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1. Tén dé tai:Xay dung quy trinh ché tao diode phat quang hitu co bang phuong
phap in phun
2. Cécsb liéu, tai lidu ban dau:
- Nguyén ly hoat dong cua OLED.
- Céc phuong phap san xuat OLED truyén thong.
- Tai liéu vé nguyén Iy cua phwong phap in phun.
3. Noi dung thyuc hién dé tai:
- Tim hiéu dic tinh k¥ thuat cia OLED
- Chtng minh kha ning phu hop cia in phun trong san xuat OLED so véi cac
phuong phap in con lai
- Vit lidu in cho ché tao OLED phu hop véi in phun
- Xay dung quy trinh ché tao OLED bang phuong phap in phun
4. San pham
Quy trinh ché tao, biéu miu cac thong s6 do kiém OLED
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LOI CAM ON

Dau tién, nhém nghién cru xin guri 16i cam on chan thanh dén thay — Th.S Cao
Xuan Vi, nhd dén sy hudng din tan tinh va chi tiét cia thdy ma nhém da co co hoi tiép
can v6i nhiéu kién thuc, giai phap va thiét bi moi; tir d6 giup nhom hoan thanh dé tai
v6i két qua vuot ky vong. Sau d6, nhom nghién ciru rat tran trong sy day do cua tat ca
quy thay co thudc truong Pai hoc Su pham K5 thuit ndi chung va Khoa in va truyén
thong noi riéng trong sudt 4 nim vira qua. Du thay c6 c6 lac nghiém khic va kho tinh,
nhung nhém hiéu muc dich déu 13 dé sinh vién c6 co hoi kham pha va phat trién tdt
hon. Va chinh sy birc pha trong dé tai nay 13 minh ching cho két qua cua qua trinh rén
luyén trén, nhém nghién ciru xin chan thanh cam on quy thay c6. Sau cung 1a 16i cam
on giri dén ban bé, nguoi than, nhimg ngudi da ludn dong hanh cing cac thanh vién
trong nhom dé hd trg vé ca mit tinh than 13n vat chat dé hoan thanh dé tai nay.
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TOM TAT
Noi dung dé tai Xay dung quy trinh ché tao diode phat quang hitu co bang cong
nghé in phun gdm 3 van dé chinh: Ching minh tinh kha thi cta viéc 4p dung cong
nghé in phun trong san xuat vat liéu diode phat quang; D& xuat mot quy trinh san xuét
c6 tinh tng dung cao; Cach thirc do kiém va chon ra mau san phém dat yéu cau.

Trong d6, nhom nghién ciru chimg minh tinh kha thi ctia d¢ tai thong qua céac
thong s6 va gia thuyét vé gi tri Z, hién tuong coffee-ring, va kha nang (mg dung thiét
bi in phun vao in dién tir. Sau d6, nhom nghién ctru thiét ké ciu tric vat liéu OLED va
chon Iira nguyén vat liéu dua vao sy phi hop vé& mat théng sd ki thuat. Cudi ciing cu
trac duge dua ra gdm 6 16p: D&/ Anode (ITO)/ HIL (PEDOT:PSS)/ HTL (PDHF.F6)/
EML (PEP-3)/ Cathode (Ag). Tuy nhién, cing s6 16p trén, nhom thyc hién nhitng
phuong an khac nhau nhu: xir Iy bé mat, trang ph, in,... nham muc dich tim ra mau c6
hiéu suat cao nhét trong qua trinh thuc nghiém. Két qua duoc danh gia sau khi do kiém
cac mau thong qua 3 thong s chinh: Toa d6 mau (CIE), d6 chéi, va hiéu suit. Dong
thoi nhom dua ra nhitng dy doan vé két qua so sanh mau thuc nghiém, véi dinh huéng
dua theo nhirng két qua va dé xuét tir mot so thi nghiém da duoc thuc hién trude do.

Cuoi cung, nhom nghién ctru dua ra mét s6 dé xuat dé dua quy trinh san xuat tu
thuc nghi¢m vao thuc t€. Qua do, danh gia nhirng di€m manh, di€ém yéu ctia cong ngh¢
va dé xuat hudng cai tién.

vil



MUC LUC

NHIEM VU DO AN TOT NGHIEP.........ooooiioeeeeeeeeeeeeeeeeeeeeeee s i
PHIEU DANH GIA DO AN TOT NGHIEP ........ooiviiieieieeeeeeeeeeeeeeeeeee s i
LOT CAM ON ...ooooiioeeeeeeeeee e vi
TOM TAT .ottt vii
DANH MUC CAC CHU VIET TAT oot Xi
DANH MUC CAC BANG BIEU ........oooooiiieeeeeeeeeeeee e xii
DANH MUC CAC HINH ANH, BIEU DO ..o xiii
PHAN MO DAU ..ot 1
1. Tong quan vé& linh Ve NERIBN CUUL........veveieeeeeeeeeeeeeeeee e 1
2. Muc tiéu, khach thé va d6i trong Nghidn CUU...........oevveveieeeeeeeeeeeee e 2
3. Nhiém vy dé tai va pham vi DZHIEN COU ... 2
3.1 NRIBM VU G T oo 2

3.2 Pham vi NZhI€N CUU.......oooiiiiiieiieciieeeeee et 2

3.3 Phuong phap nghi€n CUU.........ccociiiiiiiiiiiiieceeeeee e 3
CHUONG 1: COSOLY THUYET ....oviieeoeeeeeeeeeeeeeee e 4
1.1 Gidi thidu chung V& OLED...........cooovoimoioieieeeeeeeeeeeeeeee e, 4
1.1.1 - Khai ni8m OLED .......o.oomiiiieoioioeeeeeeeeeeeee e, 4
112 CAUIAC OLED ..o 5
1.1.3 Nguyén Iy hoat AONG.......cceouiiiiieeiieeieecee ettt 7

| R S o 1 11 4 1 (o - 3 AU 8
1.1.5  Phuong Phap SAN XUAL ........o.ovieeeeeeeeeeeeeeeeeeeeeeee e 9
116 UG AUNE .o 10
1.2 KJ thu@t in PhUN c..oociiiiiceeeeee e e 11
1.2.1  Khéi niém in phun......cccooooiiiiiiiieccee et 11
1.2.2  Phén loai cac k¥ thudt in phun...........ccoooieiiiiniii e 12
1.2.2.1 Ky thudt in phun &N tUC.......cccueeriieeiieiieie et 12
1.2.2.2 Cac k¥ thuat in phun nho giot tai noi cAn (DOD)..........co.oveeveeveeereennne. 13

viii



1.2.2.2.1 K¥ thudt in phun nhi€t ..........ccoooiiiiiiiiiieeeee e 13

1.2.2.2.2 K§ thut in phun pieZ0 .......ceeeeuiieeriieeeiiieeiee e 14
CHUONG 2: UNG DUNG KY THUAT IN PHUN TRONG SAN XUAT MAN HINH
OLED .ttt ettt ettt ettt ettt at e atesaeesaeenaeen 15

2.1 DEEVAN Q& 15
2.2 PRhuong Phap I....c.oeooiie ettt 15
2.3 HUONZ UNG AUNGZ ....ooiiiiiiiiiiciee ettt et et eeev e e e enraeesaaaeeenens 18
2.3.1.  Tinh ChAt CUA TUC TN cvoveveeeeeeeeeeeeeeeee oo s s s s s e seseeen. 19
2.3.2. Lién hé giita bé mit vat liEU VA MUC IN....eveereeeeeeeeeeeee e 20
CHUONG 3: XAY DUNG QUY TRINH CHE TAO VAT LIEU OLED BANG
CONG NGHE IN PHUN ....oiiiiiieiieitestesitetete ettt ettt sve e eseeseeseenseensasnne s 23
3.1 CAC VAN A& TN QUAN ... 23
311 CAUAC OLED.....o.iooiioieiiieeei s 23
3.1.2 NGUYEN VAL TIEU ..eeeiieeiieciieee ettt et 24
3.1.3 Thiét bi va mot sb yéu tb lién quan dén chit lwong in...........ccooeeveeueeeeenee. 29
3.1.3.1 B6 phan diéu khién chuyén dong in (Carriage): ..........ooeeveeueeeeereeeereennns 31
3.1.3.2 Khoang cach giot myc va d§ phan gidi..........cccceeeviieiiiiiieniiiecieecieee 33
3.1.3.3 Kiém S0At tid MUC PRUN TA ..o 35
3.1.3.4 Can chinh va kiém tra chit lwong mau in ...........occoeeeeeeeeeeeeeeeeeeeeeenens 36
3.1.3.5 Thiét 13p cAc thONg SO MAY IN ......voveeeeeeeeeeeeeeeeeeee e 37
3.2 QUY NN CHE L0 .o 38
3.3 DANh @I4 SAN PRAIM I ..o 44
3.3.1 Budc song phat quang (Am) va toa do mau (CIE 1931):..ccccvvievciieeiinnns 44
332 DO ChOLuciiuiiiiiiie s 45
3.3.3  HiBU SUAL thIEt Di.euvvvreeieerieriiriiseeeseseies it 47
3.3.3.1 Céc cOng thirc tinh tOAN .........c.eeviiiiiiiiiiieiee e 47
3.3.3.2 Thiét bi d0 hi€U SUAL.......eureerereerreeireieeeiteeeie e 47
334 CACthONE SO KNAC ..ot 49
3.3.4.1 Chi s két xuat mau (Color Rendering Index — CRI) .........ccooeveiveveunn.n 49

X



3.3.4.2 Nhi¢t d mau tuong quan (Color Correlated Temperature - CCT) ......... 49

3.3.4.3 Du doan tudi tho thiét bi dua trén cac thir nghiém ...........ccoeveveeeeveeennn 50
CHUGNG 4: PHAT TRIEN SAN PHAM .....ooimiiiieeeeeeeeeee oo, 53
A1 THBIM NANE ..o 53
4.2 Hudng cai thién quy trinh san xuit OLED bang c6ng nghé in phun ............... 54
PHAN KET LUAN ......ooiiiiiiieeeeeeeeee e seeneans 55
1.  Két QUA QAL QUOC: eveiieiiie ettt ettt et e et e e e e sbe e e e aaaeenens 55
2. Két qQua Chura Gat AUQC: ...eeeieeie e 58
T (G 7 V(0 oV PRSP 58
TAILIEU THAM KHAO........ooiiiieeeeeeeeeeeeee et 59
PHU LUC 1: THONG SO CAC THIET BI DO KIEM.....ooeieoeoeeeeeeeeeeeeeeeeeereen 61
PHU LUC 2: CAC CHUAN PANH GIA CHAT LUGNG OLED.......ccovviereereens 64



OLED:
POLED:
HTL:
EML:
ETL:
FMM:
ITO:
PEDOT:PSS
PFP-3
AZO:
HOMO:
LOMO:
VTE:
OVPD:
LITI:
NIP:
DOD:
CHN:
PET:
NMP:
PDHEF.F6:
CCT:
CRI:
SED:
ALT:
CIE:
PE:

CE:

DANH MUC CAC CHU VIET TAT

Organic Light Emission Diode

Phosphorescent Organic Light Emission Diode

Hole inject layer

Emissive layer

Electron transport layer

Fine Metal mask

Indium tin oxide

Poly(3,4-ethylenedioxylthiophene) va poly(styrene sodium sulphonate)
1,1'-(9,9-Bis(4-(hexyloxy)phenyl)-9H-fluorene-2,7-diyl) dipyrene
Aluminium doped zinc oxide

Highest Occupied Molecular Orbital

Lowest Unoccupied Molecular Orbital

Vacuum Thermal Evaporation

Organic Vapor Phase Deposition

Laser-Induced Thermal Imaging

Non-Impact-Printing

Drop on demand

Cyclohexanone

Polyethylene terephthalete

N-Methyl-2-pyrrolidone
Poly(9,9-dihexyl-9H-fluorene-2,7- diyl)

Color Correlated Temperature

Color Rendering Index

Stretched Exponential Decay

Accelerated Lifetime Testing

Commission Internationale de I'éclairage (Tiéng Phap)
Power Efficiency

Current Efficiency

xi



DANH MUC CAC BANG BIEU

Bang 2.1 So sanh ba phuong phap in phun, flexo, dng ddng (ngudn: IntertechPira).
Bang 2.2 So sanh giira hai céng nghé in phun lién tuc va DOD st dung piezo (nguén:
IntertechPira).

Bang 3.1 Mot so loai vat liéu dién phéat quang phan theo mau

Bang 3.2 Céc thong s6 cua hai loai dung moi CHN (dung méi chinh) va NMP (dung
moi phu tro) theo nghién ctru ciaWei-Huang trong Inkjet-Printed Small-Molecule
Organic Light-Emitting Diodes.

Bang 3.3 Cac thong s thiét bi thiét 1ap

Bang 3.4 Bang thong s6 hoa chét, dung moi.

Bang 3.5 Hudng dan do dac cac thong sb trong bang 3.2.

Bang 3.6 Bang thong sd do duoc tir vét liéu dé trang ITO.

Bang 3.7 Két qua do kiém OLED.

Bang 3.8 Két qua do d6 choi theo cac mirc dién ap ting dan (chu ky 0,5V tir 2 dén 15V)
Bang 3.9 Phén loai ngudn sang va tng dung theo CCT.

Bang 1 Tong hop nhiing hoa chat hitu co dugce st dung.

xii



DANH MUC CAC HINH ANH, BIEU PO

Hinh 1.1 Vi du minh hoa vé& vu diém ctia man hinh OLED so v6i man hinh LCD.

Hinh 1.2 Minh hoa ciu triic co ban cia OLED.

Hinh 1.3 Nguyén 1y hoat dong cuia OLED.

Hinh 1.4 M6 ta phuong phéap bay hoi chan khong.

Hinh 1.5 Mot s san phém thuong mai voi OLED.

Hinh 1.6 Minh hoa hé théng phuong phap in phun lién tuc.

Hinh 1.7 Ky thuit in phun nhiét.

Hinh 1.8 K¥ thuat in phun piezo.

Hinh 2.1 Minh hoa khéo sat ciia Fromm cho thay khi gi4 trj Z qua thap (a) s& kéo dai
thoi gian giot muc rdi dau phun hon binh thuong (b) nhu thé nao; véi t 1a don vi thoi
gian ps.

Hinh 2.2 M6 t4 hién tugng Coffee-ring. 2.2 khi muc chua kho; 2.2 khi muc da kho.
Hinh 2.3 Qua trinh siy kho sau khi ling dong bang in phun: a) Hinh thanh vong ca
phé; b) Coffee - ring bi trc ché boi dong chay Marangoni.

Hinh 3.1 C4u trac OLED gbdm 6 16p.

Hinh 3.2 Bé mit ctia 16p ITO chua duge xir 1y (a) va duoc xir 1y (b) theo nghién ctru va
quan sat cua Fulvia Villani.

Hinh 3.3 CAu tric héa hoc PEDOT:PSS.

Hinh 3.4 Ciu trac héa hoc PDHF.F6.

Hinh 3.5 Céu tric hoa hoc PFP-3.

Hinh 3.6 M6 ta thanh phan cta céac 16p hitu co.

Hinh 3.7 Thanh phan chinh ctia may in.

Hinh 3.8 Hién thi giot muc quan st qua camera Drop Watch.

Hinh 3.9 B phan chuyén dong in.

Hinh 3.10 Hinh minh hoa déu in.

Hinh 3.11 X4c dinh d6 phan gidi mau theo huéng X va Y. Do phan giai theo hudng X
duoc quan ly boi mdt bd ma hoa va phuy thudc vao khoang céach tha duoc giai quyét. bo
phan gidi theo huéng Y phu thudc vao goc bd chuyén dong in.

Hinh 3.12 Minh hoa gbéc gin bd chuyén dong in & goc 11,5°.

Hinh 3.13 Cac giot myc b1 16i.

Hinh 3.14 Po kich thudc giot (muc dan dién bang bac trén polyetylen terephthalate)
(chét nén) brfmg camera Fiducial.

Hinh 3.15 Quy trinh thuc nghi¢m.

Hinh 3.16 CAu tric 5 miu d¢ xuat.

xiii



Hinh 3.17 Minh hoa may do nhiét d0 mau.

Hinh 3.18 Toa d6 mau CIE 1931.

Hinh 3.19 Biéu dién d6 hoa vé cach tim gia tri hién tai twong tmg véi gia tri do choi.
Trong vi du nay L= 2000 cd / m2 va gié tri tuong quan cua dong dién 1a [ = 2,5 mA
(Ngudn Ossila).

Hinh 3.20 (a) cac thiét 1ap thiét bi do hiéu suit; (b) may do d6 chéi dang tap trung vao
diém gitra (diém khoanh tron) cia mau OLED dé do d6 choi.

Hinh 3.21 Bo mach cép dién.

Hinh 3.22 Hinh anh thuc té cho cac gia tri khac nhau ctia CRI tai CCT = 2700K.

Hinh 3.23 Dy doén tudi tho tir cac bai kiém tra gia tdc (ting gid tri d choi). Cac vong
tron mau den dai dién cho dir 1iu thtr nghiém.

Hinh 3.24 Thiét bi do d6 choi duoc tich hop ca hai don vi cta Ossila.

Hinh 4.1 M6 t4 OLED ma tran thy dong (PMOLED).

Hinh 4.2 M6 ta OLED ma tran chu dong (AMOLED).

Hinh 1. Quy trinh san xuit OLED bang céng nghé in phun DOD.

X1V



PHAN MO DAU

1. Téng quan vé linh vue nghién ciu

Hién nay, khi khoa hoc k¥ thuat phat trién mot cach manh mé, nhip séng cua
con ngudi theo dé cling ting 1én, doi hoi nhu ciu vé két ndi va lién lac lién tuc. Noi
nhu trong thdi dai 4.0, 13 thoi dai cta internet va dir liéu sd, trao d6i va hoc hoi gitta
ngudi va may. Tir d6, khong chi con ngudi giao tiép v4i nhau, ma con 1a con ngudi
giao tiép véi may moc, thiét bi. Va su giao tiép d6 duge duy tri thong qua nhiéu thiét bi
nghe, nhin, cam tng khac nhau, trong d6 c6 man hinh néi riéng va thiét bi hién thi hinh
anh néi chung. Trén thyc té, dd c6 nhitng phat minh moéi mang tinh dot phé trong cai
tién k¥ thuit man hinh. Va trong d6, mot thiét bi di ra doi mang trong minh diy du
nhirng dac tinh ndi trdi hon hian moi cong ngh¢ man hinh ¢ thot diém hién tai: nhe hon,
mong hon, udn déo hon, rd nét hon, mau sic trung thuc hon, dac biét 1a tiét kiém nang
luong va than thién voi méi truong. Khong dau xa la, cé 1€ moi nguoi ai cling s€ ting
duoc nghe qua tén cta cong nghé ké trén, d6 chinh 1a céng nghé man hinh OLED. Tuy
nhién, sau hon hai thap ky, tir cudi thé ky XX dén nay, OLED vén rat d6i xa la voi ca
ngudi dung 13n nhitng nha cung cdp thiét bi nghe nhin. Vi sao mot cong nghé mang
tinh d6t pha nhu vay lai c6 su phat trién chdm chap? Vi sao chung ta lai chua thé cam
nhan duoc loi ich thiét thuc ma OLED mang lai? Déng v réng su phat trién cua mot
cong nghé méi 1a khong thé voi vang, nhung khi nhin lai, ta s& nhan ra mot li do dang
tiéc. Rang diéu méu chdt khién da s6 nha san xuat, nha dau tu khé co thé ap dung cong
nghé OLED 1a vi gi4 thanh san xuit quéa cao va kich thuéc thudc tam trung binh. Nhu
vay, vin dé 16n ¢ day chinh 1a khau san xuét.

Nhin nhan van dé ¢ gbc do trén, ta mo1 cam nhan duogc sy can thiét trong viéc
nang cao kha ning dwa OLED tng dung nhiéu hon trong doi séng. Va nhém nghién
ctru, nhitng nguoi thye hién dé tai, cling c¢6 cung ndi ban khoin d6. Nhung khong ¢
khé khan nao 1a khong cé giai phap. Méi day, cac nha nghién ciu di cong bd mot
phuong an kha thi gitp ha gia thanh san xuét, ciing nhu ting kich thudc va sb luong
san pham OLED lén dang ké. Khong dau xa la, d6 chinh 13 4p dung phuong phap in
phun vao ché tao OLED. Va do dy 1a mot cong nghé qua doi méi mé va chua phat
trién trén thé gidi, nén day that sy 1a mot thir thach véi nhoém nghién ctru. Tuy nhién,
x4c dinh dugc kha nang ctia minh, cung vai tro la nhitng nguoi ky su in tuong lai,
chung t6i cam thay rang minh c6 thé gép phan mang lai bude tién méi trong giai phap
san xuat OLED bang cong nghé in phun. Chinh vi vdy, nhom nghién ctru da khong
ngan ngai trién khai dé tai nay voi mot tu thé tich cyuc va phan khoi.



Nhu vy, muc dich cudi cung 1a gi? La thong qua bai bao cio nay, ching ta s&
c6 mot giai phap kha thi trong ché tao OLED vdéi gia thanh ré hon va quy mé 16n hon
cung cong nghé in phun. Thong qua d6, md ra nhiéu hudng tng dung hon nira cho
cong ngh¢ OLED, hudng dén mot moi truong khoa hoc k¥ thuat than thi¢n voi ca
nguoi dung 1an moi truong ty nhién.

2. Muc tiéu, khach thé va déi twong nghién ciu

- Lam sang t6 cac van dé lién quan dén nguyén 1y hoat dong, hé thong, thiét bi,
nguyén vat li€u cua: vat liéu di€n phat quang, ché tao diode phat quang hitu co, Gng
dung nganh in trong ché tao diode phat quang hitu co.

- Biét 15 rang day 1a mot dé tai co sy két hop lién nganh (in, dién tir, vat 1y, hoa
hoc), nén sinh vién can phai biét dau 1a trong tdm lién quan dén chuyén nganh cia
minh dé don lyc nghién ctru; tranh di lan man, gdy mét thoi gian va cong stc.

- Sau khi hoan thanh d6 4n c6 nhiing kién thirc co ban vé diode phat quang hiru
co, phuong phap ché tao, thién hudng tng dung.

3. Nhiém vu dé tai va pham vi nghién ctru

3.1 Nhiém vu dé tai

- Sinh vién phai van dung duogc kién thitc va k¥ ning dé giai quyét cac van dé va
dat duge muc tiéu dé ra.

- Hoan thanh dd 4n c6 trach nhiém. Khong gian ddi, 1ap liém 15i trong qua trinh
thuc hién d6 an. Vi day la mot dd 4n thién vé khoa hoc cong ngh¢ nén can tim hiéu cin
k& dé tranh nhimg truedng hop noi bira, néi can.

3.2  Pham vi nghién ctru

Bai nghién ciru nay tap trung vao dinh hinh rd mét quy trinh san xut cy thé c6

thé dap tmg duoc cac tiéu chi sau:

- C6 ap dung cong nghé in trong qua trinh san xuét, cy thé 13 in phun DOD.

- La mot quy trinh duoc xay dung theo hudng ké thira thanh cong va dé xuét cua
cac dé tai c6 lién quan trén thé giéi. Cac dé tai d6 duoc quan 1y, nghién ctu, va phat
trién bai nhitng don vi nghién ctru ¢o uy tin.

- Puoc cic ca nhan/ tip thé nghién ciru hoic nhiing cong ty, doanh nghiép, to
chtrc hoat dong & cac linh vyc lién quan danh gi tich cuc.

- Co khé ndng ung dung tai Viét Nam.

- Hon hét toi s& di sau vao nghién ctru nhirng van dé lién quan dén nganh in (may
in va vat lidu in). P6i v6i nhitng phan lién quan dén nhitng linh vuc khac (quang hoc,
dién tu, co khi, vat li€u,...), téi s& co dé cap nhung khong di sdu vao gidng giai va
ching minh qua chi tiét.
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Phuwong phap nghién ciru

Nhom téc gia dung ba phuong phap nghién ctru sau:
Phuong phép phan tich va tong hop 1y thuyét.
Phuong phap phén loai va hé théng hoa 1y thuyét.
Phuong phap gia thuyét.



CHUONG 1: COSO LY THUYET

1.1  Giéi thi¢u chung vé OLED
1.1.1 Khai niém OLED

OLED (Organic Light-Emitting Diode) hay di-6t phat quang hiru co c6 mat
hozc nhiéu 16p ban dan hiru co kep giita hai dién cuc, chung phat sang khi c6 mot dong
dién chay qua theo nguyén 1y dién phat quang. Nho vao dic diém ndy ma man hinh
OLED c¢6 cac diém anh tu phat sang doc 1ap thay vi can dén nén nhu nhiéu loai man
hinh khac. Tir 46, OLED c¢6 nhitng vu diém va nhuoc diém sau:
o Mau sic ruc r& va chinh xac: mdi diém anh trén OLED déu c6 kha ning diéu
khién doc lap, diéu d6 gitip mau sic tai hién tré' nén chinh xac dén timg chi tiét.
. Do tuong phan cao, nén den tuyét ddi: vi du & man hinh LCD hay QLED sir
dung cac bong dén nho dé chiéu sang tir phia sau nén du c6 nhiéu cong nghé cai tién
nhung van khong thé chin duoc hoan toan anh sang tir dén xung quanh phat ra, kho dat
mau den tuyét dbi. Trong khi d6, man hinh OLED véi kha ning bat tat timg diém anh
gitip viéc tai hién sic den tré' nén hoan hao. Cling v6i mau den tuyét d6i, TV OLED
cling c6 kha ning thé hién mau tring tinh khiét dem dén d6 twrong phan vuot troi.
. Hinh anh chuyén dong muot, goc nhin rong: Nho vao ba wu diém trén ta co
duoc hé qua 1a OLED c6 cAu trac siéu mong nén sy sai 1éch do hién tuong tan sdc ( anh
sang chiéu qua ling kinh bj tach thanh nhiéu chim anh sang don) 1a rat nho; mau den
tuyét d6i nén du nhin nghiéng van 1a mau den va d6 sang cao mot cach dong nhat.
o Tiét kiém nang luong, than thién moi trudng: Vi khong sir dung dén nén nén khi
hién thi mau den, man hinh OLED s& khong str dung ning luong. Pong thoi con giup
thiét bi ta it nhiét luong khi duoc sur dung trong thoi gian dai.
. Nhung ciing chinh cdu tric mong manh nhu vay khién thiét bi OLED khong
chiu duogc luc va dap 16n, tiép theo 1a d& bi hu hong khi gip nudc.

Nhing dau mdc quan trong trong nghién ctru va phat trién OLED dugc dé cap
trong bang duoi day:
Bang 1.1 Cac ddu mbc quan trong trong nghién ctru va ché tao OLED.

Thoi gian Dién bién

19505 Lan dau duoc nghién ctru tai Phap, khi phat hién mot ludng sang phat ra
khi c6 dong dién tac dong.




1960s Str dung té bao dién phat quang anthracene.

1977 Hideki Shirakawa xuat ban nghién ctru vé vat liéu dan dién cao.

1987 Chin Tang va Van Slyke 1an dau tién san xuat thanh cong LED tir vat
liéu hitu co (1a OLED sau nay).

1988 Chihaya Adachi va Tetsuo Tsutsui phat trién OLED da 16p
Phat hién kha nang dién phat quang trong vat li¢u polymer. Tur do,

1990 nhom nghiém ctru truong Cambridge (Vwong qudc Anh) phat trién
OLED c6 nén polymer.

1997 Teruo Tohma nghién ctru thanh cong Passive matrix OLED.

1998 Mark Thompson va Stephen Forrest phat trién PHOLED

LG OI#ED TV

Hinh 1.1 Vi du minh hoa vé wu diém ctia man hinh OLED so v&i man hinh LCD.

1.1.2 Chu triic OLED

Céu triic co ban gom cac 16p dé, anode, HTL, EML, ETL va cathode:
- Substrate (16p dé): kinh hodc cac loai mang polymer.
- Anode trong sudt: Mang TCO (transparent conducting oxide) véi cong thoat cao
thuong duogc ding lam anode cho OLED. Véi anode dan dién trong suét (thuong sir
dung ITO c¢6 cong thoat khoang 4,8 eV) thi 4nh sang phat xa c6 thé thoat dugc ra khoi



linh kién. Viéc chon anode thich hop 1a phai tao ra duoc cac 16 tréng tich dién duong,
ching dugc phun vao cac 16p hiru co.

- L6p phun/truyén 15 tréng (Hole inject layer — HIL; Hole transport layer - HTL):
Tai giao dién v6i andt, 16p hiru co phun 16 trong loai p (HIL) kiém soat va ting cuong
qua trinh phun 13 tréng tir anét. Lop HIL nay phai c¢6 d6 linh dong ctia polaron-13 trong
cao, diéu d6 co nghia 1a mitc LUMO (mirc ning luong thap nhit) va thé ning ion héa
Ei phai thap, mitc HOMO (mtrc ning luong cao nhat) phai cao va xap xi v6i cong thoat
ctia anode. Dan dén dé dang phun vao 16p hitu co nay. Vat liéu lam nén 16p nay co
nhiing dic diém nhu sau:

+ Lop HIL/HTL thuong 1a copper phthalocyanine (CuPc) va
perylenetetracarboxylic-dianitride (PTCDA). Dbi véi vat liéu polymer két hop, cac vat
liéu c6 tinh chat phun 16 trong (HIL) thuong 1a poly ethylenedioxy thiophene
(PEDOT), PEDOT-PSS (Polyethylene dioxythiophene pha tap Polystyrene Sulfonate),
polyaniline.

+ Dai véi vat lieu phan tir “nho”, loai vat liéu co gbc amin nhan thom la thich
hop nhét so véi cac vat lidu phan tr “nhd” khac. Loai vat li¢u hitu co loai p thuong
duogc sir dung 1am HTL 1a diphenyl diamines (TPD) va (NPB) vi chung c6 d6 6n dinh
cao trong moi truong nhiét do. PVK (polyvinyle carbozole) cling thuong duoc stir dung
lam 16p truyén 15 tréng.

+ Pb6i voi polymer két hop, vat liéu thuong st dung lam HTL 13 poly
paraphenylene vinylene (PPV). Dung dich polymer nay dé& dang duoc ché tao khong
can bat cur qua trinh x ly nhiét nao, do d6 nd 1a mdt vat li¢u rat duge wa chudng.
Ngoai ra, c6 mot s6 16p HTL c6 thé dung lam vat liéu phat sang véi diéu kién 1a phai
hinh thanh duogc cac exciton.

- Lép phat quang (Emissive layer — EML): 16p modun nhwa hitu co trong sudt
(polymer) chuyén tiép e tir cathode (thudng 1a polyfluorene), ddy 1a noi xdy ra hién
tugng phat quang. Mau sic ma té bao phét ra phy thudc vao loai phén tir str dung trong
16p nay.

- Lé6p truyén dién ti (Electron transport layer — ETL): Lop phun dién tir hitu co
ETL duoc dung dé giup cac electron dén tir cathode di vao 16p EML. Lép nay doi hoi
phai c6 d6 linh dong dién tir cao, c6 mitc HOMO cao va LUMO thap.

- Cathode: Cathode 1a kim loai cé cong thoat thép, cac vat li¢u thuong dugc st
dung lam cathode kim loai 1a calcium (Ca) va magnesium (Mg). Aluminium (Al)
thudng duogc sir dung dé phu 1én cac catdt nhim chéng oxy hoa. Doi khi ciing c6 thé sir
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dung cung mot vat liéu cho catét va andt vi du nhu thay thé cathode kim loai bang ITO
hay AZO (anode ciing 13 ITO hay AZO) sé& cho linh kién c6 nhiéu kha ning tng
dung hon.

2 dén 10 VDC
Cathode kim loai

Lép chuyén
tiép
electron

(ETL) b

Lép phat _ - - ~
quang hiru
co /

ITO Anode

Lo’p chuyen tlep
16 trong (HTL)

Hinh 1.2 Minh hoa c4u tric co ban ciia OLED.

1.1.3 Nguyén ly hoat dong

Khi c6 mot dién thé tac dong Ién vat liéu, dong dién tir s€ chay tir cuc am dén
cuc duong cua vat li€u. trong do dién tur dugc "dién" vao cac obitan tréng c6 muc nang
lwong thip nhit (LUMO) nam trong cac phan tir ctia 16p hitu co, va bi "rat" ra khoi cac
obitan ddy c6 mirc ning lugng cao nhat (HOMO) nam tai anode. Ca qua trinh nay duoc
goi 14 su tiém nhap cua 16 tréng vao trong HOMO. Luc tinh di¢n lam "di chuyén" Vi tri
cac 18 trong va cac dién tir lai gdn nhau va ching két hop tao thanh cac exiton - mot
trang thai lién két gitra dién tir va 15 tréng. Hién tuong két hop xay & 16p phat quang vi
trong vat liéu ban din hiru co khi 18 tréng c6 kha ning linh dong cao hon dién tir. Khi
trang thai exiton ctia dién tir va 15 trong bi phan rd, ning luong thoat ra, di kém véi
viéc phat ra mot buc quang voi tan s6 va budc song nim trong phd nhin thiy duoc, noi

cach khac né phat ra anh sang mat nhin thdy duoc.



Lap Lop
dan dién  phat quang
| Dong dién di fir cuc am sang
cuc duong xuysn qua cac iop
hiru cor, khi g6 edectron tach ra
khdi dién cuc va di chuyén dén
lop phat quang.

Ea.:: -=IE:,1rr.:-rr di -"hu'.n-n hhl:u lap 22
dan ﬂuan -:':IF- lai cac 0 tr-::lnl;
Ca.-" o t run-; nay se du'-::c lap
ﬂa} b&i electron chl.r,'nn trr:r.:- tir
lop phat quang.

3 Céac 6 tnong duoc day vao
-::|:- phat quang va tai hop
1.|:r| gdeciron. Khi suwr tai hop
dien ra, ching giai phang
nang lwomg dudi dang anh

Hinh 1.3 Nguyén 1y hoat dong cia OLED.
1.1.4 Phan loai
Phan loai theo ciu tao:
. Passive-matrix OLED (PMOLED): OLED ma tran thu dong
J Active-matrix OLED (AMOLED): OLED ma tran chu dong
. Transparent OLED: man hinh OLED trong sudt c6 thé nhin xuyén qua.
o Top-emitting OLED: OLED phat sang dinh
° Foldable OLED: OLED c¢6 d6 déo cao, c6 thé gap lai.
. White OLED: OLED énh sang tring.



1.1.5 Phuong phap san xuat

Hién nay c6 rat nhiéu phuong phap ché tao OLED tuy thudc vao cau trac ciing
nhu muc dich st dung cta nd. Nhitng cong nghé ché tao phd bién c6 thé ké dén nhu
bay hoi chan khong; tao khuén béng laser; in (6ng déng, flexo, in phun). TAt ca vat liéu
OLED thuong mai hién nay déu duoc san xuat bang lang dong chan khong.

- Bay hoi chan khong:

Phuong phép bay hoi chan khong sir dung budng chan khong trong d6 cac phin
tir hitu co duge 1am nodng, bay hoi va sau d6 ngung tu trén 16p dé (duoc lam mat).
Phuong phap nay doi hoi st dung “maét na” dé tao mau céac pixel cho 16p hitu co (vé
sau cling la diém mau). “Mat na” nay duoc goi la “Mét na bong” (con dugce goi la Mat
na kim loai min, hay FMM) l1a mét 16p kim loai rat mong voi cac khe la cac pixel.
Phuong phap nay khong hiéu qua vi rat ton kém (hau hét cac vat chat hiru co bay hoi
xuét hién trén thanh cua buéng chan khong hodc trén mat na chir khong phai trén dé).
“Mat na bong” cling gidi han do phan giai & muc khoang 230 ppi (d6 chinh xac khoang
15 micromet) va rat kho dé diéu chinh trong san xuét dé 16n. Phuong phap nay chi phu
hop vé6i cac OLED c¢6 cdu tao tir hop chat phan tir nho.

Budng hit chan khdng
B4 phan gil dé

i

Vit liéu dé

1—Huoi bay Ién

NGi nau hoa chat

MNoi hit khéng khi ra ngoai
Hinh 1.4 M6 ta phuong phap bay hoi chan khong.
Universal Display va Dai hoc Princeton di phat trién mot phuong phap méi goi
13 lang dong pha hoi hiru co (OVPD). Cong nghé nay sir dung ling dong pha khi (trong
budng ap suét thap, do d6 khong can chan khong) trong dé cac vat liéu hitu co duoc
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véan chuyén dén chat nén bang khi mang tro (nhu nito). UDC doc quyén cap phép cong
nghé OVPD cho Aixtron, ngudi cung cap thiét bi san xudt OVPD cho ca day chuyén
thi diém R & D va san xuét hang loat. Theo Aixtron, OVPD hiéu qua va chinh xac hon
VTE (nhung n6 chua dugc str dung trong san xuat hang loat).

- Ram (u) laser:

Phuong phap ram laser sir dung tia laser dé tao miu cho céc vat liéu hitu co. Y
tudng dau tién 1a st dung VTE dé dinh hinh vat liéu hitu co trén mot 16p mang, sau d6
dit 16p mang nay lén dé. Mot tia laser duoc sir dung dé lam néng 16p mang va chuyén
vat liéu hitu co nd vao chat nén.

Phuong phap 4 laser hang dau 1a dung hinh anh nhiét cam tng bang laser
(LITI). LITI chinh x4c hon nhiéu so véi Bay hoi chdn khéng (36 chinh xac ctia khuén
la khoang 2,5 micromet) va co thé dat dugc mat d6 diém anh cao hon (hon 300 ppi).
LITI ciing dé dang hon dé mé rong quy mé cho cac chat nén 16n.

- Phuong phap in:

San xuat OLED bing phuong phap in duoc cho 1a nhanh chéng, hiéu qua va sb
luong 16n nhét. D3 timg c6 nhiéu thir nghiém véi cac phuong phap in phun, flexo, ong
ddng va in lua. Két qua nghién ctru dén hién tai cho thiy in phun dugc cho 13 ¢6 tinh
kha thi nhat. Tuy nhién, cho dén nay van chua c6 mot quy trinh nao that sy hiéu qua
trén quy mé coéng nghiép. Do vay, c6 rét it cong ty sin sang ap dung phuwong phép in
vao san xuit mic du vu diém 13 vuot troi hon han.

Mot dai dién tiéu biéu c6 thé ké dén 1a DuPont. Ho di 4p dung in phun lién tuc
cho phép tdc do san xuat nhanh hon, kich thuéc 16n hon; tuy nhién do phan giai van
chua cao do chua thé t6i wu héa dau in. Nhung r6 rang day 1a mot minh ching cho thay
tiém nang cua in dién tir trong san xuat OLED.

1.1.6 Ung dung

Hién tai, OLED dang dugc 4p dung vao cac loai thiét bi man hinh tir nhd nhu
mit dong hd, may mp3 dén cac loai 16n nhu man hinh TV, man hinh cong,... Nhiing
cong ty tiéu biéu dang st dung man hinh OLED c6 thé ké dén nhu LG, Samsung,
Sony, Apple,...
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Hinh 1.5 M6t s6 san pham thuong mai véi OLED.

1.2  KY¥ thuat in phun
1.2.1 Khai ni¢ém in phun

In phun la phuong phép in khong dung ban in, cac hat muc nhé dugc phun truc
tiép 1én bé mit vat lidu in v6i do chinh xac cao. Co6 hai phuong phép in phun chinh d6
13 in phun lién tuc va in phun nhé giot tai noi can (DOD) st dung gém piezo. In phun
DOD duoc wu chudng va phat trién hon trong nganh cong nghiép in dién tir, trong khi
in phun lién tuc dugc g dung rong rai cho vin phong hodc may in gia dinh. Cong
nghé in phun 13 phuong phap in NIP, muc & trong khoang chira muc dugc truyén thang
1én bé mit vat liéu (da dugc xir Iy bé mat) théng qua dau phun. Su kho ciia myc trén bé
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mit vat liéu c6 thé do su bay hoi dung méi hoic thay doi lién két hoa hoc (vi du nhu
lién két trong cac nguyén tir polymer) hodc su két tinh. May in phun thuong duogc st
dung ¢ hai dang: in phun lién tuc va in phun dang DOD — nho giot tai noi can (Drop on
demand). Su khac bi¢t gitra hai cong ngh€ & mot vai tinh nang va nguyén ly.
1.2.2 Phan loai cac ky thuit in phun
1.2.2.1 K¥ thuat in phun lién tuc

Du6i hinh 1.6 thé hién nhimg dic diém cta phuong phéap in phun lién tuc: muc
duoc bom qua voi phun tao thanh céc tia myc véi hinh dang khac nhau. Su tao thanh
hat muc dya trén su rung dong cua piezo dién gay ap luc té1 dong muc lam phun ra
(tuy nhién vé ban chdt, véi phirong phdp nay sé lam dong muee sé khéng 6n dinh va dan
101 suc cang bé mat ciia muc sé dan bi hao mon). Khi hat myc bang qua céc di¢n cuc,
no6 s€ dugce tich dién va léch khoi dong muc théng. Cac hat muc duogc tich dién sé
hudng dén vi tri chét nén bai truong dién tr, con hat muc khong duoc tich di¢n s€ bi
chan bo1 mang chan va di vao hé théng muc tudn hoan.

Piezo

Tém tich dién B dinh hudng .- €

e 2
0-00-0 000 0-0-

Mang chdn @

Miéng voi vat liéu

Bom

Hé thé&ng musc tuén hodin

.

Hinh 1.6 Minh hoa hé théng phuong phap in phun lién tuc.

000490

Céi tén lién tuc dya trén su hinh thanh cua cac hat myc, dugc dinh hudng cac
duong di khac nhau béi dién truong va tinh dién. Hinh anh in duoc tao ra khi muc dén
chat nén. Thong thuong, hé thong in lién tuc co tan sé khoang 75 kHz, toc do phun
muc 20 m/s, duong kinh voi khoang 60 um va hat myc khoang 120 pm, in phun lién
tuc thuong dugc sir dung cho in nhanh hodc in trén vai.
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1.2.2.2 Céc k§y thuit in phun nhé giot tai noi can (DOD)
1.2.2.2.1 Ky thuat in phun nhiét

Mot hé thdng voi phun bao gdm mot binh chira muc va mot dién tré nhd nhu
phac thao trong hinh 1.7. Mgt xung dién dugc truyén 1én dién cyc, lam nong dién cuc
va muc in ¢ quanh dién cyc. Sau d6 myc xung quanh bat dau bay hoi, tao thanh mdt
bong bong to dan va no sé& tao ra mot ap luc dé diy muc dudi dang giot di ra ngoai voi
phun. Khi nguén xung dién ¢ trang thai “off” thi nhiét d¢ giam thi bong bong co lai,
xuét hién khoang chan khong tr d6 muc dugc bom lai binh chta muc cho lan
phun tiép theo.

Voi phun

Bién trd nhiét

Hinh thanh bong béng

Bong béng mé rong Vat lidu

Bong bong xep lai va
hat muc phun ra

Sén sang dé bat dau lai
qua trinh phun

W1¥0 7

Hinh 1.7 K¥ thudt in phun nhig¢t.

Tuy nhién k¥ thuat in phun nhiét ciing c6 mot s6 han ché nhat dinh. Tudi tho voi
phun bi han ché do tich tu nhiét xung quanh di¢én tré nén can muc dic biét dé tuong
thich voi sy thay d6i nhanh chéng cia nhiét d6. Céng nghé in phun nhiét khong thé
phu hop v61 in dién tr vi muc in chiu tdc dong ctia nhi¢t khi cac hat nano kim loai
trong muc dugc nung ndng trong khoang chira muc ¢ thé ling dong quanh cac dién
cuc, dan dén dan dan cac 16p kim loai tich tu xung quanh dién tré gy ra sy gidm nhiét
d6 truyén qua muc dé gitp no bay hoi.
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1.2.2.2.2 K¥ thuit in phun piezo

K¥ thuat in phun piezo 1 k¥ thuat phd bién nhit dugc sir dung trong in dién ti.
Vo1 phun piezo khong st dung nhiét cho myc hitu co so voi ky thuat in nhiét. Mot
xung dién tr cac dién cuc dugc truyén dén g6m dién piezo dé gay ra mot do léch, tao
ra song lan truyén bén trong budng va day cac giot muc ra. Do su tac dong nhanh ctia
cac tAm gbém dién tr piezo (trong pham vi ps), in phun piezo nhanh hon in phun st
dung bong bong nhiét thuong bi han ché tdc d6 boi thoi gian thém 1am mat cta bong
bong dé trd lai binh thuong.

Tinh thé piezo Mieng vol

Khdi déng/san sang

Dong muc bom vao —l VAt liéu

Muc dugc day vao khoang chuia —{t

f

Muc phunra

Tr& lai trang thai khéi déng .

Hinh 1.8 K¥ thuéat in phun piezo.
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CHUONG 2: UNG DUNG KY THUAT IN PHUN TRONG SAN XUAT MAN
HINH OLED

2.1 Pitvan dé

Xét lai nhitng nhuoc diém tir cac dong thiét bi sir dung cong nghé OLED nhu
man hinh TV, di dong, dong ho s6,... Ta dé dang nhan ra Iy do OLED khong pho bién
chinh yéu 14 do gia thanh san xuat qua dat do, cling nhu thoi gian san xuét lau. Ngoai
ra, d6i v6i nhitng hing cong nghé san xuit OLED, viéc ché tao nhitng tim vat liéu co
kich thudc 16n gan nhu bat kha thi do thiét bi khong thé dap tmg; vi du nhu viéc bay
hoi chan khong héa chat (muc 1.5.5) & muc d6 cong nghiép sé can mot budng hat chan
khong khong 16. Do d6, van dé cai thién diéu kién san xuat OLED rat dugc cac nha dau
tu quan tdm. Ho dd dit ra hai cau hoi 16n: Cong nghé nao c6 thé dap tmg nhirng thiéu
sOt bén trén?, va tiém nang s& nhu thé nao? May man thay, mot giai phap da va dang
ton tai co thé tra 10i hai cau héi trén, d6 1a 4p dung cong nghé in.

Nho vao su phat trién vuot bac cla nganh in va hoa hoc vao dau thé ky XXI dén
nay, san pham in di khong con bi bo hep trong cac mang sach, bao, bao bi,... nita. Xu
hudng thtr nghiém cac vat liéu dién tr trén cac phuong phap in khac nhau da cho ra
nhiéu phan nhanh in dién tr v6i tiém ning to 16n, ché tao OLED ciing khong phai 1a
mdt ngoai 1. Pac biét khi ding cong nghé in, s& khong yéu cau nhimng thiét bi to 16n,
phtrc tap ma van c6 thé 1am ra nhitng san pham c6 kich thudce 16n vé6i tbe dd nhanh hon
nhiéu 14n so v6i cac phuong phap truyén thong (phu thudc téc do in). Hiéu don gian,
chi can c¢6 phuong an dua nhiing vat liéu va thanh phan thiét bi vao may in, cu thé 1a
voi phun va muc in dang nano, chiing ta s& mé ra dwoc mot huéng di mai. Tiép theo d6
s& 1a nhitng phuong an dam bao rang OLED dugc ché tao bang in phun c6 tinh chit
khong khéc gi cac OLED san xuit truyén théng, néu khong mudn noi 1a vuot troi hon.

Trong chwong 2 nay, ching ta s& cung tim ra mot phwong phép in pht hop nhat
trong ché tao OLED. Phuong phép lua chon sé€ gém 2 budc chinh: so sanh va chon mét
phuong phap in phu hop; va chirtng minh sy phu hgp ctia phuong phap do trong qua
trinh ché tao.

2.2 Phuwong phap in

Pau tién, chung ta hdy tim hiéu 1y do vi sao lai chon in phun trong ché tao
OLED thay vi cac phuong phap khac. Trong khi d6, ca in phun, in flexo va dng dong
déu 1a cac phwong phép in tiém ning nhét trong tng dung in dién tu.

Loi thé ctia cac phuong phap in ké trén 1an luot 1a:
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- In phun:

° Nhiéu loai muc in khac nhau ¢6 thé duogc in 1én mot chat nén

° C6 kha nang truyén myc chinh xéc trén kho in rdng, boi vi dau in c6 thé duge

can chinh “co dinh” vd1 cac chi tiét cu thé.

. Chu vi in cy thé da dugc xac dinh, it xay ra bién dang trén vt li¢u nén sau khi in

do khong co luc ép vat Iy gitra thiét bj va chat nén.

- In 6ng ddng: co d6 phi muc cao, téc d6 in nhanh, chét luong 6n dinh.

- In flexo: co loi thé twong ddng véi in bng ddng qua sy 6n dinh chit luong (s6

luong tir trung binh dén dai), voi kha ning in lién tuc, tdc d6 cao. Nhung gia ca lai rat

canh tranh, tuy nhién khong cé thiét ké cu thé danh cho in dién tr hi¢n nay.

Bang 2.1 So sanh ba phuong phap in phun, flexo, 6ng dong (nguén: IntertechPira).

In phun

In flexo

In 6ng dong

Don gian — v61 nhiéu
dau phun muc dugc st
dung v&i cac hat muc

Phtrc tap — hinh anh
duoc tao ra tir ban in

photopolymer va

Dé hon so véi in
flexo, muc in duoc
tich tr&r trong céac 10

Cong nghé “(‘i(f)c 1ap” khi phun trén | muc . tor truc anilox. | cell (chi tiét in? truc
i bé mat, cac hat muc | Ban in déo c6 d6 day | in va dugc ép in 1é€n
duoc sép Xép “mach | tr 3 — 9 mm, duoc | chdt nén, chi tiét in
lac” nhiéu 16p trén bén | dan vao bé mit ong | trén cell dugc truyén
mat vat lidu. ban. 1én chat nén.
Rét kho vi cac truc
yéu cdu cin chinh
véi chat nén nam
Can chinh Kha dé déu‘lg V(?i su hd (K~h6ng cO thong tin | dudi, truc kha nang,
trg ciia phan mém dién giai) kich thudc 16n va
chat nén c6 thé bi
dan hoac nhan do tac
dong cua luc ép.
Dophangiai | ), 5, 80 75
(lateral) pm
Dodaylop | _ 3-8 2-5
muyc (pm)
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D06 nhot

<20 50-200 50-500
(mPas)

Luong vat
liéu dua vao
qué trinh san | 0.01 10 60
xuat in
(m?/gidy)

Chi phi trang

s 100.000 — 500.000 $ 0.5 triéu — 2 triéu $ 1.5-19triéu $
thiét bi

Ung dung

dién hinh In dién tr In bao bi Tap chi

Tir bang trén ta c6 thé thay in phun c6 loi thé hon so véi in flexo va éng dong,
no6 c6 kha nang tao mau cuc ky linh hoat, mau dugc tao tir cac 1énh duoc cung cép cho
may in tr may tinh. Vi cac 1énh cia may tinh dugc tao tir phdn mém, cac ban cap nhat
(chi tiét in) cé thé duogc thuc hién theo thoi gian thyc cho cac mau. Tiép theo do, ta tién
hanh so sanh giita hai cong nghé in phun 13 in phun lién tuc va in phun DOD dé xem
tinh twong tich ctia hai cong nghé véi nén cong nghiép in dién tir & bang dudi day
(khéng dé cap dén phwong phdp in phun nhiét véi Iy do dd dé cdp & muc 1.2.2.2.1):
Bang 2.2 So sanh giira hai cong nghé in phun lién tuc va DOD sir dung piezo (Ngudn
IntertechPira).

CAC CONG NGHE IN PHUN UNG DUNG CHO IN PIEN TU

In phun lién tuc In phun nho giot tai noi cin

g , ] Don gian hon v6i hé thong “mat” —
H¢ thong phure tap — cac hat muc duogc | . C . 2. 1s
, - . o . .. | piezoelectric v&i sy thay doi hinh dang
dinh hudéng bang cac di¢n cuc ro1 to1 | | . .. . e
PR o, .| caa tinh thé piezo lam muc ra khéi miéng
chat nén va cac hat muc dugc luan | . . Coa :
SR TN voi phun (hinh dang va thé tich muc tuy
chuyén tuan hoan lién tuc. . . ..
vao su dao dong cua piezo)

Tan s 16n nhat < 1 MHz Tan sd nho nhat < 10 KHz
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Kich thudc hat muc: 20 — 150pm Kich thudc hat myc: 25 — 70um

Dong muc dai, tuy nhién chi st dung Muec in ¢6 thé mé rong duoc nhiéu thanh
dugc mot loai don 1¢ phan khac nhau (cac loai muc khac nhau)

Muc in bay hoi va d& bién d6i (khong 6n

dinh thanh ph ﬁn) b6 nhét muc cao va két dinh

Muc cé thé dinh & cac dién cuc gay mat
6n dinh hé thong

D6 nhét thap < 20 mPas

Ung dung cho in nhanh Str dung pho bién cho in dién tir

Muc in tudn hoan khong phu hop vi
thuong dé hong va muc in danh cho in
dién tir rat dat nén khong thé chap nhan
nhiéu hao hut, lang phi. Hat myc cta in | Gia nhiét tai dau in
phun lién tuc 16n nén do phan giai khong
cao (kha nang diéu chinh thé tich — do
16m hat muc & cac vung khéac nhau)

Str dung cho in van phong hoac gia dinh | Phu hop cho nganh in méi mé 1a in di¢n tur

Tir bang trén c6 thé thdy viéc lya chon cong nghé in phun DOD 14 phu hop véi
nganh in dién tir, vi tinh linh hoat trong cong nghé véi viéc cung lic str dung nhiéu loai
muec cung lac (kha thi trong viéc tao ra nhiéu 16p khac nhau) cting véi do, viée sir dung
hé théng muc in tudn hoan 1a mot bét loi vi muc in khong gilr dugc tinh chat 6n dinh
nhu ban du. Viéc sir dung cong nghé DOD piezo 6n dinh hon so véi in phun lién tuc.
2.3 Huwoéng ung dung

Sau khi da lya chon phuong phap in phun DOD, lam sao ta biét duoc viéc ap
dung vao ché tao OLED 1a kha thi? Nhom nghién ctru s& chimg minh diéu d6 théng
qua hai gia thuyét va théng sé vé&: Tinh chdt cia miec in va sw lién hé giita bé mdt vit
liéu va muec.
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2.3.1. Tinh chit ciia myec in

Tinh chat muc in, cu thé 1a cua giot muc dugc dac biét quan tdim do anh hudéng
ctia n6 dén chét luong in. Trong in phun DOD dién tir, néu muc khong dat yéu cau co
thé dan dén cac van dé vé tic nghén dau phun, in sai vi tri hodc su bién dang hat muc
khi in,... Da ¢ rt nhidu nghién ctru vé van dé nay véi nhidu gia thuyét va két luan
khac nhau, nhung chung quy déu xoay quanh hai tinh chat vat 1y 13 strc cing bé mit va
d6 nhét. Qua d6, nhom nghién ciru d quyét dinh theo hudng nghién ciru cua Fromm.
Vi ong da cy thé hoa viéc kiém soat chat luong giot muc thong qua sitc cing bé mit va
d6 nhét trong in phun, bang nhiing phwong trinh va bién sb cu thé. Phuong trinh cta
Fromm dugc xay dung trén nén tang phuong trinh Navier-Stokes. Trong d6, Fromm dé
cip dén hai bién s6: Reynolds (R) 1a ty 1& cua lyc quan tinh va do nhdt; Weber (W) 1a
ty 1& ctia lyc quéan tinh va sirc cing bé mit, nhu sau:

vd
R:p_
n
VZ2d
sz
Y

Trong d6 d, V 1an luot 14 1a duong kinh voi phun va téc do phun; P,v.1n lan luot
14 mat d6 chat long, suc cang bé mat, 36 nhét cuia muc.
Theo d6, mdi quan hé giita R va W duoc thé hién thong qua bién s6 Ohnesorge
(Oh); Oh 1a ty sd gitra Reynolds (R) va cin bac hai Weber (W). Muc dich nham loai bo
gia tri tbc do phun trong hai biéu thuc trén. Sau cung, dé dé hinh dung va tinh toén,
chung ta quy bién s6 Oh vé& mot gia tri dai dién nghich dado dugc dat 1a Z. Nghia 1a Z
dai dién cho gia tri thé hién su phu hop cta chat 16ng khi in phun DOD:
1 VW Jdpy
7 =—=—=YX "
Oh R 1
Sau khao sat, Fromm cho rang véi phuong phap in phun DOD, gia tri t6i thiéu Z
> 2 1a can thiét. Tuy nhién, nghién ctru cta Jang trong Anh hudng tir tinh chat vt 1y
ciia chat Iong 1én kha in phun nim 2009, két luan bod sung rang gia tri Z tot nhat nén
datlad4 <Z < 14.
o Gia tri Z qué thap: giot muc c6 dudi kéo dai, nghia 1a thoi gian giot muc roi dau
phun 14u hon, din dén in sai vi tri.
o Gia tri Z qua cao: d6 nh6t phan tan thip, nghia 13 cac giot muc duoc phun

khong dong déu.
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1 1=4.381 %
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(b)
Hinh 2.1 Minh hoa khéo sat ciia Fromm cho thay khi gia tri Z qua thap (a) s& kéo dai
thoi gian giot myc roi ddu phun hon binh thudng (b) nhu thé nao; voi ¢ 1a don vi thoi
gian micro-giay.
2.3.2. Lién hé giira bé miit vat li¢u va myc in

Khong giéng nhu viée in 4n dé thé hién hinh anh va mau séc, in dién tir c6 mot
tré ngai rat 10n tir su khac biét vé tinh chét héa 1y giira cac 16p muc. Do vy, nhom
nghién ctru cho réng khi dé cap dén sy lién hé gifra bé mat vat liéu va muc, ta can luu y
ba van dé. Mot 1a, dam bao su két dinh gitta myc dang in 1én bé mit khi in; trong do,
bé mat khi in c6 thé 1a 16p dé hodc mot 16p héa chat duoc phu (hodc in) 1én trude do.
Hai 13, nhitng 16p hoa chét khong duge tac dung hoéa hoc véi nhau (kho hoan toan). Ba
13, hinh 4nh in 1a mang nguyén, khong tram héa; can su dong nhit vé tinh chat & mdi
16p, cling nhur c6 su phan biét rach roi gitta cac 16p hoa chét.

Céu tric nhitng 16p hoa chét trong OLED da dugc nghién ctru, phan loai, va liét
ké kha rd rang (muc 3.1), nén sau khi duoc 1am khé, cac 16p hitu co gan nhu s& khong
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bi boc tach khoéi nhau, chua ké con cé 16p vat liéu che chin trén cung (kinh hoac
mang). Vi vy, cau hoi dinh hay khong dinh khong phai qua lo ngai. Thay vao do, su
quan tim nén danh dé tim ra phuong an lam thé nao dé moi diém trén bé mat cua vat
lidu c6 tinh chat nhu nhau (mot cach tuong ddi). Khi d6, nguoi ta di phat hién ra mot
hién tuong, do 1a hién tuong tran vién giot myc (Coffee-ring). Hi¢n tugng nay dic biét
gy kho chiu v6i nhimg san pham in dién tr do né lam tinh chit trén mot san pham in
khong dong déu, ciing nhu dé xay ra 18i khi hoat dong.

Hién tugng coffee-ring duwgc miéu ta nhu sau:

Hién tugng coffee-ring 1a hién tugng cac hat (phan tir) bi phan tan tir trung tdm
vé vung bién cua hat muc, n6 xay ra trong qua trinh kho cua hat muc dén khi muc kho
han. Két qua 1a vién cua giot muc c6 d6 day cao hon phan trung tim, diéu nay lam
giam do phan giai in, bé mat vat liéu mét can bang 1y hoa, dan tdi tudi tho cta thiét bi
giam.

-
#

™

r// : .
ﬁ‘/ ; v
|

o 14,
I-:{?; l"J i,

(a) (b)
Hinh 2.2 Mo t4 hién tugng Coffee-ring. (a) khi myc chua kho; (b) khi muc da kho.

Quy chung lai thi c6 hai Iy do chinh giy nén hién tuong coffee-ring: giot muc
khong ddng déu va chéat nén khong bang phang. Tuy nhién hién twong nay xay ra ngiu
nhién va khong déng déu, nguyén nhan do sy khac nhau trong qua trinh thdm uét cta
muc trén bé mat chit nén, cac tuong tdc murc d§ phan tir trong hat myc in, stic cang bé
mat va nhiét do cua vat liéu,...

Trong dé tai nay, dua trén nhiéu nghién ctu da biét, nhom nghién ctru téng hop
4 cach khic phyc hién tuong coffee-ring nhu sau:

(1) Phuong phap electrowetting: diéu chinh cac dic tinh lam wét bé mat dya vao
tmg dung dién truong xoay chiéu. Phuwong phép nay lam cho cac phan tir trong muc
luon dao dong qua lai (khi di nam trén chit nén chd dén khi kho) 1am cho phén tir
khong thé dong lai cd dinh mot chd hodc & hai bién. Tuy nhién phuong phap nay kho
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mg dung trong pham vi san xuat céng nghiép vi né doi hoi cuong do dién ap xoay
chiéu rét 16n.

(2) Phuong phap thtr hai 1a lam cho duong kinh hat myc & mrc dudi 10 um. hat
muc nho 1am kha niang kho nhanh hon do béc hoi dung méi nhanh chéng, cac phan tir
trong hat myc s& khong du thoi gian khuyéch tén ra hai bién

(3) Cach thtr ba 1a lam cho tc d6 kho cuia ving gitta hat muc ting hon so voi hai
bién, lam cho cac dong dich chuyén vao giira giot muc chong lai dong huéng ra bién.

(4) Phuong phap thtr tu, 1a phuong phap t6i uu hoa co ché kho bang cach 1am can
bang théng s6 Marangoni (Ma), sao cho Ma = 3 véi cong thirc nhu sau:

Trong d6, Ay 1a strc cang bé mit cia trung tdm dén bién hat muc, r 13 ban kinh
hat muc, 1 13 d6 nhét ctia mue, D 13 hing s6 khuyéch tan phan tir. Cu thé, ta c6 thé diéu
chinh hodc thay doi dung moi; diéu chinh nang luong bé mit; thém chét hoat dong bé
mit; thoi gian sdy kho; diéu chinh dic tinh mao din trong vat lidu. Cac phuong an cu
thé s& dugc trinh bay & chuong 3.

............................ Eva pol-atlon

'._: &]

v Outward convective flow
a) &= Marangoni flow b)

Hinh 2.3 Qua trinh sdy khé sau khi ling dong bang in phun: a) Hinh thanh vong ca
phé; b) Coffee - ring bi trc ché boi1 dong chay Marangoni.
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CHUONG 3: XAY DUNG QUY TRINH CHE TAO VAT LIEU OLED BANG
CONG NGHE IN PHUN

3.1 Cic van @ lién quan
3.1.1 CAu tric OLED

Khi mudn xay dyng mot cin nha, dau tién ching ta phai thiét ké va xac dinh
xem cin nha d6 sé c6 hinh thi nhu thé nao; gém bao nhiéu chirc ning cu thé & mdi khu
vuc trong nha... Tuong ty nhu vay, mic do thanh cong ma dé xuit ctia nhom nghién
ctru dat duoc phu thudc rat 16n vao mot cdu trac OLED hop 1y va kha thi. N6 s& quyét
dinh tit ca cac bude phia sau tur viéc chon vat li¢u cho dén viéc dung nén madt quy trinh
hi¢u qua.

Nhu da dé cap ¢ muc 1.1.3, cAu triic co ban cia OLED chi yéu ciu 5 16p (khong
ké 16p dé): Anode, HTL, EML, ETL, Cathode. Tuy nhién, thiét bi s& van hanh véi hiéu
suat rat kém, doi khi 12 n6 khong thé phat sang néu ta chi c6 5 16p nhu vay. Do viy,
trén thyc té, trong cau trac OLED s& duoc bo sung thém mot hodc hai 16p 1a: 16p tiém
16 tréng (Hole inject layer — HIL) va 16p tiém dién tir (Electron inject layer - EIL). L6p
HIL c6 nhiém vu kiém soat va ting cudng qua trinh phun 13 tréng tir anode tai giao
dién cua nod voi anode; dong nghia véi miic LUMO thap va mitc HOMO cao xép xi
anode. Vat li¢u tao 16p HIL thuong 1a poly ethylenedioxy thiophene (PEDOT),
PEDOT-PSS (Polyethylene dioxythiophene pha tap Polystyrene Sulfonate),
polyaniline,... Lép EIL ¢6 nhiém vu tuong tu nhung d6 hi¢u qua khong tich cuc nhu
HIL. Hon nita, ta c6 thé ting cudng su truyén electrone truc tiép tai 16p EIL bang cach
pha tap chat; nén nhom nghién ctru khong dé xuét ché tao voi cau trac 16p EIL dé giam
dd phuc tap va rui ro. Bén canh d6, mot s6 hoa chat co thé dam nhan hai vai tro cia ca
16p EML va ETL; cho nén nhom nghién ctru dé xuét rat gon ca 16p ETL.

Mot van dé khac can Iuu ¥ 1a thiét ké ma tran tao diém anh. Bang cic phuong
phép ché tao truyén théng, diém anh trén OLED c6 hai dang ma trdn chinh 13: ma tran
thu dong (PMOLED) va ma tran chu dong (AMOLED). Tuy nhién, nhu da dé cap,
khong riéng gi & dé tai nay ma viéc ché tao vat liéu dién phat quang bang phurong phap
in phun noi chung trén thé gidi van con chua hoan thién va con nhiéu thiét sot, nén
nhom nghién ciru sé gac lai cong doan thiét ké ma tran diém. Va don nhién, thay vao
d6 14 nhitng hinh anh d6 hoa c6 dinh phat quang don séc.

Nhu vay, cdu trac ma nhom nghién ctru dé xuit s& gdbm 6 16p: BE, Anode, HIL,
HTL, EML, Cathode - v6i hinh anh d6 hoa c6 dinh phat quang don séc.
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Cathode

Hinh 3.1 C4u trac OLED gbdm 6 16p.

3.1.2 Nguyén vat li¢u

Péi véi nhém nghién ctru, viéc tim hiéu va lua chon nguyén vat liéu 1a qua trinh
kha kho khan va tén cong nhat. Cac 16p hitu co trong OLED da phan vugt ngoai tim
hiéu biét cia nhom nghién ctru, vi da sb lién quan mat thiét dén hoa hoc hitu co va vat
liéu nano. Vi thé, viéc tir phan tich va tim nhiing vat liéu phu hop 1a bat kha thi. Thay
vao d6, nhom nghién ctru da Iya chon giai phap 13 tong hop nhitng nghién ctru ché tao
OLED béng in phun DOD c¢6 thyc nghiém. Sau d6, nhém nghién ctru sang loc nhiing
phuong an kha thi nhét, va cubi cung 1a dva trén d6 dé chon ra nhitng hoa chét hiru co
pht hop véi cdu tric dinh trudce ciia minh.

Bang 3.1 Mot s6 loai vat liéu dién phat quang phan theo mau.

CIE Thong so

Mau sic Vat ligu x ¥y Next (%) cdA! Imw!
Blue DSA-doped DPVBI — — 24 28 15
BCzVB-doped CBP 0.15 0.16 26 35 —
BCzVB-doped DPVBi 0.15 0.14 5.7 7.0 —
DPVBIi 0.16 0.14 — 1.8 1.1
SAlq 0.17 0.19 3.0 6.9 2.0
Green Algs — — 13 — —
QA-doped Alqy — - 3.0 — —
coumarin-doped Alqy — — 25 — —
Algs 0.39 0.55 — 2.6 —
DMQA-doped Alqs 0.39 0.59 — 7.3 —
Red DCM-doped Algs — — — — _
DCJITB-doped Alqs 0.64 0.36 — 25 0.9
DCITB- and rubrene-doped Alqs 0.64 0.35 — 32 1.2
White DPVBi/Algs 0.28 0.34 — 4.7 2.9
DCITB-doped SAlq 0.33 0.39 2.0 6.6 23
0.35 0.34 1.9 39 2.0

PAP-ph + Alg3 + DCM-doped Alg3
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Alq3 = tris(8-hydroxyquinolato)aluminium(III).
BCzVB =4, 4 -(bis(9-ethyl-3-carbazovinylene)-1,1 -phenyl.
CBP =4,4 -N, N -dicarbazole-biphenyl.
DCJTB = 4-(dicyanomethylene)-2-t-butyl-6(1,1,7,7-tetramethyljulolidyl-9-enyl)-4H-
pyran. DCM = 4- (dicyanomethylene)-2-methyl-6-(p-dimethylaminostyryl)-4H-pyran.
DMQA = N, N_-dimethylquinacridone.
DPVBi =4, 4 -bis(2,2_-diphenylvinyl)-1,1 -biphenyl.
DSA = distryrylarylene.
PAP-ph = 1,7-diphenyl-4-biphenyl-3,5-dimethyl-1,7-dihydrodipyrazolo[3,4-b;4 , 3 -
e]pyridine. QA = quinacridone.
SAlq = bis(2-methyl-8-quinolato)-(triphenylsiloxy)aluminium(III).
Trude hét, chung ta s& diém qua mot s hoa chit hitu co dd va dang duoc sir

dung cho 16p phat quang trong ché tao OLED tai bang 3.1. Thém vao d6, nhém dinh
huéng chinh phan vat liéu theo dé xuat tir hai nghién ctru cia Wei-Huang trong Inkjet-
Printed Small-Molecule Organic Light-Emitting Diodes: Halogen-Free Inks, Printing
Optimization, and Large-Area Patterning” va cua Fulvia Villani trong Inkjet Printed
Polymer Layer on Flexible Substrate for OLED Applications™. Cu thé cho timg 16p vat
liéu nhu sau:
- Lép dé dwoe trang sin ITO (16p anode):
° Tu vu diém c6 thé ché tao trén nhiéu loai vat liéu nén khac nhau cua OLED,
viéc chon 16p dé s& wu tién cho nhiing lya chon san c6. Va hién nay, trén thi trudng in
dién to, vat liu dé trang phu Indium tin oxit (ITO — cling 1a 16p anode) 1a lya chon
duoc ua chudng nhat do ché tao d& dang, c6 d6 bén cao va kha nang tng dung rong rai.
Va 16p anode ITO trang kem dugc wa chudng do 1a mdt chat dan trong sudt, dan dién
t6t, d& ling dong trén kinh hodc mang PET. Nén nhom nghién ctru dé xuat chon kinh
trang ITO va PET trang ITO 1a hai vat lidu dé/ anode dé thuc nghiém.

> 50nm

0.0nm |

50 7 . . S : 500 7
) % Y S 500 nm
" Tars
B - 250 : ;
125 P 125 —-‘-125
\ 125 -
(@ Rg=155nm (b) Ry =0.29 nm ~

Hinh 3.2 Bé mit ctia 16p ITO chua duogc xir 1y (a) va duoc xir 1y (b) theo nghién ctru va
quan sat cua Fulvia Villani.
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o Ung dung: Nhom nghién ctru dé xuat hai huéng Gng dung la: st dung dudi
trang thai nguyén ban, va xur 1y Piranha hai loai vat liéu ké trén trudc khi str dung.
Trong qua trinh thyc nghiém, Fulvia Villani d3 chimg minh dwoc rang dung dich
Piranha c6 tac dung tich cuc dén chét luong OLED vé sau. Cu thé, dung dich Piranha
lam bé mat ITO béng phéng hon, gidm d¢ phan cuc, déng thoi tang kha nang dan dién.
Quy trinh xtr 1y chi tiét dugc dé cap muc 3.4.

- Lép  HIL:  poly(3,4-ethylenedioxythiophene)  polystyrene  sulfonate
(PEDOT:PSS)

-~ -
-~ - -~ - -~ - -~ e
-J___.-"J "-\.,H _.-;.-"J '\-\.,H J__;.___.-"J "-\.H J__}__.-"J H"-\-\.
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O O O O
\_/ \ ;

n

Hinh 3.3 Cu trac hoa hoc PEDOT:PSS.
o PEDOT:PSS dong vai tro kha quan trong va thuong xuyén dugce tin dung la 16p
HIL frong cau trac OLED. Theo nhiéu nghién ctru vé vt liéu OLED dé chimg minh
duoc r::ing, viéc thém 16p PEDOT:PSS mdt cach phu hop nham hd tro cho anode c6 thé
cai thién déng ké hiéu suat phat quang. Chinh vi thé, PEDOT:PSS duoc cho 1a mot
trong nhiing chit dan c6 hiéu suét cao nhat vao thdi diém hién tai. Hon nita, né con co
d6 déo va do trong sudt cao nén dé g dung.
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. Thong tin chung: thuoc nhom polyfluorene. PEDOT:PSS 1a mot hén hop
polymer cua hai ionomer. Mot thanh phan trong hdn hop nay duoc tao thanh tir natri
polystyrene sulfonate 13 mot polystyrene sulfonated. Mot phan cua cac nhém sulfonyl
bi khir lién két va mang dién tich am. Cac thanh phan poly khac (3,4-
ethylenedioxythiophene) hoac PEDOT la mét polymer lién hgp va mang dién tich
duong. Cac dai phan tir trén tich dién tao thanh mdt mubi da phan ttr.

o Ung dung: Bay hoi chan khong phu trén 16p ITO. Nhém nghién ctru di thir tim
phuong an in phun, nhung PEDOT:PSS hién nay chi c6 thé ing dung dugc véi bay hoi
chan khong. Theo di doan cta chung toi nguyén nhan 1a do céu tric phan tir phic tap,
kha niang khuéch tan trong dung méi khoéng 6n dinh, ciing nhu chua c6 dung mdi phu
hop.

- Lép HTL: poly(9,9-dihexyl-9H-fluorene-2,7- diyl) (PDHF.F6)

o Theo nghién ctru va thyc nghiém cua Fulvia Villani, 6ng cho rang PDHFE.F6 1a
mot chat phu hop dé c6 thé ing dung cung in phun DOD. Hon nita, PDHF.F6 c6 kha
ning twong thich va hoat dong tot vai 16p vat lidu trude d6 1a PEDOT:PSS.

o Thong tin chung: thu¢c nhém polyfluorene. Phat ra 4nh sang xanh duong, budc
song cao nhét co thé dat trong khoang 410 — 420 nm. Puoc sir dung nhiéu trong san
xudt LED va OLED.

o Ung dung: Hoa tan PDHF.F6 vao dung méi Toluene vai ty 1¢ 15 mg/mL.

H;C(CH,),CH, CH,(CH,),CH;

11

Hinh 3.4 Céu tric héa hoc PDHF.F6.
- Lép EML: Trong thi nghiém cua Wei-Huang va cong su, ho dé xuat mot to hop
polymer dya trén nén polymer PFP-X,X. Két luin sau cung cho thdy polymer 1,1'<(9,9-
Bis(4-(hexyloxy)phenyl)-9H-fluorene-2,7-diyl)dipyrene cé tinh chit quang tot nhat
trong qua trinh nghién ctru. Ki hi¢u 1a PFP-3.

27



o Théng tin chung: thuoc nhom polyfluorene. Anh sang phat quang mau xanh

duong.

. Ung dung: dung méi nén duoc sir dung 1a Cyclohexanone (CHN) (C¢H;00) —
thanh phan chinh, va N-Methyl-2-pyrrolidone (NMP) — thanh phan phu, véi ty 1é
CHN/NMP 1a 9:1. Ty 1¢ dung mdi ciing nhu loai hoa chit st dung dugc chimg minh
dua vao tri s6 Z da dé cap ¢ myc 2.2.4.1 va qua thyc nghiém vai ty 1€ khac nhau, cu thé

két qua do duoc trong bang 3.2
Bang 3.2 Cac thong s6 ciia hai loai dung méi CHN (dung méi chinh) va NMP (dung
moi phu trg) theo nghién ctru cuaWei-Huang trong [Inkjet-Printed Small-Molecule

Organic Light-Emitting Diodes.

o P A Ning lwgng |  Mat do
Tén dung Diém soi D0 nhot N T .
N o bé mat phan twr GiatriZ
moi °0) (cP) 3
(mN/m) (g/cm”)
CHN 155 2.02 34.5 0.95 12.7
NMP 204 1.65 40.7 1.03 9.01

CgH430 OCgH 13

¢ G
o
oSaveupte

Hinh 3.5 Cau triic h6a hoc PFP-3.
- Lép Cathode: Dya vao diéu kién hién nay tai Viét Nam, muc dan dién c6 tinh
on dinh cao bao gém muyc nhom va muc nano bac. Trong do, muc nano bac do Pai hoc
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Khoa hoc Ty nhién diéu ché sin c6 va tinh din dién phd hop. Nhu véy, 16p Cathode s&
dugc in vé1 myc nano bac. Pac tinh k¥ thuat ctia myc nano bac nhu sau:

o Céac thanh phian myc in: Ethylene glycon (10 — 40 %), Ethanol (10 — 70 %),
Ag (2-30%).

. Mat dg: 1.23 - 1.24 g/mL

. Strc cing bé mit & 25°C: 30 — 33 nN/m?

o Do nhot 6 22°C: 11 - 15 Cp

. Dién tré suat: 4 — 80 pQ/cm>

Ag

PEP-3
PDHEEG

Hinh 3.6 M6 ta thanh phan cta céac 16p hitu co.

3.1.3 Thiét bi va mot s6 yéu t6 lién quan dén chit lwgng in

Trong d& tai nay, nhém nghién ciru lwa chon thiét bi in dwa trén hai tiéu chi
chinh: c6 kha nang in dién tur, va hién c6 tai Viét Nam. May in dugc chon 1a may in
Diamatix 2800, hién dang dugc st dung tai phong lab truong Pai hoc Khoa hoc Ty
nhién thanh phé H6 Chi Minh. C4u hinh may dugc mé ta & hinh 3.7, gdm 4 bd phan
chinh:
J Print carriage (bo phan diéu khién chuyén dong in): n6 1a phan hd trg vat 1y cho
cartridge (d4u in) va dai dién chinh cho thiét bj.
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Print Carriage

Drop Watcher

Cleaning station

Hinh 3.7 Thanh phan chinh ctia may in.
° Dé in: 13 noi chuaa vat liéu, dugc 1am nong va déng thoi dugc trang bi hé théng

hut chan khong dé c6 dinh chat nén. Nhiét do6 dé 1a mot thong $6 quan trong vi anh
huong dén thoi gian kho cia muyc in, dé co thé duge lam néng tdi da 60°C, viéc lam
noéng dé in ciing 1a nguyén nhan gy nén viéc tic nghén voi phun. Chirc ning hit chan
khong gitp chat nén duoc giit cd dinh trén vat liéu in, tuy nhién s& khong hiéu qua ddi
v6i chat nén khong bang phang, cimg hoic dién tich chat nén qua nho so véi 16p dé,
khi do6 viéc sir dung bang keo hai mat sé hi¢u qud hon.
o Hé théng lam sach va miéng thdm hut: gitip bao tri, bao dudng cartridge (dau
in) ¢6 tac dung lam sach theo chu ki.
o Camera quan sat hat myc (Drop Watch): 13 camera dugc gan dé theo ddi dudng
di hat myuc khi n6 bit dau ra khoi miéng voi.

Toan bo hé théng may in dugc diéu khién béi phan mém FujiFilm Diamatix.
Céac tinh ning va hudng dan sir dung dugec mo ta trong sach huéng dan cua nha san
xut, tuy nhién s& khong du dé hiéu va danh gia van dé nay sinh trong qué trinh thuc
nghiém, ma phai qua y kién cta chuyén gia chay may, quan sat thyc té, va yéu t6 anh

hudng xung quanh dé dua ra két luan.
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5 Drop Watcher |Z| Iﬁl rgl

File  Tools

Cleaningg —— [ Firing Nozzles:
!purge 2.0 seconds T67 15 o4 i3 0z i 10 g a 7 i 5 1 2 Miewing Mozzle: — L AllOn
HoW oW omoo R R e & s o N s x| B T
Select ! Edit Fun How =
I ¥ i
~Firng Contrcl: ————————————— .
Firing Frequency: 5 kHz v = 2 & i o < ... P
Strobe Delay: 43 Microseconds
& M B ' ’
Dielay 100 us i ot ‘
—Viewing and Capture Contral = | ' -
*
I~ Movie Mode [
Image Title | Capture Image: |
Conhigure Capture G uality l
L] L ‘ )
Ciiop Viewing Speed: 8
Cirop Refresh Rate: 200
J

I~ Instructions:

—

Head Angle: 4.5° ‘

Hinh 3.8 Hién thi giot muc quan st qua camera Drop Watch.

— Focus —
[

Nhom nghién ctru tiép tuc tim hiéu vé nhimng yéu t6 hodc thong sé co thé anh
huong dén chat luong san phim in. Dudi day 1a tap hop 4 yéu t6 ma nhom nghién ciru
cho 14 dang luu tAm va cin thiét phai kiém soat nhat: Nguyén 1y van hanh va thong sd
dau phun; D6 phan giai dwa trén khoang cach gitta cac giot muc; Kiém soat chat lugng
giot myc phun ra; Kiém tra chat lugng giot myc trén vat lidu.
3.1.3.1 Bj phén diéu khién chuyén dong in (carriage):

Bo phan chuyén dong in gdm dau in va s& duogc gan kém theo Fiducial Camera
— camera gilp quan sat bé mat chat nén sau khi duoc myc phun 1én, qua d6 chung ta c6
thé can chinh thiét bi ciing nhu danh gia chét luong mau in.

Trong sudt qua trinh in, dau in s& di chuyén theo chiéu ngang (chiéu X) trén bé
mit chat nén va chiéu Y (chiéu doc) sé& theo chiéu di chuyén cua 16p dé. Néi cach khac,
quy trinh in 12 sy chuyén dong theo chiéu ngang ctia dau in va cac dich chuyén doc cta
chit nén. Quy trinh in dic bi¢t nay anh huéng manh dén su léng dong cua cac giot myc
trén dé va do @0, lwa chon cac thong sb in toi wvu dé dat duoc chat lugng in tot nhat.
Khoang cach t6i da gitta dau phun va chat nén (chiéu Z) 1a 25mm. Viéc diéu chinh
chiéu Z s& hiru ich hon ddi voi chit nén day.
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Fiducial Camera

Cartridge

Hinh 3.9 B6 phan chuyén dong in.

Dau in s& bao gdm hai bd phan d6 1a module chira chit 1ong — véi ti nhwa chira
muc khoang 3 ml va voi phun — véi khodang 16 voi phun, khoang cach mdi voi 13 256
um, dugc dit & cac hang don 1é. Kich thudc mdi voi phun khoang 21.5 um. Pau in
tuong thich véi cac loai dung moi nhu: Aliphatic alcohols, aromatic hydrocarbons (nhu
la: anisole — C¢Hs OCH3 hay trimethyl benzen), aliphatic hydrocacbon (nhu 1a hyxane,
DODecane), cellusolves, glycols, lactate esters, aliphatic va aromatic ketones va
polyethylene glycols.

Fluid module

Jetting Module

Nozzles

Hinh 3.10 Hinh minh hoa du in.
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Dau in c6 bo gia nhiét tich hop c¢6 kha ning lam néng chat 1ong dén nhiét do tbi
da 70°C trong ciu trac phun. Can luu ¥ ring viéc lam néng muyc co thé gy ra tic
nghén voi phun nhanh hon, dac bi¢t 1a khi st dung myc dua trén dung moi cé do bay
hoi cao. Vi Iy do nay, trong hau hét cac truong hop, giit nhiét do ¢ dau in ¢ nhiét do
phong 1a lya chon tt nhat. TGi nhya chira muc khong duge 1am nong va khéng c6 co
ché lam mat tich hop. Cac dic tinh vat 1y cta chit 1ong (do nha san xuit dua ra can ¢
dé dat duoc hiéu suét in t6i uu nhu sau:

o D0 nhét: 10 — 12 cps tai voi phun

o Strc cing bé mit: 28 — 33 dyen/cm tai voi phun

o Nhiét d6 bay hoi thip nhat: nhiét d6 soi cua chét long cao hon 100 °C

. Phai duoc khir khi (Drgrassing): c6 thé bang hé thong hut chan khong, song
siéu am hodc xoay ly tam.

. B0 loc: nén loc chit 10ng bang b loc bang nylon 0.2 pm

. Do axit: pH giita 4 dén 9 duoc dé nghi.

3.1.3.2 Khodng cach giot mwe va do phan giai

Kich thudce giot muc va khoang cach duong cac day voi phun phu thudc vao su
tuong tac cta chit nén sir dung va giot muc. Diamatix cung cip hai loai ddu phun dé
thay d6i thé tich hat muc duoc phun ra d6 14 DMC-11601 va DMC-11610 véi thé tich
giot myc lan luotla 1 pL va 10 pL. & day. Thé tich giot myc phu thudc vao tan s6 phun
va dién ap day muc (firing voltage) dé tao nén. Str dung giot muc c6 thé tich 1 pL dé
gay tac voi phun dac biét 1a myuc dugc lam tir cac hat nano phan tan. Thong thuong, voi
kich thuéc giot muc khoang 40 um trén polymer c6 thé dat duoc voi thé tich giot muc
cung cip 1a 10 pL. Viéc xac dinh kich thudc giot muc 1a phép toan co ban dé thiét 1ap
gia tri Drop Spacing (khoang cach giita hai giot myc lién tiép) dé dat duoc d6 phan giai
mong mudn trén mau in.

Hinh 3.11 theo hudéng X, may in quan ly viéc phdng ra mdt giot tir voi theo tin
hiéu bd0 ma hoa va d§ phan gidi hinh anh twong ung voi DropSpacing dugc cai dat,
trong khi theo hudng Y, khoang cach giira hai giot muc ké tiép nhau dugc xac dinh boi
gdc lap dau in (goc gitta hudng quét cta dau in va ddy voi phun — ciing chinh 13 khoang
cach hai voi trong mot cung mét day - 254 pm)
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X direction — Carriage direction >

-

X resolution managed by encoder

Y resolution determined by
cartridge mounting angle

254pm=intrinsic
printer resolution

Y direction

Vv
Hinh 3.11 Xac dinh do phan giai mau theo huéng X va Y. D6 phan giai theo huéng X
dugc quan 1y boi mot bo ma hoa va phu thude vao khoang cach tha duoc giai quyét. Do
phan giai theo hudéng Y phu thudc vao gbc bd chuyén dong in.
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Goc gan carriage duoc dat thu cong thong qua hé théng xoay cho phép ngudi
van hanh xoay hop muc theo géc mong mudn bang hai thang chia do (Hinh 3.12).
Khoang Drop Spacing dugc diéu chinh trong khoang tir 5 dén 254 um. Mbi quan hé
toan hoc lién két Drop Scpacing va d6 phan giai dugc bao céo trong phwong trinh bén
dudi. Vi vay, khi goc lap giam, do phéan giai in sé ting.
25400
resolution (dpi)

DropSpacing (um) =

Vi kich thuéc cua chi tiét in (diém) phu thudc vao lyc tuong tac giita chat 1ong
cu thé va chit nén duoc sir dung, trudc khi in mau mong muén, nén mudn do kich
thudc ciia mot mau giot dong lai c6 thé duoc thuc hién béng Camera Fiducial.
3.1.3.3 Kiém soat tia muc phun ra

Kiém soat chat luong ctia giot myuc phun ra 13 yéu t6 chu yéu dé dat chit luong
in t6t nhat. N6 c6 thé dat duoc véi hai cach khac nhau va bd sung cho nhau: v¢ sinh
bao dudng dau in va kiém soat hinh thai giot muc dugc phun ra. Cac hoat dong bao tri
duogc hd trg boi ca phan mém va phan cing ciia may in va duoc thiét ké dé luon chuan
bi va duy tri hiéu suit phun tdi vu. Trong tram lam sach c6 mot miéng hip thu (thay
thé sau mdi 1an in méi dé 1am sach), c6 chic niang thAm muc tir voi phun. Bén chic
nang chinh c6 thé duge két hop tao thanh Chu ky 1am sach:

o Thanh loc: ban dau, chit 1ong trong tai chira muc dugc day ra dan dan thay thé
khong khi trong ddu phun, mot luong myc 16n bi ddy ra dé dam bao khong con khong
khi (viéc ton tai khong khi trong dau phun giy ra hién tuong bot khi, muc s& bj tat
ngh&n & dau phun)

° Spitting: Mot lugng muc dugce xac dinh trudec duge phun & tan sb dinh trude dé
lam sach cac voi phun va giir cho bé mit duong dan chét 16ng luén am wét.

J Blotting: Pau in s& ha xudng va tiép xtc véi tim 1am sach dé miéng dém co thé
hép thu chat 16ng du thira tir tAim voi phun

o Meniscus Control: Pé ngin muc ra khoi voi phun, mot khoang chan khéng thap
duoc 4p dung cho binh chira myc va nén gidm muac d¢ chan khong néu mot s6 voi
phun khong hoat dong.

Chu trinh 1am sach déu phai thuc hién trudce (gﬁn nhu bit budc dé dat dugc hiéu
suat in dat yéu cau), trong va sau khi in va ca trong thoi gian may khong lam viée. Co
thé theo ddi va diéu chinh cac tia muc bing cach st dung Drop Watcher Camera
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System, bao gom mot Pad Watcher Drop (miéng tham) c6 thé thay thé, thim muc duoc
day ra va mot may anh k¥ thuat sé c6 do thu phong hinh anh 150 x (hinh anh hién thi
d6 phan giai 2,25 um mdi pixel ). Khi cac voi duoc dinh vi trén hé théng, né cho phép
quan sat truc tiép ¢ phun cta myc, vung hinh anh biéu thi dién tich thuc khoang 1,4
mm x 1,1 mm trén dau in, bao gdbm 5 voi phun trén mot ddy, nhung cé thé thay doi
trong s6 16 voi phun c6 trong dau in c6 thé quan sat timg diy voi. Cac dau phun duoc
coi la hoat dong tdt néu ching dugc tao thanh tir cac giot don, hinh cau, hudng cua
ching vudng goc v6i miéng thadm hat myc bén dudi va song song véi nhau.

Trong qua trinh phun, mot sé thong s c6 thé duoc cai dit hoic stra doi:
. Dién ap day muc: N6 twong tung voi do 1éch ap dung dé 1am bién dang piezo
cho su phong ra ctia giot. N6 c6 thé duoc diéu chinh cho timg voi doc lap. Rd rang,
cac loai muc khac nhau doi hoi dién ap déy muc khac nhau dé dat duoc hiéu suat phun
t61 wu. Noi chung, dién 4p ban day muc tao ra nhitng giot kha nho gon nhung véi dudi
dai, nguoc lai, dién ap bin thap cho phép giam chiéu dai dudi muc, dé giam vén tdc roi
va tranh cac giot nudc vang khi cham véi chat nén.
. Tan s6 phun: D6 13 tAn s6 ma cac voi phun ra cac giot. N6 anh hudng dén toc
d6 in, do 1éch cua chi tiét in va n6 phu thudc hoan toan vao mau cu thé.
° So lugng voi phun: cling co6 thé duoc hiéu 13 tan s phun, viéc lya chon sb
lugng voi phun dugce st dung phu thude hoan toan vao mau va do chinh xac can thiét.
Déi v6i cac mau c6 do chinh x4c cao va hinh anh dan xen, sir dung it voi phun trong la
hop 1y, nguoc lai, d6i v6i in vat liéu co6 bé mat khong bang phang, sir dung nhiéu dau
phun 13 hop 1y dé tang téc d6 in va muc dugc phit déu hon trén bé mat. Can luu ¥ rang
viéc in v6i nhidu hon mot voi nghia l1a sur dung nhiéu voi phun lién ké: viéc chon nhom
voi phun c6 hiéu suit phun tot nhit nodi chung 1a rat quan trong va doi khi né c6 thé
kha khé khin trén thyuc té. Kiém tra hiéu suat phun t6t cta cac voi duoc chon ngay
trudce khi in 1 diéu hoan toan nén lam.
3.1.3.4 Cin chinh va kiém tra chét lwong miu in

Camera Fiducial 1a mgt cong cu bao gém mot camera, duogc gén trén bd chuyén
dong in, gitip c6 thé quan st tat ca cac bo phan ctia dé. Truong nhin cta nd co chiéu
rong 1,62 mm va chiéu cao 1,22 mm véi do phan giai 2,54 pm mdi pixel. Nguoi van
hanh c6 thé chon ba ché d6 hoat dong anh sang khac nhau: trudng sang, truong tdi va
ca hai (c6 hai ngudn sang); truong sang doi hoi cudng do anh sang cao (co thé didu
chinh bai ngudi van hanh) trong khi truong t6i chi yéu cau cuong do anh sang rat thap
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va cho phép d& dang xem chét 16ng trén chat nén c6 do khuc xa cao. May anh Fiducial,
cling cho phép do kich thudc ctia mét giot hodc dong in, nhu duoc hién thi trong Hinh
3.14 dé do kich thudc giot ciia muc dan dién bang bac trén dé polyetylen terephthalate.
Tuong tu, nhdm nghién ctru s€ can kiém tra kich thudc va chit lugng giot muc tai mot
khu vire ngau nhién tai mdi 16p héa chét.

Tail

A Nol malched velocities

Misdirected jet

Hinh 3.13 Céc giot muc bi 16i: sai huéng, dudi muc va tdc do khong dat.
3.1.3.5 Thiét I1ap cac thong sé may in
Sau qua trinh tim hiéu vé dic tinh thiét bi, vat liéu v6i cac thuc nghiém khoa
hoc trudc dd, nhom nghién ctiru dua ra céc thong s6 thiét bi nham phuc vu viéc thiét 1ap
cac thong s6 may in cu thé nhu sau (gitt mic dinh d6i v6i cac thong sé khac):

Bang 3.3 Cac thong sb in thiét 1ap cho may in Diamatix 2800:

STT Théng sb Gia tri
1. | Loai dau phun DMC — 11610, 12 voi Thé tich giot muc mdi voi: 10 pL

2 Tan sb phun 5 kHz
3. | Dién ap day muc 17V
4. | Nhiét do dé in 60 °C
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20 pm, qué trinh van hanh néu
5. | DropSpacing thdy cac hat muc khong lién két
thi diéu chinh nhé hon nita.

6. | Khoang cach dau in dén chat nén 1 mm

Theo nhiét d§ phong, duy tri &

7. | Nhiét do dau i
1€t do dau 1n muc nhiét do khoang 30°C

Hinh 3.14 Do kich thudce giot (muc d?}n dién bang bac trén polyetylen terephthalate)
(chat nén) bang camera Fiducial.

3.2 Quy trinh ché tao
Dua vao tinh chit cua cac 16p hitu co, dac diém may in, yéu cau ché tao, nhom
nghién ctru dé ra mot quy trinh gdbm 10 bude, cu thé nhu sau:
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Thiét ké cau tric
Chuén bi ngt}rén vt ligu
v
Xt Iy bé miit
Trang lop H]]iPEDﬂT:PﬂS}

v

In 16p HTL (PDHEF6)

v

In 16p EML (PFP-3)

v

In I6p Anode

v

Po kitm mau

v

So sanh két qua do kidm

v

Hinh 3.15 Quy trinh thuc nghiém

B1. Thiét ké ciu tric vat lidu:

V& co ban, cdu tric cac 16p s& mang ban chat nhu di dé xuit & muc 3.2. Tuy
nhién, véi tinh chat ché tao thir nghiém nén nhém nghién ctru mudn dé ra nhiéu truong
hop dé xem xét va dua ra két luan vé mot cau tric toi wu nhat. Vi thé, s& c6 5 cu tric
duoc ché tao:
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a. PET + ITO/ PEDOT:PSS/ PDHF.F6/ PFP-3/ Ag.

b. PET + ITO + xur ly bé mat/ PEDOT:PSS/ PDHF.F6/ PFP-3/ Ag.

c. Kinh + ITO/ PEDOT:PSS/ PDHF.F6/ PFP-3/ Ag.

d. Kinh + ITO + xir Iy bé mat/ PEDOT:PSS/ PDHF.F6/ PFP-3/ Ag.

e. PET + ITO/ PDHF.F6/ PFP-3/ Ag.

Theo nhitng trudng hop trén, ta s& tim ra dugc ciu tric toi vu khi so sanh két

qua gitra:
° (a) va (b); (c) va (d): Kiém tra hiéu qua ctia qua trinh xir 1y bé mat.
. (a) va (c); (b) va (d): Su khéc biét giira 16p dé bang kinh va PET.
o (a) va (e): Kiém tra hiéu qua cta 16p hitu co PEDOT:PSS.

I I
S [t e
(a) (b)

(c)
Chii thich

OPET .1‘1‘-:}
@Iﬁnh .PEDDT:PSS OAg

P xir Iy bé mit O
; : PDHEF6
bing Piranha

Hinh 3.16 C4u tric 5 mu dé xuat.

B2. Chuan bi nguyén vit liéu:

Kich thuéc vat liéu dé duge chon 1a:
. DPé kinh trang ITO: 17 x 1” x 0.7 mm, dién tré R: 8 - 10 ohm/sq, d6 day
ITO: 180 nm.
. Dé PET trang ITO: 17 x 1”7 x 0.175 mm, R < 14 ohm/sq, d6 day ITO: 115 nm.
Ddi vai vat lieu dé, cac thong s6 can thu thap s€ dugc ghi nhan tai bang 3.5 ¢ budce 3.
Ddi v6i hoa chit hitu co, hoa chat phu tro va dung méi, ching ta thu thap dir liéu vao

bang 3.3 dé kiém so4t diéu kién ctia hoa chét:
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Bang 3.4 Bang thong s6 hoa chét, dung moi.

Théng s6
Tén
(viét tit)

DPiém soi
(°C)

Do nhot
(cP)

Sirc cing bé
mat (mN/m)

Mat do
phan ti

(g/cm®)

Gid tri Z

CHN

NMP

PEDOT:PSS

PDHEF.F6

PFP-3

Toluene

Bang 3.5 Hudng dan do dac cac thong sb trong bang 3.2.

Théng s6

Phwong phap do

Thiét bi do

Diém s6i (°C)

Strc cang bé mat

(mN/m)

Théng tin dwgc cung cap tir nha san xudt

Do nhét (cP)

Do nhot dugce tinh gidn tiép
thong qua do nhét ciia nude
bang cong thire: nl = pltl/p2t2
xn2. Trong do, nl van2 la cac
hé s d6 nhét cua chit long va
nudc, pl va p2 1an luot 1a mat
d6 cua chat 1ong va nudc.

Dung cu do d6 nhét Ostwald

Mat do phan ta

(g/cm?)

Can khéi luong hoat chat cua 1
cm?® thé tich. Ap dung cong thirc

m .
tinh mat d§ phan tir p = v’ Vo1

m 1a khoéi lugng can duge va V

Can tiéu ly
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=1cm?.

Giatri Z

Ap dung vao cong thtc tinh Z

Jd
muc 2.3.1, ta c6: Z = %

Trong d6 d, duong kinh voi
phun; p, y, 7 1an luot 1a mat do
chat long, stic cang bé mat, do
nhét cia myuc Tu cac gid tri do
duoc O trén.

B3. Xir Iy bé mit 16p dé trang ITO bang héa chat Piranha (miu (b) va (d)):
Piranha 1a hdén hop cia dung dich axit sulfuric (H2SO4) va hydro peroxide
(H202), duoc sir dung dé lam du luong hitu co khoi chat nén. Béi vi hdn hop 12 mét tac

nhan oxy hdéa manh, n6 s loai bé hau hét cac chat hitu co, va nd cling sé lam cho bé

mat cé tinh wa nudc cao (twong thich véi nudc). Quy trinh xir 1y nhu sau:

o Pha ché Piranha véi ty 16 H2SO4 : H202 1a 4:1 (day 1a mot dung dich nguy
hiém nén qu4 trinh pha ché yéu cu bao ho cao va hét stc can than; tham khao hudng

dan tir cac phong thi nghiém).

o Nhung vt liéu nén trang ITO vao dung dich trong 5 phut & nhiét d6 phong.

o Rira sach vat li€u nén trang ITO vdi nude cat va say kho bang ni to.

. Po va ghi nhan thong sb vat liéu vao bang 3.4.

Bang 3.6 Bang thong sb do duoc tir vat lidu dé trang ITO.

Thong so Do day D) lang | Py phan | Sirc cing bé | Dién tré
Vit li¢u (mm) (mm) cuc mit (mJ/m?) | (Q/m?)
Kinh trang ITO
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Kinh trang ITO
+ xur Iy Piranha
PET trang ITO
PET trang ITO
+ xu ly Piranha

Trong do, tat ca cac thiét bi do d6 day, do lang, do phan cuc va stic cang bé mat duoc
dé cap tai phu luc 1.
B4. Dung phwong phap bay hoi chan khong dé trang 16p PEDOT:PSS (tuy miu):
Nhu d3 noi, dé trang 16p hitu co PEDOT:PSS ching ta can st dung phuong
phap bay hoi chan khong. Nén nhitng mau (a), (b), (c), (d) s& duoc giri trang
PEDOT:PSS trudc khi d¢én cong doan in.
B5. In 16p PDHF.F6; say kho bang nhiét 60°C trong 3 gid.
B6. In l6p phat quang PFP-3 (xanh duwong) - hoa tan trong dung méi CHN/NMP.
. Theo nhu nhan dinh ¢ muc 3.1, ching ta da théng nhét hinh anh hién thi 1a cb
dinh va don sic xanh duong. Nén néu mudn tao hinh anh thay vi mang mau nguyén,
chung ta s& in hinh anh mong mudn tai 16p nay. Nhung theo nhém nghién ciru, trude
hét chiing ta can in mang nguyén dé tim ra cdu tric tét nhat roi sau d6 sé dén ché tao
nhitng miu in hinh anh d6 hoa.
B7. In l16p Anode
BS. Do kiém miu (chi tiét tai muc 3.3)
B9. So sanh két qua.
B10. Két luan.
Trong két luan can rat ra duoc nhirng nhan dinh vé:

NoOi dung Du doan két qua

Mau (c) Kinh + ITO/ PEDOT:PSS/ PDHF .F6/ PFP-3/

Cau truc c6 hiéu suat cao nhat A
g.

Cau tric c6 hiéu suat bé nhat | Mau (e) PET + ITO/ PDHF.F6/ PFP-3/ Ag.

2 o oo L., | Xuly bé mit ¢6 hiéu qua voi nhitng mau (b) va(d) co
Hiéu qua cia qua trinh xu ly o g oo .
hiu suat cao hon, bé mat phat quang 6n dinh hon,

bé mit : )

©ma chat lugng giot muc sau khi in tot hon.
Hi¢u qua cua lop Mau (e) khong duoc trang 16p PEDOT:PSS phat sang
PEDOT:PSS khong déu, anh sang yéu, c6 do bén khong cao.
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g, Xét vé hiéu suat, 2 loai dé c6 hiéu suat twong duon
Su khac biét gitra 16p de kinh o A . e % S
nhau. Tuy nhién, loai dé kinh c6 phéat sang tot hon do

va PET . .

dd trong sudt cao hon vat liéu PET.

Tét ca cac mau chiu va dap kém. Dé hu hong khi ¢6
Do bén Iy hoa ctia mau nude hodc bui ban bam vao. Nhitng mau dé PET c6

kha ning bién dang nhung khong cao.

3.3 DPanh gia sin pham in

Du ché tao bang phuong phap nao thi cac chuan do chat lwong cuia OLED déu
phai duoc ap dung, tuy nhién & goc do nghién ciru ché tao cac mau OLED don sic nén
viéc str dung quy chuan quéc té vé danh gia OLED trong truong hop nay 1a 1a chua
thuc sy can thiét. Thay vao do, nhom nghién ctru chon ra nhiing thong s6 thé hién duoc
su hiéu qua cua viéc ap dung phuong phéap in vao ché tao OLED dé do kiém. D6 chinh
1a: budce séng (Mm) va toa dd mau (CIE 1931), d6 chéi va hiéu suit thiét bi. Gid tri do
dugc ghi nhan vao bang 3.6
Bang 3.7 Két qua do kiém OLED.

Mau CIE Budc song | Khoang sai biét Pién ap toi wu
X y (Am) mau (A E\xy) Volt Ampe

(a)

(b)

(©)

(d)

(e)

3.3.1 Budc song phat quang (Am) va toa do mau (CIE 1931):
Thong qua cac thong s6 d6 ching ta s& biét dugc liéu anh sang phat ra tir 16p
phat quang (EML) c6 bi pha tap mau hay khong, néu c6 thi ¢ mirc d6 nhu thé nao. Vi
OLED thuong duoc dung v6i muc dich chinh 13 ché tao man hinh, nén viéc thé hién
dugc mau sac chuan sé rat quan trong.
*Thiét bi sir dung: may do nhiét d6 mau va nhiét d6 mau twong ddi CL - 200A Konica
Cach st dung don gian, chi can quay camera ciia may vé ngudn sang, may s&
hién thi 1&n thong s6 do chéi do dwoc véi khoang cach do 16n hon 1000 mm.
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Hinh 3.17. Minh hoa may do nhiét d mau.

G CIE 1931 x,y chromaticity diagram ]
520 nm
530 nm

540 nm

Yellow

e (1/3,1/3)

y-Chromaticity coordinate

4l White b
0.2
0.1
0.0 ~ 470 nm

450 nm

PRE S5 PO S TED N DN S S S
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

380 nm

x-Chromaticity coordinate
Hinh 3.18 Toa d¢ mau CIE 1931.

3.3.2 Do choi

Dé dic trung cho kha ning birc xa anh sang ctia ngudn hodc bé mit phan xa gay
nén cam giac choi sang d6i v6i mat, nguoi ta dua ra dinh nghia do choi 1a dai luong
xac dinh cuong d¢ anh sang phat ra trén mdt don vi dién tich cia mdt bé mat theo mot
huéng cu thé nd wdc luong anh sang ma mat ngudi co thé cam nhan va phu thude vao
huéng quan sat. Do choi dong vai tro co ban trong ki thuat chiéu sang, né 1a co so cia
cac khai niém vé tri giac va tién nghi thi giac. Ngoai ra, 6 choi con 1a mot thanh phan
dé tinh dugc hiéu suat thiét bi (muc 3.3.3.1). Pon vi do do choéi 1a candela/m2 (cd/m?).
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Do chéi duge do cung thiét bi véi gid tri hiéu sut (muc 3.3.3.2).

Tu viéc thay ddi dién ap dat vao hai cuc cia OLED (thuc hién trén may do hiéu
suat, thuong mirc dién ap phu hop véi OLED nam trong khoang tir 2V dén 15V),
chung ta s& tim ra duwoc muc dién ap t6i vu (lac hiéu suat cao nhat). Va dé biéu hién
mdi quan hé trén, két qua do dugc ghi nhan trong bang 3.7. Tir gia tri trong bang 3.7 ta
v& duoc so dd biéu hién mdi quan hé gitta cuong d6 dong dién va d6 choi (hinh 3.19).
Bing 3.8 Két qua do do choi theo cac muc dién ap tang dan (chu ky 0,5V tur
2 dén 15V).

Mau (a) (b) (c) (d) (e)

Théng s6
do

Ampe | Cd/m? | Ampe | Cd/m? | Ampe | Cd/m? | Ampe | Cd/m? | Ampe | Cd/m?
Mirc
dién ap

™

2.5

14.5

15

3500 -

3000 -

Luminance {cd/m?)
= (=] a3
L (==} L
(=] (=] (=]
(=] (=] (=]
1 1 1

1000

0 2 s 6 8 10
Current (mA)
Hinh 3.19 Biéu dién do hoa vé cach tim gia tri hién tai trong ing véi gia tri d6 choi.
Trong vi du nay L= 2000 c¢d / m? va gia tri twuong quan cua dong dién la 1= 2,5 mA.
(Nguén Ossila).
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3.3.3 Hiéu suit thiét bi
3.3.3.1 Cac cong thirc tinh toan

Puoc danh gia thong qua dai lugng hidu sudt lwong tir ngodi (77ext) — (External
Quantum Efficiency) thong qua cong thirc

Next = Nr Pf X Nout

Trong @6, Nr 1a xac suit cua cac 16 trong va electron tai hop, s 1a hiéu suat
luong tor huynh quang, X la phan céc photon thoat ra khoi thiét bi va Nout 1a xac sudt
xay ra sy phan rd phong xa. Viéc danh gid hiéu sudt lwong tir ngoai kha phire tap vi no
danh gia & mtrc d6 “vi mo” vai thiét bi 1a mot qua cau tich hop cac thiét bi bén trong.

Ngoai thong sb Text, gi4 tri hi¢u sudt nang lugng thiét bi (theo cach tinh toan vi
mo, téng quat hon) con dugc tinh toan tir gid tri mat do dong dién (j) va gia tri do choi
(L) voi:
. j (A/m?) = Si : v6i i (A) 1 cudng d6 dong dién, S 1a dién tich cua thiét bi tinh
bang don vi m?
. Hiéu suat dong dién: CE (cd/A) = ?; trong d6 L (cd/ m?) 1a do chdi, j(A/ m?) 1a
gia tri mat d§ dong dién.
. Hiéu sudt ning luong: PE (Im/W) = % ; trong d6: L(cd/m?), S (m?),
j (A/m?) va dién ap V (Volt). Tinh toan hiéu suit nang lugng co6 gia tri trong gid dinh
rang phat xa cia OLED la dang hudng.

O day viéc sir dung cach danh gid tong qudt doi véi hiéu sudt thiét bi la kha quan

Vi nhém nghién ciru vi khong cé kién thire chuyén sdu vé dién ciing nhw thiét bi phuc
vu viéc do danh gia.
3.3.3.2 Thiét bj do hiéu suét

Pé do duogc hiéu suit cia OLED, can 3 loai thiét bi tich hop d6 1a: bo mach cép
dién (cap ngudn ra va ngudn vao, duoc thiét ké riéng dé do OLED véi kich thudc nho),
méy do do chéi; mot may cé tich hop cac cam bién do ludong va phin mém théng ké.

(Xem thong s6 cdc thiét bi tai phu luc 1)
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Xtralien X100

Push-Fit Test Boeard v Luminance Meater

(b)

Hinh 3.20 (a) cac thiét 1ap thiét bj do hiéu suit; (b) may do do choi dang tip trung vao
diém giira (diém khoanh tron) ciia mau OLED dé do d6 choi.

*Cac buéc tién hanh cai dit va do hi¢u suit:

@ bit tim OLED vao trong bo mach cép dién, cb dinh va dong nép

P6 CATHODE

P4

&£ :
3

&

- d S
3

]

) 3
Tam T w0
[

=

Lot :
= a A

”

o

“E! Q
— 3
- a

)

Hinh 3.21 Bo mach cip dién.

@ K¢t nodi cac cong, day dau noi cac thict bi lién quan
® Cai dat cac gia tri dién ap, cuong do dong dién cap vao
@ Tién hanh danh gia qua cac gia tri thé hién trén biéu do
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® Lip lai cac thao tac, diéu chinh cac gia tri ngudn dién khac nhau dé c6 sy danh gia

qua biéu d6 phan tich hién thi trén man hinh. Qua viéc danh gia c6 thé diéu chinh lai
san pham dé nang cao hiéu suét cling nhu biét duoc gia tri ngudn dién nao ma mau
OLED s& hién thi voi chit luong tot nhat.

3.3.4 Cac thong sb khac

Trong thuc té, ddi v6i mot vat lieu OLED hoan chinh can rat nhidu danh gia
khic khe. Nhung nhing théng sd nay chi ap dung cho OLED c6 kha niang phét ra anh
sang trang, khac voi miu thi nghiém anh sang don sic trong dé tai nay. Nén co thé coi
day 1a phan mé rong cho muc danh gia san pham OLED. Cu thé, chat luong cua anh
sang duoc tao ra boi cac ngudn sang trang duoc danh gia thém ba thong sé: chi sb két
xudt mau (Color Rendering Index - CRI), nhiét 6 mau twong quan (Color Correlated
Temperature - CCT), va tudi tho san pham.
3.3.4.1 Chi s6 két xuit mau (Color Rendering Index — CRI)

Phd phat xa ctia cac ngudn chiéu sang phai rong va lién tuc, bao phu toan bo
ving phd anh sang kha kién dé cac vat thé voi bat ky mau nao co thé dugc chiéu sang
mot cach séng dong boi anh sang tring tao ra. Tham s duogc sir dung dé danh gia kha
ning cta dén dé hién thi chinh x4c tit ca cdc mau trong khong gian sang duoc goi 1a
chi s6 két xuat mau (Color Rendering Index - CRI) . N6i chung, CRI cua ngudn sang
dugc do theo thang do trong khoang tir 0 dén 100. Gié tri CRI cang cao, kha ning tai

tao mau sic thuc cua anh sdng cang manh, duogc thé hién nhu dudi hinh ..... Cac ngu(‘Sn
chiéu sang c6 CRI tir 80 trd 1én déu tht.

CRI=97 90 80 70

Hinh 3.22 Hinh anh thuc té cho céac gia tri khac nhau cua CRI tai CCT = 2700K.
3.3.4.2 Nhiét do mau twong quan (Color Correlated Temperature - CCT)
Bén canh CIE va CRI, mot thong sb khac dé mé ta chat lugng cia anh sang
trang 13 nhiét d6 mau tuwong quan (Corrected Color Temperature - CCT), dugc dinh
nghia 14 nhiét d6 tuyét d6i mo ta mau téng thé cua dén (ngudn sang), dugc do bang
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kelvin (K). Thang do nay dugc dit theo tén cta Lord Kelvin, mdt nha phat minh nguoi
Anh. Pon vi chinh x4c 1a kelvin (chir thuong), khong phai d§ Kelvin. CCT cia mot
nguén sang 1a nhiét do cua vat den tuyét doi phat xa c6 toa do mau gén nhat véi nguén
sang. Cum tir nhiét d6 mau twong d6i thuong dugc dung dé chi nhiét d6 mau gan giéng
nhét vai nguén anh sang dang duoc dé cap dén. Do do, cac gia tri nhi¢t do mau lién
quan dén cic ngudn sang ndy 1a CCT va chua hoan toan 14 nhiét d6 mau thuc. Dé chiéu
sang chét luong cao, gid tri CCT cia 4nh sang trang phai ndm trong khoang tir 2500K
dén 6500K. Phan loai ngudn sang va cac tng dung dua trén cac gia tri CCT dugc tom
tat trong bang 3.8.

Bang 3.9 Phan loai ngudn séang va tng dung theo CCT.

CCT (K) Phin loai ngudn sing va &ng dung

Anh sang vang, gidng mau sic ciia anh sang dén day
toc va mau sic ciia anh sang trang 4m thuong duoc
stt dung trong nha dé tao ra mot bau khong khi 4m
ap.

2700 — 3000

Anh sang vang hon so v6i anh sang néu trén, Gng

3000 - 3200 . .
dung chi€u sang ndi that.

Anh sang tu nhién (mau vang ning) thuong duoc sir
3700 - 4000 dl‘_mg CEIO Céf moi :truong énhA §énfg Ve“lnk ph(j)?g, (’:ﬁ:a
hang, tang ham, hoac phong hoi thdo. Gan giong anh

sang den huynh quang thong thuong compact.

Théng thudng 5000-8000K. Day 1 mau sic cta anh
5000 — 6500 sang trang c¢6 xu huéng gan mau xanh, thudng duoc
sir dung trong moi truong san xuat va do sang cao.

Ngudn 4nh sang ban ngay voi gia tri CCT rat cao,

8000 - 10000 ,, )
duoc str dung cho lam vuon va chi€u sang ho ca.

3.3.4.3 Dy doan tudi tho thiét bi dwa trén cac thir nghiém

Su khac biét gitra kiém tra hiéu sudt OLED tiéu chuéin va kiém tra tudi tho
OLED la dau do dé do tudi tho khong can phai hiéu chuin (gidng nhu kiém tra hiéu
suat dugc st dung dé kiém tra hiéu suét). Diéu ndy c6 nghia 1a dau do dé kiém tra tron
doi c6 thé don gian nhu photodiode, vi diéu chiing ta quan tam 1a sy phan ra twong ddi
ctia d6 sang tir gi4 tri ban dau ma chung ta dat (Lo).
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- Phwong phap 1: Danh gia theo SED (Stretched Exponential Decay):
L(t) = Lo e"1)

Trong d6 L (t) 1a gid tri cta do choi theo thoi gian, Lo gia tri ban dau cua do
choi, t 1a thot gian, B va 1 1a cac tham s6. Do chinh x4c cua phép ngoai suy phu thude
rat nhiéu vao luong dir licu thuc té thu duoc ban dau.

- Phwong phap 2: Xdc dinh chu ky phan ra cua OLED theo ALT

Phuong phap thir hai 13 chay céc thir nghiém tudi tho bang cach ting céac gia tri
Lo ban dau ¢ cac mirc cao va khac nhau, sau do st dung dir li¢u thu dugc dé ngoai suy
két qua tudi tho.

Ndm 1996, Van Slyke da mé6 ta qua trinh suy thodi OLED vdéi tén goi la
coulombic, tirc la chi duoc xac dinh bﬁng téng dién tich duoc sac vao thiét bi. Theo gia
dinh, nim 2002 Popovic va Aziz d xac dinh do chéi ban dau Lo cta thir nghiém va
tudi tho thu dugc (LTso néu xem xét phan rd 50% tir Lo) 1a mot hang s6.

LTso * Lo = constant

Yéu t6 nay co thé dé dang duoc xac dinh bang thuc nghiém chay thir sitc séng
OLED cho cac gia tri Lo khac nhau.

Phuong trinh maéi nhéat co thé duoc viét lai dudi dang:

loglTso = K —nlog Lo

Trong do, logl.Tso 1a mrc d phan ra ¢ trang thai 50% hiéu suat do choi, n 1a hé
s gia toc.

1000000 1

100000

10000

LTg, (hours)

1000

100

100 1000 10000
Luminance [cd/m?)

Hinh 3.23 Dy doan tudi tho tir céc bai kiém tra gia tdc (tdng gia tri dd choi).
Céc vong tron mau den dai di¢n cho dir li¢u thir nghi¢m.
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Thiét bi danh gia: Thiét bi cAn thiét dé thuc hién cac thi nghiém tudi tho OLED la:
e Mot don vi do ngudn (dong hd do ngudn) dé diéu khién OLED
e Mot ddu do dé do cuong do anh sang phat ra theo thoi gian

Hinh 3.24 Thiét bi do do choi duoc tich hop céa hai don vi cua Ossila.

52



CHUONG 4: PHAT TRIEN SAN PHAM

4.1 Tiém ning

Sau khi qué trinh thir nghiém c6 tién trién tt, chic chin chung ta can nang cap
cAu hinh cta vat lieu OLED 1én mirc cao hon, nghia la chung ta s€ dua nhitng ma tran
diém vao phﬁn hinh 4anh in. Pon gian nhét co6 thé ké dén nhu ma tran thu dong
(PMOLED), va kh6é hon nhu ma tran chi dong (AMOLED). Kha ndng 4p dung ma trn
13 hoan toan c6 co s6. Vi du vé ma tran thu dong, 46 phan giai cua vat liéu cao hay thap
phu thudc vao d6 chinh xac ma voi phun ¢ thé tao dugc (minh hoa hinh 4.1). Vé co
ban, may in v6i dau in tan tién nhu hién nay c6 thé tao dugc ludi diém tét hon gap vai
chuc 14n cac phuong phép ché tao truyén thong.

OLED Passive Matrix

Organic
Layers

OLED Active Matrix

Cathode
~

TFT
Matrix

#
r
Anode

Hinh 4.2 M6 td OLED ma tran chu dong (AMOLED).
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Ngoai ra, uu thé ciia phuong phép in phun cho phép ching ta ché tao OLED trén
nhiéu nén vat liéu khac nhau. D6 s& 1a co sé tot nhat dé ung dung OLED mdt cach rong
rdi. Va theo nhém nghién ciru, vat liéu hoan hao nhat dé nham t&i chinh 1a mang nhya
(PET, PE, PP,...) v6i do trong sudt cuc cao. Piéu d6 ciing doi hoi thém nhiéu nghién
ctru vé cac 16p vat lidu phat quang hitu co, nhung mong chd su thanh cong nay 1 hoan
toan c6 co s& voi trinh d khoa hoc k¥ thuat cua nhan loai nhu hién nay.

Va duong nhién, dinh diém s& 1a kha ning ap vat liéu OLED Ién bt ¢t bé mit
nao ma ban mong muén: cira kinh, tudng, tii xach,... Tir d6, nhitng cin nha hay vat
dung thong minh v&i kha nang bién ddi mau sic, hinh anh (ngoai, ndi thét) s¢ duoc
hién thuc héa. Dbi v6i nganh in, vu diém ctia man hinh OLED ddng thoi hd tro su hién
thi mau trung thuc va tinh xao hon, sin sang phuc vu cho nhimg yéu ciu chuan hoa
khic khe nhat. Va di nhién, ban nghi sao v6i mot mau bao bi voi hinh anh dong
trén do?

4.2 Huéng cai thién quy trinh sian xuit OLED bing cong nghé in phun

Pé ¢ duogc nhirng dé xuét cai thién thiét thuc, nhom nghién ctru s€ phan tich vu
nhugc diém cta viéc 4p dung phuong phap in phun nhu sau:

Uu diém:

o Thiét bi don gian, ré hon céc thiét b trong san xuét truyén théng
e Nguyén vat liéu sin c6, di kha niang dap img nhu cau san xuat.
o Cong doan san xuit ngan hon véi thoi gian san xuat nhanh hon.
e  San xuét dugc trén nhiéu loai vat lidu.

o C6 kha nang cai thi¢n do phan giai hinh anh.

Nhwoc diém:

o Nguyén vat liéu cho céc ciu trac OLED phtc tap chua thé dua hoan toan vao

may in phun.

e  Chua c6 chuin danh gia riéng gianh cho cac san pham in OLED

o Chua c¢6 mdt chuan cu trac chuin ndi chung cho timg mau riéng biét ciing nhu
khi két hop mau.

e  Tirvu nhugc diém trén, chung toi dé xudt cai thién quy trinh san xuat nhu sau:

. Can c6 sy théng nhit vé quy trinh va théng sb san xuét, ké ca thong sd hoa chit

va thong sb cai dat may in.

e Can cd mot quy chuan danh gia cho san pham in OLED

e  Tim ra thong s6 1y twéng cho nguyén vt liéu va may in va cai thién nguyén vat

lidu va ap dung in phun cho tit ca cac 16p.
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PHAN KET LUAN

1. Két qua dat duoc:

Trong d¢ tai nay, nhém nghién ciru da tim hiéu nhiing van dé dang luu y vé tinh
chat myc in, su lién hé gitta bé mit vat liéu va muyc in. Hai van dé chinh rut ra dugc 1a
hai théng s6 twong ung: gia tri Z va gia tri Ma. Trong d6, nhiing dung dich dua vao
mAy in can c6 gia tri 4 < Z < 14; va c6 thé 1am giam hién tuong coffee-ring bang cach
thay doi gia tri Ma sao cho Ma =~ 3 .

7 = \/?]pv

Trong do d 1a la duong kinh voi phun; P, v, n lan luot 1 mat do chat long, strc
cang bé mit, 36 nhét cua muc; r va D 1an luot 13 ban kinh hat muc va héng ) phan tir
Sau d6 nhom nghién ctru tiép tuc xay dung mot quy trinh san xuit OLED véi may in
Dimatix 2800, d¢ xuat cia nhom 1a mot quy trinh thyc nghiém véi 5 mau khac nhau
déu vé6i hinh anh cb dinh va don sic xanh duong.

PET + ITO/ PEDOT:PSS/ PDHF.F6/ PFP-3/ Ag.
PET + ITO + xr Iy bé mat/ PEDOT:PSS/ PDHF.F6/ PFP-3/ Ag.
Kinh + ITO/ PEDOT:PSS/ PDHF.F6/ PFP-3/ Ag.
Kinh + ITO + xir Iy bé mat/ PEDOT:PSS/ PDHF.F6/ PFP-3/ Ag.
PET + ITO/ PDHF.F6/ PFP-3/ Ag.
Trong d6, cac hoa chit hiru co nhom sir dung duoc téng hop trong bang 4.1. Quy

S T

trinh duoc nhoém dé xuat bén dudi trong hinh 4.1
Bang 1. Tong hop nhitng hoa chat hiru co duoc sir dung:

. Phwong thu
STT | Tén hoéa chat | Vai tro Thong tin chung ’u’ § thue
ung dung
La mét chat duge cau thanh tir
indium, thiéc, oxy voi ti 1& khac ) ,
1 ITO Anode Trang phu

nhau; Co6 tinh dan dién trong
sudt, khong mau.

2 PEDOT:PSS HIL Thuoc nhom  polyfluorene. | Trang phu bay
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PEDOT:PSS 12 mot hén hop
polymer cua hai ionomer. Mot
thanh phan trong hon hop nay
duoc tao thanh tor natr
polystyrene sulfonate 1la mot
polystyrene sulfonated. Mot
phan cua cac nhém sulfonyl bi
khtr lién két va mang dién tich
am. Céac thanh phan poly khac
(3,4-ethylenedioxythiophene)
hodc PEDOT la mot polymer
lién hgp va mang dién tich
duong. Cac dai phan to trén
tich dién tao thanh mot mudi da
phan tur.

hoi chan khong

Thudc nhom polyfluorene. Phat
ra 4nh sang xanh duong, budc

song cao nhat cé thé dat trong

PDHE.F6 HIL khoang 410 — 420 nm. Dugc sir
dung nhiéu trong san xuat LED
va OLED.

Thudc nhém polyfluorene. Anh
PFP-3 EML sang phat quang mau xanh

duong.

Dian dién va c6 cong thoat

Mugaflano Cathode | electron theo 1y thuyét 1a 4.78

(eV)

In
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Thiét ké ciu tric
Chuén bi ngt}rén vit ligu
v
Xt Iy bé mit
Trang lop H]LtPEDﬂT:PSS)

v

In lép HTL (PDHEF6)

v

In 16p EML (PFP-3)

v

In 16p Anode

v

Po kiém mau

v

So sanh két qua do kifm

v

Hinh 1. Quy trinh san xuat OLED bang cong nghé in phun DOD

Trong d6, khau do kiém mau va danh gia duoc thuc hién théng qua 4 thong sb:
Budc song va CIE, do choi, hiéu suit, dién ap st dung. Ta str dung két qua do kiém dé
so sanh véi muc dich rut ra nhitng két luan nhu sau:
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So sanh miu Két luan rat ra
e (a) va (b); (c) va (d): Kiém tra hiéu e Ciu tric c6 hiéu suat cao nhat
qué cta qué trinh xtr Iy bé mat. e Cau tric c6 hiéu suit bé nhat
e (a) va (c); (b) va (d): Su khéc biét « Hiéu qua cua qua trinh xir Iy bé mat
giita 16p dé bang kinh va PET. e Hiéu qua cua 16p PEDOT:PSS
e (a) va (e): Kiém tra hiéu qua cua l6p e Su kl}éc bit gitra lélz dé kinh va PET
hitu co PEDOT:PSS. o Dj bén ly hoa cia mau

2. Két qua chua dat dugc:

Nhém nghién ctru chua cé didu kién thuc nghiém dé danh gid duoc quy trinh da
xay dung, do d6 kéo theo viéc chuan hoa quy trinh gip khé khian. Ly do khach quan
gbm 2 ¥ chinh:

. Nguyén vat li¢u khong san co tai Viét Nam: da sd nguyén vat liéu dién phat
quang bit budc phai dat hang tai cac qudc gia khac. Nhung phuong an d6 khong dugce
chon do thoi gian hoan thanh dé tai khéng cho phép.

. Thiéu thiét bi: hudng thuc nghiém chu yéu véi thiét bi & cac phong thi nghiém
trong nudc. Va khong phai thong sd nao ciing ¢ may do sin, nén s& c6 mot vai chd
dugc do bang thiét bi thay thé v6i thong sd chua phii hop, nhung van c6 tinh ning
tuong dong.

3. Kyvong

Nhom nghién ciru mong mudn dé tai nay phat trién theo huéng chuan héa quy
trinh san xuat OLED bang cong nghé in phun thong qua thuc nghiém. Nhém dé xuat
qua trinh thyc nghiém nén sir dung thém cac héa chat hitu co khac dé: vira tim ra loai
hoa chit phu hop, vira tao thém nhiéu mau sic. Thém mot budce nita 13 4p dung ma tran
va bo mach dé hoan thién tinh chit lam man hinh ctia OLED. Tur d6, léy lam co s6 mo
rong quy mo 1én muc d san xuat cong nghiép.
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PHU LUC 1: THONG SO CAC THIET BI PO KIEM

STT

Thiét bi

Théng s6 k§ thuit

May do nhiét d0 mau

Vung do: 0.1 dén 99,990 Ix
Do chinh xac: £2%

Thot gian do: 0.5s

Nhiét d6/d6 4m hoat dong: tir -
10 — 40°C/ @6 4m hoat dong
dudi 85% ¢ nhiét do 35 °C
Loai tiéu chuan do ap dung:
Tuan thu cac yéu cau dbi loai
A cua JIS C 1609-1: 2006

Gia tri do Tong hop mau: X,
Y, Z; gid tr1 Evxy, Evu’v’, Ev
Sai biét mau: A Evxy, A Evu’v;
AE

May do do choi LS — 150 Konica
(tich hop trong thiét bi do hiéu suat)

Goc do: 1°

Tiéu cu: F=85mm

Khoang cach do nho nhat:
1012 mm

Pudng kinh vat thé nhé nhat c¢6
thedo 144 mm (Vi
khoang céach 1.3 mm)

Thoi gian do: 0.7 —4.3 s

Don vi do: de/m2 hay fL

D0 chinh xac: £2%

Nhiét d6/ d6 am hoat dong: 0
dén 40 °C / d6 4m mdi truong
dudi 85%

Tiéu chuan: DIN 5032-7

Hé diéu hanh phu hop: Tu
Windows 7 tr¢ lén
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Pon vi do co tich hgp cac cam bién
do ludong va phan mém thdng ké cua
Ossila ((tich hop trong thiét bi do hiéu
sudt)

High current
measurement accuracy

USB and Ethernet
connectivity

User-friendly

software Software controlled

current ranges

Dual source measure
channels

Multiple programming
languages

Staticfree and
durable casing

Khéng cé théng sé cu thé

Board mach cip ngudn Ossial (tich
hop trong thiét bi do hiéu suét)

BNC socket sy, |

Push fit bracket
Optical window .
Connection
switches
Oval bolt holes
Header pins

Khéng cé thong sé cu thé

Phan cuc ké

- Rt dé van hanh v6i man hinh
cam ung 3.5”

- Piéu chinh d& dang trén menu
- Gia tri do dugc tily chon hién
thi theo dang goc quay quang hoc
hay thang do d6 duong qudc té.

- Bu trir nhi€t d0 dang tin cay

- Ong do thich hop cho bét ky
mau nio

- Po 1én dén mat d6 quang 3.0

- Thoi gian do nhanh khoang 1
gidy

- Tuén tha dugc dién (M, Anh,
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Nhat, Chau Au), GLP, ASTM,
ICUMSA, NIST.

May do do lang - Ngudn dién cung cap:
AC220V£10% 2A 50Hz

- Khoang do: (1~15)s,(15~
300)s

- Thé tich: Lén (380+1) ml,
Nho (38£1) ml

- Trang thai: 150.66kPa ->
48kPa.Il 50.66kPa ->
48kPa.Ill 50.66kPa ->
29.33kPa

- Vung kiém tra: (10£0.05)cm?

- Luec ép kiém tra: (100+2)kPa

- Data output: RS232
(Standard)/USB (Optional)

- Nhi¢t do lam viéc: Nhiét do
(20 + 10 )°C. Pd 4m < 85%

- Do chia: 0.001 mm
- Do chinh xéc: = 3um
- Lucdo:35N
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PHU LUC 2: CAC CHUAN PANH GIA CHAT LUQNG OLED

OLED ANSI/UL 8752

Nhitng yéu cau nay ap dung cho cac tim diode phat quang hitu co danh cho céac chirc
nang, chiéu sang mdi truong xung quanh hodc chiéu sang tham my va dé lap dat di
dong hoac ¢ dinh theo quy dinh cua cac tiéu chuin va dé két ndi vai céc ngu@)n nang
lwong c6 lap (khong két ndi) nhu may phat dién, pin, pin nhién liéu, pin mit trdi va cac
loai tuong tu.

Man hinh Diode phat quang hiru co (OLED) IEC 623-1-1:2009 - Phin 1: Thong
s6 ky thuat chung

Thong sé chung cho cic man hinh Diode phat quang hitu co (OLED). N6 xéc dinh céac
quy trinh chung dé danh gia chat luong s& duoc str dung trong hé thong IECQ va thiét
1ap cac quy tic chung cho cac phuong phap do dién quang, kiém tra méi trudng, co hoc
va do bén.

Man hinh Diode phat quang hitu co' (OLED) theo tiéu chuin IEC 62341-1-2:2014-
Phan1-2: Thuit ngir va ky hiéu

IEC 62341-1-2:2014 dua ra cac thuat nglr dugc st dung nhiéu, dinh nghia va ky hi¢u
cua chiing cho man hinh Diode phét quang hiru co (OLED), véi muyc tiéu str dung cung
mot thuat ngit khi cac 4n pham dugc phat hanh tai cic qudc gia khac nhau.

Man hinh Diode phat quang hiru co (OLED) theo ti¢u chuian IEC 62341-5:2009-
Phan 5: Phuwong thirc kiém tra méi truong

Xac dinh cac phuong phap thir nghiém dé danh gia d6 bén cia cac module hién thi
diode phat quang hiru co (module hién thi OLED) dé st dung va luu trit trong méi
truong st dung gid dinh

Man hinh Diode phit quang hiru co (OLED) theo tiéu chuan IEC 62341-5-2:2013-
Phin 5-2: Phuwong phap thir d bén co hoc

Xéc dinh cac phuong phap thir nghiém dé danh gia chat luong d6 bén co hoc cia tim
nén va module man hinh phat quang hitu co (OLED) hoidc cach dong géi chiing dé van
chuyén. N6 duoc tinh dén bat ctr khi nao c6 thé, cac phuong phap thir nghiém moi
truong duoc néu trong cac phan ciia IEC 60068. Muc tiéu cia tiéu chuin nay 1a thiét
1ap cac phuong phap thir nghiém duoc wa chudng dé danh gia do bén co hoc cua cac
thiét bi man hinh OLED.
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Man hinh Diode phit quang hiru co (OLED) theo tiéu chuan IEC 62341-5-3:2013-
Phin 5-3: Phuong phap do d bam dinh va tudi tho

Chi dinh céc diéu kién do tiéu chuan va phuong phap do dé xac dinh d6 bam dinh va
tudi tho ctia tim nén va module hién thi diode phat quang hitu co (OLED). Chu yéu
duoc 4p dung cho cac modules.

Man hinh Diode phat quang hitu co (OLED) theo tiéu chuin IEC 62341-6-1:2009-
Phin 6-1: Phwong phap do cac thong sé dién quang

Chi dinh cac diéu kién do tiéu chuan va phuong phap do dé xac dinh cac thong sb cac
cac module hién thi diode phat quang hitu co (OLED), va khi dugc chi dinh, trong cac
phan sau: a) do sang va d6 dong déu; b) ty 1é twong phan trong phong t6i; ¢) mau sic,
do déng déu mau, gam mau va nhi¢t do twong quan; d) ti€u thu dién nang.

Man hinh Diode phat quang hiru co (OLED) theo ti¢u chuan IEC 62341-6-2-Phan
6-2: Phwong phap do chit lwgng hinh anh va hiéu suit méi trwdng xung quanh
Chi dinh cac diéu kién do tiéu chudn va phuong phap do dé xac dinh chét luvong hinh
anh va hiéu suat moi truong xung quanh cta cac module va bang hién thi oled. Tai liéu
nay chu yéu ap dung cho cac module hién thi mau.

Man hinh Diode phat quang hiru co (oled) theo tiéu chuin IEC 62341-6-3:2012
Phin 6-3: Phuong phap do chét lwong hinh anh

Chi dinh cac diéu kién do tiéu chudn va phuong phap do dé xac dinh chét luong hinh
anh cua oled va module. Cu thé, tiéu chuan nay tap trung vao 5 khia canh cua chét
lwong hinh anh: pham vi goc nhin, cross-talk, nhap nhay, d6 phan giai hinh anh dong
va dg phan giai hinh anh tinh.

OLED theo tiéu chuin IEC 62868 ed1.0 dé phat quang chung - Yéu ciu an toan
IEC 62868:2014 chi dinh cac yéu cau an toan ctia oled dé str dung trén dugc cung cap
t6i 120V hodc cung cép t6i 50V ¢ 50Hz hodc 60Hz cho cac muc dich chiéu sang chung
trong nha va tuong tu.

Ddi v6i anh sang oled, cac tiéu chuan anh sang chung dang duoc sir dung nhur:

Dén chiéu sang theo tiéu chuan IEC 60598-1
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