat quang cia OLED néu trén, c¢6 nhitng phuong phap

sau lam ting hiéu suat OLED:
— Tang thira s can bang dién tich y bang cach ché tao OLED da 16p.
— Bién tinh vat liéu EML d¢ ting hiéu suat hinh thanh exciton trong vat liéu.
— Giam exciton triplet, ting exciton singlet.
— Pha tap chat thich hop trong 16p phat quang

Céc 15 trong va dién tir trong mic HOMO va mitc LUMO duoc phun tir andt va
catot twong Gmg. Khi di vao cac 16p hitu co, cac dién tich chuyén dong dudi tic dung
ctia dién truong, di xuyén qua linh kién hay két hop, hinh thanh exciton trung hoa va
cudi cung phat ra photon véi ning luong (budc séng) phu thudc vao su Khac biét
nang lugng gitra mitc HOMO va LUMO. Nhu vay, hi¢u sut luong tir 16n nhat co thé
nhan dugc khi dong thoi anét va catbt tao nén tiép xtiic Omic véi vat liéu hitu co (nghia
1a khong c6 rao ngan can vi¢c phun dién tich tir di€n cuc vao vat liéu hitu co) va do linh
dong cua ca hai loai hat tai la béng nhau. Bo qua cac hién tuong vat ly khac, cac diéu
kién nay la t6i wu hoa qué trinh can bﬁng dién tich va cho phép nhan dugc mot hi¢u suit

cuc dai.

Tuy nhién trong thuc té, rao thé tai giao di¢n gitra 16p hitu co/dién cuc ludn luon
tdn tai va do linh dong cua hai loai hat tai 1a nhu nhau trong ban dan hitu co hiém khi

dat dugc. Vi vay, do linh dong khac nhau cua ca hai loai hat tai s anh huéng manh
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dén qua trinh can bang dién tich va hiéu suat tai hop. Pé 1am ting hiéu suat phat
quang bang cach can bang hai loai dién tich phun vao 16p phat quang, cac OLED da
16p da va dang duoc nghién ciru ché tao. Ciu tric mét OLED da 16p duogc md ta
trong Hinh 1.36.

S— — Catét Ag/Mg (200nm)

-: EIL, Alg3 (25 nm)

ETL, Alg3 pha tap (30 nm)
HTL, NPD (50 nm)

- .: HIL, CuPc (20 nm)

— | | — Anét, ITO/AZO (300 nm)

— Dé thdy tinh

Anh sang

Hinh 1.36. Cac 16p polymer déng céc vai tro khac nhau trong t6 hgp OLED da 16p.

V&1 muc dich [am giam ti thiéu rao thé, cong thoat cua céac dién cuc phai dugc
chon gan nhat (c6 thé) voi cac mirc ning luong ca 16p hitu co st dung (HOMO va
LUMO). Ngoai ra, mét trong hai dién cuc phai trong sudt dé anh sang co thé xuyén
qua. ITO thudng dugc sir dung nhu 13 dién cuc trong sudt, ngoai ra ZnO:Al véi gia
thanh ha, cong thoat va do truyén qua tuong ddi cao thudng dugc st dung dé thay
thé 1TO lam andt cho OLED. C4c andt trong sudt nay cho phép 15 tréng phun vao to
hop hitu co nho cong thoat ctiia chiing cao (4,8eV). Nguoc lai, qua trinh phun dién tir
can loai kim loai c6 cong thoat thip nhu Ca (2,9 eV), Ba (2,8 eV), Mg (3,7 eV). Pé
ting qué trinh phun tir andt, mot 16p HTL dugce dua vao dé kiém soat va lam ting
qua trinh phun 15 tréng vao lop HTL. Lop HTL hi¢u qua 1a mot vat liéu hitu co loai
p c6 d6 linh dong cua 15 trong cao, dé dang truyén tai 16 tréng dén ving phat. Lép
EML s& 13 noi hinh thanh cac exciton va phat quang. Su can bang dién tich rat kho
dat duoc vi thé viéc giam giir cac hat tai tai cac 16p khda duoc st dung dé thuc hién
qué trinh tai hop cuc dai. Lép ETL 14 vat liéu hitu co pha tap loai n truyén tai dién tir
dén EML. Lép nay sé lam tang sy linh dong cila cac hat tai va ciing c6 chirc ning
khoa 16 tréng. Tuong tu nhu HTL, 16p ETL ciing duoc sir dung 1am 16p phét quang.
Lép EIL duoc sir dung dé gitp cac dién tr vuot qua rio thé giita catdt va ETL. Do
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su truyén tai ciia dién tir tot hon, linh kién da 16p chi cin mot dién ap thap nén linh
kién OLED da 16p sé& c6 hiéu suét ning luong cao hon.

1.2.4. C&c kiéu linh kién OLED

a. OLED trong sudt

OLED trong sudt (Transparent OLED — TOLED) c¢6 c4 hai dién cuc déu la vat
liéu dan dién trong sudt (Hinh 1.37). Anh sang phat ra tir 16p EML thoat ra ca hai

mit cua linh kién. OLED trong sut c6 nhiéu tng dung trong man hién thi trong sudt

va OLED tring [Dobbertin, 2003].

Catot trong sudt

Cac Iép hiru co

Andt trong sudt

4

Hinh 1.37. CAu trac TOLED.

b. OLED tring
Mot trong nhitng van dé co ban cua chiéu sang bang OLED 1a anh sang phat ra tir
cac 16p hitu co phai 1a 4nh sang trang. OLED trang (White OLED — WOLED). Trong
k¥ thuat mau do-xanh 14 cay-xanh duo ng (RGB), anh sang tring c6 thé tao ra bang
cach chong chap 3 mau 1a d6 (Red), mau xanh 1a cay (Green) va mau xanh duong
(Blue) ¢ cudng do bang nhau. Trén nguyén li nhu vy, c6 thé ché tao WOLED bang
cach tao ra cac anh diém (chip OLED) phat ba mau co ban trén bén trong 16p EML.
Ba mau nay tron thanh anh sang tring [Gu et al., 1999].

Mot cach don gian 1a c6 thé ché tao ba OLED riéng biét phat ba mau do, xanh
14 cay va xanh. Dat ba linh ki¢n nay sat nhau va thu nhé kich thudc cua chung
(Hinh 1.38a). Kich thudc rat nho cua cac OLED s& 1am mat nguoi co cam giac
chiing chong 1én nhau, gy nén cam giac OLED phat ra anh sang tring. Voi
phuong phéap nay, kich thudc cic anh diém hién thi s& bi giéi han, din dén do

phan giai khong cao.
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Cac chip ba mau RGB riéng biét Dung chip xanh dwong kich thich
hai I&p phat quang dé va xanh la cay

(a) (b)

Hinh 1.38. Cau traic OLED phat 4nh sang trang: Céc chip OLED riéng biét xép
sat nhau (a) va chip xanh duong kich thich 16p EML do6 va xanh 1a cay (b).

Mot cach khac dé ché tao OLED trang duoc trinh bay trén Hinh 1.38b. Ba OLED
xanh duong trén cling phat anh sang xanh, qua 16p polymer dan G va R ¢ dudi s&
kich thich cac 16p nay phat quang theo co ché quang phét quang. Anh sang phét ra
s& c6 mau trang do chong chap cta ca ba mau. Trong trudng hop nay co thé sir dung
mot chip OLED xanh duong cho toan bd man hinh, cac 16p phat quang do va xanh
14 cdy dugc phu chdng 1én chip xanh dwong qua mit na tao ra ving thoat anh sang
xanh duong cua chip kich thich.

OLED tring c6 thé dugc ché tao dya vao cac chat 1an quang (phosphors). Trong
k¥ thuat nay, mét OLED xanh duong hay tir ngoai dugc bao quanh boi cac chét lan
quang. Ta sir dung OLED xanh duong lam ngudn kich thich cho chat 1an quang xung
quanh. Nho ¢6 phd phét xa rong ctia minh, cac chat 1an quang s& phat ra anh sang
trang. Hinh 1.39 minh hoa mot OLED xép chong (stack OLED) phat &4nh sang trang.
Trong ciu triic ndy, OLED trén cung 1a OLED phat xa dao phat anh sang d6. OLED
gitra 1a TOLED phat anh sang xanh 1a cay va TOLED duéi cung phat mau xanh
duong. Nhu vy, andt cia OLED trén sé& 1a catt cia OLED dudi. Cau trac OLED
xép chong trén cho sy chong chap tot nhat va kich thudc anh diém nhé nhat. Tuy

nhién, viéc lua chon vat liéu lam dién cuc cho cac TOLED kha kho khan.
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bién cyc 1 (Mg/Al) - phan xa
OLED 1

Dién cyc 2 (ITO) - trong subt
TOLED

Pién cwe 3 - hép thu

TOLED day

— Dién cyc 4 (ITO)

— -Dé thiy tinh

Hinh 1.39. C4u trac WOLED xép chong tir cac TOLED.

Hién nay, bang cach cach pha tap cac tam phat quang khac nhau vao 16p phat quang,
ngudi ta da co thé tao ra OLED phat anh sang tring tir mot 16p phéat quang duy nhét.

c. OLED phat xa dao

Cac ciu tric OLED phat xa thong qua bé mit (Hinh 1.40) ¢ cdu trac: dé
nén/cathode (andte)/té hop cau tric hitu co/ andte (cathode) trong sudt. Lop andte
hodc cathode trong sudt nam trén cing cho phép anh sang tir 16p phat quang truyén
qua ra ngoai ma khong can di qua dé [Vaufrey et al., 2003]. C6 thé str dung mét phién
kim loai thich hop c6 bé mit nhin bong vira 1am dién cuc dudi cing, vira lam dé cho
OLED. Trong trudng hop d6, phan anh sang tir EML phét dén dé s& phan xa trén
dién cuc ndy va truyén ra ngoai qua dién cuc trong sudt trén cing. Mot OLED nhu
vay goi 1a OLED phét xa dao. Hiéu suat phat quang ciia OLED nay ting 1én nho sy

phéan xa anh sang tai dé nén.
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OLED truyén théng OLED phét xa qua bé mét dién cuc

) I

Catot kim loai Anbt trong sudt Catot trong suét

Lé&p phat quang L&p phat quang L&p phat quang
Anét trong subt Catét Anét
Y y; Y p; #
y /A y /A v Y W
" M " M % Py
CAu tric dao CAu truc thuan

Hinh 1.40. C4u trac OLED truyén théng va OLED phét xa thong qua bé mat.

d. Hién thi mau OLED
Man hién thi bang OLED duoc cdu tao tir C4c anh diém (pixel) phat ra dai mau
lién tyc. CAu trac cac anh diém c6 dang nhu cac OLED trén Hinh 1.41.

RGB (D4-La cay-Xanh xam)

Emitter RGB Emitter loc mau Chét thay mau (CCM)

e :

Vv \

a. b. e

Hinh 1.41. CAu trtc cac loai anh diém hién thi mau.

Bang cach diéu chinh cuong do phat xa cta timg chip OLED d6, xanh 14 cay va
xanh duong c6 thé nhan dugce mau téng hop tiy y. Cau trac anh diém nhu hinh 141a
c¢6 wu diém 1a tiét kiém nang luong va gia thanh ré. Tuy nhién, ba anh diém véi ba
loai vat li€u phat quang khac nhau nam trén cung mdt catot nén rat kho dat hiéu suét
tdi da cho mdi anh diém. Nguoc lai, cAu tric nhu hinh 1.41b st dung cac OLED
trang 1am emiter roi cho anh sang tring di qua cac bd loc mau nén cic emiter nay cd

thoi gian lam viéc nhu nhau. Nhuoc diém cua ki€u anh diém nay l1a khong hi€éu qua
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vé mit nang luong, can mot OLED tréng that tot dé 1am emiter va bat budc phai tao
mang TCO 1én 16p loc mau. Cau trac nhu Hinh 1.41c ciing phai tao mang TCO lén
nhing 16p polymer ban din phat quang R va G va can moét OLED xanh duong 6n
dinh 1am emiter. Uu diém cta loai anh diém nay 1a c6 hiéu suat kha cao va co thoi

gian lam viéc cta cac anh diém la kha dong deu.

Céc cong trinh nghién ctru tinh chat dién va quang ctia polymer dan hay ban dan
hiru co cho thdy mé hinh 1y thuyét vé polymer dan hién nay con mang tinh ban thuc
nghi¢ém, do6 1a do nguén géc hat tai rat phtc tap (dién tr cua lién két m, bién dang
mang, hién tuong 6xi hoa khtr, v.v...), co ché din va hinh thanh cc ving ning luong
phu thudc rit 16n vao d6 bién dang cta polymer. Tuy nhién, bang cic két qua thuc

nghiém, cho dén nay céc nha khoa hoc déu dua ra mot sé diém théng nhat sau:

- V& ving niang lugng: Su chong chap orbita ciia dién tir trong lién két m tao
thanh hai ving LUMO va HOMO tuong ung véi hai mirc Ec va Ey ctia ban
dan vo co.

- Hat tai chii yéu la cac dién tir cua lién két  va mot s6 qua trinh 6xi hda khir
trong mang. Co ché dan cha yéu trong polymer dan 1a co ché nhay c6c
(hopping) sinh ra nho dao dong mang (phonon).

- Co ché phun hat tai trong linh kién dién phat quang hitu co van chua théng
nhat, nhung néi chung dé thuan lgi trong mo ta cac nha khoa hoc van dung
ciu tric viing cua cac 16p va do chénh léch gifta cac ving gidng nhu trong
céc ban dan vo co dé gidi thich céac két qua nhan dugc.

- Co ché tai hop exciton dya trén tai hop Frenkel do nang lugng lién két exciton
trong da s6 polymer dan la kha 16n.
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CHUONG 2. CAC KI THUAT SU’ DUNG TRONG CONG NGHE CHE
TAO VA DAC TRUNG TiNH CHAT VAT LIEU VA LINH KIEN OLED

Nhu da trinh bay trong Chuong 1, OLED Ia loai linh kién dién phat quang da 16p
bao gdm ca vo co va hitu co, mdi 16p dong vai tro da trung riéng. Dé c6 thé ché tao
céc 10p nay can sir dung nhiéu hé trang thiét bi chuyén dung, nhu hé phtin xa cao tan
dung d& ché tao anét trong sudt In,O3 pha tap Sn (ITO) hay ZnO pha tap Al (AZO);
hé bdc bay mang mong kim loai ding dé boc bay catot kim loai (Mg, Ca, Al ...) ;
may quay phu li tim dé ché tao cac mang polymer din; hé béc bay vat liéu phan tr
nho; hé u nhiét trong chin khong tich hop budng sach cach ly (glove box) dé dong
v6 linh kién. C&c mau sau khi ché tao can duoc phan tich, khao sat cac tinh chét cua
ching bang cac phuong phap nhidu xa tia X (XRD), hién vi luc nguyén tir (AFM),
hién vi dién tir quét phat xa truong(FE-SEM), phd quang phat quang va dién phat
quang. Dudi day la cac phuong phép cong nghé va ki thuat phan tich dugc st dung.

2.1. Cac phwong phap céng nghé
2.1.1. Phiin xa cao tan magnetron

Céc thong sd co ban ciia mot hé phiin xa cao tan 1a: Bom so cip (hay bom co
hoc) ¢6 Pgisi han ~ 5.10° Pa, van toc hat S ~ 25 I/s; Bom tube-bo hay khuéch tan c6
Pgioi han < 10°° Pa, Pgsi ~10° Pa, van tdc hiit S = 1200 I/s. Ap suét trong budng chan
khong duoc xac dinh thong qua ap ké cip nhiét dién co gidi han do 1a 107 Pa.

Binh khi
Ar

Déau do
chan khéng

(b)

Hinh 2.1. Hé phun xa Magnetron (a) va budng phtin xa v6i bia hinh tron.
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Hé chan khong (Hinh 2.1a) bao gdm mdot budng thity tinh pyrex thé tich ~ 10
lit ndi két véi cac bom khuéch tan va bom so cip thong qua van lién hop bao gdm
van chinh (ndi budng v6i bom khuéch tén), hai van so cap (nbi bom so cap véi budng
va voi bom khuéch tan), van xa budng va van kim dung dé tiém khi Argon tir binh
chura khi khi hé da dat chan khong cao. Bom khuéch tan c6 biy lanh nitrogen long
cho phép tao dugc chan khong cho hé vao c& 1.3x1073 Pa. Trong budng chan khong
cao, co by ga bia phin xa magnetron hinh tron . Cac bia nhu ITO hay AZO cung kich
thudc voi ga bia dat trén catdt duoc lam lanh bang nudc. Catot bang dong do dang
try duong kinh 11 cm bén trong bd nam cham vinh citu gdm hai cuc nam va béc tac
dung 14 magnetron (Hinh 2.1b). Ngudn cao thé mét chiéu (DC) cong suit ~ 1500 W,
c6 thé diéu chinh dién thé tir thap dén cao (0 dén 1200 V) - cung cap hiéu thé can
thiét cho bd magnetron. H¢ phong dién lanh c6 tac dung xur li sach bé mait bao g6m
hai cuc duoc cip thé tir ngudn cao thé DC diéu chinh tir 0 dén 1000 V. Gia d& miu
c6 hai vi tri dat song song hodc vudng goc voi ngudn magnetron. Nguyén li phun xa
va ki thuat lang dong mang mong bang phiin xa magnetron c6 thém tham khao trong
[Nguyén Ning Dinh, 2005]

2.1.2 Hé béc bay vat liéu phan tw nho

Qua trinh ling dong cac phan tir nho bang cach hoa hoi trong chan khong duoc
thue hién theo nguyén 1i thoat phan tir [Nguyén Niang Pinh, 2005]. Hé thiét bi nay
dugc xay dung trén co so hé bdc bay chan khong (Hinh 2.2a) bao gom budng chan
khong thé tich 30 lit bang thuy tinh pyrex, nguén héa hoi phén tir, bom so cap va bom
tudc-bo. Budng hoa hoi c6 chan khong cao véi ap suat ~ 1.10° Pa).

Céc phan tir thap nhu Alg3, duoc héa hoi voi téc do rat thap, cé thé khong
ché chinh xac dén 0,05 nm/s nho ngudn hoéa hoi Knudsen. Knudsen (Hinh 2.2b) c6

cau tao tinh vi, dap ing cac diéu kién sau:

1. Trong binh chtra pha 1éng va hoi & trang thai cAn bang.

2. Quéng duong tu do trong binh 16n hon rat nhiéu ban kinh 16 hong.

3. Bé& mit 16 hong 1a miat phang.

4. Puodng kinh 16 hong phai rat nho so véi khoang cach tir binh dén dé (noi
céc phan tir ling dong thanh mang).

5. Bé day mit trén ciia binh phai nhé hon rat nhiéu duong kinh 18 hong (tirc

1a bé day ctia thanh 15 hong coi nhu v6 cling nho).
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Hinh 2.2. Hé hoa hoi phén tir trén co sé thiét bi chan khong (a) va ngudén Knudsen (b).

Diéu kién tht nhat 13 dé dam bao cac phén tir hoi trong binh c6 phan bd toc do
Maxwell-Boltzmann véi nhiét d6 dic trung bang nhiét d6 cta pha ngung tu va tao ra
trang thai can bang ap suit trong binh. Diéu kién thir hai ddm bao dong cac phan tir
thoét ra khoi binh tuan theo ché do Knudsen. Diéu kién thi ba tao ra nguén bdc bay
¢6 cdu hinh phing, khong phai hinh tru hay hinh cau. Diéu kién thir tu dam bao viéc
cac phan tor va cham nhau trén mat ctua dé 1a di tor mot nguén duy nhat. Cubi cung,
diéu kién thtr nim cho thiy s& khong c6 hién tugng phan xa ctia cac phan tir tir thanh
ctia 16 hong. Vi ngudn Knudsen c6 thé nhin duge cac chum phan tir bc bay thing
tir ngudn hoa hoi dén dé ma khong va cham nhau trén quing duong bay. Ngudn héa
hoi nay ciing dam bao su bdc bay tu do, trong diéu kién gan li tudng va do do tde do
bdc bay co thé dat gia tri mong mudn.

Hé hoa hoi trén cho phép ling dong dong thoi 2 - 4 phan tir thap hay vat liéu
hitu co. Dé tranh nhiém ban, mdi vat liéu hitu co duoc dat trong mot chén riéng. Cam
bién thach anh dugc st dung dé xac dinh va khéng ché toc do léng dong va do day

cua mang. Trong thuc té, bay hoi vat li¢u hitu co can mot bd nang nhiét cham tuong
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g cho mdi loai vat lidu. Tdc do ling dong dugc duy tri trong khoang 0,1 — 0,2 nm/s.
Gidng nhu cac vat liéu khac dugc lang dong bang phwong phép bay boi, van téc qua
nho gy ra tap chét trong mang va nguoc lai van toc qué 16n tao ra cac sai hong trong
céu tric. Toc do tdi wu thich hop ddi v6i mdi loai vat liéu dugc xac dinh thong quan

qué trinh thyc nghiém.

Pé hoa hoi va lang dong cac vat liéu pha tap trong ban dan hitu co, can tron
cac tap chit véi vat liéu nén theo ti 16 phén tram vé khéi lugng hoac co thé bay hoi
d(‘ing thoi hai vat lidu véi toc d6 khac nhau, nho khéng ché chinh xac cong suat dét
hai ngudén Knudsen. Thi du PVK va Alg3 duoc bdc bay ¢ nhiét 6 573°K va 735°K
tuong tng. Khoang cach tir ngudén Knudsen dén dé tir 20 d¢én 35 mm.

2.1.3. Hé boc bay mang méng kim logi

Tuong tu nhu qua trinh bay hoi phan tir, qua trinh ling dong céc dién cuc kim
loai Ag hay hop kim Ag-Mg bang cach bay hoi trong chan khong, duoc thyc hién
trong mdt hé chan khong phu hop véi vige ché tao nhiéu dién cuc trén cung mat mau.
Hé bao gdm budng thay tinh chiu nhiét, hit chan khong cao véi thé tich 10 lit, bom
so cap va bom tudc-bd hay khuéch tan. Hé nay c6 thé dat duoc ap suat dudi 1.10°
Pa, nhu minh hoa trén Hinh 2.3.

Hinh 2.3. Hé bdc bay chan khong tao dién cuc kim loai
Céc thong sb co ban cuia hé bdc bay dé tao catot kim loai cho OLED Ia:
Bom khuéch tan: Pgisihan: 10 Pa, Pasi: 1.0 Pa, van toc hat S = 400 I/s

Bom so cap: Pgisihan: 5.102 Pa, Pasi: 1 At, van toc hit S =4 1/s
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Cau tao cua h¢ cho phép tao cac dién cuc ¢ kich thudc nho (vao c& Imm) va
dong thot nhi€u dién cyc trén mot dé (mdi dién cuc cach nhau 1 mm). Nho bo quay

mAu c6 thé ling dong mang kim loai véi do day dong déu.
2.1.4. May quay phii li tdm va buéng sach cdch ly

So d6 may quay phii li tim (spin coating) duoc mé ta trén Hinh 2.4. Dung dich
quay pha duoc nho giot 1én dé va cho dé quay. Duéi tac dung cta luc ly tdm, dung
dich lan téa déu trén dé, tao thanh mang mong [Burroughes et al, 1990]. Thong sb
quay phu nhu thoi gian chd (sau khi nho giot), tdc do va thoi gian quay, gia toc va
thoi gian tang toc, toc do dirng va thoi gian dimg,... dugc diéu chinh theo ¥ muén nho
"chwong trinh quay phil" ¢6 sian trong phan mém cua thiét bi. Cung voi cac diéu kién
cong nghé khac nhu ndng d6 dung dich (quyét dinh do nhét), nhiét do va méi trudng
i mau, v.v... baing phuong phap quay pht li tim c6 thé ché tao mang mong céc chét

hiru co, polymer mong dén 10 nm [Dinh et al., 2009].

5 /‘\
Vo 3 (1§ E—-
g

Hinh 2.4. So d6 ki thuat quay phu li tAm: ban quay (1), dng nho giot (2) va dung dich (3) .

Pé tranh nhiém ban va hoi nudc ctia moi truong, may quay phu duoc dit trong
budng cach li (glove-box) chira khi nito khé (Hinh 2.5). Glove-box lam bang thuy
tinh hitu co, gdm ba budng chinh [Tran Quang Trung, 2008].

Buong 1: Budng nhan miu (thé tich: 20cm x 20 cm x 20 cm) dugc dién diy khi
nitrogene kho thong qua cac van diéu khi va dugc ngan cach voi méi truong ngoai
bang cira budng 1 va budng lam viéc (budng 2) bang cira budng sé 2. Dung dich
polymer, 6ng nhé giot, dé va dung cu dugc dua vao bu@)ng nhan mau, sau d6 dua vao

budng lam vi¢c dé tranh bui va hoi nudc bam vao bén trong hé.
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Hinh 2.5. Budng céch li (Glove-box): 1 - budng dém, 2 - budng thao
tac, 3 - budng U nhiét, 4 - bd phan 1am khoé khi N; va 5 - ban quay phu

Buong 2: Budng lam viéc (thé tich: 40 cm x 50 cm x 60 cm ) chtra hé spin coating ¢
thé diéu chinh duoc chidu quay va tc do quay nhd bo bién tan, van tdc quay tbi da
1a 3600 vong phut va tdi thiéu 1a 3 vong phut. Do day mang duoc diéu chinh bang
cach diéu chinh toc do quay ciia dé hodc ting s6 lan phu. Budng duoc dién day khi
nito kho théng qua cic van diéu khi va duoc ngin cach v6i budng nhan miu bang
ctra budng s6 2 va budng U miu bang ctra budng sé 3. Trén thanh budng cd gan hai
bao tay cao su c6 do dan hoi tbt gitp cho qua trinh thao tic mau dé dang.
Budng i miu: lam bang thép khong gi cach ly véi budng chinh bing cira budng 3 va
moi truong ngoai bang ctra budng 4. Bén trong c6 chia 1o d6t dung dé u mau va nhiét
d6 duoc diéu khién va duy tri tu dong trong khoang 30 — 500 °C. Budng c6 thé 1am
viéc duoc dudi hai ché do 1t chan khong hay u khi tro (Nito hay Argon) thong qua hé
thng van diéu chinh. Mau sau khi 0 dugc dua ra ngoai qua ctra budng sb 3.
2.1.5. Hé u nhiét trong chdn khong

Viéc thyc hién G cac mau (ZnO:Al, TiOz, PVK, MEH-PPV, v.v...) trong moi
truong chin khong hodc khi tro dé tranh qua trinh 6xy hoa khi hinh thanh mang (d6i

v6i cac mau ban dan hitu co) hay tao cac nat khuyét 6xy cho mang ZnO:Al duoc
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thue hién trong budng nung u nhu mé ta trén Hinh 2.6. Budng nung u chan khong
nay co thé u déng thoi dén 8 mau (kich thude mdi miu 14 2,5 cm x 7,5 cm) dit trong
16 nung c6 thé diéu chinh nhiét d6 tir 30 dén 1200 °C.

Hinh 2.6. Hé nung - G mau trong chan khong.

Céc thong s6 ki thudt ciia budng nung 1t 13, bom so cap v6i Pgisi han= 2.103 Pa, Pasi =
1 At, van téc hut S = 4 1/s; Nhiét d6 u, tir nhiét do phong dén 600 °C

Buéng bao gém mot hé tao chan khong (bom co hoc + bom Root) c6 van tbe
hut 16n bao dam cho budng chan khong duy tri 4p suét thap & nhiét d6 cao. Budng
chan khéng hinh try (dudng kinh 6 cm dai 40 cm) c6 hé thong gidi nhiét nudc trén
thanh budng. Cira budng 1a phan trung gian giira van chinh va budng dugc lam ngudi
bang 6ng nude chay va 1am kin budng bang doang teflon, bao dam cho hé c6 thé hoat
dong trong nhiéu gio. Trén cira budng co hai van diéu chinh luu lugng khi tro Argon
hoic Nito (duoc st dung khi i mau trong khi tro).

2.1.6. Buong tich hop ché tao va déng vé OLED

Pé thyc hién dong vo linh kién ngay sau khi ché tao dién cuc kim loai (catdt)
cho OLED, mot buéng cach li khac dugc dat trén mit hé be bay dién cuc, lién thong
v6i budng thao tac cua buong "A" (Hinh 2.7). Budng niy co cira thong véi budng
chan khéng va budng di chuyén mau. Mau s& dugc dua vao tir budng dém cta budng

"A". Sau khi phu quay trong glovebox nay, mau s& dugc sdy va o chan khong trong
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budng 1 va cudi cung, miu duoc dua qua budng "B" dé bic bay tao catdt. Moi trudng
trong hé 12 nito kho. Céc linh kién OLED chuan va OLED phét xa thong qua bé mat
duoc ché tao trong hai hé nay theo céc thiét ké va cac bude ky thuat nhu d trinh bay

trén cho két qua tot. Qua trinh déng vo linh kién dugc thyuc hién trong budng "B".

Hinh 2.7. Budng tich hop ché tao va dong vo linh kién.

2.2. Cac phwong phap dac trwng tinh chat vat liéu va linh kién OLED

2.2.1. Hién vi lyc nguyén tir

Thiét bi hién vi dau do quét (scanning proble microscope -SPM) 1a mot trong
nhing thiét bi thudng duoc st dung trong viéc nghién ctru cac vat liéu va linh kién
¢ cAu tric nand. Mot trong nhitng ché d6 do thong thudng ctia SPM 1a ché d6 do
hién vi lyc nguyén tir (AFM).

Phuong phap AFM c6 thé 4p dung dé khao sat mau rit mong, bai vi anh tao boi
phuong phéap nay 1a do lyc nguyén tir ciia 16p ngoai cung tac dong 1én dau do. Luc
nay ti 1& nghich véi khoang cach (R) giita nguyén tir ngoai cing ctia mau véi nguyén
tr ngoai cung cua dau do c6 miii nhon nand. Ban kinh cta mii do cang nho thi do
phan giai cia AFM cang cao. Tuy nhién dén nay ban kinh nhé nhat ciia miii do méi
chi dat khoang 30 nm (Hinh 2.8).

Hoat dong cua hién vi luc nguyén tir dua trén su twong tac giita ddu nhon va bé
mat mau. Lyc twong tac ndy s& lam thanh do dao dong, bi udn cong. Trong qua trinh
dau do quét trén bé mit mau, hé théng cam nhan s& do sy udn cong cua thanh do so

v6i gia tri ban dau va gui toi h¢ thong di€u khién tin hi€u ti 1€ v&i d§ udn cong nay.
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Hé théng diéu khién s& di chuyén dau do theo phuong vudng goc voi mit phang mau
(phuong z) dé dua thanh do lai trang thai ban dau. Sy dich chuyén cua dau do s& duoc
ghi lai trén may tinh trong suét qua trinh quét va dugc dung dé phan tich do gd ghé

ctia bé mit vat liéu (Hinh 2.9).

Thanh do mém

D@ «— Lop nguyén tir
™ ngoai cung

Hinh 2.8. So d6 dau do trong hién vi luc nguyén tir (AFM).

DPat mau vao vi tri can thiét trén may, mot dau nhon (cantilever) duogc dat 1én
trén bé mat mau can khao sat. Thanh do 1am bang Si, rat nhay va dau do c6 hinh chop
tam giac (Hinh 2.10). V& nguyén tic hoat dong, dau do s& chuyén dong quét lan luot
theo duong thang va trong mot dién tich nho, nhitng sy thay doi vé do cao thap (g6
gh¢) cia bé mit mau duoc ghi nhan.

Théu kinh phan hoi

Quét ap dién Diéu khién
- " vi dién t&r
W Laser hete eteg »| SO
A %‘ - B
> l z N ! : 1
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Hinh 2.9. So d6 nguyén li cua thiét bi AFM.,
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Mot laser dugc duoc sir dung dé chiéu vao dau thanh do va ghi nhan nhiing
thay doi cua do, rdi phan xa 1én trén mot dau thu (photodetector). May tinh s& tiép

nhan va xur i thong tin, dua ra man hinh anh ctia b€ mat mau.

K 0

Photodetector Laser diét
nhay vi tri

Thanh do

Bé chdng xéc

Hinh 2.10. So d hinh d&nh AFM.

Ngoai ra, néu mau can do c6 tinh dan dién thi ta c6 thé do thém anh dién, nghia
1a c6 thé dat mot hiéu dién thé 1én dau do va bé mit mau. Tuong tac gitra cac dién
tich ciia dau tip va bé mat dugce ghi nhan, may tinh s& xir li va chuyén nhiing twong
tac nay thanh khoang cach giita dau tip va bé mit mau nén anh bé mit mau sé& duoc
tai hién.

2.2.2. Kinh hién vi dién tir quét phén gidi cao FE-SEM

Trén Hinh 2.11 13 hinh 4nh mot hién vi dién tir quét phét xa truong. Hinh 2.12
trinh bay so d6 ciu tao cia cac bo phan trong SEM. Trude khi c6 FE-SEM, kinh hién
vi dién tir quét (SEM) lan dau tién duoc phat minh bai Zworykin vao nam 1942. D6
1a mot thiét bi gdm mot sung phong dién tir theo chiéu tir dudi 1én, ba thau kinh tinh
dién va hé thong cac cudn quét dién tir dit gitra thau kinh th hai va thi ba. Ghi nhan
chum dién tir tht cip bang mot dng nhan quang dién. Catét 1a diy W d6t nong —
ngudn phéng dién ti.

Nguyén li hoat dong va tao anh trong SEM nhu sau. Chum tia dién tir trong dugc
phat ra tir sing dién tur, v&i cac thé hé SEM 1a phat xa nhiét. Sau nay c6 phat xa truong
& thiét bj FE-SEM. Chum tia dién tir sau d6 duoc gia tbc. Voi SEM hiéu dién thé gia
tde thuong tr 10 kV dén 50 kV vi su han ché cua thdu kinh tir. Viéc hdi tu cac chum
dién tir c6 budc song qua nhod vao mot diém kich thudce nho s& rat khé khan. Dién tir
duoc phat ra, tang tdc va hoi tu thanh mot chum dién tir hep (co phﬁn mudi dén vai

nanomet) nhd h¢ thong thau kinh ttr, sau d6 quét trén bé mat mau nho cac cudn quét
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tinh dién. B9 phan gidi cia SEM dugc xac dinh tu kich thudc chum dién tir hoi ty,

ma kich thudc cia chum dién tir nay bi han ché bdi quang sai.

gy

7

Hinh 2.11. Hinh anh Hién vi dién tir quét phat xa truong (FE-SEM)
. HOp quang dién tur

. Chudng mau

. Detector EDX

. Man hinh hién thi

. Detector tan xa nguoc (Back scatter detector)

. Méy tinh

. Phim bat ON/STANDBY/OFF

. Nip mit bén

9. BO phan phan tich tia X tan sic budc song (WDX).

OO0 DN A WN ~—

Ngoai ra, d phan gidi cia SEM con phu thudc vao tuong tac gitra vat li¢u tai bé mat
mau va cac dién tir. Khi dién tir twong tac véi bé mit vat ran, sé co cac birc xa phat
ra, su tao anh trong SEM va cac phép phan tich dugc thuc hién thong qua viéc phan

tich céc birc xa nay. Céc btrc xa chu yéu gom:

- Dién tir thir cap (Secondary electrons): Day 1a ché do ghi anh thong dung nhat
ctia kinh hién vi dién tir quét, chim dién tir thir cp c6 nang luong thap (thuong
nho hon 50 eV) duoc ghi nhan bang dng nhan quang nhap nhay. Vi ching c6
nang luong thap nén cha yéu 1a cac dién tir phat ra tir bé mat mau véi do sau chi

vai nanomet, do vay chung tao ra anh hai chiéu cia bé mat mau.
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- Dién tir tan xa nguoc (Backs cattered electron): Pién tir tan xa ngugc la chum
dién tir ban dau khi tuong tac voi bé mat miu bi bat nguoc trd lai, do d6 chung
thuong co ning luong cao. Su tan xa ndy phu thudc rat nhiéu vao thanh phan
héa hoc & bé mat mau, do d6 anh dién tir tan xa nguoc rat hitu ich cho phan tich
vé d6 twong phan thanh phan héa hoc. Ngoai ra, dién tir tan xa ngugc co thé
dung dé ghi nhan anh nhidu xa dién tir tan xa nguoc, gitp cho viéc phan tich
cAu trac tinh thé (ché do phan cuc dién tir). Ngoai ra, dién tir tan xa ngugc phu
thudc vao céc lién két dién tai bé mit mau nén c6 thé dem lai thong tin vé céc

domen sat dién.

2 . Dién trwén
ién tlr
\1:1[5[:/ =
< May
au kinh hoi : hat
Thau kinh hoi tu 1 | ’Av‘. |’I‘ p S e
Théu kinh hdl ty 2 |
A2 IR \
__Cudn quét Khuéch dai i
Vit kinh _ £
{ i
= Ghi dién tlr tan
Cam bién tia X = Xg nguoc |
' Ghi dién tir B6 chon [ ] Khuéeh
thir cap A dai
Mau Ghi nhan déng| s
= qua méu
%
Hé théng bom
chankhéng —T

Hinh 2.12. So db céu tao ciia FE-SEM)

Mic du khong thé co do phén giai t6t nhu hién vi dién tir truén qua (TEM), hién
vi dién tir quét c6 diém manh 14 khi phan tich khong can phd mau va c6 thé hoat dong
& chan khong tuong dbi thap. Mot diém manh khac cia SEM 1a céc thao tac diéu
khién don gian hon rat nhiéu so véi TEM va gia thanh ctia SEM thap hon rat nhiéu
so véi TEM, vi thé SEM pho bién rong rai hon so véi TEM.

Vao nam 1968, Tap doan Hitachi Ltd. (Hitachi) da phat minh ra ngudn chum tia
dién tr phat xa truong (field emission - FE) cung véi Crewe (Truong Pai hoc Chicago
trude day) véi dac diém 1a dau nhon phat xa dién tir dugc 1am que vonfram phu ZrO;
thay cho soi d6t vonfram trong SEM (Hinh 2.13). Sau d6 vao nim 1972, Hitachi tién
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hanh 1ap dat thanh cong ngudn chum tia dién tir FE 1én SEM, danh diu sy phat trién
thanh cong cua thiét bi mang tén HFS-2, kinh hién vi dién tr quyét phat xa trudng
(FE-SEM) duoc thuong mai héa dau tién trén thé gidi. HFS-2 c¢6 kha ning van hanh
don gian dé quan sat dugc nhimg hinh anh phan giai siéu cao mét cach 6n dinh va
dang tin cdy. Nhitng nd lyc khong ngimg gitip hang cho ra doi S-800 trong nim 1982,
c6 cai thién 10n vé kha nang van hanh ciia FE-SEM, g6p phan dua thiét bi nay tro nén
thong dung. Cong nghé ciing duoc ap dung dé giup thuc day qua trinh giam thiéu kich
thuéde linh kién ban dan khi hang Hitachi cho ra doi S-6000, loat hién vi dién tir kich
thude t6i han (CD-SEM) vao nim 1984 dé c6 thé khdng ché duoc chiéu rong chi tiét
linh kién trong qua trinh xt 1i n mon va quang khéc trong cic diy chuyén san xuét
linh kién ban dan. Khong lau sau do, vao nam 1985, kinh hién vi dién tir quyét phat
xa truong (FE-SEM) ctia Hitachi duogc st dung dé quan sat hinh anh vi rat AID. Bang
nhiéu hinh thai, hién vi dién tir quét phat xa truong (FE-SEM) da dong gop khong chi
vao qua trinh phét trién cong nghé nand nhu nghién ctru chat xtc tac, vat liéu dién
cuc san xuat pin va éng nand, ma con dong gop to 16n trong cac linh vuc nghién ctiu

vé cong nghé sinh hoc va strc khoe cong dong.

Hinh 2.13. Pau nhon nand W phu ZrO> thay cho sgi d6t W trong sung dién tir

Su khac biét 16n gitta FE-SEM va SEM chinh 14 & chd ngudn phat xa dién tir
nhiét d6 cao (Thermionic emission) trong SEM dugc thay thé bang phat xa trudong
(Field emission). Trong phat xa nhiét d6 cao nguoi ta phai sit dung soi W hoac
Lanthanun Hexaboride (LaB6) 1am emitter, dong d6t emitter thuong rat cao. Khi
nhiét du 1on dé tha‘ing cong thoat cua vat liéu lam soi ddt, cac dién tir thoat ra khoi bé
mit emitter. Nguon phat xa nay khong c6 d6 do sang cao va thuong gy ra boc bay
vat liéu emitter din dén soi d6t nhanh bi dirt va 6 nhiém trong bu6ng chira cac thau
kinh tir. Str dung ki thuat phat xa truong dé sinh ra chum tia dién tir da khac phuc
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duge nhuge diém ndy. Stung phat xa truong con goi 1a emitter truong catdt lanh
(FEQ), chiing khong dot nong sgi1 catot. Phat xa dién tur dat dugce boi gradien dién thé
khéng 16 dat trén emitter. Thong thudng ngudi ta vudt ddu thanh vonfram nhon dén
vai nanomet dé 1am emitter lanh FEG. Do phong dai cua FE-SEM dat duoc dén 10°,
nhd vay cac hat kich thudc nanomet hay chdm luong tir nho hon 3 nm van duoc phat

hién va chup anh mot cach rat rd nét.
2.2.3. Phé tan xa Raman

Hién tugng tan xa khong dan hoi ciia 4nh sang c6 ning luong Eo (hvo) khi di
qua mot moi truong vat chat goi 13 tan xa Raman. Qud trinh nay s& sinh ra cac photon

vO1 nang luong :

E... =E,£AE=hy,zhy, (2.3)

Raman

trong d6: hos 1a phan ning lugng ma photon dnh sang thu vao hozc mat mat do

kich thich hodc dap tit mot dao dong phan tir moi trudng vat chat.
Vach tan xa c6 ning luong Egypan = hv=hv,-hv nho hon nang luong cua anh
sang kich thich ban dau, tng véi tan sé Vs goi 1a vach Stokes. Nhitng vach c6 tan sb

V, ing voi nang lugng E ranan = hVV = hVO +h Vs 16n hon nang lugng anh sang kich thich
ban dau goi la vach ddi Stokes. Phan tich chum photon tan xa, so sanh voi tan sb cla

photon chiéu i thi ta c6 thé xac dinh dugc tan s6 dao dong cua lién két.

Phép do pho tan xa Raman diing dé phan tich su lién két ciia cac hat nand TiO»
v6i polymer trong t6 hop polymer ciu triic nand, dya vao viéc phan tich va so sanh
cac dinh pho trong mau polymer to hop so voi mau polymer thuan khiét. Trén co s&
d6 két hop voi tham khao cac tai liéu khac cho phép két luan vé su ton tai cua cac
bién tiép xuc cau tric nand trong vat liéu to hop polymer cau triic nand — cac bién
nay déng vai trd quan trong trong viéc giai thich nhiing tinh chat quang va dién mai
ciia mang to hop so v6i tinh chit ctia mang thuan khiét. Cac phép do Raman dugc
tién hanh trén may quang phd Micro - Raman LABRAM - 1B cua hiang Jobin - Yvon
(Phap). Thiét bi dung ngudn sang kich thich 1a Laser He - Ne c6 budc song 632,8
nm, v4i cAu hinh tan xa nguoc. Mat do cong suét kich thich thép duoc su dung dé

tranh anh hudng ctia hi¢u img nhiét.
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2.2.4. Phurong phdp nhiéu xa tia X

Nhiéu xa tia X 14 phép do rat hitu ich dung dé xac dinh thanh phan ciing nhu
cAu tric pha cua mau tinh thé, xac dinh kich thude cta hat nand tinh thé. Nhiéu xa tia
X dugc sir dung dé xac dinh ciu trac pha tinh thé va kich thudc hat nand TiO; trén
cac dé kim loai Ti.

Nguyén li ciia hién twong nhiéu xa dugce trinh bay trong Hinh 2.14. Xét hai
tia tGi song song trong chum tia X, c6 budc song A di vao bé mait tinh thé voi goc
t6i 0. Khi xay ra nhidu xa thi dinh nhiu xa trén truc hoanh cua gian d6 sé tng voi
g6c 20. Chum tia X s& xuyén vao trong tinh thé. Cac 16p mit phing mang tinh thé 1a

tuan hoan, duoc phan cach nhau mot khoang d -

Chim tia t6i Chum tia phén xa
2
_O {7y '
)
. - 4l g

L P
d}zkf

—0

Hinh 2.14. Nguyén li nhiéu xa tia tia X

Mbi niit mang sé& tré thanh mot tim nhiéu xa. Hiéu quang trinh giita hai tia 1

va 2 sau khi nhiéu xa trén mdi nat mang & hai mat phang ké tiép nhau la:
A=2d,,sind
(2.4)

Khi hi¢u quang trinh giita hai tia bang mot s6 nguyén lan budc song thi xay ra

hién tugng giao thoa:
2d,,,sind=nl (2.5)

Phuong trinh (2.5) duoc goi la phuong trinh Bragg, trong d0 A4 la budce song
tia X, d - khoang cach giita cic mit phang mang, n - bac nhidu xa (n =1, 2, 3...).
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Dbi véi chit co cau tric mot pha v6i mang tinh thé xac dinh, phuong trinh (2.5)
O dang (n khong c6 gia tri 16n hon 1):
A
2sin @

o = (2.6)
Tu cac gia tr1 do dugc tur thuc nghiém d,y , so sanh véi cac tri s6 khoang cach
mit phang mang cé trong bang tra ciru qudc té ASTM, c6 thé xac dinh duoc pha cau

tric, thong s6 mang cua pha do.

Gian dd XRD cua cac miu ciu tric nand c6 dinh nhiéu xa trai rong trén truc
“20” (dinh tu), do rong cua phé tai mot nira chiéu cao cua dinh (got tat 1a do ban rong
- B) cang 16n thi kich thudc hat cang nho. Kich thudce hat nand (t) duoc xac dinh boi
cong thue Sherrer [Cullity, 1978]:

kA

= [ xcosd 27)

trong do k = 0,90 +0,95.

2.2.5. Phép do phé quang hoc

Phuong phap quang pho hap thy 1a phuong phap dua trén kha niang hap thu chon
loc céc birc xa roi vao dung dich chat nghién ctru, d6 hip thu nay phu thudc vao ndng
d6 chit phan tan trong dung dich. Po phd hip thu 1a mdt phuong phap dinh luong
xac dinh nong do cua cac chit thong qua d6 hap thu cua dung dich. Tir két qua phd
hép thu ctia vat liéu ta c6 thé chon dugc dai phé kich thich phu hop nhét cho vat liéu
d6. Str dung phuong phap Tauc Plot ¢6 thé tinh duoc d6 rong ving cdm cia vat liéu
tir két qua do pho hap thu. Dé do phd hép thu cua vat lidu, chung ta st dung may
quang ph hap thy. May quang pho hap thy c6 hai loai chinh: May quang pho hap thu
mot chiim tia va may quang pho hap thy hai chiim tia. Ca hai loai déu hoat dong theo
dinh luat Lambert Beer. Cho chum anh sang c¢6 d¢ dai song xac dinh c6 thé théy duoc
(Vis) hay khong thay duogc (UV va NIR) di qua vat thé hip thy (thuong ¢ dang dung
dich) (Hinh 2.15). Duya véo lugng 4nh sang da bi hap thy boi dung dich ma suy ra
noéng d6 (ham luong) cua dung dich dé.
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Hinh 2.15. So 6 mau do phd hap thy st dung cuviet thach anh.

Lai co:
lo=lat+Ir+ It (28)

Trong d6 Io 12 cuong d6 ban dau cta ngudn sang; It - Cuong do anh sang sau khi di
qua dung dich (truyén qua); Ia - Cudng d6 anh sang bi hip thu boi dung dich; Ir -
cudng d6 anh sang phan xa boi thanh cuvet thach anh va dung dich dugc loai bo bang
cach 1ap lai 2 1an do.

Nguoi ta thuong dung cac phan tng hoa hoc dé chuyén cac hop chat can xac
dinh khong c¢6 mau sang cac hop chat c6 mau ma mét ngudi co thé quan sat duoc.
Bang cach do d6 hap thu hodc so sanh cuong do mau cua dung dich can nghién ciru
v6i cudng 6 mau cua dung dich di biét trudc ndng d6 (dung dich chuan), ta co thé
suy ra néng do cua chét can xac dinh. Mdi lién hé phu thudc gifta cuong do mau va
ham lugng duoc thé hién qua dinh luat Lambert - Beer.

I
A:—|Og|—:dC

0 (2.9)

trong d6: A 1a 6 hap th, C - Nong do (mol L), L - Chiéu day 16p dung dich (cm).
& - Hé s6 hap thu phan tir hodc hé sé dap tat (L molt cm™).

Thong thudng c6 hai loai may quang phd hap thu: loai mot chum tia (Hinh
2.16) va loai hai chum tia (Hinh 2.17).
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Nguén May don
sang sac, kinh loc

|
-
!

T

(1) Cuvet chuén
(2) Cuvet can do

(3) Ong nhan quang 2)

Hinh 2.16. May quang ph6 hap thy mot chum tia.

(3) ™) 3) (5
Ngudn May don > D

sang sac, kinh loc

(1) Cuvet chuan
(2) Cuvet can do

(3) Gwong ban ma I

(4) Gwong phan xa %
4 (4)
(4) )

(5) Ong nhan quang

Hinh 2.17. May quang pho hap thy hai chum tia.

Trong may quang ph6 mot chum tia phai do hai 1an: mot 1an véi cuvet chi chta
dung méi, mot 1an véi cuvet chira dung dich can phén tich. Trong cé hai 1an do phai
giit cwong d6 chum sang tdi khong doi. Dicu nay 1a kho dam bao va dan toi két qua
khong chinh x4c. Dé loai trir nhuwgc diém nay ngudi ta ding may quang phd hai chum
tia. Chum sang téi dugce tach lam 2, mdt chum di qua cuvet dung dung moi chuan,
mot chum di qua cuvet dung dung dich can do. Sau d6 hai chum tia dugc bé tri cung
di vao may thu tin hiéu dé xac dinh ti s6 bién do va quy ra do hap thu A cia mau do.
Phép do do hap thu c6 thé tién hanh voi mot vai bude song don sic xac dinh, dic
trung, khi d6 c6 thé chi can mot dén don sac két hop véi kinh loc hodc ding mot tia
laser cho budc song thich hop.

Thong thuong phép do phd hap thu duogc tién hanh voi mot ving phd rong véi
budc séng co thé thay ddi lién tuc. Cac ngudn sang hay ding trong do pho hap thy 14 dén
Wolfram - Halogen cho pho lién tuc trong mién kha kién va hong ngoai gan, dén Dy, H,
cho pho lién tyc trong mién tir ngoai... T6t hon ca 1a ding mot laser mau c6 thé thay doi

lién tuc dugc bude song trong ving phd hap thu can nghién ctru. Pho héap thy biéu thi
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mdi quan hé giira cudng d6 hay hé sb hip thu anh sang cua vat liéu véi bude song
anh sang chiéu vao vat liéu. Phép do pho hip thu quang hoc cho ta rit nhiéu thong tin
vé vt liéu nhu: d6 rong vung cAm quang, du doan budc song huynh quang cua vat
liéu néu vat liu phat quang, hi¢u ing kich thudc lugng tir, wde tinh kich thudce cua

cic chidm lugng tir, va cac dich chuyén quang hoc, udc tinh do day 16p vat licu...

Phép do phd hap thy dugc lya chon dé xac dinh ving phd kich thich phat quang
phu hop va bén canh d6 con sir dung dé tinh toan d6 rong viing cAm ctia mang polymer
thuan nhat, mang polymer t6 hop cau tric nand. Dé tinh d rong ving cAm cia dung
dich, c6 thé sir dung phuong phap Tauc Plot. Tauc Plot 1a mot phwong phéap dung dé
xac dinh d§ rong vung cAm cua chét ban dan [Tauc et al., 1996]. Theo ham Kubelka-
Munk, F(R), cho d6 hip thu ciia miu duoc tinh tir 46 phan xa ctia n6 theo cong thirc
2.3:

F(R) = (1-R)?/ 2R (2.10)

V6i cac chat ban dan, phuong phap Tauc Plot chinh 13 v& d0 thi cta cin bac hai

ctia d6 hap thy va niang luong photon ((F(R)E)¥?) theo ning lugng ciia photon. Trén
dudng cong s& c6 mdt phan 1a tuyén tinh- dudng thang. Néu kéo dai duong thing cat

truc hoanh & dau sé cho ta gia tri ciia ving cAm cta chat ban dan (Hinh 2.18.).

r

(FR)*Av)"
(Pon vi tuwong doi)
1

o

25 3.0 3.5
Ning lwgng Photon - hv (eV)

Hinh 2.18. Phuong phap Tauc Plot x4c dinh d6 rong viing cAm chat ban dan.

Anh chup hé do phd hap thy UV/Vis-NIR “Jasco-V570” ciia Nhat Ban duoc
trinh bay trén Hinh 2.109.
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Hinh 2.19. Hé do phd hap thu UV/Vis-NIR Jasco V570

2.2.6. Phép do phé quang phat quang

Pho huynh quang biéu dién mdi quan hé gitta cuong d6 huynh quang va budc
song phat quang khi vat liéu nhan anh sang kich thich nao d6. Pho huynh quang cho
biét budc song dinh phat quang, cac dich chuyén quang hoc cua dién tir clia cac tim

phat quang, cic qua trinh truyén nang luong giita cac tAm phat quang. ..

Phép do pho huynh quang duoc dung dé nghién ciru dic tinh quang phat quang
clia vat liéu phat quang vo co, hitu co va cta té hop phat quang két hop gitta vo co
va hitu co. Két qua do pho huynh quang duoc két hop véi két qua do phd hap thy dé
dua ra két luan chinh xac hon vé kha nang str dung ngudn sang xanh duong dé kich
thich t6 hop phat quang v6 co va hitu co phat ra anh sang thi cap dé tao thanh dnh

sang trang.

Phé quang phat quang ctia cac chat phat quang va t6 hop dugc khao sat trén hé
quang pho phan giai cao (high resolution spectrometer Model Microspec-235b) (Hinh
2.20). Do phan giai khoang 0,02 nm nhd may don siac IHR550 voi cach tir 1800
GR/mm, dau thu CCD Synnapse lam lanh dén —70°C, va d¢ lap lai 0,075 nm.

Phuong phap do quang phat quang cho phép nghién ctru cac chuyén doi dién
tlr xay ra trong ban dan va cic tim phat quang. Cac phd twong Gmg ghi nhan duoc
phén giai cang cao cang gitp xac dinh chinh x4c cac qua trinh vat 1i lién quan té1 hé
hat tai. Dé dat duoc muc dich trén, mot sé ky thuat ghi phd khac nhau di duoc xiy
dung nhu: huynh quang ding phan giai phd cao, huynh quang kich thich xung/phan
giai thot gian, huynh quang phu thudc nhiét d¢ va mat do kich thich.
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Hinh 2.20. Hé do huynh quang phan giai cao.

Hinh 2.21 dudi day trinh bay so db khéi mot hé do huynh quang st dung dé do
huynh quang ctia mau ché tao. Tin hiéu kich thich tir ngudn sang duoc chiéu truc tiép
1én miu dé kich thich cac dién tir tir trang thai nang luong thip 1én trang thai bi kich
thich, tin hiéu huynh quang phat ra do qua trinh hdi phuc cta dién tir dugc phan tich
qua may don sic va thu nhan qua dau thu (thuong 13 CCD hodc éng nhan quang dién)
dé bién ddi thanh tin hiéu dién dua vao may tinh. O day ta sir dung laser He- Cd kich
thich & hai budc song 442 nm va 325 nm. Laser dugc di qua kinh suy hao 1 dé giam
baot cuong do. Kinh Igc 1 ¢6 tac dung cho cé hai budce song 325 va 442 nm. Sau khi
qua kinh loc laser dugc phan xa qua cac guong 2. Nho thau kinh hoi tu 3, laser duoc
hoi tu trén bé mat ctia miu can do (4). Miu can do duoc gin trén mot bd gia miu
duoc thiét ké riéng, co thé dich chuyén 2 chiéu. Toan b6 tin hiéu huynh quang phat
ra tir mau duoc thau kinh hdi tu 7, hoi tu 1én dau bo soi quang 9 dé dua vao phé ké.
Tin hiéu tir phd ké duoc dwa ra may tinh va dugc xir 1i bang phan mém chuyén dung.
Dé loai bo tin hiéu laser phan xa tu bé mit cia mau, hé co sir dung kinh loc 5. Trong
truong hop cudng dé huynh quang 16n, ching ta sir dung céc kinh suy hao 6 dé giam
bot cuong @6 huynh quang.

Sau khi nhan dugc ning lugng kich thich, vat liéu phat quang, phd phat quang
duoc phén tich qua may don sic. Yéu cau phan giai ciia may don sac dua trén thuc té
dbi tugng phat huynh quang dai rong hay hep. Tin hiéu quang sau d6 dugc bién do6i
thanh tin hiéu dién nho vao dau thu va duoc xir 1i dién tir, tinh toan theo nhitng phuong
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phap vat 1i khac nhau. C6 thé do huynh quang ding hay xung bang viéc st dung
ngudn kich thich 1a dirng hay xung, phan xir li tin hi¢u dién tat nhién ciing phai phu
hop dé dat hiéu qua dap ung yéu cau nghién ctru vat li. Khi do dimg, k¥ thuat tach
song dong bo duge ap dung dé loai bé nhidu. Phd duge ghi trong qué trinh nay la tich
phan cac qua trinh ding. Két qua dau tién c6 thé nhan duogc tir huynh quang 13 cudng
d6 (ti 16 v6i mat 6 tim phét quang va xac suat chuyén doi) ctia cac chuyén doi dién
tlr twong Umg v4i cac muc khac nhau. Cac murc nang luong nay c6 thé thudc vé mot
s6 loai tAm phét quang riéng. Trong vt liéu thuc bao gio cling xay ra qua trinh phat
quang sau khi kich thich, cdc qua trinh nay c6 thé phan biét v6i nhau theo phd riéng
phan nam & cac murc ning luong twong tng khac nhau. Tuy nhién, néu cac phd nay
nam chong chap véi nhau thi cin do pho phan giai thoi gian dé nghién ctru riéng timg

thanh phan pho, twong tng timg loai tAm phat quang.

Laser He-Cd

4

5 6 7 9 10

1: Kinh suy hao
2: Guong phan xa
3: Thau kinh tiéu cy dai

4: Gia mau
5: Kinh loc
6: Kinh suy hao

6: Kinh suy hao ]
7: Thau kinh tiéu cw ngan
9: BS soi quang

10: May quang phd ké

Hinh 2.21. So dd khéi cia hé do quang phat quang.

2.2.7. Phép do phé dién phdt quang tich hop ddc tuyén I-V va cdc théng sé cia linh
kién OLED

a. Heé thiét bi dién phat quang

Hé thiét bi dién phat quang LCS - 100 tich hop do dic tuyén I-V dugc trinh
bay trén Hinh 2.22. Bé dic trung tinh chat dién phat quang, dién thé dugc bién thién

tuyén tinh theo thoi gian, dién thé dugc dat vao hai dau dién cuc (catdt va andt) cua
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linh kién va dugc quét di quét lai trong pham vi 0 + 3,5V véi tc d6 quét khong ddi.
Khi d6 dong qua dién cuc tuong ing dugc xac dinh.

Hinh 2.22. H¢ LCS-100 do dac trung linh kién OLED, LED: Qua
cau tich phan duong kinh 15 cm (1), CCD Array Spectrometer
(2), Goc ké (3), Ngudn dong va thé (4).

Linh kién OLED va LED dugc khao sat trén hai hé do phu trg: HE do cac thong
s6 quang dién cta ngudn sang Everfine YT1000 v6i qua cau tich phan duong kinh
2m (so &6 minh hoa trén Hinh 2.23), phd ké PMS50, dai do 380 nm dén 800 nm, phin
gidi Inm, do chinh xac +0,5 nm, d6 1ap lai £0,2 nm va h¢ LCS-100 véi qua cau tich
phan 15 c¢m, phd ké CCD Array Spectrometer phan giai 0,5 nm. Trong cic hé do
Everfine YT1000 va LCS-100, thanh phan quan trong nhat 14 qua cau tich phan (1).
Qua cau tich phan 1a mot quéa cau c6 ban kinh R, mit trong dugc pha mét 16p phan
xa khuéch tan v&i d6 phan xa cao khong chon loc trong viing kha kién. L6p phan xa
ctia qua cau thudng dugce phi bang sunfat bari (BaSO4) hay polytetrafluoroethylene
(PTFE), ciing c6 thé phu 16p vang phan xa cao. Bt ky ngudn sang sau khi phan xa
mot 86 1an trén 16p phit khuéceh tan déu tré vé detector quang dién. Niang luong sang
duogc detector bién doi thanh dong dién, dong dién nay ti 1é véi quang thong do ngudn
sang phat ra. Tuy theo cac hé khac nhau, két qua duogc tinh toan bang phan mém
chuyén dung cho ra cac thong sb ctia ngudn sang nhu quang théng, hé sé hoan mau,
nhiét d0 mau, v.v...

OLED, LED duoc dua véo trong quéa cau tich phan nhu trén Hinh 2.24. OLED
hay LED dugc cap dién ap nho hé cap ngudn. Tin hiéu quang dugc gom bang qua
cau tich phan va dugc dwa dén may do mau phd quang CCD Array Spectrometer. Tin
hiéu mau phd quang dugc dua ra may tinh va xir li bang phan mém chuyén dung. Két

qua cho biét cac thong so co ban ciia nguon sang nhu: Phan bo phd cong suat ctua
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ngudn sang, cong suit sang, Hé s6 hoan mau (CRI), nhiét d6 mau (correlated color
temperature (CCT)... Everfine YT1000 14 hé do v6i qua cau tich phan 16n thuong st
dung dé do dic trung cua cac ngudn sang voi cong suat 16n. Str dung hé Everfine
YT1000 dé khao sat cac dic trung cia LED cong suat 1 W. V& co ban hé PMS50 cho
cac thong sb giéng nhu hé LCS-100.

Ciravao -

_ Vach ngdn
" khuéch tan

Hinh 2.23. Nguyén li hoat dong ctia qua cau tich phan.

Hinh 2.24. H¢ thiét bi do phd ké do mau quang
(Spectrophotocolorimeter - PMS50 System).

b. Phuong phép khio sat 36 6n dinh cua linh kién

Str dung qua cau tich phan va may do do roi c6 thé do duogc tong quang théng
ctia ngudn sang. Panh gia do suy giam cia tong quang thong theo thoi gian co thé
biét duoc do 6n dinh cia linh kién OLED. Gia str quang thong can do ciia ngudn sang
S 1a @, quang thong nay phan bb déu trén mit trong cua qua cau ban kinh R. D6 roi
trung binh truc tiép trén mat trong cta qua cau la Etruc tisp:

(0]
Etn_rc tiép = Jnir (2.11)
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Do roi gian ti€p do phan xa trén mdt trong cua qua cau tich phan la Eg4p, ¢iep-:
Egién tiép = pEtruc tiép (2.12)

p 1a hé sb phan xa cta 16p phi. Sau n lan phan xa thi tong do roi tac dung 1én mit

trong cua detector D 1a E:

_ _ p _ O p
E = an'EtTL}’C tiép _EtTlXC tié’p-E - 47TR2E (2-13)

__ 4mR?

=0 E=K.E (2.14)

Véi K = 4mRZ(1=p) dugc goi la hé sb cua qua cau tich phan, hoan toan tinh dugc
b@fmg thuc nghiém. Nhu vay khi xac dinh d¢ roi E (do béng luxmeter), st dung cong
thirc (2.14) c6 thé tinh dwoc quang thong ciia ngudn sang S. Bang viéc sir dung
LUXmetter két hop voi qua cau tich phan co thé khao sat dugc quang thong cia
ngudn sang theo thoi gian, qua d6 danh gia duoc d6 6n dinh cia ngudn sang. Hinh
2.25 1a qua ciu tich phan tu ché tao v6i duong kinh 150 cm, 16p phu 1a BaSO4 két
hop véi may do do roi LX1010BS duogc st dung dé khéao sat do 6n dinh ciia LED ché

tao. Hé nay duoc sir dung dé khao sat quang thong ctia ngudn sang.

Hinh 2.25. Hé khao sat d6 6n dinh OLED sir dung qua
cau tich phan va may do d6 roi LX1010BS.

Véi hé qua cau tich phan ty ché tao va luxmeter trén c6 thé do dugc quang thong cia
ngudn sang. Tuy nhién dé danh gia dugc d6 on dinh ctia nguodn sang can khao sat
nhiéu thong s dic trung ciia ngudn sang ngodi quang thong nhu hé s6 hoan mau,
nhiét d6 mau. Str dung thém hé LCS-100 dé khao sat @6 6n dinh cia OLED va LED.
Bang hé LCS-100, c6 thé khao sat cac thong sd khac nhu quang thong, hé sé hoan

mau, nhiét d0 mau.
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CHUONG 3. TINH CHAT CUA VAT LIEU VA LINH KIEN OLED VO
CAC LOP THUAN KHIET POLYMER

3.1. Tinh chat cta cac 1&p polymer str dung trong OLED
3.1.1. Lép truyén 16 trong Poly (N-vinylcarbazole)

PVK 1a chit ban din hitu co loai p thudong duoc dung lam 16p truyén 15 trong
trong OLED. C6 thé ché tao mang méng PVK biang phuong phap quay phu 1i tim.
Hoa tan bot PVK trong dung moi monochlorobenzene thanh dung dich PVK. Sau d6
dung dich nay dugc phii 1én trén dé ITO (dién cuc dan dién trong subt) theo cach mo
ta trong [Trung et al., 2002]. Khao sat pho tan xa Raman cho thay thdy mang PVK
ché tao bang quay phu li tim khong c6 su thay doi vé cau tric so vai bot PVK (Hinh
3.1). Piéu nay chtng to mang PVK cé cau triic chudi polymer hoan hao twong duong
v6i cAu tao phan tir cia bot PVK.
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Hinh 3.1. Phdé Raman cua bot PVK va cia mang PVK ché tao boi phuong phap quay phu
[Tran Quang Trung, 2008].

Hinh 3.2 trinh bay phd truyén qua ctia dé thuy tinh va cua cac mang PVK/thuy
tinh ché tao bang phuwong phap phu quay va phuong phap bdc bay chan khong (Phép
do quang dugc loai bo phd truyén qua ctia dé thay tinh). Do truyén qua tuyét ddi trong
viing kha kién va hong ngoai gan cua chung dat duoc gia tri cao dén 95%. Do bo hip
thu cua dé thiry tinh (300 nm) anh hudng dén b hip thu cia mang PVK nén viée tinh
toan cac thong sd quang hoc nhu chiét suat (n = 1,57) va do rong ving cam (Eq = 4,8

eV) dbi v6i mau day 230 nm theo phuong phap Scout hay Swanepoel [Swanepoel,
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1983] cho d6 chinh xac khéng cao. Tuy nhién gié tri vé d6 rong ving cim ciua PVK

nhan dugc nhu vay hoan toan chap nhan dugc.
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Hinh 3.2. Phé truyén qua cia mang PVK trén dé thay tinh ché tao bang
bdc bay chan khong ( duong “17”) va quay phu li tim (dudng “2”) [Dinh
et al., 2004].

Pho hép thu ctia PVK trong ving budc song tir 300 nm dén 500 nm ciia hai mang
PVK trén dé thuy tinh duoc ché tao bang hai cach khac nhau (pha quay tir dung dich
va bdc bay chan khong) duoc trinh bay trong Hinh 3.3. Nhan thady PVK hép thy 4nh
sang manh trong ving budc séng nhé hon 350 nm (& hinh vé& nay bat dau tir 300nm
bo hap thy ting dot ngdt 1a do anh hudng cta dé thay tinh). V&i ciing mot do day, do
hép thu trong viing nay ctia mau ché tao tir phuong phéap bdc bay chan khong cao hon
khoang 1,5 1an so v&i d6 hap thu ciia mau ché tao tir phuong phap phu quay li tam.

Pic tuyén dién phat quang (EL-V) va dic tuyén dong thé I-V (do & ché do quét
vong va trong chan khdng) cua PVK linh kién dibt cdu trac don 16p polymer
(ITO/PVK/AL) (Hinh 3.4). Dién thé mé vao khoang 6,5 V va thé ngudng phat quang
la 7,5V. Didt nay phat quang ¢ thé ngudng twong dbi thap, tuy nhién sy suy giam dic
tuyén I-V ctia PVK dudi tac dong cua dién trudng trong 2 1an do lién tiép theo dién
ra kha nhanh, dan dén cudng do phat quang suy giam manh va dién thé ngudng phat
cling tang 16n trén 8 V trong lan do vong thtr 2 (mét d6 dong giam tir 18 mA/cm?

xudng con 11 mA/cm? & dién thé 10 V).
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Hinh 3.3. Hap thy ctia mang PVK ché tao bang phuong phap boc bay
chan khdng (PVK-EV) va phii quay (PVK-SP); Pho hép thu cua dé
thity tinh dugc dua vao dé so sanh [Tran Quang Trung, 2008].
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Hinh 3.4. Pic tuyén EL-V (a) va |-V ché d6 quét dong (b) do 1an dau (1) va do lan
sau (2) cach nhau 30 phut. Diodt ¢6 ciu tric ITO/PVK/AL [Tran Quang Trung, 2008].

3.1.2. Lép truyén dién tir Alg3

Ming moéng Alg3 duoc ché tao bang phuong phap boc bay nhiét theo véi cac
thong s6 thuc nghiém 1a: khoang cach gitra dé va ngudn ~ 4 cm. Thoi gian bbc bay 1a
20 gidy, nhiét 6 boc bay cua Alq3 1a 735° C, tai ap suat ~ 103 Pa [Tran Quang Trung
et al., 2004 ; Tran Quang Trung & Tran Minh Pao, 2006].
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Phd truyén qua ciia cac mang Alg3 bdc bay duoc trinh bay trén Hinh 3.5. Do
truyén qua trung binh ctia cac mau (trén dé thay tinh) vao khoang 87% va do truyén
qua tuyét ddi (trir dé thuy tinh) 1 vao khoang 95%. Ving budc séng tir 350nm dén
1100 nm duogc chon dé tranh anh huéng ctia bo hip thy cia dé thiy tinh (khoang 330
nm) 1én pho truyén qua cta cac mang Alg3. .
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Hinh 3.5. Pho truyén qua ctia mang Alg3 véi do day 530 nm (1), 700
nm (2) va 1050 nm (3) [Tran Quang Trung, 2008].

Tu cac phé truyén qua cua mang Alq3, dua vao gia tri cac cuc dai, cuc tiéu giao
thoa c6 thé xac dinh dugc do day mang d, chiét suat n, hé sb hép thu o, d6 rong vung
cAm Eg [Swanepoel, 1983; Tran Quang Trung & Lé Thuy Thanh Giang., 2006].

Nhitng gia tri nay dugc néu trén Bang 3.1.

Bang 3.1 Céc gia tri d, n, a, Eq ciia mang Alq3 theo khéi luong.

M d (nm) n a Eq (eV)
5mg 530 1.68 0.00057 2.75
10 mg 700 1.7 0.00059 2.8
15 mg 1050 1.705 0.0006 2.81
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Chiéu day cua mang Alg3 ting theo khéi lugng Alg3 str dung dé bdc bay trong
cung diéu kién cong nghé nhu khoang cach giita dé va ngudn, nhiét d bdc bay, v.v...).

Tuy bé day khac nhau, d6 rong ving cam Eg ctia cac mang van tuong dong.

Hinh 3.6 14 pho hip thu (theo cuong do) ciia mang Alg3. Cudng d6 hap thu cia
mang & ving budc song ngin giam khi chiéu day ting, chimg to hé sé hip thu cua
c4c mang 1a nhu nhau.Dinh phd hap thu cta cac phd déu nam ¢ cing mot bude song
khoang 386 nm, diéu nay co thé giai thich do d6 rong ving cam 14 dic trung cua cu

trac mang, khong phy thudc vao chiéu day cua ching.
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Hinh 3.6. Pho hép thu cia cac mang Alg3 day 350 nm (1),
700 nm (2) va 1050 nm (3) [Tran Quang Trung, 2008].

Phd quang phat quang cua Alg3 (Hinh 3.7) trai rong tir budc séng 470 nm dén
630 nm. Cuc dai ciia phd & vi tri budc song 538 nm. Mang Alq3 phat ra dnh sang
vang xanh khi dugc kich thich boi nguén den Xe duoc loc qua kinh loc tim (budc
song qua kinh loc hon 330 nm), di manh dé kich thich Alg3 (Eq = 2.8 eV) [Tran
Quang Trung & Tran Minh Pao, 2006]. Tir phé hap thu va quang phat quang nhan
thiy, mang hip thu ving anh sang c6 budc séng ngan (ning luong cao) hon so véi

budc song ma N0 mang phat ra, phu hop voi nguyén 1y bao toan nang lugng.
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Hinh 3.7. Pho quang phat quang ctia mang Alg3.

Hinh 3.8 1a dudng dic tuyén I-V va EL-V ciia Alq3 khao sat thong qua mau c6
cau tric don 16p ITO/Alq3/Al, trong d6 mat d6 dong dat gia tri bao hoa ¢ dién thé V
= 6,1V va thé ngudng phat quang 12 4 V. Cuong d6 phat quang kha thip do mau dat
gia tri dong bao hoa kha nho. Trén 50 mau khao sat 6 ciu hinh AZO/Alq3/Al va
ITO/Alq3/Al déu cho dic tuyén I-V va L-V tuong tu).
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(a)
Hinh 3.8. Pic tuyén I-V va dic tuyén EL-V cua Alq3 vdi cau trac ITO/Alq3/AL
[Tran Quang Trung, 2008].
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3.1.3. Lop phat quang MEH-PPV

Mang mong MEH-PPV duoc phu trén dé thuy tinh bang phwong phap quay phu
li tam tir dung dich MEH-PPV c¢6 nong d6 4mg/10 ml xylen va dugc xay kho trong
moi trudng chira khi N2 dé tranh hoi am [Tran Quang Trung & Tran Minh Pao, 2006 ;
Dinh et al., 2003]. Phd hap thu va phat quang ctia mang MEH-PPV duoc trinh bay
trén Hinh 3.9. Pinh pho hép thu & budc song khoang 480 nm, trong khi phd phat
quang cia MEH-PPV m¢ rong trong dai budc song 500 — 650 nm va dat cuc dai tai
budc song 585 nm (twong tng vGi anh sang d6 cam ma mang MEH-PPV phat ra). Co
su khac nhau ¢ budc song phat quang ciia hai mang Alg3 va MEH-PPV. Piéu nay la
do d6 rong vung cam ctia chung khac nhau: do rong ving cdm cua Alg3 12 Eq = 2.8
eV va cia MEH-PPV la Eq = 2.6 eV [Dinh et al., 2003].
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Hinh 3.9. Ph hip thu va ph6 quang phat quang (PL) cia mang MEH-PPV.

Pho dién phat quang (EL-V) va dic tuyén dong-thé (I-V) va ctia mang MEH-PPV
dugc trinh bay trén Hinh 3.10. Pho dién phat quang va dic tuyén I-V cia MEH-PPV
duogc khao sat thong qua mau co ciu trac don 16p ITO/MEH-PPV/AL, trong dé dién
thé kich 1a 4,5 V va thé ngudng phat quang 1 5,5 V. O cau hinh nay MEH-PPV ¢4
dién thé ngudng thap (4,5 V), dat gia tri bao hoa & dién thé V = 8,5 V; mat do dong I
=25 mA/cm? va c6 cudong do phat quang manh thich hgp dung lam 16p phat quang
anh sang vang cho OLED.
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Hinh 3.10. Dic tuyén EL-V (a) va |-V ciia mau MEH-PPV vdi ciu tric
ITO/MEH-PPV/AL.

3.2. Tinh chat phat quang cia mét s6 OLED thuan hiru co
3.2.1. OLED cau tric ITO/Alq3/Al

Dic tuyén dong thé cua cac diot cAu tric AI/Alq3/ITO duge khao sat phy thudce
Vvao chiéu day cua 16p Alg3. Pé tao ra cac diot, ITO trén dé thuy tinh (andt) duoc ché
tao bang phuong phap phun xa magnetron. Sau d6, bang ki thuat bc bay trong chan
khong, mang Alg3 duoc phi trén ITO, ké tiép 13 16p mong Al (catdt) phu trén Alg3.
Khéi luong Alg3 sir dung dé boc bay 1an luot 1a 3, 5 va 7 mg. Chiéu day cia 16p Alq3
turong tng xac dinh duogc bang bo dao dong thach anh 12 40nm, 60 nm va 80 nm. Di6t
ché tao tir 16p Alq3 c6 chiéu day trén duoc ki hiéu 1a AQ05, AQ10 va AQ15 [Tran
Quang Trung et al., 2005].

Hinh 3.11 trinh bay dac tuyén I-V cua cac diot AQO5, AQ10 va AQI15. Nhan
thdy, dic tuyén I-V 13 duong tuyén tinh, miu AQO5 chua c6 hiéu tng cia mot dibt
(Hinh 3.11a). Déi voi diot AQ10 dic trung I-V da thé hién rd 1a mot dudng con dong
thé ciia mot didt phat quang: dién thé mo vao khoang 5 V. Khi dién thé phan cuc
thuan dit trén catdt vuot gia tri nay thi dong ting nhanh (Hinh 3.11b). Déi véi diot
AQI15 duong dic tuyén I-V kém han di (Hinh 3.11¢)
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Hinh 3.11. Budng dic tuyén I-V ciia didt cau trac AI/Alq3/1TO: (a)
— chua ¢6 hiéu tng, 16p Alg3 day ~ 40 nm; (b) — c6 hiéu Gng phat
quang, 16p Alg3 day ~ 60 nm va (c) — Giam tinh chét di6t, 16p Alq3
day trén 80 nm.
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Trudce khi do dac tuyén [-V cua céc linh kién, dién tré thuan va nghich da duogc
kiém tra bang phép do dién trd chinh x4ac, nhan thay hai dién trd ¢6 sy khac nhau rat
16 rét (khac biét khoang vai trim kQ). Piéu nay cho thay linh kién thé hién tinh phan
cuc nhu mot diot. Cac diot co sy khac bi¢t dién tré thuan va nghich cang 16n thi duong
dac tuyén I-V nhén duoc cang déc. Nhiing linh kién khong c6 su khac biét nay thi
duong I-V c6 thé 1a mot duong thang tuyén tinh (dién tré thuan) hodc bang khong
(cach dién).

Tir nhitng két qua trén, nhan thiy nhitng linh kién vé6i 16p Alg3 day 40 nm mat
d6 dong qua linh kién 16n. Puong dic tuyén I-V trong truong hop nay la dudng tuyén
tinh. Picu nay 1a do mang Alq3 qua mong nén nguyén tir Al khi boc bay di khuéch
tan qua Alq3 tiép xtic véi 16p ITO, tao nén ndi tat catdt voi andt (Hinh 3.11a). Pbi
vai diot AQ10, 16p Alg3 day 60 nm mat do dong qua linh kién ting nhanh trong
khoang dién thé 5-7 V, dién thé nay tng véi dién thé md cua linh kién (Hinh 3.11b).
Trong truong hop 16p Alg3 day 1én (~ 80 nm), mat d6 dong qua linh kién giam han,
dién thé mo tang 1én dén 8-9 V (Hinh 3.11c). Nhu vdy trong ba truong hop khao sat
& trén co thé két luan rang chiéu day t6i wu cua 16p Alq3 trong diot don 16p phan tir
Alq3 kep gitra hai dién cuc 1a 60 nm [Dinh et al., 2003]. Phé dién phat quang cia
OLED cau tric don 16p Alg3 (Al/Alg3/ITO) c6 dang nhu trén Hinh 3.12.

Cuwong d6 phat quang (chuén hoa)

00 n 1 N 1 n 1 N 1
300 400 500 600 700 800
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Hinh 3.12. Phé dién phat quang ctia OLED cau triic AI/Alg3/ITO.
Nhu viy Alq3 1a mot phan tir thap c6 tac dung vira lam 16p truyén dién tir vira lam

16p phat quang trong OLED. Tir ph nay nhan thay dinh phéat quang cua linh kién vai
16p phat quang Alg3 vao khoang 540 nm, anh sang xanh la cay.
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3.2.2. OLED céu tric ITO/MEH-PPV/AI

Sau khi tao mang MEH-PPV va khao sat cac tinh chat ciia mang nhu hap thu, phat
quang va dic tuyén dong thé, OLED cau tric AVMEH-PPV/ITO d3 dugc ché tao dé
khao sat anh hudng cua cac diéu kién méi truong 1én tinh chat dién phat quang cia

linh kién. Phép do dugc thyc hién trén linh kién méi ché tao va chua dong vo.

Dic tuyén dong thé va dién phat quang cua to hop trén sau 5 lan do (mdi 1an do
cach nhau 30 phut) trong moi truong khong khi dugc trinh bay trén Hinh 3.13. Trong
lan do dau tién, dién thé kich cua dibt (dic trung I-V) khoang 2V, trong khi thé mé
phat quang khoang 3,5V. Cuong do dién phat quang dat gia tri bio hoa tai dién thé
7V va sau d6 giam dan [Dinh et al, 2003]. O nhitng lan do sau, cuong d6 dong dién
qua dibt ciing nhu cudng d6 dién phat quang suy giam rat nhanh trong khi dién thé
kich va thé mo phat quang lai ting theo thdi gian. Hién twong nay chung to6 MEH-
PPV rét nhay vdi tic dong ctia moi truong. Mat khac, dién thé kich va thé mé phat
quang kha thap ddi voi vat liéu hiru co, cho thdy MEH-PPV 1 vét liéu thich hop trong

cac tng dung hién thi.
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Hinh 3.13. Dic tuyén I-V (a) va EL-V (b) ciia AI/MEH-PPV/ITO thay d6i sau 5
1an do trong budng cach li, khoang thoi gian mdi lan do cach nhau 30 phit. S6 trén
hinh 13 th& tw 14n do [Dinh et al, 2003].

3.2.3.0LED cdu tric ITO/PVK/MEH-PPV/Ag

OLED da 16p polymer céu tric ITO/PVK/MEH-PPV/Ag 14 linh kién c6 thém
PVK, 16p truyén 15 tréng (HTL), ki hi¢u 1a MEDP. So db ning luong tai cac 16p
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chuyén tiép cua linh kién nay dugc mé ta trong Hinh 3.14. Sy ¢6 mit cia 16p truyén
16 tréng PVK 1am ting mat d¢ 16 tréng phun vao 16p MEH-PPV [Dekker, 1998].

Chan khong

Polymer Catédt (Ag)

Hinh 3.14. Gian d0 nang lugng trén cac 16p chuyén tiép trong linh kién MEDP

Anh huong cia 16p PVK 1én dic tuyén I-V ctia OLED duoc thé hién khi khao sat
dic trung I-V cia hai linh kién ITO/PVK/MEH-PPV/Ag va ITO/MEH-PPV/Ag
(Hinh 3.15).
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Hinh 3.15. Pic tuyén I-V cua linh kién don 16p polymer ITO/MEH-PPV/Ag (1)
va c6 thém 16p HTL - ITO/PVK/MEH-PPV/Ag (2).[Dinh et al., 2004]

Khi c6 16p PVK vao gitta ITO va MEH-PPV, dién thé mé cua linh kién giam
xudng. Dbi véi linh kién c6 16p truyén 16 trong PVK, dién thé nay vao khoang 12,5V
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so v6i dién thé 17,2V cua linh kién khong chtira PVK (ITO/MEH-PPV/Ag). Dién thé
kich cac linh kién kha cao c6 thé 1a do 16p MEH-PPV con kha day. Viéc giam thé
kich khi c6 mat 16p truyén 16 trong 12 do rao thé giira ITO va polymer dugc giam. Sir
dung cong thirc Tsutsui va Saito, co thé tinh hi¢u suét dién phat quang cia OLED
[Tsutsui & Saito, 1993]:

No = ¥.Nr.f (3.2)

trong d6 y - thira s6 phun dién tich kép. y phu thudc vao qua trinh phun hat tai va dat
gi4 tri 1én nhat khi s dién tir phun vao 16p phat quang can bang véi sb 16 trong phun
vao 16p nay, nr 1a hiéu suat hinh thanh singlet exciton tir polaron 4m va polaron
duong, ¢r 1a hiéu suat quang phat quang luong tir. Qua d6 hiéu suét ctia cac linh kién
ITO/MEH-PPV/Ag va ITO/PVK/MEH-PPV/Ag lan luot xac dinh duogc 1a 1,2% va
1,5%. Sy gia ting hiéu suit phat quang khi c6 mat 16p truyén 13 trong c6 thé do diéu
kién phun hat tai tot vao 16p phat quang ciing nhu giam dugc cac hién twong dap tat
hat tai so v6i linh kién thiéu 16p PVK (ITO/MEH-PPV/Ag) [Dinh et al, 2009].

3.2.4. OLED cdu triic ITO/PVK/MEH-PPV/AIQ3/LiF/Al

Mang LiF cuc moéng (0.5 nm dén 1.0 nm) dugce bdc bay 1én Alg3 trude khi phu
mang nhom. Khi c¢6 mit LiF s& tao mot tiép xuc néng AI/LiFAlg3 thay cho Al/Alg3
trude day. Tiép xuc ndy lam giam cong thoat cua Al, do d6 1am ting mat do dién tur
phun tr Al vao Alq3 (I6p ETL) [Dinh et al., 2004 (IWPA-2004)]. Hinh 3.17 la dac
tuyén I-V ciia OLED c6 diy du cac 16p polymer, tr HTL, EML dén ETL
(ITO/PVK/MEH-PPV/AIlq3/LiF/Al), ki hiéu 1a MEDF.

Tir Hinh 3.16 ¢6 thé thay trén ddc tuyén I-V cua linh kién MEPF dién thé mo ciia
linh kién chi khoang 3,2 V, thap hon han so véi linh kién don 16p polymer va ca linh
kién hai 16p polymer (MEDP). Hon nita d6 doc cta dic tuyén I-V rat 16n va mat do
dong ngugc, dong gy ra bdi cac hat tai khong tao ra phat quang da dugc triét tiéu,
két qua nay phu hgp cong bd trong [Dinh et al., 2003 ; Dinh et al., 2004 (IWPA-
2004)]. Piéu nay ching t6 su phun va tuyén hat tai tir hai dién cuc trai diu vao trong
16p phat quang da dién ra can bang. S lwong exciton singlet hinh thanh trong 16p nay

dat duoc gia tri cao nhat.

94



25 |-

2.0 —

1.5~

1.0 |-

0.5 |-

Mat d6 dong (mA/cm?2)

05 —
_2 -1 0 1 2 3 a4

Dién thé (V)
Hinh 3.16. Bac trung I-V cua linh kién MEDF.

3.3. OLED véi I1&p phat quang pha tap chat

Trong OLEDs hat tai dugc dinh x& trong phan tir va van chuyén dién tich theo
kiéu qua trinh “nhay c6c¢”. Do linh dong cua hat tai dugc xac dinh bédi sy truyén hat
tai gitra cac vi tri (nit) nhay. DJ linh dong thuong tuan theo dac trung Poole-Frenkel
characteristic [Walker et al., 2002]. Bang cach kiém soat khoang cach giira cac niit
nhay, do linh dong hat tai co6 thé diéu chinh [Zhang et al., 2006]. Tai trang thai cin
béng, céc hat tai hau hét chiém cac trang thai dudi sau ctia phan b mat do trang thai
(density-of-states -DOS) [Arkhipov, 2003]. Nhay coc hat tai thuong xay ra qua trang
thai nong hon [Monroe, 1985; Arkhipov et al., 2003 (Appl.Phys.Lett.)]. Piéu nay cho
théy mat do trang thai cé thé tac dong 1én d0 linh dong cua hat tai. Hon nira, tap chét
trong OLED ciing hoat dong nhu tim bay nong, chiing by hat tai va lam thay doi
mat do hat tai. Biy hat tai 1a co ché phat quang chinh trong hé hitu co pha tap [Uchida
et al., 1999]. Piéu nay ciing cho thiy d6 linh dong cta hat tai trong OLED phu thudc
manh vao mat do hat tai. Mac du cho t&i nay hiéu suét cia OLED pha tap da duoc
cai thién dang ké, dong luc hoc hat tai van chua dugc giai thich rd rang [Shoustikov
et al., 1998; Bassler, 1993; Chen & Ma, 2004; Moon et al., 2004]. bé nang cao hiéu
suét va thoi gian phuc vu cua OLED, van chuyén hat tai cting nhu dong luc hoc tai
hop hat tai cia OLED pha tap rat cn phai duoc nghién ctru ki. Su phu thudc cta tinh
chét truyén hat tai va co ché phat quang vao ndng do tap chit trong 16p EML duoc
trinh bay trong [Feng & Wang, 2010]. Trong cac mau pha tap yéu, két qua nghién
cuu cho théy do linh dong cua hat tai cang 16n thi hiéu suét hoat dong cua linh kién
cang cao. Piéu nay ching to cac nguyén tir tap chat di tao nén cac nut nhay bo sung

va 1am ngén khoang cach nhay. Tai ndng dd tap cao 18n, cac nguyén tir tap chét c6
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khuynh hudng két tap lai, su két tp nay 1am cho suy giam hoat dong cua linh kién.
Hon nita toc d9 tan di quan sat dugc cling nhu hiéu suat huynh quang ciia cac OLED
pha tap c6 thé st dung dé xac dinh toc do tan di phat xa va khong phat xa. Theo
khuynh huéng nay thi cic mau pha tap nhe thé hién hiéu suat huynh quang tét hon
tai dién thé ap dat cao hon, trong khi cac mau pha tap manh cho théy hiéu suét huynh
quang kém di tham chi hoat dong tai dién thé ap dat thép. Nghién ctru dong lyc hoc
tai hop hat tai c6 thé ung dung dé giai thich cac dic trung va hiéu suét hoat dong linh
kién OLED pha tap.

3.3.1. Cau triic mau do va qud trinh thwc nghiém
Céc OLED dugc ché tao bang phuong phap ling dong chan khong céc vat lidu
hitu co trén dé thiy tinh phu 16p dan dién trong suét ITO (Indium Tin Oxide), véi tdc
d6 lang dong 1-2A/s, trong chan khong 4p suét 10 Pa. Cau trac linh kién 1a:
ITO/HIL/HTL/EML/ETL/LIiF/AI
trong do: ITO déng vai trd andt trong sudt
HIL va HTL — 16p tiém va truyén 16 trong, sir dung N, N'-
bis(naphthalen-1-1)-N, N'-bis(phenyl) benzidine (ki hiéu la
NPB) tong chiéu day 55 nm.
EML — Lép phat quang 1a chat tris(8-quinolinolato)-aluminum (ki
hiéu A1q3) + tap chat 10-(2-benzothiazolyl)-1, 1, 7, 7-
tetramethyl-2, 3, 6, 7-tetrahydro-IH, 5H, 11H-
benzo[l]pyranol6, 7, 8-1j] quinolizin-11-one (ki hi¢u la
C545T) day 40 nm
ETL — Lop truyén dién ti, sir dung Alg3 day 40nm
LiF(daylnm) — Tao ra tiép xtic nong
Al (day 200nm) — Cat6t

Tap chat C545T pha trong Alg3 véi ham luong 1%, 3% va 7%, di¢n tich hoat
dong cua linh kién 12 9 mm?. Linh kién nay duoc goi la OLED pha tap. Dé so sanh,
OLED khong pha tap (linh kién c6 du cac 16p trén, trir 16p Alg3 pha C545T) ciing
dugc ché tao. Hinh 3.17 minh hoa cau tric da 16p ctia OLED pha tap.
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Hinh 3.17. C4u tric mu OLED pha tap

Hinh thai hoc bé mit cua cac 16p ciing dugc khao sat bang SEM (Hitachi Model
S-4300N) v6i dién thé 5kV. Pho dién phat quang (EL) dugc do trén may quang phd
ké huynh quang Hitachi — 4500 v&i ngudn kich thich laser. Pic tuyén dong thé (I-V)
va dién dung — dién thé (C-V) duoc do lan luot trén thiét bi phan tich théng sb ban
dan Agilent 4145B va may do LCR (Agilent 4284). D¢ do dién phét quang thoi gian
ngan, mdt may phat sung Agilent 8114A 100 V/2 dugc sir dung dé phat xung thé
vudng ap dit trén OLED. Tan sé lap lai va do rong cua xung, twong ung 1a 1 kHz va
5 ps. Lbi ra ctia 4nh sang (OLED phat quang) duoc thu nhan béi photo-didt silic thién
&p nhanh (Electro-Optics Technology Inc., model: ET-2020), hoat dong truc tiép trén
bé mat cta linh kién. Thoi gian van chuyén 13 ham cta ca thoi gian doi hoi dé nap
linh kién (ham ctia RC) va d¢ linh dong hat tai [Hosokawa et al., 1992]. bé giam anh
hudng ciia thoi gian nap linh kién, yéu td hang s6 thoi gian RC cua linh kién can duoc
kiém so4t ki cang, dién dung do t6i da (C) cta linh kién dién phat quang chi vao
khoang 6 nF. Pién tré toan mach cua linh kién dugc khéng ché vao khoang 10 Q. Vi
thé héng s6 thoi gian RC duogc danh gia nho hon 60 ns va do rong cua xung duoc lua
chon 16n hon tho1 gian nap cua linh kién [Moon et al., 2004; Klenkler et al., 2006].
Tin hiéu dién phat quang phat ra duoc ghi bdi may do dau ra trung binh trén dién tro
50Q ctia dao dong ké s6 (Agilent Model DSO 6052A, 500 MHz/4Gs/s. Dao dong ki
dugc khai dong boi may phat xung néu trén. Tat ca cac phép do duge tién hanh trong
diéu kién kho va nhiét d6 phong (RT).

3.3.2. Hinh thdi hoc va phé dién phat quang
Hinh 3.18a 3.18b 1an luot 1a anh SEM ctia mau 1% va 3% C545T pha trong Alq3.
Hinh thai hoc cua mau pha 1% C545T cho théy tinh d@)ng nhat, mang c6 do min cao
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hon, trong khi mau pha 3% C545T thé hién su két ty tap chat. Piéu nay cho thiy
khuynh huéng ting d6 két tu khi tiép tuc ting ham luong tap chat trong Alg3.

Hinh 3.18. Anh SEM ciia mang Alq3 pha 1% (a) va 3% (b) C545T [Feng & Wang, 2010].

Hinh 3.19 13 ph6 dién phat quang (chuin hoa) cta cac mau OLED pha tap C545T
1%, 3% va 7% va mau OLED khong pha tap. Dai pho EL ctia mau pha tap hep hon
han so véi mau khong duogc pha tap. Pay 1a mot trong nhitng wu viét cia OLED pha
tap trong kha ning pha tron ba mau do: xanh 14 cdy va xanh duong (RGB), dé ché tao
OLED phét anh sang tring (WOLED). D¢ hinh thanh trang thai mau bdo hoa, diéu
quan trong 13 phai c¢6 duoc cac mau thanh phin RGB sach nhét c6 thé. Hién tuong
tuong tu ciing da quan sat thiy ddi voi Alg3 pha tron véi 4-(dicyanomethylene)-2-
methyl-6-(p-dimethylaminostyryl)-4H-pyran (viét tit 1a DCM).
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Hinh 3.19. Phd dién phat quang caa OLED khong pha tap va
pha C545T 1%, 3%, 7% trong 16p phat quang Alq3. Phép do
dugc thuc hién tai nhiét do phong [Feng & Wang, 2010].
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3.3.3. Ddc tuyén dong thé va dién dung-dién thé
Hinh 3.20a trinh bay dd thi mat do dong phuy thudc dién thé ap dat trén hai dién

cuc (I-V) ctiia 4 mau linh kién. So véi linh kién pha tap, mau khong pha tap c6 dac
tuyén I-V kém hon han, d6 1a dién thé mé 16n hon, d6 déc cia dudng cong I-V thap.
Diéu nay ching to tap chit pha voa trong nén chat phat quang da cai thién dang ké
hiéu suat phat quang ctia OLED.

Tuy nhién, ndng do pha tap t6i wu tiiy thudc vao ban chit cua tap va chat nén phat
quang, trong truong hop tap 14 C545T va chét phat quang 13 Alq3 thi ndng d6 tap toi
uu vao khoang 3% C545T.
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Hinh 3.20. (a) Pic tuyén dong - thé (I-V) ciia mau khong pha tap va ba mau
pha tap; (b) Pic tuyén dién dung — dién thé (C-V) do tai tan sd 10 Hz ciia
ba mau pha tap [Feng & Wang, 2010].

Hinh 3.20b 1a d5 thi dic tuyén dién dung-dién thé (C-V) do tai tan s6 c6 dinh 10
Hz. Tai dién thé Am khong quan sat théy su khac bi¢t, vuot qua diém 0V dién dung
thay d6i manh theo chiéu tang cia dién thé. Nhin chung ddi v6i ba ndng do tap chat
duon cong C-V gan nhu nhau. Chiing déu c6 cac diém ubn va chuyén trang thai trong
khoang dién thé 2,3V (dbi voi mau 1%), 2,38V (3%) va 2,6V (7%). Khi tap chat ting
1€n ntra thi hi¢n tugng két tu tap s€ xay ra, sinh ra hiéu ung dap tat néng do, lam giam

hiéu suit phat quang ctia OLED.
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3.3.4. Truyén hat tai va dong luc hoc tai hop hat tai

Tinh chét dong luc hoc cua dién phat quang dudi tac dung cua kich thich xung
ngan cta dién truong cho biét thong tin quan trong vé hanh vi van chuyén hat tai va
cac co ché hoat dong bén trong ctia OLEDs. Thoi gian dép duoc xac dinh boi dai
luong tré thoi gian (tg) giita xung vudng ngin tac dong 1én linh kién va sy xuat hién
dau tién cua tinh hiéu pho dién huynh quang [Brutting et al.,2002; Ichikawa, 2003].
Khoi diém phd EL dugc xac dinh boi thoi gian ma tai thoi diém d6 hat tai trai dau
dugc tiém vao tur hai dién cuc cia OLED. Thot gian sau khi EL dat trang thai bao hoa
1a khoang thoi gian ma tai d6 phan bd dién tir va 16 tréng di dugc xaAm nhép vao sau
bén trong chat phat quang. Phan di thoi gian cua dién phat quang tai diém két thac
ctia xung dién thé phan anh su suy yéu ctia ngudn hat tai hinh thanh va bom vao trudc
d6. Hinh 3.21a cho thdy huynh quang nhat thoi 13 ham cua thoi gian tai cac dién thé
phan cyc tir 3 ¢én 13 V di voi miu pha tap 1% C545T trong Alg3. Theo chiéu ting
cta dién thé, thoi gian tré ngan dan va tdc do ting cuong do EL 16n hon. Piéu nay

chirng t6 thot gian dap tré nén nhanh hon va do linh dong cua hat tai 1é6n hon.
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Hinh 3.21. (a) Phu thudc ciia cuong ¢ huynh quang nhat thoi vao thoi gian ddi véi
dién thé ap dit khac nhau, do trén mau pha tap 1% C545T. (b) Thoi gian dép phu thudc
dién thé phéan cuc do trén ba mau pha tap [Feng & Wang, 2010].

Thoi gian dap 1a ham cua dién thé phan cyuc d6i véi ba mau OLED pha tap duoc
trinh bay trén Hinh 3.21b. Tai dién thé thap (< 5V), thoi gian d4p tang theo chiéu ting
cua n6ng do tap chét. Trong mau pha tap manh nhiéu hat tai bi bat va do d6 EL bi
dap tat boi cac két tu cua tap chit. Piéu nay lam gidm d¢ linh dong cua hat tai va

giam ving phu ham song dién t-15 trong. Do d6 thoi gian dap tré nén 16n hon. Mit
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khéc véi dién thé cao (> 8V), hat tai c6 do linh dong cao hon doc theo nit nhay, nén
cac hat tai c6 thé khong bi dép tat tai cac ving két tu tap. Vi thé thoi gian dap hau
nhu khong phuy thudc vao ndng d6 pha tap. Thoi gian dap & dai dién thé 16n hon 12V
tré nén khong thay doi chtng t6 do linh dong cua hat tai dat gia trj bao hoa 6n dinh.
Trén Hinh 3.22 1a cac duong cong phu thudc d6 suy giam huynh quang phu thudc
thoi gian tai cac dién thé khac nhau ctia mau pha tap 1% C545T.
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Hinh 3.22. BPuong cong phu thudc cia cuong do huynh quang
vao thoi gian tai cac dién thé tir 3V dén 13V, do trén mau pha
tap 1% C545T tai nhiét d6 phong [Feng & Wang, 2010].

Suy giam huynh quang c6 thé chuan theo ham mii dé nhan duoc thoi gian tan da.
Trén Hinh 3.23a 13 d6 thi cta thoi gian tan di phu thudc dién thé d6i véi ba linh kién
pha tap 1%, 3% va 7% C545T trong Alq3. Toc do tan di (k = 1/1), gia tri nghich ddo
cta thoi gian tan di (1), phu thudc dién thé trinh bay trén Hinh 3.23b. Tc d6 tan da
lac dau ting, sau d6 giam theo chiéu ting cta dién thé. Nhan thiy rang, téc do tan d
do dugc 1a tong cia toc do tan di phat quang va khong phat quang, theo cong thirc
[Zang et al., 2008]:

1

k= Ky +kny == (3.2)

trong d6 Kr, Knr, VA K 1an lugt 13 toc d6 tan da phat quang, khong phéat quang va tan
da tong. Tai dién thé nhat dinh (> 5V), toc d06 tan di thap thién vé sy dong gop cua
téc do tan di khong phét quang.
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Hinh 3.23. Thoi gian tan di (a) ciing nhu téc do tan da (b) déu 14 ham cia dién thé
d6i véi ba mau OLED pha tap [Feng & Wang, 2010].

Hinh 3.24 13 6 thi phu thudc cta hiéu suat phat quang vao dién thé cua ba mau
pha tap. Hiéu sudt phat quang thé hién mot bude nay vot, sau d6 giam dan theo
choeeuf ting ciia mat do dong. Hién tuong nay thuong duoc quan sat thay trong
OLED va di no6i dén trong cong trinh [Zang et al., 2008; Cocchi 2004], duoc giai
thich theo co ché sau: (i) huy singlet-singlet va singlet-nhiét [Uchida et al., 19997, (ii)
huy exciton-exciton, (iii) dap tit excitons béi cac hat tai va (iv) hoa tan exciton trudng
vao cip dién tir-18 trong [Shoustikov et al., 1998]. Nhan thiy, mau pha 1% C545T
cho hiéu suat phat quang cao hon ca (Hinh 3.24). Diéu nay cho thdy, v6i lugng pha
tap nho hi¢u suét lugng tor da dugc cai thién tdt nhat. Khi luong tap chit vuot qua
ngudng nao d6 cac nguyén tir tap c6 thé bi két ty, lam gia héa linh kién nhan hon.
Thoi gian dap ciing lién quan dén hiéu suit phat quang, chung twong quan nhau. Thoi
gian ngin hon c¢6 thé 1a do d6 linh dong hat tai 1on hon va ving pht ham séng dién
t0r-16 trong duge mo rong hon. Piéu d6 1am cho hiéu suat huynh quang ting 1én.

Nhu trén Hinh 3.24, hiéu suét phat quang di duoc chuin hoa theo hiéu suit
phéat quang maximum (tai 3V) ctia mau pha tap 1% C545T dé nhan hiéu suat lugng
tir chuan hoa. Hiéu suét lugng tr ndi (n) duoc xac dinh 1a ti sd cua sb lugng tir 4nh
sang phat ra tir bén trong linh kién va s6 hat tai xdy ra tai hop (tan di exciton). Do
d6 n dugc xac dinh bai toe do tan di phat quang trén tdc do tan di tong [Arkipov
et al., 2003; Basler, 1993]. Téc do tan di 1a s nghich dao cua thoi gian tan da (k
= 1/1). Cho nén, n duoc xac dinh bai biéu thirc:

kr kr

=k, k (3.3)
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Hiéu suét nco thé duoc cai thién khi tdc d6 tan da phét quang, Kr, dugc nang cao. Tai
hop phat quang doi hoi d6 phii khong gian ctia ham song dién ti-18 tréng va Kr s& bi
giam khi xay ra hiéu (mg tach hat tai (diéu nay nguoc lai véi pin mit troi hitu co, khi
ma rat can tang hiéu suit tach hat tai). Ky nim trong khoang ps™ dén ns! khi cip dién

t-15 tréng duoc giam giit trong mot chudi don polymer két hop.
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Hinh 3.24. Hiéu suit phat quang va hiéu suét lugng tr chuin hoa la
ham cua dién thé dbi véi ba OLED pha tap [Feng & Wang, 2010].

Nhu vdy, ¢ nang cao hiéu suit cia OLED c6 thé pha tap chit trong 16p phat
quang, thi du trong Alg3. Tuy nhién ham luong pha tap nhe ti uu s& cho hiéu suat
phat quang tot nhat. Pha tap vuot ngudng toi uu sé dan dén hién tuong dap tat huynh

quang bai két tu cac nguyén tir tap.

3.4. Hiéu trng tir tré trong linh kién OLED ché tao tir PFO

Cac chét ban dan hitu co /polymer két hop kiéu 7 duoc sir dung dé ché tao nhiéu
linh kién trong d6 c6 OLED, pin mat troi va transistor hiéu tng truong
[Dimitrakopoulos & Malenfant, 2002; Gundlach et al., 1997; Shtein et al., 2002]. B6i
véi cac linh kién quang dién tir hitu co cac hiéu tung lién quan dén spin va tir truong
(MFE) duoc quan tdm nghién ctru ngay cang tang [Wohlgenannt et al., 2001; Raju et
al., 2003]. Cac tac gia [Francis et al., 2004] da phat hién hiéu &ng tur tré trong OLED
lam tir polymer va goi tat 14 tir tré hiru co (organic magnetoresistance - OMAR). Hiéu
ng OMAR ciing phat hién thay trong OLED lam tir cac phan ta nho [Mermer et al.,
2005 (Sol.Stat.Com); Mermer et al., 2005 (Phys.Rev.)] va cd thé ing dung trong cam
bién tir truong.
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Pién phat quang trong ban dan hitu co sinh ra tir cac exciton hinh thanh tur hai loai
hat tai tu do (tiém vao tir anét va catdt). Quang dan trong ban dan hiru co cé duoc tur
van chuyén cac hat tai sinh ra bai qua trinh quang dién bén trong hoic bén ngoai.
Trong cong trinh [Sheng et al, 2006] cac tac gia nghién ciu hiéu ung tur truong (MFE)
trong linh kién OLED lam tur polymer polyfluorene (PFO) sir dung cac phép do do
dan dién, dién phat quang va quang dan.

3.4.1. Chudn bi mau OLED cho do dac

CAu tao cua linh kién gom ba 16p, & gitra 1a 16p hoat tinh hiru co, dién cuc trén va
du6i 1a mang dan dién trong suét 1a ITO (andt) va 16p mong Ca két hop véi Al hoic
Au (catdt). Lop gita gom polymer dan poly(3,4-ethylenedioxythiophene)-
poly(styrenesulfonate) (PEDOT) — sir dung lam 16p HTL ché tao bang quay phu li
tam véi toe d6 quay 2000 v/ph Ién trén ITO. Ké tiép 1a 16p PFO ciing phu bang quay
li tam 1&n trén PEDOT véi bé day 150 nm tir dung dich PFO trong chloroform. Dién
tich cua linh kién ~ 1mm2 So @6 OLED dung dé khao sat duoc trinh bay trén Hinh
3.25.

Dé thay tinh

Hinh 3.25. So d6 OLED st dung trong thuc nghiém do tir tro.

Mau duoc dit trong binh chtra He 16ng gitta hai cy cua tir truong dién khong doi.
Ti s tir tré duoc xac dinh boi dai lwong thay doi dong Al/l theo tir trudng dudi dién
thé phan cuc khong dbi. Ti s6 huynh quang tir xac dinh bai dai luong thay ddi trong
dién phat quang (EL) nho 6ng nhan quang. Hiéu tng tir treong 1én ti sé dong quang
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dan duogc xac dinh boi dai luong thay d6i dong quang APC/PC theo tir truong tai dién
thé phan cuc khong doi. Chum tia cuc tim (budc song 364nm, 357nm) tir laser ion Ar
duoc str dung kich thich mau tir phia dién cyc ITO.

3.4.2. Két qua do

Hinh 3.26 trinh bay dic tuyén dong-thé (duong lién nét) va dién phat quang (cac
hinh vudng den) cua linh kién ITO/PEDOT/PFO/Ca. Hinh gin vao la ciu tric phan
tir cua polymer PFO. Tir hinh nay c6 thé thiy dic tuyén dién phat quang va dong thé
c6 hinh dang gan nhu nhau. Dac tuyén I-V cia OLED 1a phi tuyén va duoc giai thich
bdi m6 hinh dong t6i han dién tich khong gian do ton tai biy hat tai [Blom et al.,
2000].

7.0x10° - 3.5x10°
6.0x10° - 3.0x10°
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4.0x10° - Hi7Cg CgH17 = 2.0x10°
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Dién thé (V)

Hinh 3.26. Pic tuyén I-V (duong lién nét), EL-V (hinh vudng den) ctia
linh kién céu tric ITO/PEDOT/PFO (= 150nm)/Ca tai nhiét d6 phong.
[Sheng et al, 2006].

Hinh 3.27 trinh bay dic tuyén I-V (duong lién nét) va quang phat quang (dudng
dut néi vét den) cua linh kién twong tu (PEDOT/PFO/Ca). 6 thi gan vao 1a phd hap
thu cua linh kién véi miii tén chi nang lugng photon kich thich khi do quang phat
quang. Hinh 3.27 cho thay linh kién PFO hap thy hau hét anh sang t6i tai nang luong
photon khich thich (3.4eV) gan dién cuc ITO. Hinh nay con cho thay dong quang
trong linh kién PFO khi ITO phan cuc &m nhé hon han khi ITO phan cuc duong.
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Hinh 3.27. Pic tuyén I-V (duong lién), PC-V (duong dut) cua linh kién ciu
tric ITO/PEDOT/PFO (= 150nm)/Ca tai NDP. D6 thi bén trong 1a phd hép
thu cua linh kién; miii tén chi vi tri bude séng st dung trong phép do dong
quang dan [Sheng et al, 2006].

Hinh 3.28 1 d6 thi anh huong cia MFE 1én dién phat quang va lén dong quang
cua linh kién PFO. Phép do MFE va dong dugc thuc hién tai dong khong dbi. Hinh
nay cho théy tai nhi¢t d§ phong cling nhan dugc hiéu ung tir tréd va huynh quang tur
trong linh kién PFO 14 rat r5. Ciing nhan thay dai lugng huynh quang tir AEL/EL va
tir trd A/l €0 gia tri twong duong va hinh dang cua ching gan giéng nhau. Diéu nay

chtng t6 hai hiéu tng trén c6 cing mét ngudn gde. Hinh 3.29.
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Hinh 3.28. Hiéu ung tur truong (MFE) 1én dong phat quang (duong dam) va
phd EL (dudng manh) trong linh kién PEDOT/PFO (= 150 nm)/Ca do tai
cac dién thé ¢ dinh khac nhau tai NBP [Sheng et al, 2006].

Hinh 3.29 13 d6 thi MFE phu thudc dong (duong dam nét), dong khi phat quang
(duong nét dut), Al/l, dong quang, APC/PC, phu thudc dién thé phan cuc (dudng nét
manh) khac nhau ¢ nhiét d6 phong. APC/PC. 6 16n ciia APC/PC thap hon mdt chut
so véi AEL/EL va Al/l. Cac linh kién déu thé hién tan da cham dudi tac dung chiéu
laser. Vi thé, Al/I trén Hinh 3.29 nho hon mot chit so v6i gia tri quan sat dugc trong
OLED lam tir PFO.
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Hinh 3.29. Hi¢u g tr truong (MFE) 1én dong phat quang (duong dam), dong
sinh ra dudi tac dong chiéu roi (duong dirt) va dong quang dién phu thudc dién
thé (duong manh) trong linh kién PEDOT/PFO (=150 nm)/Ca do tai nhiét do
phong [Sheng et al, 2006].

3.4.3. Phan tich anh huwong cua hiéu wng tir trueong

Vi céc dai luong Al/l , APC/PC va AEL/EL thé hién sy phu thudc tir truong B ¢6
thé thdy chung c6 chung mét ngudn goc. Cac dai luong 1, PC va EL phu thudc vao
mat d¢ va do linh dong cua hat tai. ba biét mat do dong (J) xac dinh béng cong thuec:

J=4q (nun + pﬂp) F (3.4)

trong d6 q la dién tich ctia dién tr, n va p la nong d6 hat tai polaron am va duong; un
va pp 13 d6 linh dong cua chung, F 1a dién truong. Tét ca cac dai luong nay nhin chung

phu thudc vao vi tri, X.

Pai luong dién phat quang (EL) xac dinh béi biéu thirc [Kalinowski, 1999]:

EL oc ypncc (,un + ,up) pn (3.5)
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trong d6 y - hang sb tai hop dién ti-15 trong thudng duge xac dinh bai cong thire tai

hop Langevin [Pope & Swenbers, 1999], y = q(up + un) /eco.

Mat d6 dong quang, Jpc, xac dinh béi cong thirc:
Joe =0(Aps, + Ang,)F (3.6)

trong d6 A phan anh d6 thay d6i trong mat do hat tai tao ra bdi kich thich quang. Vi
thé cac phuong trinh tir (3.3) dén (3.6) cho thay I, EL va PC déu phu thudc vao td hop
cuia mat do va do linh dong cua hat tai. Do d6 nhin chung Al/l, AEL/EL va APC/PC
déu do hiéu tmg MFE tac dong 1én mat do va do linh dong hat tai dan dén su phtic

tap trong phan tich thuc nghiém va xéac dinh co ché sinh ra tir tré hitu co (OMAR).

Tuy nhién, cac két qua nhan dugc trong [Sheng et al, 2006] cho thay su phu thudc
vao néng d6 n va p ciia EL khac han cua I va PC. Vi hiéu tng tir truong (MFE) cing
d6 16n da nhan dugc trong tat ca ba thi nghiém, c6 thé cho rang MFE chu yéu tac
dong 1én do linh dong, hon la 1€én mat do hat tai. Tur thuc nghiém nhan dugc: luong
exciton sinh ra trong OLED ti I¢ thuan véi néng dd hat tai phy, trong khi mat dé dong
lai dugc xac dinh chu yéu boi cac hat tai chinh. Y tudng nay co thé hién thuc hoéa
trong linh kién PFO so hitu 16 trong bang cach chon vat liéu catot (dién cuc trén) voi
dai luong cong thoat khac nhau. Trong khi hau hét polymer 14 vat liéu tai 18 tréng,

ché tao va do dac linh kién PFO sir dung Ca, Al va Au lam vat liéu catot.

Hinh 3.30c trinh bay dic tuyén I-V, cudong do EL do dugc 1a ham cua | (Hinh
3.30b) va do 16m Al/l 13 ham cia ti s6 exciton/hat tai - j (Hinh 3.30a). Ti sé n duoc
suy doan ra tir s6 liéu trén do thi 6b, cho thdy d6 16n EL tinh tai dong nhu nhau trong
linh kién st dung catdt Ca 16n hon mot bac so véi linh kién sir dung Al, va gﬁn ba
bac so voi linh kién sir dung Au. Tur cong trinh cua Friend [Friend et al., 1999] da
biét, sy khac biét vé cong thoat ctia catdt va ving dan cta polymer trong truong hop
catot Al va Au. D6 1a 6 16n cia 1 trong linh kién sir dung Al (Au) thap hon dén mot

(ba) bac so voi linh kién str dung Ca lam catot.
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Hinh 3.30. (a) Pudng phu thudc (Al/1) vao 1 tai dién trudng B = 100mT dbi
v6i mau PEDOT/PFO (d =~ 150nm)/catot Ca, Al, hay Au. (b) EL phu thudc vao
dong | va (¢) dic tuyén dong thé (I-V). Cac mau déu duoc do tai nhiét 4o
phong [Sheng et al, 2006].
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CHUONG 4. VAT LIEU TO HOP CAU TRUC NANO KHOI VA
LINH KIEN OLED

4.1. Vat liéu va linh kién tir t6 hop cau tric nand khoi

Vit liéu t6 hop mang mong ciu trac nand dang khdi 1a loai vat liéu trong d6 cac
hat nand tinh thé dwoc tron vao trong polymer, tiéng Anh 1a “nanocrystals in
polymer”. Bé thuan tién theo dbi, loai vat liéu t6 hop khéi nay duoc ki hiéu 1a NIP.
Mang mong NIP dugc ché tao bang phuong phap quay phu 1i tim 1én dé 1TO/thay tir
dung dich polymer chtra hat nan6 tinh thé 6xit titan (nc-TiOz). Bot nc-TiO, thuong
phém kich thudc hat tir 5 dén 35 nm duoc st dung dé ché tao to hop NIP. Trong mdt
s6 truong hop bot nc-TiOz ché tao va bién tinh bé mit trong phong thi nghiém ciing
duogc sir dung dé tron vao polymer dan [Chung et al., 2013].

Céc 16p vat liéu t6 hop nand véi cac chirc nang khac nhau st dung trong OLED

duogc ché tao va khao sat cau tric, tinh chat dién va quang la:

- Lép truyén 15 trong (HTL): Mang t6 hop PVK véi nc-TiO2 (ki hiéu 1a
POTH; mang t6 hop PEDOT v&i nc-TiOz (PETH).

- Lép truyén dién tir (ETL): Mang t6 hop Alqs véi 16p nc-LiF (AQLE).
- Lop phat quang (EML): MEH-PPV v6i nc-TiO2 (MPEL)

Dic diém hinh thai hoc bé mit ciia mang t6 hop, cac dic trung lién két gitta cac
hat nand TiOz vé6i polymer trong cic mau t6 hop, tinh chat phat quang, co ché phan
ly, truyén dién tich va nang luong qua cac bién tiép xtc polymer/nand, mdi lién quan
dén hiéu tng dap tit quang phat quang hay nang cao hiéu suit cho OLED duoc trinh

bay chi tiét trong chuong nay.

Céc vat lidu polymer t6 hop nand NIP 13 vat liéu co ban trong cdu tric ciia cac
OLED da 16p truyén thong, trong d6 andt 1a trong sudt - ctra s6 cho phép anh sang di
ra ngoai linh ki¢n OLED. Cac OLED to hop kiéu NIP duge ché tao va khao sat dic
trung dong thé (I-V) nham tim ra cc thong sd cua linh kién cho hiéu suat cao nhat.
Anh huong cia tdc do quay phu li tam, kich thudc hat nano, nhi¢t d§ hoat dong ctia
moi truong, thoi gian hoat dong 1€n dac trung I-V, hi€u suét linh kién cling dugc

nghién ctru trén cac OLED str dung t6 hop NIP.
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4.1.1. Vat liéu va linh kién OLED svr dung 16p truyén 6 trong t6 hop NIP

Céu trac cia mot OLED don gian nhét 1a linh kién don 16p polymer kep giita anot
trong sudt ITO va catot. So voi ban dan vé co, polymer dan dién thuong khong co do
bén nhiét cao nhu ban dan vo co. Hon nita, khi duoc sir dung lam 16p phat quang
trong linh kién quang dién tir hitu co nhu OLED, 16p polymer nay rat dé bi tac dong
boi cac ion kim loai (nhu In) khuéch tan tir anot ITO véao 16p phéat quang, 1am giam
thoi gian hoat dong ctia linh kién [Jiang et al., 2008]. Mot trong nhitng bién phap khic
phuc nhuge diém trén 13 bo sung 16p polymer vao giita ITO va 16p polymer phat
quang v&i vai trd 1am 16p truyén 13 trong, thi du PEDOT hay PVK. Céc 16p nay nho
¢6 nhitng vu diém nhu dé tao mang, d6 din cao, do truyén qua cao trong ving kha
kién, kha bén trong méi truong hoat dong, v.v... [Ouyang et al., 2004]. Tuy nhién,
polymer truyén 15 tréng thuan khiét co mot s nhuge diém 1a d6 dén hat tai chua cao
do céc hat tai dé bi bt tai cac sai hong, 16 x6p rong (bay hat tai) trong nén polymer,

tiép xuc khong that tt voi cac dién cuc va 16p phat quang, V.v...

Nham giam thiéu cac nhugc diém néu trén, mang t6 hop polymer truyén 16 tréng
nand duoc sir dung thay thé cho mang polymer truyén 15 trong thuan khiét. Mang to
hop PEDOT véi 6ng cac bon nand [Zhang et al., 2001] hay véi cac hat nand kim loai
Ni, Cu, NiO d3 duoc ché tao [Muktha et al., 2007]. Cac nghién ctru da cho théy lua
chon chit vo co voi ham luong phu hop c6 thé nang cao hiéu suat phat quang cua
linh kién. Trong qua trinh nghién ctru vat liéu t6 hop cho OLED chiing toi da lya
chon PVK va PEDOT tron véi cac hat nand TiOz2 - loai t6 hop NIP chua dugc nghién
ctru nhiéu.

a. Mang t6 hop PVK + nc-TiO2
Bot nand TiO2 (5 dén 35 nm) dugc tron vao dung dich polymer PVK thuan khiét

theo ty 1¢ phan tram khdi luong ciia TiO2 trong to hop 13 30%. Dung dich PVK va t6
hop POTH duoc pha bang ki thuit quay 1i tAm (spin-coating) 1én dé thuy tinh va
ITO/thuy tinh véi toc dd quay 1500 v/ph trong 1 phit. Mau dugc u chan khong tai
180 °C, trong 1 gi¢r dé 1am bay hoi hoan toan cac dung méi hitu co. Chiéu day mang
PVK thuan khiét va t6 hop POTH duoc khdng ché trong khoang 100 nm (té¢c d6 quay
phu 1a 1500 v/ph).

Bé mat cia mang PVK va POTH duoc khao sat bang phuong phap FE-SEM
(Hinh 4.1) d¢é quan sat kich thudc va phan bd ciia cac hat nand TiO; trong t6 hop. Su
phan bd ciia cac hat nano TiO2 trong mang t6 hop 1a kha dong déu. Mang PVK thuan

khiét c6 nhiéu 16 hong, vét nut kich thuéc dén vai chuc nanomet. D6 1a nhitng tim
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bay hat tai rt 16n. Su c6 mit cua cac hat nc-TiO2 d3 han ché céac 18 héng va vét nat
1a do khi quay phu li tdm cac hat nc-TiO, trong dung dich d4 ving manh va cam chat
vao polymer.

y _n' ]‘q f
J-?; "~ 1100 nm

I ———

Hinh 4.1. Anh SEM ciia mang PVK (a) va POTH (30 %.wt nc-TiOz (b) [Dinh et al., 2004].

Pho tan xa Raman ciia PVK thuan khiét va to hop nan6 PVK + nc-TiO: dugc trinh
bay trén Hinh 4.2. Nhu di biét, cac dinh pho tmg vai s6 song dic trung cho TiO, xuat
hién & ving sé song thip 150 cm™, 398, 515 va 639 cm™, nim ngoai ving sb song
dic trung cho PVK. Cac kiéu dao dong dic trung cho ciu tric phan tir cia PVK nam
trong ving ¢ sd song tir 1000 dén 1700 cm™. Kiéu dao dong tng vai sd song 1021
cmt dic trung cho dao dong xodn ciia methylene trong nhém chtc polyvinyl. Kiéu
dao dong ung voi sb song 1128, 1156, 1361, va 1451 cm™ dic trung cho su bién dang
lien két C-H cuia vong benzen. Kiéu dao dong tmg vé6i s song 1235 ecm™? dic trung
cho dao dong lic cia methylene trong nhém chirc polyvinyl. Kiéu dao dong img véi
s6 séng 1570 cm™ dic trung cho sy kéo gidn vong benzen. Kiéu dao dong tmg vai sb
s6ng 1626 cm™ dic trung cho su kéo cing lién két C-C trong vong benzen [Baibarac
et al, 2006].

Két qua trén cho thdy cac dinh phd Gng véi cac sb song dic trung cho ciu
trac phan tir cia PVK thuin khiét va mang t6 hop PVK + nc-TiO2 hoan toan
tring nhau, khdng thiy xut hién kiéu dao dong dic trung cho sy hinh thanh lién
két hoa hoc mdi trong ving sb song dic trung cho PVK. Diéu nay chimg to td
hop PVK + nc-TiO; khong 1am thay ddi ban chit ctia polymer, mang dwoc tao
thanh tir hdn hop hoa tron co hoc va tao ra nhiéu bién tiép xGc di chit nand giira
polymer PVK va cac hat nandé TiO2 (PVK/TiOy).
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Hinh 4.2. Phé tan xa Raman cua PVK (a) va to hop PVK+
30 %. wt nc-TiO2 (b) [Dinh et al., 2004].

Pho hap thy ctia mang PVK va PVK + nc-TiO; duoc thé hién trén Hinh 4.3. Pho
hép thu cta TiO; ciing dugc khao sat, két qua cho thay TiO2 c6 d6 hap thu cao trong
ving tir ngoai, trong sudt trong ving kha kién. Pho hap thu ciia mang PVK thuan khiét
¢6 dinh pho tai budc song 330 - 340 nm tuong (mg vai dich chuyén 7 — 7 (chuyén doi
cta dién tr tir HOMO xudngLUMO véi d6 rong ving cam 3,4 eV) [Baibarac et al,
2006]. Phd hip thu cua t6 hop PVK + nc-TiO2 c¢6 hinh dang gidng véi phd hap thu
ciia PVK thuan khiét, nhung d6 hap thy ting do TiO ciing hap thy anh sang trong
vung tur ngoai. Binh hép thu cua mau to hop tai budc song 345 nm, dich nhe vé phia
song dai (red-shift). Két qua nay chimg to chiéu dai lién két (duoc thé hién bang sb
don vi mat xich - monomer- tao thanh chudi polymer) cia chudi polymer trong to
hop 16n hon so véi chiéu dai lién két ctia polymer thuan khiét [Ton-That et al., 2008;
Wang et al., 2003]. Diéu nay c6 thé do cac hat nand TiO2 1am giam nhiing sai hong,
nhiing 16 x6p rdng trén mat mang polymer xuat hién trong khi quay phu li tim nén

c6 tac dung tang chiéu dai lién két ciia chudi polymer.
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Hinh 4.3. H¢ s6 hép thy ciia mang TiOz/thuy tinh (a), mang thuan khiét
PVK/thay tinh (b) va mang POTH/thuy tinh (c) [Tran Thi Chung Thay, 2010].

Do truyén qua (T) ctia mang t6 hop POTH trong ving kha kién dat gia tri cao
(Hinh 4.4) tai budc séng 500 nm T ~ 82%, twong duwong voi d truyén qua ciia andt
ITO (cira s6 thoat anh sang cua linh kién phat quang OLED).
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Hinh 4.4. Pho truyén qua ctia dé thuty tinh (a), mang PVK/thuy tinh (b)
va POTH/thuy tinh (c) [Tran Thi Chung Thay, 2010].

Hinh 4.5 thé hién phd quang phét quang ctia t6 hop PVK + nc-TiO2 va clia mang
thuan khiét PVK. Cudng d6 PL cua t6 hop PVK + nc-TiO> ting 1én 3,5 1an so véi
cuong do PL cua mau PVK thuin khiét duéi tac dung kich thich ctia chum tia
laser He-Cd (buédc song A = 325 nm). Két qua nay phan anh tinh chat ctia hiéu tmg
quang phét quang ting cudng doi vé6i té hop NIP.
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Hinh 4.5. Phd PL ciia mang PVK thuan khiét va t6 hop PVK + TiO»,
budc song kich thich A= 325 nm [Tran Thi Chung Thuy et al., 2007]

Tir két qua do phd Raman va anh AFM, céc hat nand TiOz khong 1am thay dbi
cAu truc phan tir cia PVK trong to hop, ma tao ra cic bién tiép xtic nand PVK/nc-
TiO,. Vi chiéu day cua cac mang gan nhu nhau (~100 nm), cuong d6 PL ting nhu
d3 quan sat thiy & trén khong phai do su thay ddi cau tric héa hoc hay chiéu day cua
mang, ma 13 do anh hudng cta cac bién tiép xtiic PVK/nc-TiO,. Hinh 4.6a mo ta su
“bé cong* ving nang luong tai bé mat tiép xuc PVK/nc-TiOz din dén giam chiéu cao
rao thé tai bién tiép xtc, tao diéu kién thuan loi cho truyén dién tich qua chuyén tiép

di chat nay.

Tir gian d6 trén Hinh 4.6a c6 thé thay qua trinh truyén dién tich tir TiO2 sang PVK
sau khi nhén kich thich ctia photon buéc song A = 325 nm (Hinh 4.6b). Do hé s6 hap
thu caa TiO2 16n di véi cac bude song nhd hon 350 nm nén cac photon cd ning
luong (3,7 V) 16n hon do rong ving cAm cua TiO2 (3,2 eV), du dé kich thich dién tir
tr ving hoa tri 1én ving dan cta TiO2. Do mat do dién tir nhay tir ving hoa trj 1én
ving din tang 1én, hang rao thé tai bién tiép xac PVK/TiO2 giam, dién tir tir ving dan
ctia TiO2 khuéch tan sang ving LUMO ciia PVK. Pién tir ciia TiO2 nhay tir ving hoa
trj 1én ving dan dé lai 16 tréng ¢ ving hoa tri, 15 trong ndy ciing khuéch tan sang ving
HOMO cua PVK. Pay 14 hién tuong truyén niang luong tir cac hat nand TiO, sang
polymer PVK mot cach cong huong Forster khong phat xa (non-radiative energy
transfer) FRET [Carter et al., 1997]. Co ché cua hién twong nay dugc minh hoa trén
Hinh 4.6b. Két qua 14 s6 cap dién tir va 16 trong trong PVK ting 1én do cac dién tir va
16 tréng duoc bo sung tir TiO2 ciing Vi cac dién tir va 16 tréng duoc sinh ra do chinh
PVK bi kich thich. Diéu ndy din dén xac suat hinh thanh céc exciton singlet trong

PVK ting 1én. Xac suat tai hgp phat xa ctia cac exciton singlet ciing vi thé ma ting
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1én, 1am ting cudng d6 quang phat quang cua t6 hop PVK + nc-TiOz so voi cudng
d6 huynh quang ctiia PVK thuan khiét.

23eV B LUMO

42ev / LUMO /It
L

58eV HOMO

; HOMO ®
_taev JRoMo | [e
@ e
TiOp  PWK TiOy PVK

(a) (b)

Hinh 4.6. So d6 tiép xtic PVK/nc-TiO2 trudc (a) va sau kich thich budc
s6ng A = 325 nm (b) din dén hiéu ung quang phat quang ting cuong
[Dinh et al., 2006].

Hiéu tmg quang phét quang ting cudng ciia mau to hop so voi mau thuan khiét
khi duge kich thich bang anh sang c6 budc song ngin (325 nm) 1a bang ching thuc
nghiém vé co ché phan ly, truyén dién tich va ning luong qua cac bién tiép xuc di
chét ciu triic nand. Co ché nay duoc khao sat ki hon qua cac nghién ciru vé tinh chét
dién cuia linh kién OLED dugc trinh bay dudi day.

b. OLED cAu tric ITO/PVK + nc-TiO,/MEH-PPV/AI

Anh hudng cua céc bién tiép xtic PVK/nc-TiO2 1én tinh chét dién cia OLED duoc
nghién ctru thong qua phép do dac trung I-V cua linh kién. Bang 4.1 mo ta ki hiéu

linh kién va cac thong sb cua cac 16p trong linh kién

Hinh 4.7 thé hién dic trung I-V ciia linh kién t6 hop ITO/ PVK + nc-TiO2/MEH-
PPV/AL DPac trung I-V cua cac linh kién don 16p polymer (ITO/MEH-PPV/AI) va da
16p polymer ITO/PVK/MEH-PPV/AI ciing duoc dua vao dé so sanh.

Két qua thu duoc tir phép do dic trung I-V cho thiy cac linh kién déu co dién ap
ngudng hoat dong thap (dudi 10 V). Céc linh kién st dung mang PVK, dic biét 1a t6
hop PVK + nc-TiO2 1am 16p truyén 16 tréng c6 dién thé ngudng giam dang ké, twong
g tir 8 V xubng 4 V va 3 V. Dién thé ngudng hoat dong cho biét gia tri dién ap tdi
thiéu can dat vao hai dién cuc cua linh kién dii dé kich thich cho linh kién phét quang.
Diéu nay tao ra hiéu suit cua linh kién t6 hop da 16p ITO/PVK + nc-TiO2/MEH-
PPV/Al s& 16n hon hiéu sudt cia linh kién da 16p polymer thudn khiét
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ITO/PVK/MEH-PPV/AI va linh kién don 16p polymer ITO/MEH-PPV/AI. Dién ap
ngudng cua linh kién to hop 1a 3V, mat 46 dong dién dat gia tri 8 mA/cm? tai dién 4p
6V.

Mat d6 dong (mA/cm?)

Dién thé (V)

Hinh 4.7. Pic trung I-V ctia OLED cau trac ITO/MEH-PPV/AI (a),
ITO/PVK/MEH-PPV/AI (b), ITO/PVK + nc-TiOz/MEH-PPV/AI (c) [Dinh et al., 2006]

Bang 4.1. Cau tric cia linh kién ITO/PVK + nc-TiO2/MEH-PPV/AI va cac

thong s cong nghé.

Tén linh kién Cac lop Cdc thong sé dic trung
Andt ITO Bién‘ tré vuong R; = 50 ‘Q/EI, do
NIP-PK30 truyén qua T% = 90%, chiéu day d

=100 nm
(Dién tich cua

linhki¢n A =4 | 1 6p truyén 18 tréng | Kich thugc trung binh cta hat nand

mm?, chiéu ddy |  PVK +nc-TiO; | TiOz Ia 35 nm, ham luong ciia TiO2

cua 16p NIP 1a trong t6 hop 1a 30 %kl., chidu day
100 nm) mang d = 100 nm

L6p phat quang Budc soéng phat quang Aem = 600
MEH-PPV nm, chiéu day d = 150 nm

Cat6t Al Chiéu day d = 200 nm
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Vai trd cta cac hat nand dbi véi viéc nang cao hi¢u suét cia OLED hién van 1a
van dé thoi sy duoc rat nhidu nhom khoa hoc dang tap trung nghién ctru. Mic du vy,
co ché truyén dién tich qua cac bién tiép xtc di chat nand duoc nhiéu tac gia sir dung
hon ca [Wang et al., 2003, Huo et al., 1997; Kim et al., 2002; Zhang et al., 2006]. Co
ché nay thé hién thong qua gian d6 cac mirc nang lugng (Hinh 4.8a) va sy bé cong

vung nang luong tai bién tiép xtic tao thé thuan loi cho viéc bom va truyén 16 tréng

trong 16p t6 hop cua PVK.
230y 23 eV
LUMO | |
3.0 42 eV LUMO
‘ LUMO 43 —
|....-42 '
i) ‘ 5.8 eV
58 .3 74ev f7®© HOMO
HOMO HOME [OFe
-7.4 |
ITO PVK+TiO, MEH-PPV Al TiO, PVK

(a) (b)

Hinh 4.8. Gian d6 cac mirc ning lugng so v6i mirc chan khong cua linh kién ciu
tric ITO/PVK+TiO2/MEH-PPV/AL (a) va su bé cong vung nang lugng tai bién
tiép xtic PVK/TiOz (b) [Tran Thi Chung Thuy, 2010].

Tir gian d6 cac mirc nang lugng ciia cac 16p trong linh kién, ¢ thé thay 15 trong
dugc bom tir an6t ITO vao ca ving HOMO cua PVK va vung hoa tri cua TiO2. Do
su bé cong ving ning luong tai bién tiép xuc PVK/TiO; twong tng voi ha thap chiéu
cao rao thé tai bién tiép xuc (Hinh 4.8b) nén cac 15 tréng tir viing hoa tri ctia TiO2 tiép
tuc duoc khuéch tan vao vimg HOMO ciia PVK. Do d6 tan suat bat giit 16 trong tai
cac bay dién tich giam, lam ting nong do 16 tréng trong PVK va sb luong 15 trong
truyén vao 16p phat quang MEH-PPV ciing ting 1én. Nhu vay 1a nhd cac bién tiép
xuc nand PVK/TiO2 ma 16p t6 hop NIP (PVK + nc-TiO2) ¢6 kha nang truyén 15 tréng
t6t hon 16p PVK thuan khiét, dan dén hiéu suat cia linh kién t6 hop 16n hon so voi
linh kién thuan khiét.

¢. Mang td hop PEDOT + nc-TiO>

So voi PVK, PEDOT la polymer dan dién cé nhiéu wu diém hon trong viéc sir

dung lam 16p HTL trong OLED. D¢ 1a nho PEDOT ¢6 d6 truyén qua cao trong viing
kha kién (mang PEDOT thuan khiét day ¢& 100 nm c6 do truyén qua cao trén 90%),
giau 15 trong, bén nhiét, cau tric ciia ving ning luong cAm thich hop véi ITO. Tuy

nhién, ciing giéng nhu PVK, mang PEDOT phu bang ki thuat quay li tAm con cd
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nhiéu khuyét tat nhu 16 hong, ran nit, v.v... T6 hop NIP d6i voi PEDOT (goi tit 1a
NIP-PD) ciing di dugc nghién ciru ché tao véi muc dich ning cao kha ning truyén 15
trbng, nhung loai to hgp nay chira cac hat nand nhu Ni, NiO, Cu [Oey et al., 2005].
Hiéu suit ctia OLED t6 hop dd dugc cai thién nhung dién ap ngudng hoat dong cua
cac OLED van con 16m, vi du 13 V ddi voi té hop PEDOT + 15 %kl. Ni [93]. Cac
mang mong t6 hop NIP-PD duoc ché tao tir PEDOT hoa tan trong PSS (PEDOT-
PSS) trén dé thity tinh ITO (dién trd vudng thap hon 50 Q/o). Hat nand TiO2 c6 kich

thude hat trung binh 1a 5 nm.

Cong nghé ché tao t6 hop PEDOT + nc-TiOz ¢6 thé tham khao thém trong cong
trinh [Trén Thi Chung Thuy, 2010]. B6t nand TiO2 dugc tron vao dung dich PEDOT-
PSS, ty 1& phan tram khdi luong cua TiO2 trong hdn hop 1an luot 13 5%, 10%, 15%,
30%, 40%. Dung dich nay dugc khudy bing may khudy tir va rung siéu am trong 8
gid dé phan tan hoadn toan cac hat nand TiO2 va giam sy co cum cua cac chudi
polymer. Tiép theo, dung dich duoc phu 1én dé thuy tinh bang phwong phap spin-
coating, v&i toc do tir 1500 dén 3000 v/ph, thoi gian 1 phut trén cac dé thuy tinh ITO
kich thudc 1,5 x 1x 0,1 cm. Sau khi phd, mang dugc séy kho trong khi tro, nhiét o
T = 120°C, thoi gian t = 10 phat dé bay hoi dung méi. Mang PEDOT thuan khiét
cling duoc phu trén dé ITO/thuy tinh dé so sanh trong cic nghién ctru vé tinh chét

quang, di¢n cua vat liéu t0 hop.

Ky hiéu va cac théng sé dic trung ciia cac mang to hop NIP-PD dugc thé hién
chi tiét trong Bang 4.2.

Bang 4.2. Ky hiéu va thong s dic trung ctia cac mang t6 hop NIP-PD

Tén mau Ham luong nc-TiO, | Chiéu day trung binh cia
(%Kkl.) mang (nm)
NIP-PDO 0 100
NIP-PD5 5 100
NIP-PD10 10 100
NIP-PD15 15 100
NIP-PD30 30 100
NIP-PD40 40 100
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Két qua chup anh AFM (Hinh 4.9) cho thay trong tat ca cac mang to hop NIP-
PD déu hién 16 cac hat va nhom hat nand TiO2 trong nén polymer. Kich thudc,
su phan bd cta cac hat TiO: phu thudc ham lugng cua TiO; trong to hop. Trong
mang t6 hop, kich thudc cua cac hat nand TiOz 1a khong déu, wéc tinh tir vai dén
vai chuc nanomet, hat cé kich thudc 16n nhit ¢& 50 nm. Két qua nay cho thiy
cac hat nand trong nén polymer PEDOT d3 tao ra nhiéu bién tiép xtc di chat
nand PEDOT/TiO2, tuong tu két qua & mot sé cong trinh nghién ctru vé t6 hop
PEDOT + nc-Ni, Cu va NiO [Oey et al., 2005], cac hat va dam hat nané Ni, Cu,
NiO c6 kich thudce trung binh c& 20 - 30 nm.
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Hinh 4.9. Anh AFM ctia mang PEDOT thudn khiét NIP-PDO (a) va céc
mang t6 hop NIP-PD5 (b), NIP-PD10 (c), NIP-PD15 (d) [Tran Thi
Chung Thuy, 2010]

Mang PEDOT thuan khiét va cdc miu t6 hop thuéc nhom vat liéu c6 ky hiéu NIP-
PD duoc sir dung 1am 16p truyén 16 tréng trong OLED. PEDOT da duoc nghién ciru
mg dung trong nhiéu cong trinh trudc ddy [Ouyang et al., 2004, Girtan et al., 2009;
Vacca et al., 2008]. Tuy nhién mang t6 hop ctia PEDOT + nc-TiOz chwa duoc dé cap
trong cac cong trinh trén. Do vay chung t6i d tham khao mot s6 két qua ciia cac tac
gia trong cong nghé ché tao mang PEDOT thuan khiét dé lwa chon céc thong s thich
hop cho quay phu li tim tao mang t6 hop PEDOT + nc-TiO2. Anh hudng cua toc do
quay pha va ham luong TiOz 1én chiéu day va dic trung I-V cta vat liéu to hop da
dugc nghién ciru [Tran Thi Chung Thuy, 2010]. Két qua cho thay chiéu day ciia mang
lan Iuot 1a 200 nm, 162 nm va 107 nm véi sai s6 cua phép do 1 0,8 nm twong tng
v6i toc do 1000 v/ph, 2000 v/ph va 3000 v/ph. Nhan thdy, chiéu day mang to hop
giam trung binh khoang 50 nm khi téc d6 quay li tim tang thém 1000 v/ph.

Két qua do chiéu day ciia cic mang to hop NIP-PD5, NIP-PD10, NIP-PD15 véi
cac toc do quay phu khac nhau duoc liét ké chi tiét trong Bang 4.3. Chiéu day cua
mang NIP-PD10 lan lwot 13 128 nm, 117nm va 104 nm cta mang NIP-PD15 lan luot
14 119 nm, 111 nm va 102 nm vd&i sai s6 cta phép do 1a 0,8 nm tuwong ting voi tbc do
quay pht 1000 v/ph, 2000 v/ph va 3000 v/ph. Chiéu day cia mang NIP-PD10 va NIP-
PD15 ciing giam khi téc d6 quay tang dan, trong tu nhu trudng hop ciia mang NIP-
PD5 nhung chiéu day mang giam theo tbc d6 quay phil it hon, vao khoang 10 nm khi
téc d6 quay tang thém 1000 v/ph.

Bang 4.3. Su phu thudc ctia chiéu day mang t6 hop NIP-PD vao tdc do quay phu

Ki hiéu Chiéu day mang (nm)
mﬁu
1000 v/ph 2000 v/ph 3000 v/ph
NP-PD5 200 162 107
NIP-PD10 128 117 104
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NIP-PD15 119 111 102

Két qua trén phan anh chiéu day cta mang phu thudc vao ham lugng TiO2 trong
t6 hop. Diéu nay 1a do TiO, 1am thay d6i do nhét cua dung dich. Khi ¢ dinh tbc do
quay phu & 1000 v/ph, chiéu day cua cac mang NIP-PD5, NIP-PD10 va NIP-PD15
turong tmg 13 200 nm, 128 nm va 119 nm. O toc do quay 2000 v/ph, chiéu day cua
mang NIP-PD5, NIP-PD10 va NIP-PD15 tuong ung la 162 nm, 117 nm va 111 nm.
Con véi tbe do quay 3000 v/ph, chiéu day mang NIP-PD5, NIP-PD10 va NIP-PD15
13 107 nm, 104 nm va 102 nm. Tir d6 nhan thay, véi téc d6 quay cao 3000 v/ph, chiéu
day ctia cac mang t6 hop voi ham luong TiO2 khac nhau thay d6i khong dang ké. Do
vay, toe d6 quay phu 3000 v/ph duoc chon dé ché tao mang t6 hop phuc vu cho nghién
ctru cac tinh chit quang phat quang va dién phat quang phu thudc ham lwong nand
tinh thé TiO2.

Trén Hinh 4.10 13 cac pho truyén qua ctia mang polymer thuan khiét PEDOT va
cac mang t6 hop v6i ham lugng TiO2 khac nhau duoc quay phu li tim véi toc d6 3000
vong/phit, chidu day cia cac mang duoc xac dinh vao khoang 100 nm. Mang
PEDOT-PSS ¢6 d6 truyén qua cao trong ving kha kién, dat gan 90%, cung voi kha
nang truyén 13 tréng tbt, hoan toan thich hop 1am 16p truyén 16 trong trong OLED ma
khong anh hudng t6i d6 trong sudt cua cira sd thoat anh sang (andt trong sudt ITO).
Két qua nhan dugc cho thy, do truyén qua cua cac mang t6 hop NIP-PD phu
thudc vao ham lugng cia TiO2 & cing téc do quay. Do truyén qua cia cdc mang
to hop NIP-PD giam (d6 hap thu anh sang ting) so véi mang PEDOT-PSS thuin
khiét khi ndng do cua TiO2 ting 1én.
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Hinh 4.10. Phé truyén qua ciia mang PEDOT thudn khiét va cic mang to hop
NIP-PD véi cac ndng do TiOz khac nhau, téc d6 quay 3000v/ph: 0): NIP-PDO;
5): NIP-PD5; 10): NIP-PD10; 15): NIP-PD15.

Hinh 4.11 14 phd truyén qua cua cac mang t6 hop NIP-PD5, NIP-PD10, NIP-PD15

theo tbc do quay phu li tAm.

D6 truyén qua (%)

Hinh 4.11. Phd truyén qua ctia cac mang t6 hop NIP-PD5 (a), NIP-PD10 (b) va NIP-
PD15 (c) phu li tim véi te @6 1000 v/ph (1), 2000 v/ph (2) va 3000 v/ph (3) [Tran Thi

400 500 600 700

Chung Thiy, 2010].

Két qua cho thdy cac mang to hgp déu c6 do truyén qua cao trong ving kha kién.
Cuong do do truyén qua ctia cac mang to hop ting (d6 hap thu giam) khi tc do quay

400 500 600 700

Bwdc song (nm)
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phu li tim ting. DO truyén qua ctia cac mang t6 hop giam khi ham luong cua TiO;
tang (két qua duoc thé hién trong Bang 4.4).
Bang 4.4. P truyén qua cua cac mang to hop NIP-PD phu thudc ham luong TiO; va
tdc d6 quay phu li tam.

Ki hiéu mau Do truyén qua (%)
1000 v/ph 2000 v/ph 3000 v/ph
NIP-PD5 79 79,5 82,5
NIP-PD10 77,2 81 81,5
NIP-PD15 67,5 75 78

Nhu di biét, TiO2 khong hap thu 4nh séang trong ving kha kién (két qua do dugc
thé hién trén Hinh 4.3). Do vay do hap thu cta cac mang to hop NIP-PD c6 thé do
cac nguyén nhan sau: chiéu day ciia mang giam, cac bién tiép xtic nandé PEDOT/TiO2
6 thé gay nén hiéu Gng tan xa anh sang. Tuy nhién chiéu day cta cac mang t6 hop
chi thay d6i nhiéu ¢ toc d6 quay phil thap, va co chiéu day twong dbi dong déu & toc
d6 quay cao (3000 v/ph). Do vay & toc do li thm thap do hap thu cua mang to hop
giam do ca hai nguyén nhan: chiéu day ctia mang giam va cac bién tiép xtc nand
PEDOT/TIiO; c6 thé gdy nén hiéu ng tan xa anh sang. Trong khi d6 thi su tan xa anh
sang kha kién trén cac bién tiép xtc nand PEDOT/TiOz chi phéi chu yéu dén do hap
thu ctia mang t6 hop & toc d6 quay cao. Piéu niy cho thdy anh hudng ciia cac bién
tiép xtc nand 1én tinh chat quang cua vat liéu to hop. Do hap thu ciia cic mang to
hop giam khi ham lugng cua TiO: ting do sd lwgng cic bién tiép xlc nand
PEDOT/TIO; ting din dén kha ning gy ra hién tugng tan xa anh sang nhiéu

hon.

Anh huong cua tde do quay phu li tdm 1én tinh chit dién cta vat liéu to hop duogc
nghién ctru thdng qua phép do dic trung I-V cua linh kién ciu trac ITO/NIP-PD15/Al.
Hinh 4.12 thé hién dic trung I-V cua linh kién ITO/NIP-PD15/Al theo cac tbe do
quay phu 1i tim khéc nhau. Phép do chi khao sat sy thay d6i dic trung I-V ctia mang to
hop NIP-PD15 theo cac tdc d6 khac nhau, tir 1000 dén 3000 v/ph, vi tde do quay cao
3000 v/ph tao dugc mang c6 chidu day nim trong pham vi cin thiét ctia mot 16p

truyén 16 tréng (d < 100 nm), do trong sudt cao.
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Hinh 4.12. Pic tuyén I-V cua linh kién ITO/NIP-PD15/Al phy thudc
vao toc do quay li tim khi ché tao mang NIP-PD15: (a) - 1000 v/ph,
(b) - 2000 v/ph va (c) - 3000 v/ph [Tran Thi Chung Thiy, 2010].

Két qua cho thay dic trung I-V ciia OLED phu thudc vao tdc d6 quay phi mang
t6 hop NIP-PD15: dién 4p ngudng giam theo chiéu ting cta toc dd quay phu. Vi tde
d6 quay 3000 v/ph, chiéu day ciia mang dat 100 nm thich hop dé lam 16p truyén 15
trbng cho OLED, véi chiéu day nay dién ap ngudng hoat dong cua linh kién c6 gia
tri 14 1,0 V. Diéu nay c6 thé dan dén hiéu suat cia OLED tang khi sir dung 16p truyén
16 tréng NIP-PD15 ché tao voi toc ¢ quay phu 3000 vong/phut.

d. Linh kién ciu trac ITO/PEDOT+nc- TiO»/MEH-PPV/AI
Trén Bang 4.4 liét ké ki hiéu cac linh kién OLED st dung mang t6 hop NIP-PD

1am 16p truyén 16 trong va cac thong sé ddc trung cho ciu trac cia linh kién.

Bang 4.4. Tén va thong s6 dic trung cta cac linh kién OLED t6 hop NIP-PD

Ki hiéu linh Cau tric Kich thudc cua linh kién

kién

O-NIP-PDO ITO/PEDOT/MEH-PPV/AI | - Dién tich linh kién: 4 mm?,

O-NIP-PD5 | ITO/NIP-PD5/MEH-PPV/AI | - Chiéu day cac lop:
ITO, 100 nm

NIP-PD, 100 nm
O-NIP-PD15 | ITO/NIP-PD15/MEH-PPV/AI | PEDOT, 100 nm
MEH-PPV, 150 nm
Al, 200nm

O-NIP-PD10 | ITO/NIP-PD10/MEH-PPV/AI

O-NIP-PD20 | ITO/NIP-PD20/MEH-PPV/AI

O-NIP-PD25 | ITO/NIP-PD25/MEH-PPV/AI
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Két qua khao sat dic trung I-V cta cac OLED duoc thé hién trén Hinh 4.13. Bic
trung I-V cta cac OLED déu thé hién qua trinh 1am viéc cta linh kién & ché d6 phan

cuc thuan.

Céac OLED st dung mang t6 hop NIP-PD cé ngudng dién thé mo thap va dong
16n hon so voi OLED st dung 16p truyén 16 tréng thuan khiét. Dién ap ngudng cua
linh kién O-NIP-PDO (thuan khiét) co gia tri 2,25 V. Trong khi dé dién ap ngudng
hoat dong ctia cac OLED t6 hop bt déu giam tir gia tri 2,25V xubng cac gia tri thap
hon phu thugc vao ham lugng ctia TiO2. Khi ham lugng cua TiO: tang, gia tri cua
dién ap nguong giam: di€n ap ngudng hoat dong cua linh kién O-NIP-PD5 (5 %kI.
TiOz) 14 1,6V, giam xudng con 1,25V d6i v6i linh kién O-NIP-PD10 (10 %kI. TiOy),
va dat gid tri 1V ddi voi linh kién O-NIP-PD15 (15 %KkI. TiO2). Tiép tuc ting ham
luong cia TiO2 trong t6 hop PEDOT + nc-TiO2 dan dén két qua kém di. Pién ap
ngudng hoat dong cua cac linh kién tdng khi ham lugng cua TiO2 lon: dién 4p ngudng
cua linh ki¢n O-NIP-PD30 (30 %kl. TiO2) 1a 1,75V, dién ap ngudng ciia O-NIP-PD40
(40 %kKI. TiOy) 1a 2V. Két qua cho thiy, véi ham luong 15 %K. TiO, linh kién O-
NIP-PD15 cho dic trung I-V tot nhat v6i gid tri dién ap ngudng hoat dong nho nhat.
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Hinh 4.13. Bic trung I-V ctia cic OLED da 16p céu trac
ITO/NIP-PD/MEH-PPV/AI [Tran Thi Chung Thity, 2010].

Nhu da trinh bay ¢ trén, vai tro cua cac hat nano ddi vai viee tang hiéu suét cta
linh kién da dugc nghién ctru nhiéu, thi du trong [Kim et al., 2002; Wang et al., 2003;
Zhang et al., 2006; Huo et al., 2009]. So d6 c4u triic ving ning luong (so voi mirc
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chan khéng) voi cac 16p xen k& trong OLED cau trac ITO/NIP-PD/MEH-PPV/AI
dugc xay dung va minh hoa trén Hinh 4.14.

Tur gian d6 nay nhan thay, hang rao thé (AH1) trén tiép xtic ITO/MEH-PPV (néu
khong c6 16p HTL xen gitra) la AH1 = Erqro) - EHomomen-Prv)=+ 0,5 eV. V61 sy c6 mat
ctia 16p NIP-PD xen giira ITO va MEH-PPV, chiéu cao rio thé giam dan tir AH> = Erqro)

- Eromoepot)= 0,3 eV xubng AH3 = Eromorenor) - Eromoqer-ppv) = 0,2 V.

Diéu nay lam cho qué trinh tiém 18 trong tir ITO vao MEH-PPV trg nén thuén loi
hon. L3 tréng sau khi duwoc bom tir an6t ITO chi phai vuot qua hang rao thé 0,3 eV
dé vao 16p NIP-PD, tai 16p nay céac 16 tréng dugc bom vao tir ITO cung véi cac 15
trng dugc sinh ra trong nén PEDOT chi cin vuot qua hang rao thé 0,2 eV dé nhay
lén 16p phat quang MEH-PPV. Trong trudng hop nay, 16p NIP-PD phai da mong dé
cac 16 tréng c6 thé dén duoc 16p phat quang MEH-PPV trude khi ching bi tai hop
ngay trong 16p NIP-PD. Hiéu suét ctia cac linh kién t6 hop ting so v6i linh kién thudn
khiét da chimg t6 chiéu day cua 16p NIP-PD (100 nm) thoa man dugc yéu ciu trén.

24
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) »
L =30 | 42evV f LUMO
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51 5.3 74ev f7© HOMO
HOMO HOMG @~
-7.4 |
VB
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(@) (b)

Hinh 4.14. Gian dd c4u trac ving nang luong so voi mirc chan khong cua
linh ki¢n ITO/NIP-PD/MEH-PPV/ALI (a) va su bé cong vung nang lugng
tai tiép xtic PEDOT/TiO2 (b) thuan loi cho sy truyén 15 trong [Tran Thi
Chung Thuy, 2010].

Mit khac, mang PEDOT thuan khiét hinh thanh tir cong nghé quay phu li tAm thuong
bi ran nit hay chira nhiéu 16 hong. D6 1a cac tdm biy hat tai, nhat 1a 18 trong khi
chung truyén qua 16p nay. Viéc tron cac hat nand TiO2 vao trong polymer néi chung
va dac bi¢t [a PEDOT c6 tac dung gidm thiéu cac khuyét tat ké trén, hon nita con tao
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ra nhiéu chuyén tiép PEDOT/TiO; [Carter et al., 1997]. Do cé sy bé cong ving ning
luong tai tiép xic PEDOT/TiOz, céc 15 trong chuyén dong dé dang hon qua cac bién
tiép xuc, bo sung thém sd luong 15 trong cho PEDOT va giam xac suat b bat giit tai
céc bay trong PEDOT trudc khi dén bién tiép xac PEDOT/MEH-PPV dé tiém vao
16p phét quang MEH-PPV. Trong trudng hop nay TiO2 ¢6 tic dung truyén dién tich
cho PEDOT. Sé lugng 16 tréng ting trong 16p truyén 15 trong 1a diéu kién thuan loi
cho qué trinh bom 15 trong vao 16p phat quang trong linh kién. Vi bién phan cach
ITO/PEDOT + nc-TiO2 gd ghé hon trong trudng hop ITO/PEDOT lam cho tiép xtc
giita 16p HTL (PEDOT) va 16p EML (MEH-PPV) ciing tré nén tét hon, nén dién tré
tiép xtic giam [Carter et al., 1997].
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Béng 4.5. So sanh dién 4p ngudng hoat dong cia linh kién co 16p truyén 16 trong tir vat
liéu NIP-PD. S6 trong ngoac c6 don vi nanomet.

Theo [Tran Thi Chung Thuy, 2010]. | Theo [Petrella et al., 2004]

Loai linh | ITO/ PEDOT + nc-Ti0»(100)/ MEH- | ITO/PEDOT + nc-Ni (30)/

kien PPV(150)/AI(200) NPB(60)/Alqs(60/LiF(0,3)/Al

2,25 V (0 %KI. TiOy) 8 V (0 %kl. Ni)
Di¢n 4p 1,60 V (5 %kKl. TiOy) 10 V(5 %kI. Ni)
5 (V
mo (V) 1,25 V (10 %KkI. TiOy) 9 V (10 %KkI. Ni)
1,00 V (15 %KkI. TiOy) 13 V (15 %KI. Ni)
1,75 V (20 %KI. TiOy) Tuyén tinh (20 %KI. Ni)

2,00 V (30 %KI. TiOy)

Trén co s6 cac két qua thuc nghiém nhan dugc cung véi su phan tich néu trén co
thé nhan théy nguyén nhan dan dén dic trung [-V duogc cai thién chinh 1a sy két hop
cac chuyén tiép hiru co/vo co trong 16p HTL xen gitra andt ITO va 16p EML 1am ting
s6 luong 18 tréng tiém vao 16p phat quang. Vi vdy, nho ¢ cac dién tir tir catdt tiém
vao dong thdi ma xac suat hinh thanh exciton ting 1én (qua trinh can bang dién tich
dugc cai thién), do d6 hiéu suét cua cac OLED st dung mang to hop PEDOT + nc-
TiO, tang 1én. Két qua thuc nghiém cho thay trong cac t6 hop NIP-PD (lam 16p HTL)
thi to hop véi ham lugng 15 %kl. nc-TiO, cho dic trung I-V tt nhat. Picu nay dugc
giai thich mot cach dinh tinh, nhu sau: véi ham luong 15 %KkI. nc-TiO2 (kich thuée 5
nm), sd lugng céc bién tiép xtic PEDOT/TiO; 1a thich hop dé han ché nhiéu nhat cac
khuyét tat trong polymer. Truong hop ham luong TiO2 qua 16n c6 thé 1am dut chudi
polymer ciing nhu tao ra qua nhiéu bién tiép xuc, can tré chuyén dong ciia hat tai. So véi
két qua cong bd trudc day [Petrella et al., 2004], trong d6 té hop PEDOT + nc-Ni, Cu
va NiO di duoc st dung (Bang 4.5), cac linh kién cong bd trong [Tran Thi Chung
Thuy, 2010] c6 dac trung I-V dugc cai thién tdt hon.

4.1.2. Vat liéu va linh kién OLED véi I6p phdt quang t6 hop nand

L&p phat quang c6 vai trd quan trong nhat trong OLED, d6 14 noi phat ra anh sang
cua linh ki¢n nho sy tai hgp phat xa ctia cac exciton. Dudi tdc dung cua dién truong

cac exciton dugc tao thanh tir cac cdp di¢n tur - 16 trong bom tir cac dién cuc. Tuy
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nhién xac suat hinh thanh cac exciton trong polymer thuan khiét chua cao, 1a do céc
dién tich bi bat giir tai cac bay (do cac sai hong, 16 hong trong mang polymer xuat
hién trong qua trinh pht mang va @ nhiét). Hon nita, xac suat hinh thanh céc exciton
singlet nho hon rt nhiéu so v&i xac suat hinh thanh cac exciton triplet (ty 16 1: 3) [Forrest,
2004]. Vi thé hiéu suat phat quang ctia OLED polymer thuan khiét khong dugc cao.

St dung 16p phat quang tir vat liéu t6 hop nand c6 thé khic phuc mét phan céac
han ché néu trén. Vi muc dich nay MEH-PPV dugc lya chon lam 16p phat quang
anh sdng mau vang cam. Hat nand TiO; kich thudc 5 nm dugc lya chon dé ché tao to
hop phat quang MEH-PPV + nc-TiOx.

a. Vat licu

Pé thuc hién quay phu mang t6 hop, bot nand TiO; (kich thudc hat 5 nm) dugc
hoa tron trong dung dich MEH-PPV + xylene theo cic ty 1¢ phan tram khdi luong
khac nhau (5%, 10%, 20%, 30%, 40%, 50%). Su phan tan déu cua céac hat TiO2 va
giam su co cum cua cac chudi polymer dugc thuc hién bang khudy tir va rung siéu
am trong 8 gid. Dung dich t6 hop MEH-PPV + nc-TiOz duoc phu li tam Ién dé
ITO/thuy tinh st dung 50 pl dung dich, téc 46 quay phii 1500 v/ph, thoi gian 1 phut.
Sau khi pht, mang duoc U trong chan khéng vép ap suit ~ 1 mBar, tai 150 °C, thoi
gian 1 gid [Tran Thi Chung Thay, 2010]. Cac mau duoc ki hiéu nhu trén Bang 4.6.
Két qua cho thiy trong cac miu t6 hop c6 nhiéu hat nand TiO2 (cac diém sang
trén hinh) phan bd phu thudc ham luong cua TiO2 trong t6 hop, nhiéu bién tiép
xuc tao boi polymer MEH-PPV bao quanh céc nand TiO».

Trong mang t6 hop hat nandé TiO2 16n nhat c6 kich thudc 16n hon kich thudc
ban dau mét chut (~ 5 - 10 nm), do phéan tan khong thé hoan toan béi hat TiO>

qué bé. Ham luong TiO2 ting tao ra sd lugng bién tiép xuc nhiéu lén.
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Béng 4.6. Ky hiéu va cac thong sé dic trung ctia mang t6 hop NIP-MEH

Ki hiéu mau Ham lugng nc-TiO, | Chiéu day trung
(%.wt) binh (nm)
NIP-MEHO00 0 150
NIP-MEH10 10 150
NIP-MEH20 20 150
NIP-MEH25 25 150
NIP-MEH30 30 150
NIP-MEH35 35 150

CAu triic bé mit cia mang MEH-PPV thuan khiét va cac mang t6 hop NIP- MEH
duogc khao sat trén hién vi lyc nguyén tir (Hinh 4.15).

Hinh 4.15. Anh AFM cta cic mang polymer to hop kiéu NIP ¢6 ciu traic MEH-PPV + nc-
TiO2 véi cac ndng do khac nhau cia nc-TiOy: @) NIP-MEHO; b) NIP-MEH10; ¢) NIP-
MEH20; d) NIP-MEH25; €) NIP- MEH30; f) NIP-MEH35 [Tran Thi Chung Thiy, 2010].
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Dé hiéu rd ban chat cac bién tiép xtic polymer/hat nand, phd tan xa Raman trén
cac mau polymer thuan khiét (NIP-MEHO0) va t6 hop NIP-MEH20 (Hinh 4.16) da
dugc khao sat. Trén phd tan xa Raman ctia miu thuan khiét va miu t6 hop déu xuat
hién cac dinh thudc dao dong Umg vai s6 song dac trung cho MEH-PPV: 1112, 1282,
1312, 1582 va 1623 cm™ [Yap et al., 2009]. Trong d6 dinh 1112 cm™ va 1312 cm'?
thugc dao dong cua lién két C-C va lién két nhanh C-H trong phan tir MEH-PPV.
Pinh 1282 cm™ thudc lién két C=C va dinh 1582 cm™ thudc dai lién két C-C cua vong

benzen, con dinh 1623 cm™ thudc dai lién két C=C ctia nhdém chire vinyl.
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Hinh 4.16. Pho tan xa Raman ciia mang polymer thuan khiét MEH-PPV
(a) va mang to hop NIP-MEH20 (b) [Tran Thi Chung Thuy, 2010].

Ph6 Raman ctia TiOz chi ¢ ving c6 s song nho: 151, 398, 515 va 639 cm™, ndm
ngoai ving s séng dic trung cho cau trac phan tir cia MEH-PPV. So véi phd Raman
cia mau thuan khiét, phd ctia mau t6 hop NIP-MEH20 khong thiy c6 su dich dinh
phd trong ving sb séng dic trung cho MEH-PPV. Béi voi cac dan xuit caa PPV thi
sd song dic trung ndm trong ving tir 1500 dén 1700 cm™ cho théng tin vé chiéu dai
lién két cta cac chudi polymer. Khi chiéu dai lién két giam thi cuong do cua dinh ting
v6i s6 song 1625 cmt 16n hon dinh 1548 cm™. Tuy nhién d6i v6i MEH-PPV va céc
t6 hop ctia MEH-PPV thi rat kho quan sat dugc su twong quan vé cuong do gitra hai
dinh nay vi d6i voi MEH-PPV thi dinh 1547 va 1583 cm™ gan nhu chdng chép 1én
nhau [Forrest, 2004]. Vi vay phd hip thu va phé quang phat quang duoc dung dé bd
sung cho ph6 Raman khi phén tich su thay doi chiéu dai lién két ctia chudi polymer

ctia to hop so véi mau thudn khiét. Piéu ndy dugc trinh bay chi tiét trong phan sau.
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Trén pho tan xa Raman cua mang to hop NIP-MEH20 khong thiy xuit hién cac
kiéu dao dong dic trung cho sy tao thanh nhitng lién két méi trong t0 hop cling nhu
khong quan sat thay sy dich dinh phé. Piéu nay cho thay, giong nhu truong hop to
hop PEDOT + nc-TiO;, cac hat nand TiO> tron trong nén polymer MEH-PPV khdng
lam thay ddi cau tao phan tir cia MEH-PPV. Nhu vy, cac tinh chdt méi ctia mang to
hop so voi mang thudn khiét dugc giai thich 1a do cac bién tiép xtc ciu trac MEH-
PPV/nc-TiO> t6n tai trong polymer. Cac bién hat, cling nhu ciu triic chat ché cta
chung tao bai tiép xuc gitra cac hat nand va nén polymer anh hudng rat 1én dén tinh
chat truyén dién tich trong cac 16p polymer cia OLED. C6 thé thdy, vi TiO2 ¢6 tinh
chat ban dan loai n (viing ciAm rong), con MEH-PPV giéng ban dan loai p, cho nén
tiép xtic gitra cac hat nand TiOz va nén polymer MEH-PPV c¢6 thé xem nhu 1 chuyén
tiép p-n. Po rong ving cAm cua TiOz 13 3,2 eV, nhung gié tri tuyét ddi ctia miic ning
luong thap nhat & ving dan (so véi mirc chan khong) lai thip hon murc thip nhit cua
LUMO trong MEH-PPV (c6 d6 rong viing cim 2,8 eV), nén tai bién tiép xuc s& hinh
thanh hang rao thé gidng nhu hang rao Schotky da biét trong ban dan vé co. CAc tinh
chat quang phét quang va dién phat quang ctia mang t6 hop déu lién quan dén rao thé,

su phan ly va truyén di¢n tich xay ra tai cac bién ti€p xuc nand vo co voi polymer.

Pho hép thu ciia mang MEH-PPV thuan khiét va mang mong t6 hop MEH-PPV
+ nc-TiO2 dugc trinh bay trén Hinh 4.17.
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Hinh 4.17. Pho hép thu ctia mang polymer thuan khiét MEH-PPV va

cac mang to hop NIP-MEH véi cac ndng do khac nhau cta TiO2
[Tran Thi Chung Thuy, 2008].
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Tir pho hép thy, sir dung cach xac dinh ving ning lugng cAm cho céac chat ban
dan hitu co [Chipara M & M. D., 2004], 46 rong ving cam ciia mang NIP-MEH nhan
dugce Eq ~ 2,25 eV. Gia tri 6 rong ving cAm nay cho thay cac mang MEH-PPV c¢6
budc séng phat quang ndm trong ving kha kién tring véi ving nhay nhat cia mit
ngudi (550 nm). Bude song tng véi dinh hap thu ciing cho phép lwa chon dugc budc
song kich thich cho phép do phd quang phéat quang cua vat liéu. Hai budc song 325
nm (ngin) va 470 nm (chudn) duoc str dung dé kich thich huynh quang ctia MEH-
PPV va t6 hop.

Pho hép thy cua cac miu t6 hop NIP-MEH c6 hai diém khéc biét so v6i phd hap
thu ctia mau thuan khiét MEH-PPV: thtr nhat 1a sy giam cudng d6 hap thy, tha hai 13
¢o su dich nhe dinh phé hép thu, ca hai déu phu thudc vao ham lugng cua TiO2 trong
t6 hop. Cudng do hip thu cta cac mau t6 hop giam khi ham luong cac hat nand TiO;
ting. Piéu nay c6 thé do lugng polymer trong mang giam va tan xa birc xa ving kha
kién trén cac bién tiép xuc nand ting. Két qua do cho thay d6 hip thu ctia mang to
hop phu thudc vao ham luong TiO2. Hon nita, nhu da biét cung v6i viéce khao sat
trén t6 hop NIP-PD, dbi vdi cac mang c6 chiéu day nhu nhau phd hép thy vin
khéac nhau. DPiéu nay chimg t6 cac bién tiép xtc polymer/nand c6 anh hudng nhiéu
dén @6 hap thu cia mang t6 hop hon 1a chiéu day cia mang. Bang 4.7 1iét ké cac budc

song tmg véi dinh hip thy cua cac mau t6 hop NIP-MEH.

Bang 4.7. Su dich dinh phd hap thu cta cic mau t6
hop NIP-MEH so véi mau thuan khiét MEH-PPV

Mau Dinh pho hap thu (nm)
NIP-MEHO0 498
NIP-MEH10 506
NIP-MEH20 509
NIP-MEH25 495
NIP-MEH30 492

Khi ham lwong TiO2 ting (10 %KkI. dén 20 %kl.), dinh pho hap thu dich vé phia
s6ng dai (red-shift). Dinh phd hap thu cua cac mau NIP-MEH10 va NIP-MEH20 1a
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506, 509 nm. Két qua nay cho thay chiéu dai lién két cua polymer trong t6 hop NIP-
MEH10 va NIP-MEH20 dai hon va do rong viing cAm quang nhé hon so v6i cia mau
thuan khiét NIP-MEHO [Hang et al., 2005; Ton-That et al., 2008]. Tuy nhién, khi
ham luong TiO2 16n thi dinh phd hap thu ctia cac mau to hop lai c6 sy dich vé phia
song ngan (blue-shift). Pinh phd hap thy cua cac mau NIP-MEH30, NIP-MEH40 14
495, 492 nm. Piéu nay ching t6 chidu dai lién két ciia polymer trong miu t6 hop
NIP-MEH30, NIP-MEH40 ngan hon va d6 rong ving cam 16n hon so v6i mau thuan
khiét. Két qua nay c6 thé 1a do mat do TiO2 cao di lam giam chiéu dai lién két cua
polymer [Hang et al., 2005; Ton-That et al., 2008].

Trén Hinh 4.18 1a phé quang phat quang ctia mang MEH-PPV thuan khiét va cac
mang t6 hop NIP-MEH. Pho huynh quang ciia mang MEH-PPV thuan khiét va cac
t6 hop trai rong tir bude séng 570 nm dén 700 nm. Pho huynh quang c6 hai dinh tai
bude song 600 (dinh 1) va 630 nm (dinh 2) [Huser & Yan, 2001; Lee et al., 2005.
Cuong d6 huynh quang cta dinh 1 cao hon dinh 2 khi duoc kich thich bang chum tia

photon c6 budc song 470 nm.
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Hinh 4.18. Phé quang phat quang cia mang MEH-PPV va cac
mang t6 hgp NIP-MEH véi cac ham luong khac nhau cia TiO».
Budc song kich thich A = 470 nm [Tran Thi Chung Thuy, 2010].

Dinh thir nhat duge quy cho dich chuyén 0-0 cua dién tir khi dién tir & mirc ning
luong Gmg v&i s6 lugng tir n = 0 cia trang thai kich thich don (singlet) S1 hoi phuc vé
mirc nang lugng tmg véi s6 lugng tir n = 0 clia trang thai co ban So. Pinh thir hai duoc
quy cho dich chuyén 0-1 cta dién tir khi dién tir hoi phuc tir mirc nang luong ting voi
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s6 lwong tir n = 0 cua trang thai kich thich don S1 vé mic ning luong tng véi sb
luong tir n = 1 cua trang thai co ban So [Wang et al., 2003; Forrest, 2004].

Pho quang phat quang ctia cdc mau to hop NIP-MEH c¢6 hinh dang gidng véi phd
ctia mau thuan khiét, nhung c6 hai diém khéc biét: thir nhat 13 cwong do quang phat
quang ctia mau to hop giam (khi dugc kich bang 4nh sang c6 budc song 470 nm twong
duong khe nang lugng HOMO - LUMO), thtr hai 1a ¢6 su dich dinh phé, ca hai dac

diém nay déu phu thudc vao ham lugng ciia TiO; trong td hop.

Sy giam cudng d6 quang phat quang clia cac mau t6 hop so véi mau thuan khiét
(xay ra khi mau duoc kich thich bang anh sang c6 budc séng dai) duoc goi 1a hiéu
g dap tat quang phat quang (photoluminescence quenching). C6 mot sb gia thiét
dugc dua ra dé giai thich két qua nay. Tuy nhién, theo két qua cta ching toi thi gia
thiét vé sy hinh thanh cac bién tiép xUc va co ché truyén dién tich (charge transfer)
tai bé mit tiép xuc nand/polymer cé tinh thuyét phuc nhat [Muktha et al., 2007; Carter
et al., 1997]. Co thé thiy rd co ché nay qua so dd ning lugng cia bién tiép xuc duoc
thé hién trong Hinh 4.19.

30 . Lumo
CB 42 [ LUMO e ST
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Ti0,  MEH-PPV Ti02  MEH-PPV

(a) (b)

Hinh 4.19. So d6 mé ta tiép xuc giira TiO2 voi MEH-PPV trude (a)
va sau kich thich bdi budce song A = 470 nm (b).

Photon kich thich c6é nang luong 2,6 eV (budc song kich thich 470 nm) 16n hon
nang luong ving cdm cia MEH-PPV (2,3 eV) va nhé hon ctia TiO2 (3,2 eV). Do viy
cac photon nay chi kich thich dugc cac dién tur & mic HOMO nhay 1én micc LUMO
ctia MEH-PPV, dé lai viing HOMO céc 16 tréng, tao ra cip dién tr - 16 tréng lién két
(exciton). Trong truong hgp co cac hat nand TiO; thi cac dién tur trong polymer sau
khi nhan dugc nang luong kich thich da 16n, nhay tir mirc HOMO 1én mirc LUMO

khuéch tan sang vung dan cta TiO2 do mic nang lugng ctia vung dan TiO2 gan véi
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mtrc ning luong LUMO cua polymer MEH-PPV, d6 14 hién tuong truyén dién tich.
Do viy, s6 luong dién tir trong polymer MEH-PPV giam, dan dén giam xé4c sut hinh
thanh exciton don trong polymer din dén giam cudng d6 quang phét quang cua céc

mau t6 hop.

Khi ty 1¢ phan tram khdi luong cta TiO; trong t6 hop tang, dién tich tiép xuc giita
cac hat nand TiOz véi nén polymer tang, ) lugng dién tich bi phan ly tai bé mat tiép
giap ciing nhu s6 lugng dién tir quang phat sinh dich chuyén tir nén polymer sang hat
nand TiO: vi thé cling tang 1én. Do vay, sb luong céc cap dién tir - 15 tréng (exciton)
trong nén polymer giam manh, dan dén xac suat tai hop phat xa cia cap dién tur - 15
tréng giam, lam giam manh cudng d6 quang phat quang. Pay 1a két qua thuc nghiém
vé hiéu tng phén ly va truyén dién tich qua cac tiép xtic hat nand/polymer. Dbi véi
mot linh kién quang di¢n tu, chéng han nhu pin mat tro1, thi sy truyén dién tich co
tac dung nang cao hi¢u suat cho linh kién vi céc dién tich co thé truyén qua dugc cac
bién tiép xtc nand nén giam tin suit bj bat gii tai cac biy trong nén polymer [Hide
et al., 1997; Reddy et al., 2006; Yang et al., 2007; Wang M. & Wang X., 2008; Chi
et al, 2008]. Piéu nay s& duoc phan tich k¥ hon trong phan nghién ctru vé dic trung
I-V cua linh kién. Hiéu g va tinh chat dap tat quang phat quang ctia cac mau to hop
tuong ty kiéu NIP-MEH ciing duoc nghién ctru trong cong trinh [Liu et al., 2008].
Liu va cac cong su di ché tao t6 hop MEH-PPV vdi cac que nand TiOz duong kinh
2 - 4 mm, dai 20 - 30 nm, ham lugng thay doi tir 20 — 80 %KI. TiO,, chiéu dai cua
mang 12 100nm. Hiéu tng dap tit quang phat quang thu duoc véi tat ca cac mau to
hop, cudng do PL ciing bi dap tit manh khi ham luong cua TiO2 ting. Su dich dinh
phé huynh quang cta cac mang to hop NIP-MEH so véi dinh phd huynh quang cia
mang thuan khiét (Bang 4.8) con cho thong tin vé chiéu dai lién két ciia chudi polymer
trong cac mang t6 hgp. Pinh phd huynh quang cia mang NIP-MEH10, NIP-MEH20
dich vé phia budc séng dai (red-shift) khi ham lwong TiO; trong to hop ting, chiing
t6 chiéu dai lién két ctia chudi polymer trong mang t6 hgp NIP-MEH10, NIP-MEH20
tang so voi MEH-PPV thuan khiét. Tuy nhién khi tiép tuc ting ham lwong ham lugng
TiO; thi dinh ph6 huynh quang ciia mang NIP-MEH30, NIP-MEH40, NIP-MEH50
lai dich vé phia séng xanh so véi dinh phd huynh quang ctia méang thuan khiét MEH-
PPV.
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Bang 4.8. Su dich dinh phd quang phét quang ctia cac mau
t6 hop NIP-MEH so véi mau thuan khiét MEH-PPV

Mau Dinh 1(nm) Pinh 2 (nm)
NIP-MEHO 600 630
NIP-MEH10 603 636
NIP-MEH20 608 646
NIP-MEH25 592 628
NIP-MEH30 590 627
NIP-MEH35 586 623

Két qua nay cho thdy chiéu dai lién két cua chudi polymer trong mang NIP-
MEH30, NIP-MEH40, NIP-MEH50 giam so véi chiéu dai lién két ctia chudi trong
mang polymer thuan khiét [Wang et al., 2003; Huser & Yan, 2001]. Chiéu dai lién
két giam dan dén khoang cach giita cac mirc ning lugng ting 1én, giy nén dich dinh
phd vé phia séng ngan. Trong cac mang td hop chiéu dai lién két ctua chudi polymer
trong mang NIP-MEH10, NIP-MEH20 ciing 16n hon chiéu dai lién két cta chudi
polymer trong mang NIP-MEH30, NIP-MEH40, NIP-MEH50.

b. Linh kién cdu tric ITO/NIP-PD15/MEH-PPV+nc-TiO/Al
Trén Bang 4.9 liét ké ki hiéu céac linh kién OLED sir dung méang t6 hop MEH-
PPV + nc-TiOz2 (NIP-MEH) 1am 16p phat quang va cac thong sd dic trung cho cau

trac cua linh kién.

Dic trung I-V cua cac linh kién cho thay so vdi OLED st dung polymer thuin
khiét (O-NIP-MEHO0), cac OLED tb hop déu c6 dic trung I-V t6t hon, thé hién ¢ gia
tri ngudng cta dién ap hoat dong thap hon (Hinh 4.20). Dién ap hoat dong cua O-
NIP-MEHO ¢6 gia tri 5,0 V trong khi d6 cac gia tri dién ap hoat dong ctia cac OLED
t6 hop giam dan, véi cac gia tri 4,2V, 3,7V, 3,2V, 2,7V va 2.2 V tuong tmg céc linh
kién O-NIP-MEH35, O-NIP-MEH30, O-NIP-MEH25, O-NIP-MEH10 va O-NIP-
MEH?20. Dién 4p hoat dong ctia O-NIP-MEH20 c6 gia tri nho nhét, trong g voi to
hop c6 ham lugng 20 %kl. nc-TiO..
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Bang 4.9. Ki hi¢u va cAu tric cta cac linh kién OLED O-NIP-MEH

Diénthé (V)

Tén linh kién Céu tric Kich thudéc linh kién
O-NIP-MEH0 ITO/NIP-PD15/NIP-MEHO/Al | - Dién tich: 4 mm?.
O-NIP-MEH10 | |TO/NIP-PD15/NIP-MEH10/Al | - Chicu day cac 16p:
ITO, 100 nm
O-NIP-MEH20 | |TO/NIP-PD15/NIP-MEH20/Al
NIP-PD15, 100 nm
O-NIP-MEH25 | ITO/NIP-PDIS/NIP-MEH25/Al | N o.MEH 150 nm
O-NIP-MEH30 | |TO/NIP-PD15/NIP-MEH30/AI | Al 200nm).
O-NIP-MEH35 | |TO/NIP-PD15/NIP-MEH35/AI
60- 25 2010 0 30 35
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Hinh 4.20. Pic trung I-V cta cac OLED cau trac ITO/NIP-PD15/NIP-
MEH/AI ngay sau khi ché tao [Tran Thi Chung Thuy, 2010].

Hinh 4.21 14 so d6 cau tric ving ning luong ciia cac 16p chuyén tiép trong OLED
ciu trac ITO/NIP-PD15/MEH-PPV + TiO2/Al. Chiéu cao rao thé giira andt ITO va
16p phat quang MEH-PPV la @, = 0,5 eV, gilta catét Al va MEH-PPV la @, = 1,3
eV. Vi chiéu cao rao thé ndy, cac 16 trong d& dang duoc bom tir andt vao mixc HOMO

cua MEH-PPV, dién tir dé dang dugc bom tur cac catot Al vao mirc LUMO cia MEH-

PPV.
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Gian do ning luong con cho thiy ving dan cta nand ban dan vé co TiO; dugc
dan xen, 16ng vao trong viing cam ciia polymer MEH-PPV, viing hoa tri ciia TiO, dan
xen vao ving HOMO ctia MEH-PPV, tao ra cac mirc ning luong phu trong viing cdm
va ving HOMO cta polymer. Nhu d3 biét trong cac polymer din, dién tich néi chung
dic biét 1a dién tir - loai hat tai c6 tin suét bi bat gifr tai cac sai hong, cac 16 rSng, xép,
cac muc tap chat... trong cac chudi polymer 16n hon [Huang et al., 2004], do d6 1am
giam x4c suat hinh thanh céc exciton singlet trong 10p phat quang, do vdy lam giam
hi¢u suét cta linh ki¢n OLED.

24
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TO MEHPPV+TiO2 Al MEH-PPV TiO2 Al

(@) (b)

Hinh 4.21. Gian d6 ning luong cia OLED "ITO/NIP-PD15/MEHPPV+ TiO,/Al" (a) va
su truyén dién tir tir catét Al qua cac bién tiép xuc di chat Al/TiOz va TiO2/MEH-PPV

dudi tac dung cua dién truong vai sy uon cong vung nang lugng tai bién tiép xuc (b).

Nho ¢6 cac mirc nang lugng trung gian nhu minh hoa trén Hinh 4.30b ma cac dién
tich, dic biét 1a dién tir c6 thé vuot qua cac bién tiép xuc di chat MEH-PPV/TiO2 mot
cach d& dang hon, do d6 xac suat hinh thanh cac exciton tang 1én. Tir so dd cac mirc
nang lugng trén bién tiép xuc con nhén thay, dién tir cliing dé dang phun tir catdt vao
muc LUMO cua MEH-PPV hon. Do vay, sb lugng cling nhu sy can bé'mg tde do tiém
dién tich vao 16p phat quang MEH-PPV duoc cai thién nho co thém 16p truyén 18
tréng (t6 hop ctia PEDOT). Trong khi d6 TiO2 trong MEH-PPV c¢6 tac dung thuc day
dién tir chuyén dong tir catdt Al vao 16p phat quang.

Céc két qua trén cho thdy OLED st dung t6 hop MEH-PPV + nc-TiO2 1am 16p

phat quang c6 hiéu suat phat quang cao hon (dugc phan tich dinh tinh dya vao dién
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ap ngudng hoat dong giam va cuong do dong chay qua linh kién tang) so voi OLED
st dung 16p phat quang polymer thuan khiét.

4.1.3. OLED véi cdu triic day dii cdc 16p t6 hop nané

a. Lop truyén dién tir Alq3/nc-LiF

Vit liéu hitu co Algs dugce sir dung lam 16p ETL, con mang siéu mong nc-LiF
(dudi 10 nm) duoc sir dung lam 16p tiép xtic nong (Shallow Contact Layer, SCL)
trong OLED. LiF duoc ché tao bang cach boc bay nhiét 1én trén Alqs dé tao tiép xtc
Al/LiF/Alqgs thay cho tiép xtic Al/Algs, nham lam ting mat do dién tir tiém tir catot
vao Algs, gop phan ning cao hiéu suit cia OLED. Chuyén tiép Alqs/nc-LiF duogc goi
1a vat liéu lai (hay to hop kiéu PON) ¢6 tac dung truyén hat tai vao trong 16p phat
quang.

Ciing gidéng nhu mang Alqs thuan khiét, mang t6 hop Alga/nc-LiF ¢ do truyén
qua cao trong ving kha kién. Vi do trong sudt dat duoc trén 80% (Hinh 4.22), mang
mong Algs/nc-LiF ngoai tac dung 1am 16p truyén dién tir con c6 vai trd tao tiép xtc
t6t vGi catdt nho sy ¢6 mit cua LiF. Hon nita sit dung LiF/Al 1am catdt gop phan giam

thiéu doc hai so v&i catét kim loai khac nhu Cd, Mg, v.v...
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Hinh 4.22. Phé truyén qua ctia cac mang Algs c6 chiéu day 70 nm (a), 75
nm (b), 80 nm (c) va t6 hop Algs/LiF day 90 nm (d) [Tran Thi Chung
Thuy, 2010]

Hinh 4.23 thé hién ph6 hap thu cia mang Alqs va mang t6 hop Algs/LiF . Pho hap
thu ctia mang t6 hop Alga/nc-LiF ¢ dinh hap thy twong tw nhu ciia mang Algs nhung
d6 hap thy giam khi d6 day cia mang ting. Két qua cho thdy, mang t6 hop
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Algs/nc-LiF c6 d6 rong ving cAm khong thay ddi so voi d6 rong ving cdm cua

Alga.
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Hinh 4.23. Pho hép thu ctia mang truyén dién tir Alq3 thuan khiét (a) va
t6 hop hiru co/vo co Alq3/LiF (b) [Dinh et al., 2004]

b. Linh kién

Dé khao sat anh huodng cua céac vat liéu to hop nand 1én dién thé ngudng hoat dong

cua OLED, cac tac gia trong [Dinh et al., 2009] da ché tao linh kién v&i cu tric tir
don 16p dén da 16p polymer va day du cac 16p (andt, HTL, EML, SCL va cat6t). Cac

linh kién d¢ la:

ITO/MEH-PPV/AL (ky hidu la SMED), don 16p polymer;
ITO/PEDOT/MEH-PPV/AI (PPMD), hai 16p polymer thudn khiét;

ITO/PEDOT + nc-TiO2/MEH-PPV + nc-TiOz/Al (PMCD), HTL va EML la
t6 hop cua PEDOT va MEH-PPV véi TiO; twong (ing;

ITO/PEDOT + nc-TiO2/MEH-PPV + nc-TiO2 /LiF/Al (MMCD), ¢6 thém 16p
tiép xtc nong (SCL) (nc-LiF)

Hinh 4.33 trinh bay két qua khao sat ddc trung I-V ctia cac OLED ké trén.
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Hinh 4.24. Dac trung I-V cua cac linh kién c6 cAu tric khac
nhau: SMED (a), PPMD (b) PMCD (c) va MMCD (d) [Dinh et
al, 2009].

Tur cac két qua nhan duoc co thé nhan théy:

(i) Dién thé ngudng hoat dong cua céac linh kién SMED, PPMD, PMCD va
MMCD c6 cac gia tri tuong tng 3,4V, 2,6V, 2,2 va 1,7 V. Ddi véi linh
kién day du cac 16p nhu MMCD, ca dién thé ngudng va dong nguoc déu
c0 gid tri nho nhat. Diéu nay chirng to sy can bé“mg tdc do tiém hat tai (dién
tir va 18 trong) da dat duoc nho cac 10p HTL va SCL duoc b sung trong
linh ki¢n, do vay linh kién da 16p MMCD c6 hi¢u suit phat quang 16n
nhét.

(ii) PEDOT tinh khiét sir dung lam 16p HTL di thuc day su tiém hat tai (15
trbng) tir andt ITO vao trong 16p phat quang phu trén HTL din dén dic
trung I-V dugc cai thién dang ké. Vi thé dién thé ngudng giam tir 3,4V
xudng con 2,6V (dudng cong “b” cta linh kién PPMD).

(iii) Cac hat nand tinh thé 6xit trong ca 16p phat quang va 16p truyén 13 tréng
da gop phan dang ké 1am cho dién thé ngudng cua linh kién (dudong cong
“c” cua linh kién PMCD).

Nhu di biét, anh huéng cua cac 16p HTL, ETL va SCL 1én dic trung I-V da
duogc ching minh 1a do qua trinh can béng tdc do tiem dién tr va 16 tréng tir cac dién

cuc vao trong 16p phat quang. Tuy nhién, nguyén nhan cac hat nand tinh thé tron vao
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polymer c6 thé cai thién hiéu suat phat quang ciia OLED cho dén nay van gy nhiéu
tranh luan. Cac két qua thuc nghiém nhan duoc trong [Dinh et al., 2009] phu hop voi
mo hinh ctia Carter va cac cong su [Carter et al., 1997]. Nhom tac gia nay dé xuat
cach giai thich su ting hiéu suét cua linh kién c6 thé do sy thay ddi hinh thai hoc cta
linh kién khi c6 cac hat nand trong t6 hop. Trong qua trinh quay cua phwong phép
quay phu li tam, cac hat nand bi “vang” manh vao polymer do tdc dung cua lyc tinh
dién, va sau d6 luc mao dan c6 thé cudn dung dich MEH-PPV vao cac khe tréng nhé
xung quanh cac hat nand. Do do6 céc khuyét tat nhu 16 héng (tam bat hat tai) duoc
loai trir. Hon nita bé mit trén cing cac 16p polymer tré nén nham hon, khi bdc bay
16p SCL va mang nhém (catot) 18n trén tao ra bién tiép xtc véi dién tré nho nhat (tiép
xtc Omic tot hon). Ngoai ra, su phan ly va truyén dién tich tai cac bién tiép giap
nand/polymer la do qua trinh tiém dién tich, dac biét la dién tur vao trong polymer
cling trd nén t6t hon 1am giam chiéu cao rao thé tai cac bién tiép xtic. Do vay dién ap
1am viéc cia OLED t6 hop giam so v6i dién ap lam viéc cua OLED thuan khiét. Tai
dién ap thép, su tiém dién tich vao 16p phét quang dugc cho 1a bi catdt han ché, doan
ting rat doc cua dic trung 1-V cua diét to hop cho thay su tiém dién tich tai catot dang
xay ra - nguyén nhan co6 thé do bé mit nham cua mang t6 hop ciu triic nand. Tai dién
&p cao hon, sy truyén dién tich vao 16p phat quang MEH-PPV 1am xuat hién ving
dién tich khong gian t6i han. Py ciing 12 wu diém ctia mang t6 hop MEH-PPV + nc-
TiO, sir dung lam 16p phat quang, ciling nhu cac mang t6 hgp PEDOT + nc-TiO2 hay
PVK + nc-TiOz 1am 16p truyén 16 trong. Hiéu suét dién phat quang ctia OLED c6 thé
xé&c dinh bang cong thirc da biét, xem (3.1) & Chuong 3.

Nhu di biét, d6 linh dong cua dién tir va 15 tréng 14 khac nhau, hon nita trong cac
polymer dan, do co nhiéu céc 16 héng nén cac dién tir dé bj bat. Do vay, khi dugc
bom tir cac dién cuc vao trong nén polymer, rat kho dé tao ra su cin bang cua dong
tiém dién tir va dong tiém 13 tréng. Piéu nay dan dén hiéu suat khong cao clia cic
OLED st dung mang polymer thuan khiét. Tuy nhién khi c6 mat cac hat nand vo co
trong polymer, ching tao ra cac bién tiép xtc nand/polymer (su ton tai cac bién nay
da dugc kiém chung tir anh FESEM, pho PL va Raman nhu d& phén tich & trén), cac
dién tir sau khi dugc bom vao tir catdt co thé truyén qua cac bién tiép xtic nay, do d6

tranh bi roi vao cac 15 hong trén.

Diéu nay lam cho dong tiém dién tir gan bang v&i dong tiém 16 trong, tic 1a 1am
tang h¢ $b Y cung nhu hiéu suit Nr va ¢r. Do d6 hiéu suét luong tir dién phat quang
ctia OLED da 16p trong d6 str dung mang t6 hop cdu triic nand lam 16p phat quang
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hoic 16p truyén 16 tréng cao hon so véi OLED da 16p chi st dung cac mang polymer
thuan khiét va OLED don 16p. Su danh gia chinh xac vé hiéu suat lugng tir dién phat
quang ciia OLED da 16p s& dugc nghién ctru su hon trong cac cong trinh tiép theo

khi sir dung h¢ do dac trung dién phat quang cua linh kién.

4.1.4. Pdc trung tinh chdt cia dén chudn sit dung trong hé Everfine YT1000 va
LCS-100

T6 hop phat quang, truyén dién tir va 18 trong trong OLED néi riéng va trong cac
linh kién phat quang ban din néi chung 14 rat quang trong. Tir cac két qua AFM, FE-
SEM, PL va |-V, budc dau cé thé déanh gia dugc chat luong ctia cac 16p mang st dung
trong OLED. Tuy nhién, két qua do dac cic dic trung phat quang cua linh kién s& 1a
thong s quan trong dé danh gia chat lugng cta chung. Cac thiét bi sir dung dé khao
sat cac linh kién nhu OLED, LED duoc dung nhiéu 1a hé dién phat quang sir dung
qua cau tich phan. Véi mdi hé qua ciu tich phan, dén chuan 14 ngudn sang khong thé
thiéu duoc va dong vai tro quan trong trong viéc so sanh, danh gia cac dic trung cua
mau (OLED, WLED). Hai hé dugc do dic trung ctia linh kién 1a hé Everfine YT1000
va LCS-100. Pén chuan sir dung trong hé Everfine YT1000 1a dén halogen 10 W, ¢6
phan bd phd nang lugng tir 380 + 800 nm. Pén chuan cb toa do mau (x=0,439;
y=0,404), quang théng 1461,1 Im, Hé sb hoan mau 99,9 va nhiét d6 mau la 3000 K.
Pén chuén sir dung trong hé LCS-100 ciing 1 dén halogen nhung ¢ cong suit 5 W,
c6 phan bd phd nang lugng do duge tir 360 + 1000 nm. Két qua cho thay dén chuin
c6 toa do mau (x=0,3319; y=0,3321), quang thong 12 728 Im; hé s hoan mau 1a 95,2
va nhiét d0 mau la 5525 K.

Do 6n dinh ciia dén chuan ciing rat quan trong trong viéc danh gia d6 6n dinh cua
cac LED, OWLED ché tao. Chinh vi vay, dén chuan cling duoc khao sat do 6n dinh
theo thoi gian. Két qua khao sat do on dinh theo thoi gian ctia dén chuan dugce danh
gi4 qua cac dai luong: Quang thong (Im), nhiét 3 mau - CCT va Hé s6 hoan mau
CRI. Két qua duogc trinh bay trong phan khao st cac thong s6 cia LED va OLED ché

tao.

a. So' d6 mach dién khdo sdt cac ddic trung cua OLED da dong vo

Cac OLED ché tao duoc khao sat dic trung [-V, phé) dién phat quang va do on
dinh theo thoi gian bang hé dién quang két hop qua ciu tich phan LCS-100. OLED
duoc cip dién ap thuan, v6i dién 4p khoang 6-9 V. C6 4 OLED duoc khéo sat lan
luot tng OLED don, khéao sat theo cép méc song song 2 OLED va 4 OLED
(Hinh 4.25).
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Hinh 4.25. Anh chup OLED di dong goéi (mit sau) [Nguyén Ning Dinh, 2014].

b. Khao sat dac tuyén dong thé cua linh kién
Trén Hinh 4.26 14 duong cong |-V do dugc trén cic OLED mic don chiéc va méic
song song hai linh kién [P Ngoc Chung, 2014].

Hinh 4.26 cho thay dién thé mé (hay dién thé lam viéc) vao khoang 1,75+1,8 V.
Gia tri dién thé m¢ cia OLED ddng vo 16n hon cac linh kién chua dong vo 1a do khi
dong vo co str dung 16p hop kim chira Cr phu trén Ktdt dé bao vé dién cuc. Pién tro
ctia 16p nay ciing véi dién tré cia cac tiép xuc va day dan khién cho dién thé 1am viéc
tang lén chut it (khoang 0,06 V).

Két qua khao sat mat ¢ dong trong khi OLED chiéu sang cho thiy cic OLED
hoat dong v6i mat do dong kha nho, trung binh khoang 5,625 mA/cm?. Gia tri nay so
v6oi mat do dong cua WLED khi hoat dong 1a rat nho. Vi dong nho nhu vay thi nhiét
lugng toa ra khi OLED hoat dong khong dang Kké. bay la mot dac diém nbi bat khién
cho OLED s& 1a ngudn sang ran trong thé ky nay. Thé md cua cac OLED s6 1, 2, 3
va cdp song song sb 2,3 vao khoang 1,75+1,8 V.

V6i cau hinh 4 linh kién OLED mac song song thi ddc trung I-V, khi dién ap dit
vao la 6 V, dong dién do dugc 1a khoang 10 pA, thé mé vao khoang 1,81 V. Trén
thuc té OLED c6 cong suat cuc dai khi dit & dién ap 6 V va dong dat khoang 900 pA
(Hinh 4.27).
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Hinh 4.26. Pic trung I-V cia OLED: OLED s6 1 (a), OLED s6 2 (b),

OLED s6 3 (c), 2 OLED mic song song (d) [P Ngoc Chung, 2014].
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Hinh 4.27. Bic tuyén I-V cua 4 OLED.
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Tt céc thong s6 vé dién cho théy véi 4 OLED ché tao ¢o cong suét tiéu thu dién
ning kha nho, vao khoang 5,4 mW. Véi cong suat tiéu thu nhu vay 1a rat nho so voi
cong suét tiéu thy ciia LED v co (loai WLED sir dung cho chiéu sang thudng co
cong sudt tir 1W) va nho hon rat nhiéu so véi cong suat tiéu thu cta cac dén hién tai
nhu dén huynh quang, compact, v.v...

c. Tinh chdt dién phdt quang ciia OLED déng vo

Do bén OLED duoc mic song song, voi thé mé ciia cac OLED 13 gan nhu nhau
nén khi dién ap dugc didu chinh qua mic 1.7 V, cac OLED bit dau phat sang. Trén
Hinh 4.28 1a anh chup bén OLED dang phat sang vé6i dién ap dit vao 6 V, mat do
dong dién do duogc 1a 5,625 mA/cm?. Anh nay nh cho thiy bé mit cia OLED phat

sang c6 do dong déu cao.

Hinh 4.28. Anh OLED dang phét sang (mit truéc): bdn OLED mic
song song véi dién 4p dit vao 6 V [Nguyén Ning Dinh, 2014].

Hinh 4.29 1a két qua phan b phd ning luwong va biéu do6 mau cia OLED. OLED
ché tao duoc co phé phat xa tr 450 nm dén 600 nm. OLED c6 toa do mau la x=
0,2567, y=0,5447, nhiét 40 mau 7061 °K va quang thong khoang 0,24 Im. 4 OLED
ché tao duoc voi quang thong nhé hon nhiéu so véi mot LED vo co (véi LED vo co
1 W, quang thong khoang 15 Im). Tuy nhién, voi dién tich cia OLED Ia khoang 4 x
2 x 2 mm? thi quang thong nhu vy ciing 1 kha 16n. Gia sir néu ta tang dién tich cta
OLED 1én ¢ 30 1an (dién tich OLED khoang 5x5 cm) thi quang thong dat duoc c6
thé so sanh v6i LED vo co 1 W. Nhin bing mit thuong ta ciing cam nhdn duoc

OLED c6 anh sang trang xanh v&i thanh phan phé manh nhét 1a ving xanh 1a cay 530
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nm. Tur két qua khao sat cting do dugc Hé s6 hoan mau CRI cua OLED ché tao la
43,11 (Hinh 4.30). Hé s6 hoan mau nay kém xa so vdi cac dén chiéu sang bay gio
(CRI: 70+100). Chung ta biét rang Hé s6 hoan mau ctia mot ngudn sang duge danh
gia bang cach so sanh v6i 14 mau chuan. Tir két qua phd dién quang cia OLED (0)
cho thiy OLED ché tao duoc con thiéu nhiéu mau phan xanh duong va mau do. Pay
cling chinh 14 nguyén nhan khién cho OLED c6 Hé sé hoan mau thap. Cong sut
quang cua 4 OLED c6 duogc 1a 44,4 Im/W.

01- M 0,850~ | |
0.1- 0743
b= 0635~
— I
ue 0527 ==
0.0- _
0.420-—
=
= n0- N
=
= 0312—— ‘E/ N
00- )
. 0.205-— P —
i 0,098 !
0.0 //
0.0- -0.010—, - |
0 0010 0038 0205 0312 0420 0527 0635 0743 0850
A= I I I I I 1 | I I I I 1
360 400 450 500 550 GOD GS0 700 750 GO0 50 900 950 1000 5 btegation Timens) X

Hinh 4.29. Két qua Pho cong suat va biéu d6 mau ciia OLED.

. % Color Rendering Index Panel

Results [Ri):
No. 1= 153 DC=  0.08047
No. 2= 518
No. 3= T78.0
No. 4= 238
No. 5= 315
No. 7= 773
No. 8= 200
No. 9= -208.1
No.10= 141
No. 11= 8.1
No.12= 339
No.13= 194
No. 14= 83.5

Hinh 4.30. Két qua toa d6 mau cia OLED

4.2. D6 6n dinh cua OLED theo thi gian

Dé danh gia d6 6n dinh cia OLED, can phai c6 phuong phap riéng dé khao sét.
Diéu kién hién nay ctia phong thi nghiém chua cho phép khao sat do 6n dinh ciing nhur
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tudi tho ctia cac OLED trong thoi gian dai. Tuy nhién cac OLED duogc khao sat 6 6n
dinh theo thoi gian bang hé LCS-100. Thong qua d6 6n dinh ctia quang thong, Hé sb
hoan mau CRI va nhiét 6 mau (CCT) cuia OLED ta c6 thé danh gia duoc on dinh
ciia OLED. Cac OLED dugc bao quan trong diéu kién khong khi binh thudng va
dugc do kiém tra dinh ky vao cac thoi gian: thang 10/2012; 12/2012; 01/2013 véi
thot gian do 30 phuat. Qua trinh do dac dugc thuc hién trén hé LCS-100. Két qua thu
duoc 1a do 6n dinh theo thoi gian cua cac dai lugng nhu: Quang thong (Im), nhiét do
mau CCT (K), H¢ s6 hoan mau CRI. 4 OLED duogc mic song song voi dién ap thuan
9 V duoc cip boi ngudn nudi Keithley 2602A. Hinh 4.31 1a 6 6n dinh theo thoi gian
cua quang thong cua cap 4 OLED dugc khao sat lan 1, 14n 2, 1an 3 14n luot theo céc
ngay 02/10/2012, 06/12/2012, 02/01/2013 va quang théng cua dén chuan. Két qua do
dugc quang thong cua OLED la khoang 0,2375 Im. Quang thong cua OLED Ia kha
6n dinh voi do thang giang 14 1,7%; 2,1% va 1,9% ddi voi cac 1an khao sat 1, 2, 3 va
deén chuan c6 d6 thing giang 13 1,7%. Do thing giang ¢ day 1a ty 1¢ phan trim gitra
hiéu cta quang thong 16n nhat véi quang thong nho nhét trén quang théng trung binh.
So voi cac LED v6 co thi 4 OLED nay c6 quang thong kha 6n dinh trong khoang thoi
gian khao sat.
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Hinh 4.31. D¢ 6n dinh theo thoi gian ctia quang thong 4 OLED: khao sat lan 1 (a), 1an 2
(b), 1an 3 (c) va dén chuan loai 5 W (d) [P Ngoc Chung, 2014].
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Tuong tu két qua do 6n dinh theo thoi gian ciia quang thong, Hinh 4.32 13 két qua

d6 6n dinh theo thoi gian cta nhiét d6 mau cia cap 4 OLED va dén chuén theo thoi

gian.
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Hinh 4.32. D6 6n dinh theo thoi gian cua nhi¢t d6 mau 4 OLED: khdo sat lan tha nhat
(a), 1an tht 2 (b) va 1an tha 3 (c) va dén chuan loai 5 W(d) [P& Ngoc Chung, 2014].

Tir cac hinh trén nhan thay OLED sau khi déng v6 c6 nhiét d6 mau thang giang
tuong Ung trong cac lan khao sat 1, 2, 313 2,2%, 4,9%, 2,9% do trong do thang giang
ctia dén chuén 1a 0,1%. Hinh 4.33 két qua khao sat sy 6n dinh cua hé sb hoan mau
(CRI) theo thoi gian cua OLED.
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Hinh 4.33. D6 6n dinh theo thoi gian cua hé s6 hoan mau ciia 4 OLED: khao sat lan
thir 1 (a), 1an thtr 2 (b) va 1an thir 3 (c); Pén chuan (d) [P Ngoc Chung, 2014].

Tir két qua cho thiy OLED ché tao c6 Hé s6 hoan mau c6 d6 thing giang tuong
g trong céc 1an khao sat 1, 2, 3 1a 17%, 15% va 16% va dén chuan 13 0,05.

T nhitng két qua khao sat cia OLED trén ta thdy OLED véi cdu tric
ITO/PEDOT+TiO/MEH-PPV+TiO2/Alqs/LiF(0,5)/Al OLED ché tao c6 hé s6 hoan
mau, quang thong va hiéu suat quang thu dugc con thap. Pé c6 thé ung dung cho
chiéu sang can phai cai thién dugc quang thong cling nhu Hé s6 hoan mau. Dé co thé
ci thién duoc Hé s6 hoan mau can ché tao 16p t6 hop phat quang vé&i nhiéu thanh
phan polymer khac cé pho birc xa trong ving xanh duong va ving mau dé. Quang
thong ctia OLED c6 thé dugc cai thién véi dién tich OLED 16n hon.

4.3. Quy trinh ché tao OLED tir cac té6 hop NIP

Chi tiét vé quy trinh ché tao OLED c6 thé tham khao thém trong bao cao [Nguyén
Nang Dinh, 2014].
CAu tao ctia mét dibt phat quang hitu co OLED bao gém: trén dé thuy tinh lan

lwot duge pha cac 16p mang mong dan dién trong suét TCE (Anét), 16p truyén 15
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trbng (HTL), 16p phat quang (EML), 16p truyén dién tir (ETL) va 16p tiép xtic néng
LiF/AL (Catot). Cac dién cuc lan luot duge ndi voi andt va catdt dé tao thanh linh
kién OLED. Linh kién OLED nay dugc bao boc trong vé gom 16p keo UV va 16p
hat 4m. Khi cac dién cyc cua linh kién OLED dugc ndi véi ngudn dién mot chiéu,
dién ning duoc chuyén d6i thanh 4anh sang phat ra qua tAm nén thuy tinh nhu duoc
thé hién béi cac mili tén song song nhau trén Hinh 4.34.

Phuong phép ché tao OLED c6 két cau néu trén duge mo ta dudi day: Cac vat tu
duogc sir dung trong phwong phap nay nhu tim dé thay tinh, polymer két hop MEH-
PPV, MADN, NPB, chét hitu co phan tir thdp Alg3 tinh khiét, v.v..., cic dung moi
tinh khiét nhu xylene, cloroform, cOn, acetone, nudc cat, chat khir ion, ... duoc cung
cAp tir cac hing cung cap hoa chét sach, thi du Aldrich Chem.Ltd. Ngoai ra, cac trang
thiét bi duoc sir dung trong phuong phap nay nhu hé bdc bay chan khong, may quay
phu ly tam, hé quang khéc, hé & miu trong chan khong, budng cach ly (glove-box),
v.v... 1 cac thiét bi c6 sdn & truong Pai hoc Cong nghé, PHQGHN.

Duéi day 1a cac cong doan (cac bude) trong cong nghé ché tao OLED, bao gdm
cac budc sau:

Buwéc I: X Iy tam dé ITO/thay tinh.

Tam dé 1a mot tAm nén bang thuy tinh dwoc phu 16p dan dién trong subt. Trong
phuong an thue hién nay, TCC duoc sir dung 1a mang dan dién trong sudt oxit indi
pha tap thiéc (ITO) ché tao bang phuong phap phiin xa cao tan, xir 1i hoa - nhiét tiép
theo. Budc xir 1y tim dé ITO/thuy tinh bao gom viéc tao don vi dién tich phat quang
(pixel) trén 16p dan dién trong suét TCE bang k¥ thuat quang khic hodc dn mon hoa
hoc dung mit na thiét ké (pattern mask).

Vi du, mot tdm dé ITO co dién tré bé mit 10 Q (twong duong dién tro suét 10
Qxm) kich thudc 20 x 20 mm? dugc chia thanh céc 9, mdi 6 ¢6 dién tich 4 x 5 mm?2.
Tiép theo, tAm dé ITO/thuy tinh duoc ngAm va rira bang rung siéu am, sir dung dung
moi axeton (trong 15 phut), con (10 phat) va cudi cung 13 nude cat (15 phat). Sau do,
sdy kho va giir trong budng khé cach ly (glove-box) chtra khi Ar sach va kho. TAm
dé ITO/thuy tinh thu duoc & bude 1 duge thé hién trén Hinh 4.34.
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Buwéc 1 Buwéc 2
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Hinh 4.34. So d6i mé ta cac budc cong nghé ché tao dibt phat
quang hitu co (OLED) [Nguyén Ning Dinh, 2014].

Bugc 2: Phu 16p truyén 15 tréng (HTL) gom polymer dan dién tron cac hat nand Oxit
titan (nc-TiOy) 1én trén 16p TCE thir nhat.

Trong cac giai phap da biét polymerr din dién duoc sir dung lam 16p HTL trong
OLED la PEDOT (d¢ phat anh sang vang) va NPB (dé phat anh sang xanh). D6 1a do
PEDOT c6 d6 truyén qua cao trong ving kha kién (mang PEDOT thuan khiét day c&
100 nm c6 d6 truyén qua cao trén 90%), giau 15 trong, bén nhiét, cau tric cia ving
nang luong cam thich hgp véi ITO. Tuy nhién, mang PEDOT thuan khiét trai phu

bang ki thuat quay ly tim con ¢ nhiéu 16 hong hodc ran ntt.
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Dé khic phuc khuyét tit trén cac hat nand Oxit titan (nc-TiOz) duoc trén vao
PEDOT va NPB dé 1am 16p HTL.

Céc budc ché tao t6 hop PEDOT + nc-TiO2 nhu sau. PEDOT hoa tan trong PSS
(PEDOT-PSS) véi ti 18 khdi lwong 1/10; Bt nand TiO2 6 kich thudc hat trung binh
5 nm dugc hoa tron vao dung dich PEDOT-PSS, voi ty 18 phan tram khoi luong cta
TiO, trong hdn hop 14 15%. Dung dich duoc khudy bang may khudy tir (ding thanh
nam cham boc tefelon dit trong cbc dung dung dich), thoi gian khudy 1a 5 gio; tiép
theo dat coc dung dung dich vao binh siéu 4m, rung siéu 4m trong 6 gio dé phan tan

hét cac hat nano6 TiO: trong dung dich va giam su co cum cua cac chuodi polymerr.

Dung dich t6 hgp PEDOT + nc-TiOz duoc phi 1én tim dé ITO/thuy tinh thu duoc
& budc 1 bang may quay ly tAm “spin-coating”, theo chuong trinh dat truée khi phu
1a: Thoi gian cho - 10 gidy; toe do quay 1500 vong/phit,; gia tc mdi 1an thém 500
vong/phit, thoi gian gia tbc — 15 gidy; thoi gian ding -15 gidy, thoi gian quay 60
gidy, tdc d6 cao nhit 13 3000 vong/phut. Sau khi pht, mang duoc siy kho trong khi
tro, nhiét @6 T = 120 °C, thoi gian t = 10 phat. Sau d6 dé kho 5 phit, U trong chan
khong 0,7 Pa, nhiét d6 1 1a 130 °C, thoi gian 0 1a 20 phat. Két qua 1a nhan duoc 16p
chuyén tiép di chat nan thir nhat PEDOT/ITO véi chiéu day cta 16p HTL 1a 60 nm
(+ 2 nm) nhu duoc thé hién trén Hinh 4.34. Dt tim PEDOT/ITO trong budng cach
li (glove-box) cho dén khi tién hanh budc phu 16p phat quang tiép theo. Cac budc
cong nghé ché tao 16p HTL thanh phan NPB+nc-TiO; gidng nhu ché tao HTL thanh
phan PEDOT+nc-TiO2, ngoai trir toc d6 quay phu ly tam 13 2500v/ph.

Buwdc 3: Phu 16p phat quang EML véi thanh phan MEH-PPV + nc-TiO; (phat 4nh
sang vang) hoac MADN + nc-TiO: (phat anh sang xanh) 1én trén 16p HTL.

L&p phat quang c6 vai trd quan trong nhét trong OLED vi 16p nay sé& phat ra anh
sang cua linh kién nho sy tai hgp phat xa cua cac exciton. Dudi tac dung cua dién
truong cac exciton dugc tao thanh tur cac cap dién t - 16 tréng bom tir cac dién cuc
qua 16p HTL va ETL. Tuy nhién x4c suat hinh thanh céc exciton trong polymerr thuan
khiét chwra cao do cac dién tich b bat giit tai cac biy (do céc sai hong, 16 hong trong
mang polymerr xuit hién trong qua trinh quay phu ly tim). Hon nita, xac suat hinh
thanh cic exciton singlet nhé hon rat nhiéu so véi xac suat hinh thanh cic exciton
triplet (ty 1& 1: 3). Vi thé hi¢u suat phat quang cia OLED polymerr thuan khiét chua
Ccao.
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Dé khic phuc nhuogc diém nay, polymerr MEH-PPV duoc tron hat nand TiOz kich
thude 5 nm lam 16p phat quang anh sdng vang trong OLED va MADN dugc tron hat
nand TiO2 lam 16p phat quang anh sang xanh trong OLED.

Céc bude ché tao to hop PEDOT + nc-TiO2 nhu sau. MEH-PPV duoc hoa tan
trong xylene véi ti 1& khdi lugng 1/15; bot nand tinh thé TiO2 (kich thudc hat 5 nm)
dugc hoa tron trong dung dich MEH-PPV + xylene theo ty 1é nam trong khoang tir
5% dén 50% khdi luong; ham luong ti wu 13 10 % khdi luong.. Bé c6 duoc su phan
tan t6t cta cac hat TiO2 va giam co cum cua cac chudi polymerr, dung dich duogc
khudy bang may khudy tir vi thoi gian khudy 13 5 gid va rung siéu 4m trong 8 gior dé
phan tan hét cac hat nand TiO2 trong dung dich. Tiép theo, dung dich t6 hop MEH-
PPV + nc-TiOz duoc phil bang may quay ly tdm (spin-coating), theo chuong trinh dit
trude khi phi 1a: Thoi gian cho - 10 gidy; tbe d6 quay 1500 vong/phut, thoi gian quay
45 giay; gia tbc mdi 1an thém 500 vong/phut, thoi gian ting téc — 15 gidy; thoi gian
dirng — 25 gidy. Sau khi pht;, mang dugc dé khé tu nhién 5 phuat, réi dem 0 trong chan
khong ~ 1 Pa, nhiét d6 t1a 150°C, thoi gian u 1a 15 phat. Nhan duoc 16p chuyén tiép
di chat nan6 thir hai MEH-PPV/PEDOT/ITO c¢6 chiéu day cta 16p EML 1a 80 nm +
2 nm. Dit tAm nay trong budng cach ly cho dén khi tién hanh cic cong doan tiép theo
la phu 16p ETL va SCL.

Céc budc cong nghé ché tao 16p HTL thanh phin NPB+nc-TiO; giéng nhu ché
tao HTL thanh phan PEDOT-+nc-TiOz, ngoai trir tbc d6 quay phu ly tam 1a 2000v/ph.

Buwdéc 4: Phii 16p truyén dién tir (ETL) 18n trén 16p phat quang EML va 16p dién

cuc dan dién thr hai 1én trén 16p truyén dién tor ETL nho k¥ thuat bbc bay

Vit liéu hitu co Alg3 duogc st dung lam 16p ETL dung chung cho ca hai loai linh
kién OLED phat anh sang xanh va vang cam, con mang mong nc-LiF (3nm) dugc st
dung lam 16p tiép xtc nong (SCL) trong OLED. LiF dugc ché tao bang cach bdc bay
nhiét 1én trén Algs dé tao tiép xuc AV/LiF/Alg3 thay cho tiép xuc Al/Alq3, nhim lam
ting mat d6 dién tir tiém tir catot vao Algs, gop phan nang cao hiéu suit cia OLED.
Chuyén tiép Alq3/nc-LiF duoc goi la vat liéu lai co6 tdc dung truyén hat tai (di¢n tr)
vao trong 16p phat quang.

Ciing giong nhu mang Alg3 thuan khiét, mang t6 hop Alq3/nc-LiF c6 d6 truyén
qua cao trong ving kha kién. Véi do trong sudt dat duoc trén 95%, mang mong
Alga/nc-LiF ngoai tac dung lam 16p truyén dién tir con c6 vai trod tao tiép xtc tot voi
catdt nho sy c6 mit ctia LiF. Hon nira str dung LiF/Al lam cat6t gop phan giam thiéu

ddc hai so véi catdt kim loai khac nhu Ca, Cd, Mg, v.v...

157



L6p Alg3/nc-LiF va dién cuc nhom (Al) dugc ché tao bang phuong phap bdc bay
trong chan khong cao (1x1073 Pa), dung ba thuyén dién tro tantan va vonfram. Moi
thuyén chtra mét chat (Alq3, LiF va Al). Bé day cua cac 16p dugce khéng ché bang
may theo di tbc dd bdc bay nhd bo dao dong thach anh dit trong chudéng chan khong.
Céc budc bde bay nhu sau: Trude hét, Alg3 dugc bdc bay 1én 16p EML véi bé day
30 nm + 2 nm; tiép theo 1a 16p siéu mong nc-LiF béc bay 1én trén Alg3 (3 nm), cudi
cung 1a bc bay nhém (100 nm) 1én trén cung. Qua trinh bdc bay dugc thuc hién nhu
Sau.

Lam sach dé lau chui, xu 1y sach chuong chan khong va céac linh phu ki¢n, dién
cuc, 14 che chan, v.v... trong chudng chan khong bang dung méi, con; ding thuyén
tantan (dung dé bdc bay LiF), thuyén 1a volfram (dung dé bdc bay Al) va thuyén gio
dung dé nang nhiét cho chén 6xit nhom (corund) dung Alg4. Xu 1y cac thuyén va
chén nay trong dung dich KOH néng 80°C, sy kho. Pt vat lidu can boc bay vao
thuyén (LiF vao thuyén Ta; Al vao thuyén gio W) va Alg3 vao chén corrund (chén
nay duoc dit trong thuyén gio W). Dt gia tri chiéu day trén hién thi cam bién thach
anh: d = 10 nm (d6i v6i Alq3), 3 nm (dbi véi LiF), 100 nm (ddi voi Al). HGt chan
khong trong chudng dén khi ap suat dat gia tri thap hon 1,3x10° Pa, bat "Nung dé",
gitr nhiét 46 dé & 120°C; Chuyén cau giao ndéi mach cho ngudn dong thtr nhat; Bat
cong tdc n6i mach cho bién thé tu ngau, nang dién thé 1én mot cach tur tur. Tiép tuc
nang dién thé, cho dén khi phat hién hiéu tng hoa hoi ctia cac vat liéu can boc bay.
Luc nay nang dong dbt cham dé theo doi mang day dan 1én (voi toc d6 0,5 nm/gidy)
cho dén khi dat duoc chiéu day can thiét. Pong che thuyén, giam dong bang cach
giam dién thé cua bién thé tu ngﬁu vé 0, tit cong tac ndi mach cho bién thé tu ngﬁu
(két thiac bdc bay Alg3).

Chuyén cau giao ndi mach sang ngudn dong thir hai, 1ap lai cach 1am twong tu ddi
v6i ngudn dong tht 2 (dé bdc bay LiF) va ngudn dong tht 3 (dé bdc bay Al). Giam
dién thé nung dé dan vé 0, tit cong tic "Nung dé".

Két thuc quy trinh bdc bay (budc 4), nhan duge linh kién OLED.

Buwéc 5: Tao tiép xuc Omic va dong vo linh kién

Linh kién OLED c¢6 hai dién cuc 14 ITO va 16p nhom bdc bay (Al). Viéc tao tiép
xtc Omic ciing duoc thuc hién trong budng cach ly (glove-box), bang cach dung day
din ma bac dat trén bé mit cta ITO va Al, léy keo bac phu quanh tiép xuc cua day

din vé6i hai dién cuc, dé bat dong trong 15 phut cho keo bac kho hoan toan.
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Viéc dong vo linh kién duoc thuc hién trong budng cach li chaa khi Ar sach va
kho, 4o suat du (~1,03 at). Dung mot miéng thay tinh c6 go cao xung quanh va du
rong bao boc lay toan bo linh kién OLED, dung chét keo tar ngoai (UV resin
“XNR5570-A1 nagase chemtex”) trai 1én g thity tinh, dat miéng hat am 1én cac linh
kién OLED, Up ngay ngan 1én trén linh kién. Chiéu dén tir ngoai trong 2 phut dé chat
keo trén dong ran hoan toan, nhan dugc OLED déng vo nhu trén Hinh 4.24.
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CHUONG 5. VAT LIEU VA LINH KIEN OLED PHAT XA NGU'O'C

Nhu di trinh bay & Chuong 4, OLED t6 hop nand kiéu NIP 14 linh kién st dung
vat liéu to hop NIP ché tao theo céu trac cua OLED da 16p, trong do cura s6 thoat 4nh
sang 1a andt trong sudt ITO. Cac OLED phat xa qua andt dugc goi 1a OLED phat xa
thuan. ITO ¢ nhiéu wu diém nhu cong thoat cao, giau 16 trong, do trong sudt trong
ving kha kién cao. Tuy nhién, dé andt ITO duoc ché tao tir InoO3 pha Sn phai sir dung
cac phuong phap cong nghé hién dai nhu CVD, phin xa cao tin, boc bay chum tia
dién tir, v.v... nén gia thanh ctia ITO van con cao. Hon nita cac nguyén tir In va Sn
ctia ITO dé khuéch tan sang 16p phat quang, 1am giam tudi tho va hiéu suat phat quang
cua linh kién. Vi vay, viéc tim kiém kha nang ché tao cac OLED khong dung ITO,
trong d6 anh sang phat ra tir 16p EML di ra ngoai qua catot trong sudt (phat xa ngugc
goi tat 1a ROLED) dang 1a huéng nghién ctru ¢6 tinh thoi su va cap thiét. Co mot sb
cong trinh nghién ctru ché tao ROLED vai catdt 1a polyaniline (PANI) [Han et al.,
2003; Song & Li, 2014]. Gan day ching tdi [Dinh et al., 2013] da ché tao t6 hop ciu
trdc nano, trong d6 mang mong polymer dugc phi trén 16p x6p nand 6xit titan hay
molipden ciu tric que. Mang mong to hop kiéu nay duogc ki hiéu 1a PON (polymer
on nanocrystals) va sir dung trong ROLED. Phuy thudc vao 16p phat quang, ROLED
c6 thé phét anh sang xanh hay vang, khi sir dung 2-methyl-9,10-bis(naphthalene-2-
yl)anthracene (MADN) hay MEH-PPV lam 16p EML.

5.1. ROLED phat anh sang xanh
5.1.1. Cong nghé ché tao mang TiO2 va MoOs cdu triic que nand

Véi cac wu diém ndi bat nhu d6 bén hoa hoc cao, khong ddc hai, oxit kim loai
titan va molipden duoc sir dung rong rai voi vai tro 14 chat cho dién tich (donor) trong
cac linh kién quang dién t&r hitu co, dic biét 1a trong cac pin mat troi nhay quang
[Gutmann et al., 2010].

TiO, & dang khdi hodc mang mong véi cau trac da tinh thé c¢6 hiéu ing quang xac
tac thap hon nhiéu so véi TiO2 x6p va ciu triic nand. D6 1a do dién tich tiép xuc véi
moi truong 16n. Pidu nay lam cho TiO2 x6p nand cé dién tich bé mit trén don vi khdi
16n hon so vé6i TiO2 khéi. Vi hiéu img quang xtc tac chu yéu dién ra ¢ bé mit nén
didu nay c6 nghia 1a vat liéu TiO, dang hat nand nhay quang hon so v&i TiOz dang
khéi.
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Mang x6p que nand TiO2 va MoOj3 duoc ché tao bang nhiéu phuong phap khac
nhau, nhu phuong phap sol-gel [Thuy et al., 2009], phuong phap thuy nhiét [Lin et
al., 2006], v.v...Voi muc dich ché tao OLED phét xa nguoc (4nh sang xuyén qua
catbt), phwong phap 0xi héa nhiét trong moi trudng giau 6xi nham tao ra I6p mang
TiO2 va MoOs x4p cau trdc que nand nc-MoOs and nc-TiO2) moc trén dé kim loai Ti
va Mo di dugc sir dung [Dinh et al., 2013]. Phién Ti va Mo day 2 mm, rong 6 mm va
dai 8 mm dwoc mai va danh bong st dung bot mai kim cuong nhan tao vai duong
kinh ~ 300 nm. Bé mit cua phién Ti va Mo duogc xt Ii sach bang rung siéu &m lan
lugt trong nudc cat, con ki thuat va aceton. Tiép theo, dat phién Ti va Mo trong 10
nhiét 46 cao dén 1000 °C véi gian d6 nhiét duoc diéu khién tu dong theo chuong
trinh. Nhiét d6 u duoc khdng ché tir nhiét ¢6 phong trong truong hop @ Ti va Mo
tuong tng la 700°C va 500°C, véi tée do nang nhiét 1a 10°C/phat, gitt ¢ dinh ¢ céc
nhiét do trén trong vong 2 gid rdi ha nhiét ¢ xudng nhiét ¢6 phong trong vong 3 gio.

Polymer dan N, N-Bis(naphthalen-1-yl)-. N,N-bis(phenyl) benzidine (viét tat Ia
NPB) duoc sir dung 1am 16p HTL, MADN lam Iép EML va Alg3 1am 16p ETL. DBé
khao sét va so sanh phd quang phéat quang cua cac mau, mang NPB duoc phu 1én trén
ca phién kim loai Ti va Mo va trén 16p xop nc-TiO2/Ti va nc-MoOs/Mo. Tir 6 nhan
duoc cac mau NPB/Ti, NPB/Mo, NPB/TiO2/Ti and NPB/MoOs/Mo. Chi tiét hon vé
cong nghé ché tao vat liéu que nand TiO2 va MoOs c6 thé tham khao trong céc cong
trinh [Dinh et al, 2008; Thuy et al., 2009].

Cac l6p NPB, MADN va Alg3 dugc pha Ién trén mang x6p que nand MoOs va
TiO, bang cach boc bay chan khong trong chudng thaty tinh chiu nhiét, p suat ~
1.33x107 Pa. Tiép theo I6p mang kim loai nhdm ban trong suét duoc bdc bay 1én trén
cuing. Bang cach st dung miat na voi dién tich hién thi cia mot chip OLED (pixel)
xac dinh 1a 3x3 mm?2. Cac OLED xanh duong (B-OLED) véi cau trac da 16p
Al/AIg3/MADN/NPB/nc-TiO2/Ti va Al/Alg3/MADN/NPB/nc-MoOz/Mo, tng
voi dé kim loai Ti va Mo ché tao dugc c6 ki hiéu 1a TBD va MBD dé thuan lgi khi
thao luan két qua. Cac OLED nay phat quang anh sang xanh duong, xuyén qua 16p
catbt nhdm ban trong suét. Chiéu day cua cac 165p mang mong trong OLED ché tao
bang phuong phéap quay li tim va bbc bay chan khong duoc trinh bay trén Bang 5.1.

Cau tric tinh thé, hinh thai hoc bé mit ctia TiO2 va MoOs dugc khao st trén hé
thiét bi XRD "Brucker D8-Advance" véi birc xa tia X tir cuc ddi dong (Cu Ko, A =
0,15406 nm) va hién vi phat xa truong "Hitachi S-4800" (FE-SEM) vi dién thé cao
4p — 5 kV. Pic tuyén dong thé (I-V) duge do trén hé Keithley 2400. Phé quang phat
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quang do trén h¢ HORIBA “FL3-2 spectrophotometer”. Khao sat dac trung dién phat
quang va xac dinh hiéu sut phat quang (&) dugc do trén hé “Labsphere LCS-100”
v6i su hd tro clia bd ga mau cho linh kién OLEDs. Hiéu suét phat quang (cd/A) dugc
xac dinh théng qua ti s6 mat do phat quang (cd/m?) va mat do dong tuong tng (A/m?)

nhan duogc trén cung mot gia tri dién a&p mot chiéu dat trén hai dién cyc cua linh kién.

Bang 5.1. Chiéu day céc 16p trong linh kién OLED

Layers nc-TiOz2 nc-MoOs NPB MADN Alq3 Al

Quay litdm  Béc bay

d(nm) 100 120 80 50 50 20 45

5.1.2. Tinh chat cua vt liéu mang PON

Céu truc tinh thé ciia mang x6p nano dugc khao sat bang phuong phap nhiéu xa
tia X. D6i v4i trudng hop u nhiét Ti, két qua cho thay cac dinh nhiéu xa dic trung
cho cau triic pha rutile ctia nané tinh thé TiO2 va cau tric tinh thé cta Ti ciing xuat
hién (Hinh 5.1a).

Céac dinh nhiéu xa dic trung cho pha rutile ciia TiO, ung véi cac gia tri khoing
cach gitra cac mat phéng mang la 0,324 nm; 0,249 nm; 0,217 nm; 0,205 nm; 0,167
nm va 0,162 nm theo thir ty twong tng véi cac mat (100), (101), (111), (210), (211),
(220). Pinh tmg v6i mat (100) c6 cudng do manh nhét, cho thay su phat trién cua céc
thanh nan6 dugc wu tién theo hudng [100]. Cudng do cac dinh nhidu xa 16n nhat dbi
v6i miu 1t trong 90 phit. Diéu nay ching t6 v6i thoi gian 90 phut cac thanh nand cia
mAu moc 1én tir phién titan manh nhat. Nhu vay, v6i nhiét d6 700°C, thoi gian ¢ 90
phut d3 nhan duoc mang TiO2 ciu trac tinh thé thudc pha rutile (PDF card No. 00-
021-1276) [Thuy et al., 2009]. Trén gian ¢6 XRD ctia mau 1 phién Mo (Hinh 5.1b)
¢6 7 dinh nhidu xa (ki hiéu boi ddu "cong") ing voi mang tinh thé MoOs (PDF card
No. 00-005-0508), ba dinh (ddu “sa0”) dic trung cho mang tinh thé MogO»7 (PDF
card No. 00-012-0753) [Dinh et al., 2008].

Tur thuc nghiém néu trén, thanh nané (nanorod) dugc moc 1én tur dé titan, bﬁng
cach chup anh FE-SEM c6 d6 phan giai cao di thé xac dinh kich thudc cic que nand.

Tuy nhién, ciing c¢6 nhiéu trudng hop cic que nand duoc két tinh boi nhiéu hat tinh
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thé (grain) c6 dinh huéng khac nhau. Kich thudc hat tinh thé duoc xac dinh bang
cong thtrc Sherrer (xem cong thuc (2.7) & Chuong 2).

Gia trj trung binh cua kich thudc hat/que cia TiO2 va MoOs xé4c dinh bang cong
thire trén, tuong ung vao khoang 30 nm va 40 nm.

(a) (b)
1 " * TiO>

* MogOo7
+MoO3

30 20 50 60 70 10 20 30 40 50 60

29 (do) 20 (dg)

Hinh 5. 1. Gian d6 XRD ciia 16p x6p TiO2 va MoOj3 nhan dugc bang t nhiét cac
phién kim loai Ti va Mo trong 90 phit tait 700 °C va 500 °C twong tGng. Gian do
cho thdy nc-TiO2 va nc-MoOs dd moc tir phién Ti (a) [Thuy et al., 2009] va tir
phién Mo (b) [Dinh et al., 2008].

Hinh thai hoc bé mit cia mang x6p que nand TiO2 vd MoOs dugc nghién ctru
thong qua phuong phap chup anh bang kinh hién vi dién tr quét phat xa trudng (FE-
SEM), trén thiét bi SEM Hitichi - S4800 ctia Vién khoa hoc Vit liéu, Vién Hnaf 1am
Khoa hoc & Cong nghé Viét nam (Hinh 5.2).

Két qua cho thay mat do cac que nand TiO; trén bé mat titan 1a kha 16n, kich thudc
va dinh hudng cua cac thanh nand phu thudéc manh vao ché d6 @ nhiét. Mau u thoi
gian 60 phut cho thay su bat dau hinh thanh cic que nand, nhung phéan biét va dinh
hudng cua cac thanh nand chua 16 rét va con mang tinh ngiu nhién. Phan 1én cac que
nam xép chit 1én nhau. Trong khi d6, cac que nand TiO, trong mang i 90 phut duoc
hinh thanh rat r, chiing tach rdi nhau. Phan 16n cc que dinh huéng theo phuwong gan
vuong goc voi bé mit phién titan, giita cac que c6 khoang trong. Khi thoi gian U ting
1én dén 180 phut thi hau hét cac thanh nand khong con nita, 1a do ching da duoc két
tu thanh tmg dam 16n va xép chit 1én nhau. Cac mang TiO, c6 d6 x6p cao hon mang
MoOs. Bang cach do chiéu rong va do dai ctia que trén anh FE-SEM, c6 thé xac dinh
kich thuéc trung binh ctia que nand. Két qua nhan duge cho thiy que TiO2 c6 chiéu

dai khoang 120 nm va rong khoang 30 nm. Que MoOs c6 chiéu rong 16n hon (40
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nm). Trong MoOs céac hat nand khong thé hién rd hinh que nhu trong TiO2 va mang
MoOj3 ciing khong xdp bang mang TiO,.

Hinh 5. 2. Anh FE-SEM cuia 16p x6p que nand nhan duoc tir & nhiét trong
90 phut tir phién kim loai Ti tai 700°C — mau PTL (a) va tir phién kim loai
Mo tai 500°C — mau PML (b) [Dinh et al., 2013].

Mang méng polymer NPB dugc phii 1én cac 16p xdp nano nc-TiOz va nc-MoOj3 dé
tao ra chuyén tiép di chat NPB/nc-TiO2 va NPB/nc-MoOj3 .Sir dung laser He-Cd kich
thich, phd huynh quang cia NPB/nc-TiO2 vd NPB/nc-MoOs dugc so sanh véi phd
huynh quang ctia NPB/Ti va NPB/Mo. Két qua do phd PL khi kich thich tai budc song
325 nm trinh bay trén Hinh 5.3.

Hinh 5.3 cho thay cudng d6 huynh quang ciia mau di chét ting dang ké so vai
mau polymer thuan khiét phu trén phién kim loai Ti va Mo (miu NPB/Ti va
NPB/Mo). Piéu nay phu hop véi két qua thong bao trong [Lin et al., 2006], khi to
hop MEH-PPV+nc-TiO; bj kich thich béi budc song ngin; cuong do huynh quang
ctia to hop nand cao hon han cudng d6 huynh quang cia MEH-PPV thuan khiét. Gan
day, hiéu tmg huynh quang ting cudng trong mau mang t6 hop nand MEH-PPV/nc-
TiO2 cling da nhan duogc, thi du nhu trong [Thuy et al., 2009].

Tir Hinh 5.3 ¢6 thé nhan thay phé huynh quang cua tat ca cac mau déu trai ra kha
rong, tir 400 dén 600 nm véi dinh tai 453 nm. Hiéu Gng ting cuong huynh quang
manh nhat xay ra & mau NPB/nc-TiO,. Hon nita & mau nay con cé dich xanh dinh
huynh quang giéng nhu quan sét that trong MEH-PPV + nc- TiO2 [Thuy et al., 2009]
hay trong PPV+nc-SiO; [Yang et al., 2005].
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Hinh 5.3. Pho PL cua 16p NPB/Mo (dwong “17°), NPB/Ti (duong
“2”), NPB/MoO3z/Mo (duong “3”) va NPB/TiO2/Ti (duong “4”).
Budc song kich thich A = 325 nm [Dinh et al., 2013].

Mic di hién tuong huynh quang ting cudng nhan duoc khéng nhiéu & cac mau
t6 hop, c6 thé giai thich hién tuong nay 1a do hé s6 hap thu manh caa cac que nand
TiO, trong mau NPB/nc-TiOz. Piéu nay twong tu nhu hiéu tmg quan sat dugc trong
mau MEH-PPV va dugc gan cho hién twong truyén niang luong cong huong Forster
khong phét xa tir que nano TiOz sang polymer khi kich thich bdi budc song nhé hon
350 nm [Heliotis et al., 2006]. Két qua huynh quang ting cuong nhan duoc doi véi
cac chuyén tiép di chat NPB/nc-TiOz2 va NPB/nc-MoOs ching to chuyén tiép di chat
nay 1 nhan t6 thuc ddy hat tai (dién tir) hinh thanh trén 16p 6xit kim loai dugc kich
thich boi photon chuyén dong nhanh hon vao trong 16p polymer. Dé do dic tuyén
dong thé (1-V) va dién phat quang céc dién cuc (andt va catdt) duoc gan tiép xtc véi

day dan bang keo bac dan dién tét.
5.1.3. ROLED cau tric Al/Alg3/MADN/NPB/nc-TiOa/Ti

Pic tuyén I-V cua linh kién Al/Alg3/MADN/NPB/nc-TiO2/Ti va
Al/Alg3/MADN/NPB/nc-MoOs/Mo (lan luot ki hiéu 1a TBD and MBD) cho thay
dién thé mo cua linh kién giam tir 5.4 V (d6i véi linh kién chuan) xudng 4.8 V (TBD
device) va 4.4 V (MBD) (Hinh 5.4) .

165



80

40 -

20 -

Mat d6 dong (mA/em?)

Dién thé (V)

Hinh 5. 4. Bac tuyén [-V cuia linh kién OLED ché tao tir cac 16p khac

nhau: 1 - AI/Alq3/MADN/NPB/ITO (linh kién chuan);

2 - Al/AIg3/MADN/NPB/nc-TiO2/Ti (linh kién TBD);

3 - Al/Alg3/MADN/NPB/nc-Mo0Os/Mo (linh kién MBD) (Dinh et al., 2013]

Dién thé mo cua linh kién TBD va MBD c¢6 thé giai thich 1a do cac yéu t6 sau: (i)
tiép xuc Ag/Mo va Ag/Ti lam tir keo bac 1a tiép xtic “kim loai-véi-kim loai”, do d6
1a tiép xtc Omic t6t ho han tiép xtc Ag/ITO (kim loai-6xit); (ii) cong thoat ciia nc-
MoOs3 (6.80 eV [Chen et al, 2010]) 16n hon cong thoat ciia TiO2 (5.25 eV [Gutmann
et al., 2010]) va ITO (4.50eV [Schlaf et al., 2001]). Piéu nay lam ting hiéu suit tiém
16 tréng tir dién cuc MoOs/Mo va TiO2/Ti vao 16p polymer NPB.

Viéc cai thién dic tuyén dong thé cua linh kién TBD va MBD do thay thé ITO béi
16p mong MoOs va TiO; xen giita 16p polymer va dé kim loai chtng to 16p nc-MoOs
va nc-TiOz c6 thé xem nhu 16p andt trong ROLEDs. D6i véi ROLED kiéu nay, thay
vi st dung an6t trong sudt nhu ITO, mot catdt ban trong sudt hay trong sudt duge phu
Ién trén cung.

Pé so sanh hiéu suat phat quang (&) cia ROLED ciu tric TBD va MBD v6i OLED
ciu tric Al/Alq3/MADN/NPB/ITO, cic 16p mang mong Al ban trong sudt duoc bic
bay c6 cung bé day (45 nm); do truyén qua ctia ching trong ving budc séng tir 480
nm dén 560 nm dat gia tri ~ 55%. Pudng dic tuyén & - V nhan duoc tir phép do dién
phét quang dugc trinh bay trén Hinh 5.5. Dé so sanh & cua linh kién OLED t6 hop
v&i linh kién OLED chuén, bé mat ITO dugc che kin hoan toan. Viée quan sat théy
cac nét gidng nhau gitra dic tuyén I-V (Hinh 5.4) va dic tuyén &-V (Hinh 5.5) ching
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té hoat dong hi¢u qua ciia mot linh kién ROLED c6 thé danh gid so bd thong qua dac
tuyén dong thé.

Hiéu suét (cd/A)

Dién thé (V)

Hinh 5.5. Hiéu suit phat quang (&) phu thudc dién thé cua linh kién
B-OLED chuan (1), TBD (2) va MBD (3) [Dinh et al., 2013].

Thuc vy, su ting dot ngot trong hiéu suat phat quang tai thé md gan lién véi dong
tang manh nhat ing véi gia tri ciia thé mé (~ 4 V), khi mat do dong ciing tang dot ngot
(Hinh 5.5). So sanh cac dudng cong &-V ciia tit ca cac linh kién, c6 thé thdy o rang &
ctia linh kién to hop chira chuyén tiép di chat dat gia tri 16n hon han linh kién chuan.
Tai dién thé phan cuc 6 V, hiéu suat phat quang ctia hai ROLED (TBD va MBD) ¢6
gia tri twong tng 0,16 cd/A va 0,73 cd/A. Trong khi d6, ddi véi linh kién chuan & ~
0.23 cd/A trong trudng hop anh sang phat ra duoc thu nhén tir catdt ban trong sudt
(dién cuc mong Al).

Két qua do &-V trén linh kién chuan véi viéc thu anh sang tir dién cuc trong sudt
ITO (Hinh 5.6, dudng 1b) cho gia tri & 1on hon nhiéu, cu thé 1a 1,50 cd/A (tai 6 V) —
hon 6 14n so voi & nhan duge tir dién cyc ban trong sudt (Hinh 5.6, dudng 1a). Piéu
nay chung t6 dién cuc Al ban trong subt da phan xa tr¢ lai mét lugng dang ké anh
sang phat ra tir 16p phat quang. Mot cach dinh tinh, c¢6 thé danh gia ROLED ché tao
tir 16p t6 hgp PON c¢6 thé cho hiéu suat phat quang cao dén c¢& ~ 1.0 cd/A (ddi véi
linh kién chira nc-TiO2/Ti) va ~ 4.3 cd/A — (d6i voi linh kién chtra nc-MoOs/Mo) 16m
gap ~ 15 1an hiéu suat & cia linh kién chuan, néu ché tao dugc catdt trong sudt phit
Ién trén I6p truyén dién ta (ETL).
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Hinh 5.6. Pic tuyén &-V cua linh kién nhan dugc tir
anh sang phat ra qua 16p mang nhom ban trong sudt
(1a) va qua ITO (1b) [Dinh et al., 2013].

5.2. ROLED phat anh sang vang
5.2.1. Tinh chdt 16p truyén 16 trong PEDOT/nc-TiOo/Ti

Vit lidu truyén 18 trong t6 hop PON cho cac OLED phét xa dao dugc ché tao bang
cach trai phu 16p PEDOT thuan khiét 1én trén 16p mang que nand TiO2/Ti (nc-
TiO2/Ti). PEDOT dugc hoa tan trong dung moi 1a nudc va 5% isopropanol voi ty 1€
0,25 g/ml. Dung dich PEDOT duoc quay phu li tim trén cac dé Ti/nc-TiO2 véi toc
d6 3000 v/ph, thoi gian 1 phat. Mau dugc sdy kho trong khi tro nhiét d6 T = 120 °C,
thoi gian t = 10 phit dé bay hoi dung méi. Mang PEDOT thuén khiét ciing dugc quay
phu trén dé Ti dé 1am ddi chiing cho cac nghién ciru vé tinh chit quang, dién cua vat
liéu t6 hop. Ki hidu va cac thong sb dic trung cta cic mau té hop PON-PD dugc thé
hién trén Bang 5.2.

Hinh 5.7 12 4nh AFM chup bé mit ciia mang PEDOT thuan khiét va mang t6 hop
PON-PD2. Anh niy cho thdy mang PEDOT thuan khiét c6 bé mat min, & mang to
hop céc que TiO2 da dugc phu kin boi PEDOT, tao ra bién phan cach nand (Hinh
5.3b).
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Bang 5.2. Ky hiéu va cac thong sb dic trung cta cac mau t6 hop PON-PD

So TT Ki hiéu mdu Céu triic mdu
1 PON-PDO PEDOT/Ti
2 PON-PD1 PEDOT/T1/Ti
3 PON-PD2 PEDOT/T2/Ti
4 PON-PD3 PEDOT/T3/Ti
5 PON-PD4 PEDOT/T4/Ti

Hinh 5.7. Anh AFM cta mang PEDOT thuan khiét (a) va mang to hop
PON-PD2 (b) trén dé titan [Tran Thi Chung Thuy, 2010].

Pho tan xa Raman ctia mang PEDOT thuan khiét va t6 hgp PON-PD2 dugc khao
sat nham nghién ctru dic trung lién két trong to hop (Hinh 5.8). Két qua nhan dugc
cling twong tw nhu ddi véi to hgp NIP-PD. Céc kiéu dao dong dic trung cho ciu triic
phan tir trong mau thuan khiét va t6 hop PON-PD2 14 gidng nhau, d6 1a cac kiéu dao
dong dic trung cho cau trac phan tr cia mang PEDOT thuan khiét. Cac dic trung
lién két cta timg kiéu dao dong nay da dugc phan tich ky trong t6 hop NIP-PD
(Chuong 3). Nhu vdy, to hop PON-PD ciing 14 t6 hop co hoc, v6i sy xuét hién cta
rat nhiéu bién tiép xtc di chat nand PEDOT/nc-TiO..

169



70k
a: PON-PDO
60K - § b: PON-PD2

50k -
40K -
30K -
20k 4
10k A

Cwdng do (Cps)

1000 2000 3000 4000

Sé song (cm-1)

Hinh 5.8. Phé tan xa Raman ctia mang thuan khiét PON-PDO
va mang t6 hgp PON-PD2 [Tran Thi Chung Thuy, 2010].

Mang t6 hop PON-PD duoc ché tao véi muc dich 1am 16p truyén 16 trong cho
OLED. Mang PON- PD khong phat quang, do vay khong co cac két qua do va khao
sat phd huynh quang dé nghién ciru anh hudng cua cac hat nand 1én tinh chat quang
phat quang ctia to hop nay. Hon nita, mang PON-PD duoc ché tao trén cac dé kim
loai Ti (khong trong subt) nén khong do dugce phd hip thu va truyén qua. Do vay,
khac véi cac mau to hop kiéu NIP, ddi véi vat liu PON chi khao sat dic tuyén I-V
ctia linh kién str dung mang PON-PD lam 16p truyén 15 tréng, nhdam nghién ciru anh

huong cua cac hat nand 1én tinh chét cta vat liéu va linh kién.
5.2.2. ROLED cau tric Ti/nc-TiO2/PEDOT/MEH-PPV/AI

Trong linh kién OLED cau trac Ti/nc-TiO/PEDOT/MEH-PPV/AI thi 16p Ti/nc-
TiO2 dong vai tro andt, 16p to hop PEDOT/nc-TiOz 14 16p truyén 16 tréng, MEH-PPV
14 16p phét quang va 16p mang mong nhom catot. Ky hiéu va cac thong s6 dic trung
cta cac linh kién OLED st dung 16p truyén 15 trong t6 hop kiéu PON-PD duoc tom
tit trong Bang 5.3. Hinh 5.9 thé hién dic tuyén -V cta céc linh kién OLED cau triic
PON-PD.
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Bang 5.3. Ki hiéu va cdu trac 16p cua linh kién OLED chira 16p truyén 16 trong

kiéu PON-PD

Tén linh kién

Cau truc

Thong so ddac trung cdu triuc

O-PON-PDO | Ti/PEDOT/MEH-PPV/AI - Kich thuéc linh kién: 4 mm?
O-PON-PD1 | Ti/TL/PEDOT/MEH-PPV/A| |~ Chicu day cac 16p:
PEDOT (100 nm),
O-PON-PD2 | Ti/T2/PEDOT/MEH-PPV/AI
MEH-PPV (150nm),
O-PON-PD3 | TIT3/PEDOT/MEH-PPV/AI | Al (500 nm)
O-PON-PD4 | Ti/T4/PEDOT/MEH-PPV/AI
0: PON-PDO
T g0l !:PON-PDI 213 0
-\S 2: PON-PD2
o 3: PON-PD3
£ 4: PON-PD4
s 404
Z
= 201
p 4
) I L A &
00 05 10 15 20 25 3.0
Dién dp (V)

Hinh 5.9. Bic tuyén |-V cta cac OLED da 16p céu trac Ti/TiO2/PEDOT/MEH-PPV/AI va
mang nand TiO, sir dung dé tao t6 hop PON-PD2 cho linh kién O-PON-PD2 c6 hiéu sut
cao nhat [ Tran Thi Chung Thiy, 2010].

Két qua nhan duoc cho thay céc linh kién t6 hgp O-PON-PD1, O-PON-PD2, O-
PON-PD3 c6 dién 4p mé thap hon, v6i cac gia tri lan luot 1a 1,6V, 1,5V va 1,3 V,
theo thi ty twrong ng, so véi gia tri dién 4p ma 2,1 V ciia OLED thuan khiét O-PON-
PDO. Trong do, linh kién O-PON-PD2 c6 dién ap méd thép nhat, cho théy hiéu suét
ctia linh kién 16n nhat. Linh kién nay c6 16p mang to hop kiéu PON giita TiO2 véi
PEDOT, trong d6 mang TiO> c4u triic xdp, cac thanh nand dinh hudng rd rét hon ca.
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Diéu nay cho thay ciu trac t6 hop PON-PD2 chtra nhiéu bién tiép xuc polymer/nand
TiO2 ma sy phan ly va truyén dién tich qua dé sé& c6 hiéu suit cao hon céc trudng hop

con lai.

Dbi véi O-PON-PD4, khi dién ap dit vao linh kién 16n hon 2V, duong I-V gan
nhu tuyén tinh (so v6i I-V cta cac linh kién khac). Trong trudng hop nay, mang TiO»
khong con c4c thanh nand tach biét (thanh nané két tu thanh dam 16n va xép chit 1én
nhau). Do vdy mang polymer PEDOT phii 1én 16p 6xit titan dd khong tao cau triic
nand vén c6 loi cho su truyén dién tich trong OLED. Vi khong tao thanh cac bién tiép
xic cdu trac nand hodc rat it, cho nén 16p kep gitta andt Ti va 16p truyén 18 trong
PEDOT nhu mot rao can céc 16 tréng bom tu Ti vao 16p PEDOT. Do vay, dac tuyén
I-V cua linh kién O-PON-PD4 tham chi con kém hon ca dac myén I-V cua linh kién
thuan khiét O-PON-PDO.

5.2.3. Tinh chdt 16p phdt quang MEH-PPVInc-TiOa/Ti

Mang t6 hop kiéu PON gitta polymer MEH-PPV va nc-TiOz duoc sir dung lam
16p phat quang anh sang vang trong OLED phét xa d4o. Quy trinh ché tao mang to
hop PON-MEH dugc m ta trong [Tran Thi Chung Thuy, 2010]. Cac thong sb dic trung
ctia 16p phat quang anh sang vang trén co sé vat liéu to hop dang PON duoc trinh bay
trén Bang 5.4.

Bang 5.4. Ky hiéu va thong s6 ddc trung ctia cac mang t6 hop PON-MEH-PPV.

& Chiéu day 16p mang . .
Tén mau Cau trac mang to hop
MEH-PPV (nm)

PON-MEHO0 150 MEH-PPV/Ti
PON-MEH1 150 MEH-PPV/T1/Ti
PON-MEH2 150 MEH-PPV/T2/Ti
PON-MEH3 150 MEH-PPV/T3/Ti
PON-MEH4 150 MEH-PPV/T4/Ti

Hinh thai hoc bé mit cia mang MEH-PPV thuan khiét va t6 hop PON-MEH?2
duogc thé hién trén Hinh 5.10. Két qua cho thdy mang thuan khiét tuy min hon nhung
van chira cac vét nirt nand (Hinh 5.10a), con mang t6 hop chira cac hat nand TiO; tao
ra nhiéu bién tiép xiuc nané MEH-PPV/nc-TiO2 (Hinh 5.10D).
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Hinh 5.10. Anh AFM ctia mang thuan khiét PON-MEHO (a) va
mang t6 hop PON-MEH2 (b) [Tran Thi Chung Thuy, 2010].

Pho tan xa Raman ctia mang MEH-PPV thuan khiét va mang t6 hop PON-MEH?2
duoc trinh bay trén Hinh 5.11.

40k
a: PON-MEH0
= b: PON-MEH2
;f 30k -
< 20k
+11)
£
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Hinh 5.11. Pho tan xa Raman cia mang thuan khiét PON-MEHO va
mang t6 hgp PON-MEH2 [Tran Thi Chung Thuy, 2010].

Cac kiéu dao dong dic trung cho cu triic phan tir cia miu t6 hop PON-MEH va
mau MEH-PPV thuén khiét 14 gidng nhau, d6 14 cac kiéu dic trung cho ciu tric phan
tir cia MEH-PPV d dugc phan tich chi tiét trong Chuong 3. Két qua cho thay ciing
gidng nhu cac mang t6 hop di duoc trinh bay ¢ trén, mang t6 hop PON-MEH ciing
13 sy t6 hop co hoc tao ra nhiu bién tiép xuc polymer/nand.
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Vi 16p MEH-PPV phu trén dé titan kim loai khong trong sudt, nén thay vi nghién
ctru phd hip thu, phuong phap phd kich thich huynh quang (PLE) da duogc sir dung.
Pho6 PLE con cho biét dai nang luong photon kich thich phii hgp nhat cho mau nghién
clru.

Hinh 5.12 trinh bay phd PLE nhéan dugc trén cac mang PON-MEH. Nhan thay
pho kich thich huynh quang ctia cac mau thé hién tuong tu pho hap thy, dinh phd PLE
cua cac mau nhan duoc co gia tri 1an can bude song 470 nm. Két qua nay cho théy
cac mau t6 hop PON-MEH c6 cudng d6 quang phat quang manh nhat khi dwoc kich

thich bang anh sang c6 budc song 470 nm.

12.0k+ 0: PON-MEHO

1: PON-MEH1

= 2: PON-MEH2

3 3: PON-MEH3

<  8.0k- 4: PON-MEH4
g | 4
g} 1
S 4.0k 3
2

0.0

400 500 600

Buéc séng (nm)

Hinh 5.12. Phé kich thich huynh quang ctia cac mang polymer t6 hop cdu
trlic nand MEH-PPV/TiO; trén dé Ti [ Tran Thi Chung Thuy, 2010].
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Hinh 5.13 1a phd quang phat quang ctia mang td hop kiéu PON c¢6 ciu trac MEH-
PPV/nc-TiO, duoc kich thich boi dén Xenon, chum tia c6 budc song 470nm. Pho cua
tat ca cac mau déu trai rong, c6 hai dinh Gmg véi bude song 605 nm (dinh thir nhét)
va 645 nm (dinh th hai), vai tai budc song 690 nm. Theo nhu két qua cua cac tac
gia [Carter et al., 1997], phd huynh quang c6 hai dinh ¢ng véi hai budc song 580
nm va 640 nm, trong d6 dinh thir nhat c6 cudng d6 cao hon. Sy dich dinh vé phia
budc song dai trong cong trinh [Dinh et al., 2013] so véi cong trinh [Carter et al.,
1997] c6 thé 1a do trong miu c6 nhiéu doan lién két chira cac chudi polymer dai
da phat quang, diéu nay phu hop v6i nhin xét cia nhom tac gia cong bd trong
[Wang et al., 2008].

1500
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0 1: PON-MEH]
= 2: PON-MEH2
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-]
& 900}
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Hinh 5.13. Pho quang phét quang cua mang polymer MEH-PPV thuan khiét va
mang t6 hop PON cau tric MEH-PPV/TiO; duoc kich thich boi dnh sdng co bude
song 470 nm. Hiéu tmg dap tat quang phat quang [Thuy et al., 2009].

Dinh huynh quang thi nhat (605 nm) dugc quy cho dich chuyén 0-0 cia dién tir
khi dién tr & mirc nang luong tng voi sb lugng tir n = 0 cta trang thai kich thich don
(singlet) S1 hoi phuc vé mire ning luong tng vai s6 luong tir n = 0 cua trang thai co
ban So. Pinh thir hai (645 nm) duoc quy cho dich chuyén 0-1 ctia dién tir khi dién tir
hoi phyc tir muc ning luong mg véi s6 lwong tir n = 0 clia trang thai kich thich don
S1 vé murc nang luong Umg véi sd luong tir n = 1 cua trang thai co ban So. Khi kich
thich bang anh sang c6 budc song 470 nm, dinh 1 ¢6 cudng dd huynh quang cao hon
dinh 2, chimg t6 xac suat dich chuyén 0-0 ciia dién tir cao hon so véi dich chuyén 0-
1. Ph6 PL ciia cdc mau co vai tai budc song 690 nm, duge quy cho dich chuyén 0-2
ctia dién tir khi & mirc ning luong (mg véi sd lwong tir n = 0 cua trang thai kich thich
don (singlet) S1 hdi phuc vé mirc nang luong g voi sb lwong tir n = 2 ciia trang thai
co ban So [Forrest, 2004; Wang et al., 2003].
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Hinh 5.13 ciing cho thiy dap tit huynh quang polymer da xay ra trén cac miu to
hop PON. DPic biét 1a, cuong d§ huynh quang cia mang PON-MEH2 giam manh
nhat, con ctia mang PON-MEH4 it bj giam nhat so v6i cuong d6 PL clia mang thuan
khiét. Hién twong dap tat huynh quang, nhu d biét duoc giai thich boi sy phéan ly va
truyén dién tich tai bién tiép xuc hat nand/polymer. Trong trudng mang PON-MEH2
0 céc thanh nand TiOz phan biét dugc rd rang, tach biét nhau lam cho mang trg nén
x6p nhét. Do vay dung dich polymer phii trén 16p x6p nay rat dé xdm nhap vao cac
khe tréng giira cic que nand va bao boc 1ay chung, din dén mau PON-MEH2 c6 cau
tric giéng t6 hop NIP nhit so véi cac to hop PON con lai (t6 hop voi mang TiO:
khong x6p).

Cac t6 hgp PON-MEH1, PON-MEH3, PON-MEH4 c6 mitc d6 xp khéc nhau,
trong do6 c6 cac mang TiO: tuy van ¢6 cu triic nand, nhung céc hat nan6é dugc moc
lién ké hodc xép chit 1én nhau. Vi vay mang MEH-PPV phil trén cac mau nay co cau
tric xen k& hitu co/vo co giam dan tt PON-MEH1, PON-MEH3 dén PON-MEH4.
Nhu da thay, mang polymer t6 hop vdi cac que nand tinh thé (nanorods) bi dap tat
huynh quang manh hon mang polymer t6 hop v6i cic hat nand hodc cham luong tir
[Petrella et al., 2004]. T6 hop PON-MEH2 cho hiéu ung dap tat huynh quang manh
nhat, con mang PON-MEHA4 lai it bi dp tat huynh quang nhét so véi cac mau to hop
con lai. Két qua nay cho thiy su truyén dién tich (charge transfer) tai bién tiép xuc
MEH-PPV/nc-TiO2 trong mau PON-MEH2 xay ra manh nhat, trong mau PON-
MEH4 x4y ra yéu nhat. Co ché truyén dién tich nay di duoc trinh bay chi tiét va thé
hién trén Hinh 3.27 (Chuong 3).

Két qua vé phd quang phat quang khi mau duoc kich thich bai chiim tia budc song
ngan (325 nm) nhan duogc c6 birc tranh nguoc lai (Hinh 5.14). Phd PL ¢6 hai dinh
ung véi bude song 645 nm va 605 nm, nhung trong truong hop nay dinh 645 nm cé
cuong do 16n hon so véi cuong do ciia dinh 605 nm. Diéu nay cho thay khi duoc kich
thich bang anh sang c6 budc song ngan (ning lwong cao) thi xac suat dich chuyén 0-

1 16n hon so v6i xac suat dich chuyén 0-0 cua dién ta.
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Hinh 5.14. Pho quang phét quang ctia mang t6 hop kiéu PON-MEH dugc
kich thich boi anh sang c6 budc song 325 nm. Cho thdy c6 hiéu tng

quang phat quang tang cuong [Thuy et al., 2009].

Pho phat xa cua tat ca cac mang t6 hop c6 cuong dd huynh quang 16n hon so véi
cuong d6 huynh quang ciia mang polymer thuan khiét (PON-0). B¢ 14 hiéu img quang
phat quang tang cuong. Pac biét 1a cuong do PL cia mang PON-MEH2 tang manh
hon ca v6i cuong dd PL cta hai mau PON-MEH1 va PON-MEH3. Két qua nhan
duogc tuong tu két qua bao cdo trude day [Lin et al., 2006] khi cac tac gia nghién ctru
vé mang t6 hgp MEH-PPV + nc-TiO». Hién tugng nay duoc giai thich 1a do su truyén
nang lugng cong hudng Froster (FRET) khong phat xa (non-radiative) tir cac thanh
nand TiO2 sang polymer khi duoc kich thich bai photon nang hrong 16m. C6 thé thay
1& hon co ché nay qua so d6 nang lugng bién tiép xtic polymer va oxit TiOz thé hién
trén Hinh 5.15.
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Hinh 5.15. Gian dd cac murc nang luong tai tiép xic TiOz/MEH-PPV
trudce va sau khi nhan kich thich béi bude song 325 nm.

Dudi tac dong cuia photon nang lugng cao (3,6 eV tuong trng budc song 325 nm),

nang lugng nay 16n hon do rong ving cam caa TiO2 (3,2 eV), dién tr & ving hod tri
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ctia TiO2 nhan dugc ning luong kich thich du 16n nhay 1én ving dan, roi khuéch tan
sang ving LUMO cua polymer MEH-PPV. Con 15 tréng & ving hod tri ciia TiO2
tuong tac véi dién tir & ving HOMO cuia polymer hinh thanh 16 trong trong viing nay.
Két qua 1a s6 cap dién tir - 15 tréng trong nén polymer ting 1én, dan dén xac suat hinh
thanh va tai hop phat xa ctia exciton singlet tang, do d6 cuong d6 quang phéat quang
tang.

Céc két qua do phd kich thich huynh quang, phd quang phat quang trén khdng
théiy co su dich dinh phé 0 rét, tuong minh cua cac mau td hop PON-MEH so voi
mau MEH-PPV thuan khiét nhu da quan sat thdy trong truong hop to hop kiéu NIP-
MEH (Chuong 3). Diéu nay c6 thé 1a do cach thic ché tao miu trong hai phuong
phap tao vat liéu NIP va PON la khac nhau. Véi cic mau t6 hop kiéu NIP, dung dich
dé tao mang 13 hdn hop ddng nhét cua polymer va hat nand dugc rung siéu am trong
nhiéu gio, hdn hop ay lai dugc dong thoi quay phu li tim dé tao mang nén cac hat
nand rat dé dang xam nhap va gan véi cac chudi polymer va loai b b6t nhitng 16 x6p,
rong trong 16p mang polymer, do vay dé dang lam thay doi chidu dai lién két cia
chudi polymer. Trong khi d6, t6 hop kiéu PON duoc ché tao bang cach quay phu li
tam mang polymer 1én trén mang nand, hai 16p mang nay dugc ché tao riéng biét, do
vay hat nand trong 16p mang nand it giy anh huong dén bé mit trén cing cliia mang
polymer, va it 1am thay d6i chiéu dai lién két ctia chudi polymer. Didu nay lam cho
cac t6 hop kiéu NIP c6 su dich dinh pho ro rét hon t6 hop kiéu PON. Do vay, ¢ day
khong dé cap phan tich chi tiét dén cac dinh huynh quang ctia cac mau to6 hop PON

so v6i cac dinh huynh quang ctia mau polymer thuan.

Hiéu tng dap tat huynh quang va huynh quang ting cuong thé hién trén cting mot
mau dudi kich thich boi nang luong photon khac nhau déu dan dén sy hinh thanh va
dich chuyén dién tich trén cac bién tiép xtc di chat polymer/6xit vo co. Pbi véi cac
linh kién quang phi tuyén, thi du laser polymer, kich thich photon ning luong cao s&
lam tang hiéu suat ctia laser. Trong nghién ctru linh kién quang dién hoa hodc pin mat
troi thi hiéu ung dap tat huynh quang c6 thé xem nhu mot phép kiém tra tinh chat
phan ly va truyén dién tich vé hai phia dién cuc. Dap tat huynh quang cang manh thi
hiéu suat chuyén héa quang ning cang cao [Carter et al., 1997; Hang et al., 2005].
Trong t6 hop PON-MEH2 dap tat huynh quang xay ra manh nhét, khi mau dugc kich
thich bang anh sang c6 budc séng 470 nm va quang phat quang ting cuong ciing
manh nhat khi kich thich bang anh sang budc séng ngan (325 nm). Két qua nay cho
thdy trong cac mang t6 hop ché tao duoc thi mang PON-MEH2 thich hgp hon ca cho

mg dung 1am 16p nhay quang cho pin mat troi hitu co. D6 13 vi sy phén ly va truyén
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dién tich xay ra rat manh & mang PON-MEH2 dam bao cho cac dién tich sau khi bi
phan ly trén bé mat tiép xac MEH-PPV/ nc- TiO; s& truyén qua cac dién cuc tao ra

dong quang dién & mach ngoai.

Trong khi d6 cac mang t6 hop PON-MEH1 va PON-MEH3 thich hop hon cho
ung dung lam 16p phat quang trong OLED da 16p. Trong truong hgp nay 16p TiO2
moc 1én tir Ti dong vai trd 16p sinh 16 tréng (andt) khi dat dién thé phan cuc duong
1én chuyén tiép Ti/TiO2. Mot s6 nghién ctru da cho thiy cac mang polymer t6 hop
nand c6 do bén quang cao hon so vdi mang polymer thuan khiét [Leger et al., 2003].
biéu nay duogc giai thich 1a do cac hat nan6 co6 tdc dung lam cham lai sy 6xi hoa va
giam pham chét ctia cac mang polymer (vat liéu rat d& bi 6xi hoa). Véi muc dich kiém
nghiém két luan trén, phd quang phéat quang ctia mang t6 hop PON-MEH tai cac thoi
diém do khac nhau sau khi ché tao d3 duoc khao sat nham lya chon méu co su phan
ly va truyén dién tich qua cac bién tiép xtc nand tot nhat nhat. Két qua dwoc thé hién
trong Hinh 5.16. Mang MEH-PPV thuan khiét ciing duoc khao sat phd huynh
quang tai cac thoi diém do khac nhau sau khi ché tao dé so sanh (Hinh 5.17).
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Hinh 5.16. Ph6 huynh quang ciia mang MEH-PPV thuan khiét do tai cac
thoi diém khac nhau sau khi ché tao [Tran Thi Chung Thiy, 2010].

Két qua cho thdy, cuong d6 quang phat quang cta td hop PON-MEH2 giam chdm
hon cta polymer thuan khiét. Sau 2 tudn, cudng do huynh quang ctia mang t6 hop
PON-MEH2 giam khoang 24%, trong khi d6 cuong d6 huynh quang cia mang thuan
khiét PON-MEHO giam 70%. Sau 3 tudn, cuong d6 huynh quang ctia mang PON-
MEH?2 giam khoang 40% trong khi d6 mau thuan khiét giam khoang 80%. Diéu nay
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chung t6 t6 hop MEH-PPV/nc - TiO; ¢6 tic dung lam giam qua trinh gia héa cia
mang MEH-PPV, két qua tuong tu cling nhan duoc trong bao cdo ctia nhom tac gia
[Leger et al., 2003].
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Hinh 5.17. Ph6 huynh quang clia mang t6 hop PON-MEH2 thuan
khiét do tai cac thoi diém khac nhau sau khi ché tao [Trﬁn Thi
Chung Thuy, 2010].

5.2.4. ROLED cdu tric Ti/nc-TiO2/MEH-PPV/AI

Pé nghién ctru dic trung I-V cia linh kién dua trén mang t6 hgp PON-MEH, cac
linh kién cau trac kiéu Ti/nc-TiO2/MEH-PPV/AL trong d6 Ti déng vai trd vat dan
duge “gan” truc tiép v6i 16p nc-TiO: (dong vai trd andt), 16p t6 hgp PON-MEH la
16p phét quang quang va Al 1a catot da duoc ché tao. Catdt Al duoc boc bay nhiét 1én
trén mang t6 hop PON-MEH. Ki hiéu va cac cac 16p cta linh kién OLED ciu tric
PON-PD dugc trinh bay trén Bang 5.5.

Bang 5.5. Ki hiéu linh kién OLED vdi cac 16p TiO2 céu trac que khac nhau

Tén linh ki¢n Ciu triic
O-PON-MEHO Ti/MEH-PPV/AI
O-PON-MEH1 Ti/TL/MEH-PPV/AI
O-PON-MEH2 Ti/T2IMEH-PPV/AI
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O-PON-MEH3

Ti/T3/MEH-PPV/AI

O-PON-MEH4

Ti/T4A/IMEH-PPV/AI

Trén Hinh 5.18 14 déc trung I-V cia cac linh kién O-PON-MEH. Két qué cho
thdy céc linh kién t6 hgp O-PON-MEH1, O-PON-MEH2, O-PON-MEH2 déu c6 dic
trung I-V ctia mot diot co kha ning hoat dong tot. Trong khi do, dic trung I-V cua
mau polymer thuin khiét (O-PON-MEHO0) c6 xu huéng gan tuyén tinh, con ddi
vé6i linh kién t6 hgp O-PON-MEH4, gia tri ciia dong hau bang khong, ching to
16p PON-MEH4 chi 1a chat cach dién. Dién ap ngudng cua cac linh kién O-PON-
MEH3, O-PON-MEH1 va O-PON-MEH2 c¢6 gia tri twong tng 1a 3,25V, 2,8V va

2,5V.
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Hinh 5.18. Pic trung I-V ctia cac linh kién t hop kiéu PON cau triic
Ti/PON-MEH-PPV/AI [ Tran Thi Chung Thuy, 2010].

Linh kién O-PON-MEH2 ¢6 dién ap hoat dong nho nhat, va dong tang theo dién
ap bat dau ngay tir gia tri 0V, con ddi véi linh kién O-PON-MEH1 va O-PON-MEH3
thi dong chi bat dau ting theo dién ap khi dién ap dit vao hai dién cyuc dat gia tri toi
thiéu bang 2V. Diéu nay c6 nghia 13, trong linh kién O-PON-MEH2, dong nguoc
(dong chay qua 16p polymer MEH-PPV) xuit hién ngay tir khi bat dau dat dién ap
vao hai dién cuc khién linh kién d& bi ddt nong. Trong khi d6, céac linh kién O-PON-
MEH1 va O-PON-MEH3 dong nguoc hau nhu bing khong.

Két hop cac két qua nhan duoc tir phép do phd PL, anh FE-SEM va dic trung I-V
v6i viée hiéu ting dap tat quang phéat quang xay ra manh nhat d6i véi mau to hop
PON-MEH2, cho thiy t6 hop kiéu PON-MEH?2 thich hop hon cho tmg dung lam pin
mat troi, trong khi d6 cac t6 hop con lai thich hop hon cho tmg dung lam OLED. D6
1a vi miu PON-MEH2 c¢6 su truyén dién tich qua cac bién tiép xac MEH-PPV/nc-
TiO, t6t nhit, dong ting nhanh (két qua do dic trung I-V), do d6 cac dién tich dugc
chuyén vé hai dién cuc tao thanh dong quang dién. Co ché nay dugc thé hién rd hon
qua gian dd cac murc ning lugng va nguyén 1y hoat dong cua linh kién O-PON-MEH2
trén Hinh 5.19.
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Hinh 5.19. Gian d6 c4c mtic ning lugng va nguyén 1y hoat dong ctia pin mat troi
str dung cdu trac PON.

Trong linh kién nay, mang t6 hop PON-MEH2 hinh thanh tir 16p T2 véi ciu tric
nand, xdp va nhiéu thanh nané TiO. Nhu d phan tich & trén, tai cac bién tiép xuc
MEH-PPV/thanh nand TiO, da xay ra su phan ly va truyén dién tich rat manh. Dudi
tac dung cua anh sadng c6 nang lugng twong g véi khe nang luong HUMO - LUMO
cua polymer, cac di¢n tir trong ving HOMO cua MEH-PPV bi kich thich, con dién tir
trong vung hoa tri cua TiO2 khong bi kich thich béi vi nang lugng photon kich thich
nhé hon d6 rong vung cAm cua Ti102). Cac dién tor nhan dugc nang lugng da 16n dé
vuot qua ving cAm cia MEH-PPV nhay tir mic HOMO 1én mtc LUMO, dé lai ¢
viing HOMO céc 16 tréng. Céc dién tir nay khuéch tan sang ving dan cta TiO2 dé tro
vé dién cuc Ti, cac 15 tréng chuyén dong vé dién cuc Al nho su bé cong vung nang
luong tai cac 10p tiép xtic di chét (ha thip chiéu cao rao thé tai tiép xuc) tao thanh
dong dién & mach ngoai cho linh kién. Trong trudng hop nay t6 hop PON-MEH2 c6
cAu tric gidng t6 hop NIP hon ca.

Cac midu PON-MEH1 va PON-MEHS3 ¢6 cau trac da 16p Ti/TiO2/MEH-PPV/AI,
trong d6 nc-TiO2:Ti ¢6 tinh chat gidng In20s:Sn (ITO) dong vai tro andt, tiép xtc
Ti/nc-TiOz c6 tinh émic hon Ag/ITO (khi st dung keo bac gin 1én andt ITO). Piéu
nay duoc thé hién trén duong dic tuyén I-V véi dong ngugc hau nhu bang 0 (xem
dic trung I-V: dong thudn chi ting khi dién ap dit vao tbi thiéu 13 2V). Co ché nay
duogc thé hién rd hon qua gian dd cac muc ning luong va nguyén 1y hoat dong cua
linh kién trén Hinh 5.20.
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Hinh 5.20. Gian d0 cic mirc ning lwong va nguyén ly
hoat dong cuia ROLED str dung cau trac PON.

Céac vung ning luong (ving dan va ving hoa tri) cia TiO2 dan xen vao trong ving
cam va ving HOMO ciia polymer MEH-PPV. Piéu nay tao ra cac bién tiép xuc di
chat MEH-PPV/TiO; cau tric nand trong polymer MEH-PPV, tao diéu kién thuan loi
cho su phan ly va truyén dién tich. Dién tir c¢6 thé dé dang truyén qua cac bién nay
khi dugc phun vao tir catét Al hodc nhay tir ving HUMO ctia polymer MEH-PPV 1én
mitc dan ciia TiO2 trong viing cAm ctia MEH-PPV, tai d6 dién tir c6 thé tai hop véi 16
trong hodc tiép tuc nhay 1én mitc LUMO ctia MEH-PPV va sau mot khoang thoi gian
rat ngan s& tai hop voi 18 trong. Do vay giam dugc tan suat dién tir bi bat giir tai cac
sai hong hay cac bay tap chat trong MEH-PPV. Nhu vay 16p nc-TiO2 ¢6 tac dung
phun 15 trong vao 16p phat quang polymer, con catdt Al thi phun dién tir, khi ap dat

dién thé phan cyuc thuan 1én hai dién cuc.

Dbi véi truong hop linh kién t6 hop O-PON-MEH4, khong thu dugc dic trung I-
V ctia mot diot. Pidu nay c6 thé do mang TiO, khi dugc nung & nhiét do cao trong
thoi gian dai (3 gid) khong ¢ cau triic thanh nand nita, do cic que nand di giy hoic
két tu thanh timg dam 16n va xép chat, rat khé két hop véi MEH-PPV dé tao ra cac
bién tiép xtic di chét c6 cau triic nand. Hon nita, do thoi gian i kéo dai, 16p TiO2 trd
nén qua day va trd thanh chat dién moi thuan tay. Cac két qua nhan dugc & trén phan

&nh tinh chét cta chuyén tiép polymer/hat nand oxit tiép co ciing mot chét ban chat,
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khong phu thudc ciu trac thanh, que hay hat nand duoc tron trong polymer [Breeze et al.,
2001].

5.2.5. Anh hwéng ciia nhiét @6 va thoi gian 1én dic tuyén dong thé |-V ciia ROLED
mau vang
a. Anh huéng cia nhiét do
Ciing gidng nhu cac linh kién OLED kiéu NIP, cac OLED kiéu PON duogc ché
tao tir cac polymer din dién. Trong nghién ctru anh hudng cta nhiét d6 1én dic tuyén
I-V, linh kién ciu traic O-PON-PD2 - loai t6 hop gidng NIP nhat di duoc lya chon,
qua d6 xac dinh ngudng nhiét do hoat dong cuia linh kién. Hinh 5.21 trinh bay dac
trung I-V cua linh kién to hop O-PON-PD2 duoc khao sat tai cac nhiét do khac nhau.
Két qua cho thay dién 4p ngudng hoat dong giam khi nhiét do ting: tir gia tri 1,3 V

tai nhiét do phong da giam dan xuéng con 1,25 V; 1,1 V va 1,05 V tuong ung tai
nhiét 6 50 °C, 70 °C va 90 °C. Tiép tuc tang nhiét 6 1én cao hon, ngudng nhiét do
hoat dong cta linh kién 1a 110 °C. Dic trung I-V cua linh kién polymer thuan khiét
(O-PON-PDO) ciing duoc khao sat theo nhiét d6 (Hinh 5.22) dé so sanh véi linh kién
t6 hop PON-PD2.

=23 975 3 3: 30°%
L 601 5: 50°C
>" 7: 70°C
£ 40 9: 90°C
b 11:110°C
= 201

s /

0 T T Ls T
00 05 10 15 20 25 30
bién ap (V)

Hinh 5.21. Pac trung I-V cua linh kién t6 hgp O-PON-PD2 phu thudc nhiét
d6 [ Tran Thi Chung Thay, 2010].

185



. 9 753

& - 3:30°C

5 5: 50 °C

-~

< 7:70°C

= s O

20 40- 9:90 ¥C

S 10: 100 °C

=. 204

- 10

0

00 05 1.0 15 20 25 3.0 35
bién dp (V)

Hinh 5.22. Bic trung I-V cta linh kién thuan khiét O-PON-
PDO phu thudc nhiét d6 [ Tran Thi Chung Thuy, 2010].

Dic trung I-V cua linh kién thuan khiét ciing thay d6i theo nhiét d6 méi trudng.
Dién 4p ngudng hoat dong cua linh kién c6 gia tri 2,1 V & nhié¢t d§ phong va giam
dan xudng con 2,0 V, 1;8 V va 1,7 V twong tmg véi nhiét d6 50 °C, 70 °C, 90 °C. Ngudng
nhié¢t d§ hoat dong cua linh kién nay 1a 100 °C, thép hon ngudng nhiét d¢ cua linh
kién t6 hop. Két qua cho thay linh kién t6 hop O-PON-PD2 c6 d6 bén nhiét cao hon
so voi linh kién thuan khiét O-PON-PDO. Nhu vdy, t6 hop PON khéng nhitng co tac
dung cai thién dac trung [-V, ma con lam tang do bén cta linh kién, nhat 1a khi hoat
dong & nhiét do cao.

b. D6 bén theo thoi gian

Dic trung I-V cua linh kién to hop PON-PD2 tai cac thoi diém khao sat khac nhau
duogc thé hién trén Hinh 5.23. Két qua cho thiy dic trung I-V cta linh kién giam sau
céc khoang thoi gian tinh (thoi gian cat gitr linh kién tai noi kho ro), thé hién ¢ gia

tri di€n ap ngudng hoat dong tang, dong giam.
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Hinh 5.23. Pic trung I-V cua linh kién thuan khiét O-PON-PD2
do tai cac thoi diém khac nhau [ Tran Thi Chung Thuy, 2010].

Dic trung I-V cua linh kién thuan khiét PON-PDO ciing duoc khao sat dé so sanh,
dugc thé hién trén Hinh 5.24. Két qua do cia hai linh kién cho thay su giam dic trung
I-V ctia linh kién thuan khiét theo thoi gian nhanh hon so véi linh kién t6 hop. Nhu
vay, to hop PON khong nhiing dem lai hiéu suit cao va con kéo dai dugce thoi gian

hoat dong cua linh kién.

O-PON-PDO a
a: sau hai gioy
b: sau 4 ngay
¢: sau 1 tudn
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Hinh 5.24. Dic trung I-V cua linh kién thuan khiét O-
PON-PDO dugc do tai cac thoi diém khac nhau [Tran Thi
Chung Thuy, 20102].
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Tuy nhién dé cac linh kién t6 hop PON thuc sy c¢6 kha ung dung trong thyc tién
thi rat can phai tang dugc do bén cua linh kién hon nita. Dé tdng duogc do bén thi tat
ca cac budce ché tao céc linh kién can duge thuc hién trong chan khong va linh kién
can duoc dong vo. Hién nay, diéu kién thi nghiém chua cho phép thuc hién dugc hoan
toan cac budc ché tao miu trong chan khong. Hon nira, viéc dong goi cho linh kién
OLED ciing 1a van d& ma rat nhiéu nhém nghién ciru dang tap trung nghién ctru dé
hoan thién. Do vdy, cac két qua trén méi cho thiy wu diém cua to hop dbi v6i hiéu
sudt va do bén cua linh kién so véi linh kién thuan khiét, nhung tang thém thoi gian
hoat dong hon nira 1a van dé cin phai dugc hoan thién hon nita vé diéu kién thi nghiém.

Do ciing 1a mot trong nhitng dinh huéng nghién ctru tiép theo.

5.3. So sanh vat liéu va linh kién OLED t6 hop kiéu NIP va PON
5.3.1. Vé cong nghé

Vit liéu t6 hop NIP c6 cdu trac don 16p, trong khi d6 vat liéu t6 hop PON c6 cau
tric 16p kép. OLED 6 hop NIP ¢6 céu tric truyén thong (OLED thuén), 16p phat
quang phat ra 4nh sang thoat qua andt ITO trong sudt. Trong khi 6 OLED t6 hop
PON c6 cau trac ddo, anh sang thoat ra qua catdt trong sudt. OLED kiéu NIP duoc
ché tao va nghién ciru rong rai véi nhitng wu diém noi bat ciia ITO nhu cong thoat
16n, do trong sudt cao, giau 15 tréng, d6 din cao... Tuy nhién viéc han day dan lén
ITO khé thuc hién, cho nén ngudi ta thudng dung keo bac dé phu 1én tiép diém cua
day dan va ITO. Véi OLED t6 hop PON, bang ki thuat han diém, diy dan dé dang
gan voi dé kim loai titan. Véi OLED nay, mang kim loai ban trong sut (165p Al mong)

hodc polymer dan dién trong suét dugc sir dung 1am catot.

Mang t6 hop kiéu NIP duoc ché tao tir phwong phap quay phu li tim dung dich
hdn hop dong nhat polymer dan dién chtra cac hat nand. Trong khi d6 mang t6 hop
PON doi hoi cac budc ché tao phire tap hon do 16p mang nand can dugc ché tao tir
phuong phéap dic thu nhu boc bay, phun xa, sol-gel, 6xi hoa nhiét..., sau d6 mang
polymer dugc ché tao tir phurong phap khac, thuong 13 quay phu li tim 1én trén 16p

mang nand mai tao dugc vat licu td hop.
5.3.2. Vé cau tric hinh thdi hoc va tinh chdt quang

Mang t6 hop NIP va PON cé bé mat “nham”, “gd ghé” hon so véi bé mat cia
mang polymer thuan khiét do sy c6 mit clia cac hat nand, do vay dién tich tiép xtic
bé mit ciia mang t6 hop tang. Mang t6 hop NIP va PON c6 nhiéu bién tiép xtc

polymer/nand kich thudc nanomét. Bién tiép xtc polymer/nand trong mang NIP duoc
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tao ra boi su hoa tron co hoc gitra polymer va cac hat nand, con doi véi mang PON
thi duoc tao ra boi sy xen phu cua mang polymer 1€n trén mang nan6 x0p. Trong mat

s6 truong hop mang t6 hgp PON chi tao ra 16p chuyén tiép di chat.

Khi kich thich bdi photon nang luong thép hi¢u tng dap tat guang phat quang
(quenching photoluminescence), cling nhu khi kich thich bdi photon nang luong cao
hiéu Gtmg quang phét quang tang cudng (photoluminescence enhancement) déu quan
sat thay & ca hai loai t6 hop. Diéu ndy phan anh sy phan ly, truyén dién tich va ning
luong qua cac bién tiép xuc di chat polymer/nand, co tac dung nang cao hiéu suét cho
linh kién. Cac miu t6 hgp NIP c6 su dich dinh pho hap thu va huynh quang so véi
mAu thuan khiét, trong khi d6 diéu nay khong quan sat duoc twong minh dbi véi to
hop PON. Két qua nay cho thay chiéu dai lién két cua chudi polymer trong to hop
NIP thay ddi so voi cua polymer thuan khiét, dan dén su thay ddi vé su dinh x{r cua
dién tir © doc chudi polymer, su xen phu cac dam may cua dién tir w va sy tach muc
ning lugng duoc thé hién bang sy dich dinh phd hip thu va huynh quang.

5.3.3. So sanh dién thé nguong hoat dong cua linh ki¢n

Céc linh kién t6 hop NIP va PON c6 dién ap ngudng hoat dong thap (<10 V) va
nho hon ciia OLED thuéan khiét. Cac gia tri dién 4p ngudng hoat dong ciia cac linh
kién c6 cdu trac trong duong, nhung 16p phat quang va 16p truyén 16 tréng duoc ché
tao tir hai to hop NIP va PON duogc so sanh trén Bang 5.6.

Bang 5.6. So sanh di¢én 4p ngudng hoat dong cia linh cdc nhom linh kién

c6 cu trac tuong duong dugc ché tao tir hai loai to hop NIP va PON

Nhém linh kién Linh kién t6i vu ctia |  Dién thé ngudng
tung nhom hoat dong (V)
Nhoém linh kién c6 16p O-NIP-PD15 1V
truyén 15 tréng t6 hop
O-PON-PD2 1,3V
Nhom linh kién ¢6 16p phat O-NIP-MEH20 2,2V
uang t6 h
anang P O-PON-MEH2 25V

189



Qua d6 nhan thiy cac linh kién NIP c6 dién 4p ngudng hoat dong thip hon so véi
dién 4p ngudng hoat dong cua céac linh kién PON. Diéu nay 1a do trong vat licu to
hop NIP ¢6 nhiéu bién tiép xtc di chat polymer/nand hon. Tuy nhién, sy khac biét
gia tri dién 4p ngudng cua cac linh kién khac nhau 13 khong nhiéu, do vay khong co
su khac biét nhiéu vé hi¢u suat cua linh kién. Diéu nay cho thay t6 hgp NIP va PON
déu co trién vong ing dung trong cac linh kién quang dién tur, dac biét 1a trong OLED

va pin mat tro1 hitu co hi€u suat cao.
5.3.4. So sanh do bén cua linh kién

Vit liéu va linh kién t6 hop kiéu NIP va PON déu c6 d6 bén co, nhiét cao hon so
v6i vat lidu va linh kién polymer thuan khiét, do d6 c6 kha ning kéo dai thoi gian
hoat dong cua linh ki¢n. Tuy nhién dé cac linh kién OLED to hop NIP va PON c6
kha niang tmg dung cao thi can phai nang hiéu suat va tudi tho 1én cao hon nita, trudc
hét cac linh kién phai dugc ché tao va déng vo trong diéu kién cua phong sach va
kho. Linh kién OLED la linh ki¢n da 16p mang méng dugc lam tir nhiéu loai vat liéu
khac nhau. Céc 16p mang duogc ché tao bang cac phuong phap khac nhau. Ngoai andt
ITO 13 san pham thuong mai c¢6 do 6n dinh cao, cac 16p mang nand TiOz, mang to
hop polymer cAu triic nand, mang catot Al déu duoc ché tao va khao sat cac tinh cht,
cho thdy d6 6n dinh cta cong nghé 1a tot. Két qua cho thiy cac cong nghé ché tao vat
liéu va linh kién to hop cAu trac nand c6 do 1ap lai cao, do on dinh tdt qua cac cach
cong doan danh gia cac thong s6 cong nghé vat lidu, nhan thay: (i) Mang truyén 15
trong: toc dd quay phu 1i tam 3000 v/ph, thoi gian quay 1 phut; nhiét do sy kho 1a
120 °C, thoi gian 10 phat trong khi tro; chiéu day mang 100 nm; ham lugng t6i uvu
ctia nc-TiOz trong t6 hop 1a 15 %kl.; (i) Mang phat quang: toc d6 quay phu li tam
1500 v/ph, thoi gian quay phil 1 phat; nhiét d6 say kho 130 °C, thoi gian 1 gid trong
chan khong ap suat 40 mBar; chiéu day mang 150 nm; ham luong ti uu ctia nc-TiO;
trong t6 hop 14 20 %KkI. va (iii) Bang phuong phap bdc bay nhiét, mang truyén dién
tir (Algs) va catot kim loai (Al) duoc ché tao véi chiéu day twong tGng 1a 10 - 30 nm
va 200 nm dugc khdng ché kiém tra bang thiét bi do chiéu day.
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