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Study of doped graded-emission layer in organic
light-emitting diodes

Student : Chun-Hsiung Chuang Advisor : Dr. Chin H. Chen

Dr. Huang M. Chen

Institute of Electro-Optical Engineering

National Chiao Tung University

Abstract

We introduced new fabrication method and a novel doped graded-dual-host
emitter structure (G-EML) for OLED by utilizing a conventional research
thermal-evaporation coater. NPB/AIlgs doped with- C545T and NPB/BAIq doped
with EY53 and CBP/EPH31 doped with Ir(ppy)s were three pairs of host and
guest materials that were selected to demonstrate the advantages of the doped
graded emitting layer. By NPB/AIg; doped with C545T: Compared with
conventional bi-layer (B-EML) and mixed-emission (M-EML) structures, the
current efficiency roll-off in G-EML was slower than M-EML. And the lifetime
was 1.8 times than the B-EML. By NPB/BAIq doped with EY53: The
concentration quenching was found in conventional G-EML device. We report
an improved doped graded-emission layered structure (IG-EML) which the
lifetime was 4.8 times for B-EML device and did not compromise its current
efficiency. By CBP/EPH31 doped with Ir(ppy)s: Using TCTA to be the
blocking layer could enhance the current efficiency, but the device lifetime
would drop. The G-EML device could enhance the current efficiency without

blocking layer, and the lifetime was also good.



l‘:‘-

e

LA EERTEETERE Fov B AR MEF A o S
T Bl o AR R Ay R A AL 2 A L R KR
FORERE R R UL R DR R A R R T R
FHrRUBRCZFTLER B ¥ ohe BRMC EL AR P EEF ~ R
M E o F R LY AR R R A ans Y (B
AR ERHREA S d nHE S AR REAKATT oA i
FEFIERE A RIS AR EHEL v RE R AR R AR
SR ERE R E S P EBAESE LR R FAPTE R

EFF AT LS IEHE R AR AT R FTF

TP ey ek EEIFe AN IR F S T X AT %
VA rs g m £ AN - AP rdr f i 2 EA R E Y L EEH
Sl BAE Bt Hae BAPRHR S L bR
R AL A E R RAE 0 35 2R R AN DR A i P fs
AEMAEFZORE P By L AF R B A - s R B R RE

RSB HANFARAESAEZ R VLR SR EY > L By

-~

R
B i At A R ATRORE S 0 A e



>gl=1
oot e ettt e et e et e e e et e e e et e s ee e et er e e et er e eeeer e e eerraens Il

1.1 LRI /A = | £ [S I &N\ e 1

X
=

1.2 $ BT s % A

1.3 R T R 7

131 &

&
[

L) 7
1.3.2 BB AET S50 50 B eoreeeeeeeeeeeeeeeeeeeee e seeeeseee s sseesseeeseee s e s seee s 9
(I T BT B T 11

1.4 R A 11



3.1

3.2

4.1

4.2

4.3

43.1

4.3.2

4.3.3

4.3.4

4.4

441

4.4.2

443

B R L BARFT T s 29
NPB fr Algs 5 3 % K882 ¥ L%k 2 2 e, 31

NPB fr BAIQ & 2 3 482 ¥ L F L2 34

=

MR RS AR EELF LA e 34

B3 BRE N R I e, 36

PRI REABE N R R A 38
A TR PRI T e 41

CBP fr EPH31 Z 2 # LRz gk sk~ 2 e, 42

WA G LR EELFER A e, 42

A TR B Z PTEF I e, 47
£ 20 et 50



% P &

e 1-1~ A R 2 (MH)febrg 38~ 3 (LCF)2 3 b # e 19
. 4-1~Device A~B 2 C & 20 MA/Cm’ 13 508 £ & v, 34
. 4-2 ~ Device D ~ E & 20 MA/CM? 78 508 £ £ TR o 35
. 4-3 ~ Device F £ Device G 2.  i* & 20 mA/cm’ i1 jcs % £ ..., 38
. 4- 4 ~ Device H £ Device | 2. = i* & 20 mA/em? (73 s % & ..., 40

. 4- 5~ Device D ~ E ~ F 7 Device | 2. = 2 & 20 mA/cm’® 7§ e % £ 1

. 4-6 ~ Device J T Device Q2 & %20 mA/cm? eh T 5 g % £ ..., 49

Vi



WP &

B 1- 1-(a)C. W. Tang % * #73% 12 MR gk OLED ~ i ;(b) -2 558 k5t

2 s % k3 (1) % 32 32(Algs) (2)C540/Algs, and (3)DCM1/Alg,. ........ 3
Bl1-2~ 57 F 155 % B 22T LBl 4
Bl 1-3-33F ~ 2 Rssaddapd Bl e, 5
B 1-4 ~ Sony 7 SID 2010 #7% % ¢ “Rollable OLED” & 4 ..ccovevvvrvecreneee. 6
Bl 1-5+ OLED # LED BEF & * # BT 5] coovvvrverecereeeeeeeeseesssesssseeesseessseses 6

Bl 1- 6~ @3 2o rk et R0) ABESERE R R EF2Z B %(C)

HOMO 5t FF 22 3 B 3o 20 B B ittt it 8

Bl 1- 7~ 5 1 B4R Bl it o st sl e 10
B 1- 8~ ~ & PL k3 (a) & & indkds (D)= 4k 10 -] pFie (C)7 indk

0/ pFts (d)AFE4 » 5nm e Algs 3 £ & (€)I£1&d Mg-Ag & it d

Ag 7l > TSR RARE 50 ] FF e, 10

Bl 1- 9 ~ (a) Graded £ & %47 & Bl ; (b) Bilayer ~ Mixed # Graded 1 ~ i

B 1- 10 ~ (a)HJ (H) ~ uniformly mixed (@) ~ GM (A) % Fik ~ 2 (@) 2 »xF

B L ()RR X L1 PO 14
Bl 1-11-(a) 8- § #4 =~ 2 4 (D)TCTA ~ Ir(ppy)s # BPhen 2 ii 14 ]
.................................................................................................................. 15



B 1-12 ~ p 3005 & & ‘;H?_fr B BBl e 16

B 1- 13~ NFGJ @ A2 B T R B R B A2 T e 17
Bl 1-14 - (QEFL Ry £~ 2 ;(0)BRENF L2 18
Bl 1- 15 Ak ok A 2R T E B BB e 19
B 1- 16 ~ In-Line EVaporation Z 4% = /& ....ccccovininieieceneeeeeeese e 20

B 1- 17~ @5 Tk ~ & (Hetero) £z prig 3¢ = i (Graded)z (a) %47 &

BlZ £ 23T (D)7 2 B B B R e 20
Bl 3- 1 F B i AR Bttt et et e r et ettt s n et 22
B 3-2 % 7 22 K G A1 R ossemssstoe iabasb sttt 23
Bl 3-3 O F4EE S BBl oottt e, 25
Bl 3-4~ 3 H 7 R Bl b ieeeieionsbiets e dlbents e, 26
Bl 3- 5~ A i A8 T B B3R T B B ettt 27

Bl 4- L-Q)brie N # F 4422 NPB 2 Algsdg 5 - % i ;(b)NPB £2 Alg;,
S AOBRE 3N 2 TR T P B s 30
Bl 4- 2~ (e F4E ez NPB 2 BAlqQ 453 -p % 1 ;(b)NPB 2
BAIQ & %feibrit 3% 8 92 ST R 3 e, 31

Bl 4- 3~ Device C (a)zF % & 2 2 g LS - g it ;(b)#F £k 2 kR4~

B 4-4 ~ Device A~B %2 Device Cz (a)x /n % E-T B-% E#HFH;(b)T iz

VI



i IR ) 3 = i ARSI 33
B 4-5~ Device A~B % Device C 2 3 iFTEZ BB v 34
B 4- 6 ~ Device D 2 Device Ez (@)% i R -7 B-% R &4, ()7 i -
I ) 3 = A OSSPSR 35
B 4- 7 ~ Device F 2 Device Gz (a)& i BE-T B-2 R FH;(0)7 iirxd-
I A = USSR 36
] 4- 8 ~ (a)Device F % % & 2. NPB ~ BAIq #4# 5 -p% | 22 4%k ; (b)Device F %
k2 kR -E R 4§ (c)Device G ¥ % & 2. NPB -~ BAIlq 4 & - 7 3
45 (d)Device G 3 £ B 2Tk & 2B B T b 37
Bl4-9- st i FA S RE T I e 39
B 4- 10 ~ Device H 2 Devicel 2 g & & gk kR A F e, 39

Bl 4- 11 ~ Device H 2 Device 1z ()R 72 E-7 B-2 B &F ;07 e -

T BAEREMN,; )~ 2 T EF R B 40
B 4-12 ~ Device D~E~F 2 Devicel 22 ~ 2 FZ2 & E B 41

] 4- 13 ~ Device J 2 Device Kz (@)= i ER-7 B-2 R FMH;(b)7 s -
B T B R ettt e 43

Bl 4- 14 ~ Device J~ K~ L ~M ¥ Device N z_ ~ & g iisxF -2 i@ B FiE

] 4- 15 ~ Device K~ O f= Device P 2 & /xR -0 it B R F M 45

] 4- 16 ~ Device Q % % & (a)2- CPB ~ EPH31 e o - ¥ 22 s (b) ik i - B

IX



B A W (C)”—'I'-a,/n I% ?_,/TIL ‘,},Ei]%] .................................................... 46

Bl 4- 17~ 2 3 iv 3 & £ p)(@)Device J~K~L~M 2 Device N;(b) Device K ~

O Y P % DEVICE Q.. ettt e e e et e eeearae e e e e earaaee s 48
Bl 4-18 ~ L gk IT R B B B e s 49



-
11 %2

"EE AL g o A PTG B or % (Flat panel display, FPD) & s
B4 B AR ETAE (Cathode ray tube, CRT)ehR i£1¢ * > d 8B4 -

z

\f“b

ik B 18 A L AR & (Plasma display panel, PDP) 2 i 5, & 7 &
(Liquid crystal display, LCD)#t2~i% » PDP p %] 2 -] & % B ~ % $74
SR S RS R3 LCD & 2 Bt ehaign o 2 LCD &t B
iR BAAEE o F O RRRB - BLpARE G U] - R X R AL @ F T
{ 4% 8T $LFenT 4 L 2 & 48 (Organic light-emitting diode, OLED):% i
FIAPaEAR > 7 & 5 AT R AR BAE -

TE R

mly

KR b f 2 o e HA S TR TRl L
TOAPEZELERE AT IIREG T BERBEALF > FH i g

AR R b oo ded 4 R AR N F dsd ¥ % Tt OLED B dnen

51 A penp ko OLED #73 FdEw ~ F B - BARE - BH R~ 4T
2 4p LS P EAGARIL S A LCD ship %t > i ko {4 AL 4T
Ped I P ANBEIRETBRDE CFXIFPE RS > AHNELS
¥ K = &% % 4% (Active matrix organic light-emitting diode, AMOLED)~ &
et R EREE Y > Pl - U] OLED # E R Fl > S e 2

PE BSOS R Fa e - R % OLED 4eigdap > %

e

>‘



i {Behd BT
FWTEFL-EHEZF A

BE ey R g e e igmi 1963 £ 5 £ K Pope #$:01 %) 400
R3F2 BB 5 4o >t anthracence H & F @ gL Rl kg M wiE B 2 iE
TREARENREFWTHFRERT B EA A L EAR-8 T 1087 &
% W47 £ 9 % 7 (Kodak)#C. W. Tang 3 S. A. VanSlyke % « 4 * E 7 41 745
Bk & @ TR 4 (diamine) 2 - & BT F 04 (Algg) 2 § R
BAAEAENF PF LA EGrR 1-1@) 2R T FER T BUITF D
A2 LT AR L SE 0 RO R R T RT o 23] 1%

RE F 2 2 4+ 1000-cd/m® fd AP 5 1989 & 5 C.W. Tang % <« ~ #&

\4
|l

I A -E B2 & ti(Guest-host system) > &= b H-eh IRE I g 4 tpdE B
o F AR P TES I FEARIT R A bR 1-1() - d
I B EBEP > (8 OLED A~ i fE e~ ks v ggd AR
LE-HERIFERY o7 IR EHEZL-EBe AR 252000 3
1990 # > EI’I:EZI@H% J. H. Burroughes % 4 41 * >z & #% iw = ;% (Spin coating)#-
£ =3 &~ + PPV [poly(p-phenylene vinylene)] = %>t = B 7 &2 B > @] iF
- BF AT % % &8 (Polymer light-emitting diode, PLED)M » #++

Wk - W B o AR L B 2 9k o


file:///C:/Users/Jean_Luc/Downloads/Reference/%5b1%5d%20M.%20Pope,%20H.%20P.%20Kallmann,%20and%20P.%20Magnante,%20J.%20Chem.%20Phys.,%2038,%202042%20(1963)..pdf
file:///C:/Users/Jean_Luc/Downloads/Reference/%5b2%5d%20C.%20W.%20Tang,%20and%20S.%20A.%20VanSlyke,%20Appl.%20Phys.%20Lett.,%2051,%20913%20(1987)..pdf
file:///C:/Users/Jean_Luc/Downloads/Reference/%5b3%5d%20C.%20W.%20Tang,%20S.%20A.%20VanSlyke,%20and%20C.%20H.%20Chen,%20J.%20Appl.%20Phys.,%2065,%203610%20(1989)..pdf
file:///C:/Users/Jean_Luc/Downloads/Reference/%5b4%5d%20J.%20H.%20Burroughes,%20D.%20D.%20C.%20Bradley,%20A.%20R.%20Brown,%20R.%20N.%20Marks,%20K.%20Mackay,%20R.%20H.%20Friend,%20P.%20L.%20Burn,%20and%20A.%20B.%20Holmes,%20Nature,%20347,%20539%20(1990)..pdf

— Mg Ag 0]

rgxér - Alas g

Diamine &

+ Nt 5

[ - : :_:I:—ITO .

L 9]
' ™ Glass

50.'}” 550 ‘ -E‘:GO 77”65(] ] 700 750
Wavelength (nm)
(a) (b)

Bl 1-1~(a)C. W. Tang & + #73% 2 (R g4 OLED ~ i ;(b)i-% #5358 % 4L

2 F e % k2 (1) A 32 32(Algs) (2)C540/Algs, and (3)DCM1/Algs.

-~

W7 OLED % 5 7 BN St (eRlI1-2)0 B F LR RESRE* - 1w
b i B TR E T+ A BEd TFA > & (Hole injection layer, HIL)
g @éig?l)%] (Hole transport-layer, HTL)% & -2 » % (Electron injection layer,

EIL) ~ & + @4 & (Electron transport layer, ETL) » i& » 3 - £ 3 i-% 4}

%

¥z % k& (Emitting layer, EML) b » § F 7 0F & 4 F %L
(recombination) > 25 = - + (Exciton) » & d 3 it £ 8 fs (Excited state)
w F| & A (Ground state) » #-it £ ke o d N EF R F SR IFRE L
s » FIR F piaentFit s 22 - iy 3 o &%l 5 Flp mF $H(Spin
anti-symmetry) @ it 25% ¢ 8 £ fE g3 + (Singlet) - 2 F] A & ¥4 £ (Spin

symmetry) it 75%¢<n= & i g + (Triplet) » 4o 1-3 0 d *0 = € fu e + v

DA aEf 2 F 7 T EI7 48 F R (Pauli Exclusion Principle) » @ %



BT i e B AR AR Rt ki o @A 4 o8 T 1998 & o
% WY 24~ FenBaldo fr Forrest 3t 4 =3 > BEE T £ £ B R
+ 5 W E B & 0 R E R su(Heavy atom effect) 2 2 p gt B &
i£* (Spin-orbital coupling) > # ¥ = & gL @+ 4 i ¥ BT kAN w
7 & 4Pl i OLED #hp 2% 3 »2 % (Internal quantum efficiency) it i 5| 100%

g * o

Cathode @

EIL

— | ETL

EML

HTL

HIL
ITO Anode @®

Glass Substrate

B L2+ 5474 5L B e iis LW


file:///C:/Users/Jean_Luc/Downloads/Reference/%5b5%5d%20M.%20A.%20Baldo,%20D.%20F.%20O’Brien,%20Y.%20You,%20A.%20Shoustikov,%20S.%20Sibley,%20M.%20E.%20Thompson,%20S.%20R.%20Forrest,%20Nature,%20395,%20151%20(1998)..pdf

LUMO —3—
+

HOMO +

—

electron 1 hole

MOLECULAR EXCITED STATES
AFTER ELECTRICAL EXCITATION

25?/
Singlet
spin anti-symmetric

ISC

—_—

[aka == pr |4t

Relaxation allowed \

fast, efficient
Fluorescence

N&S%

Triplet

spin symmetric

\%Hp +it>
it >

[tz > =
1%, > =
Pess > = e

/ Relaxation disallowed

slow, inefficient
Phosphorescence

MOLECULAR GROUND STATE
spin anti-symmetric

M1-3- %

TkEE L

P a3 AMOLED @ = 4o ~ 7 & &

=% OLED v kpp > "4 . OLED *t& B e & =

2 iTF 3 ¢4 > m OLED ¢

445

A 4 ey i

M d 37 ch T Hed 2 OLED

P o 3F 5 OAEoT B R

icom B4 Peng & 5 8 1992 & Gustafsson

$AF g A PET Aol iveng A+ 4 7 3w =217, 1007 &
Gu 42 S5 (v v o] 434 #~2®, 1 2010 & > Sony #
3847 v 1 (rollable)OLED & 5 » iz 8 6] HhBf 77 AFATER L 18 i 4o

B 1-4> A kfittt OLED w ¥ 1

R A4 TR

| #* Roll-to-Roll %] 424 i

SRR



B 1- 4 ~ Sony % SID 2010 #7% # » “Rollable OLED” &

OLED » #% #iTg»c% 2 % 1o LRP L RTES > 3 B3R
¥ - 14 (LED)2 8Lk % >OLED 4 & % ik> = —-}5?4}&4 B RATRE T

B2 ARTHIoLED £ fp i A iR LR -

BAAT

Z2RUrFA b

ArZ4k

\*/—'}‘/754‘#

B/ 759N R INEL/ QAN EER R
\

-HREK -BLVE R

B 1-5~ OLED ¢ LED B P J&* & [l %



13 & 24 4R P2 73

Fos *U4] OLED # B i & 1% - 0 WARXF A o Fecd 7 -
BRIEA~E2adkiFd Hendteip > o OLED s F 1 & & * Adr+ 48 - MP4
player Sg 472K FF I & * RN F1F AT A SR RT LTS

d
=2l

=t

Beitd pehiesp o et OLED #7 % = B o TARBHE A P € &
PR 23 F (AR R c A EERDTT S bl

St RE T S T BB S 0 10§ B BERS T

* 14 5 2 F HOMO & Fg e ik @%ﬁz‘q‘ BAAE s bR R PR
FATR & k2. HOMO s Ff ~ L33 # #% 28 & (glass transition temperature, Ty )
ARG R R ARTR A2 M AoB) 160 YRS T Bk L B
NRARM G AERAREEL ) FEFERRASTAL RRPIFRARMN > A H

P BEE RRA IR R DT B o B B MR/ B e B
fefpAR o RETH AN ARIGFEEAACENERL S T g T

R B bR A 2 S (Y A e 33y g 3 R Rl (Hole traps)

“:L
ksl
kg
&
¥
N
>/
?"—1
ke
F_&
%
a%

TR B hE R o FIT I B



100_ T T T T T T T 100 T T
80F 12 . 8O 12 1
x 0 X T '
~ 60Ff - . - ‘“ﬁoeo « * -
o YT
- I 4 _5 ~ 4
So40f  C 3 2 240 3t 2 -
" : 6 - . 6 1.3
20 1 20} ]
t- 8 9 14 8 9
0-? -. i |- 1 i L 15 ] 0 N ..7 R . " . 1 1.4
120 160 200 240 280 20 40 60 80 100 120
Tm/C () Tg/*C (b)
6.0

()
Bll-6-@pHE2REFZMB R0 AFEBERERE RRFZ M R(C)

HOMO ¢ F& &2 % & % 5% 2 B (%


file:///C:/Users/Jean_Luc/Downloads/Reference/%5b6%5d%20Chihaya%20Adachi,%20Kazukiyo%20Nagai,%20and%20Nozomu%20Tamoto,%20Appl.%20Phys.%20Lett.%2066%20(20),%202679%20(1995)..pdf
file:///C:/Users/Jean_Luc/Downloads/Reference/%5b7%5d%20D.%20Y.%20Kondakov,%20J.%20R.%20Sandifer,%20C.%20W.%20Tang,%20R.%20H.%20Young,%20J.%20Appl.%20Phys.,%2093,%201108%20(2003)..pdf

132 Basaru s
BhK D TET TS PSS AR A AT
e o Hany Aziz % 4 G B TF @854 NPB 46~ 5nm 2§ * 5 @45

PR Algs (T 53 k& » 2 2 24Pl 17 AR T L EARS 2 > 7

4y

NPB ﬁﬁ@ﬁs?]‘?,‘}}k o E 2 Algg ek F 52T F P E 2R
-7 B A T fE e IELR L i sk g Sk (Photoluminescence, PL)#x % o fs 0
FIR AP PLEFRREF T ARSI Aem EBTE S 4oR] 1-8 0 30
Al ELE FIRFEDES A AlggBaF gk, 2R * 35

e Ag K Mg-AQ I8 @ FIAEE T A B8 K 2 7 enii 4 > i3 &

o pE R ERT IR (1S 0 A MO-AQEEtE S~ 20 R R L AP R A i
# NPB #crt £ 3 B TR D PL ks R T AT X
BAORY R AHE CUPC £ 2B BT HA» > RF LK HTI-TF
BT fra A ek (T & 7 ESR S Al AT A5 wrig & en Mo

hod G e A N E TR @B NPB 2 NPBTH AT 4 £

% e g2


file:///C:/Users/Jean_Luc/Downloads/Reference/%5b7%5d%20Hany%20Aziz,%20Zoran%20D.%20Popovic,%20Nan-Xing%20Hu,%20Ah-Mee%20Hor,%20Gu%20Xu,%20SCIENCE,%20283,%201900%20(1999)..pdf
file:///C:/Users/Jean_Luc/Downloads/Reference/%5b8%5d%20Ralph%20H.%20Young,%20Jerome%20R.%20Lenhard,%20Denis%20Y.%20Kondakov,%20and%20Tukaram%20K.%20Hatwar,%20SID%20Symposium%20Digest,%20705%20(2008)..pdf

Cathode
(200 nm)

AlQ- (10 nm)
NPB (40 nm)

- <
NPB (20 nm) AIQ; (5 nm)

ITO (30 nm)

(Glass Substrate

(a)
juzl 0
0.9 o oa® 5 -
AR,
r o o | ]
a ‘A
L8 — o st
A " O
> o& apg
=z 0.7 = A an 1
g a
3 By (c) 20
Z o6 A acn® = 4
: s SACTH 4,0
T ) < o =]
- 05 = ) &0 ]
2 see o &
= o 9 WtTe%e o Y -
g2 04r- , *e .
= L 0 . e, AAE:
S a2
4 | o . e o AL
Wi- o . « Y “n b
° S
Fo2 o ., o
02 - s g® L] %ga_ B
e og MO
EE\E/‘ ae ‘e C‘ora 3 1
0.1 1og® e o |
™ Ll
X 5 (d) *ely
X K ox x .
0.0 g X% J
4500 s00 550 GO 650 TO0

Wavelength (nm})

Bl 1-8~ ~ it PL £ (@A 7 n48# (b)T in48d 10 ] pFis (C)T in4kd
50 -] pEis (d)AdE4c » 5nm e Algs# £ & (e)ist&d Mg-Ag & t&:cd Ag

TR TR AR 50 /) B

10



133 R RE& ¥t )

Sean W. Culligan % % 4[* 7 f =~ i* g:-ﬁ fie & & * 2 4p e HOMO 5t F#
2. ADN ~ANF 2 ADF = fEfHfl 2 4 6 2 3 3 L8l > M7 h~ 2 84
s Ati b2 Ry S ADN>ANF>ADF & (TF R Z »2F % /] % 4
ADN <ANF <ADF » d *tig= #8338 ki #42. HOMO it Fe4p e » #7120 7
ded NPB L g8k 2 v AR e e @ Hok 2 T F 88 58 A 50 ADN
(up=3.1x10"* cm?V s ) > ANF (= 8.9x10° cm?*V s ') > ADF (u,= 3.6x10

SemVis) s fEEin i ] ADF 2 TR A S K g AR S EF RN

=

EX
7

HTL/EML ¥ & + 2 S (T2 BE< > T F3d §*F kAR 0 J ]R_EH~
Ao ADN 2 3 iF B4 J 48 > @ ADN A2 2 3 (73 BE K, ¥ 7 L&
EREFLE BV ERL A LIBELED B ARG RTE S
e Fph ks Aokl g gk kAt qogr 5
e g3 A i.zi;ﬁa?l(bipolar)ﬂ}a‘a‘:i”s’le]ﬂ FH A S FL R B R
AR FAFRE RLGEFRL - A EHETEIAHE

1.4 BHES B4 o v AT

-

ERI S-S 4 e S U A s 1) SN SR i BN I R ol s SRl p

ﬂh—

o R WAL AR E SAER o A DR e
Wh- BBEEE DA FEUE RN A RR R A AR

2,

A - AR REHABAAT XA A S o

11


file:///C:/Users/Jean_Luc/Downloads/Reference/%5b25%5d%20S.%20W.%20Culligan,%20A.%20C.-A.%20Chen,%20J.%20U.%20Wallace,%20K.%20P.%20Klubek,%20C.%20W.%20Tang,%20and%20S.%20H.%20Chen,%20Adv.%20Funct.%20Mater.%2016,%201481%20(2006)..pdf
file:///C:/Users/Jean_Luc/Desktop/畢業之路%20不由分說/Reference/%5b26%5d%20Jiun-Haw%20Lee,%20Chih-I.%20Wu,%20Shun-Wei%20Liu,%20Ching-An%20Huang,%20and%20Yih%20Chang,%20Appl.%20Phys.%20Lett.%2086,%20103506%20(2005)..pdf

141 FepR 2 H- § 8K et B

Dongge Ma %  i¢ * NPB £ Alqs #l iF & 48 3 % 3 % A1 ehFg 450 ibrie
. (Graded) 2 % % & B 4pdom & B 1-9(a) 3 & @ L8 Fik g ~ & (Bilayer)-
B g ki~ i (Mixed)4p vt > 44 %] 5 Bilayer: ITO/NPB (50 nm)/Alqs

(50 nm)/ MgAg; Mixed: ITO/NPB (50 nm)/NPB: Algs/ Algs (20 nm)/ MgAg f=
Graded: ITO/NPB (30 nm)/ Stepwise graded region (50 nm)/ Algs (20 nm)/
MgAg » Graded =~ 2 enpshi# Lk » 57 & > 4 B:17 HTL 2 - 5
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2 Algs*t 22 Graded =22 L kAo A B %% 22 TITFER 5
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RPEFLF e r IF LML BT 0 217 Graded 1 ~ 2 E I
7 e .
@ AnnaB.Chwang % 4+ L i¥ 7 F§ 5% hibrie 58 S 4 (GM) > 1 27 B 5t
B FdRe ~ 2 (H)~ g 9 k48 ~ 2 (uniformly mixed)4p 1t > B 54 5 HI:
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W ebne s 4 5 4 e C-W. Chen % % 3% 14 * 3823 £ & (Interfacial
fusing layer) @ i¥ #ts de & e 2 > 4o 1-12 > ¥ i@ % DPSVB (T4~307C)
%% o-NPD (T,~100°C) £ Algs (T,~170°C)2 @ ~ v BCP (T,~80°C) # **
TATE (T;~150°C)£ Algs (T,~170°C)2 ¥ » & 18 ~ % (21§39 L 15 » DPSVB £
BCP Fl#ic: HTL & ETL & A 2 i3 0 » ApROT B LR Tie S
AR ETRE kg b R EE L # xS d 14ImW A L 20 Im/W o
T’Fiﬂ”ﬁiﬂ& T IEdp L (DPSVB .2 BCP)#5 2 4 el s > ¥ 5 B2 587

i\‘.;;i)\ z @ﬁ] s fe B B ] 3—_**[20]
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B 1-12~ p 380 & K SHor L W
fe < B iYan Shao & A &% iR BIFELR & 1 H - Hep o
1% 2 P HEE S 2 b hFSE R TR E PR REF o blde TPD 2 T,
2 TuA sl 5 50C% 170°C » @ Algsz Tg% T A W 5 175C % 412C » 7
B TPD #7 % B 2 & i Algs 0 @ 7 428427 ~TPD F17 e F g o

A de A AERE 0 TPD F 0% ek B > NEF A 4EPF T H 40 > TPD HLE °
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i ¥ % 4. (Naturally-formed graded junctions, NFGJ) » @ i I #-p* Ze 4 il 42~
Fo B 4808 1S RIS T gl o R B R R AhA T (e 1-13) 0 ¢
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07
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3011~ g3 kA A 2 (MH)foibre 22 = 2 (LCF)re % 1 i

Red:green EQE
OLED (nm:nm) CIE,/CIE, cd/A Im/W (%)
1-LCF 00:40 0.32/0.62 50.9 39.7 14.3
2-LCF 05:35 0.37/0.58 51.1 41.0 15.8
3-LCF 10:30 0.47/0.50 42.2 329 16.2
4-LCF 15:25 0.56/0.43 33.9 26.3 16.2
5-LCF 40:00 0.62/0.39 30.1 21.6 16.6
6-MH 05:35 0.43/0.53 33.3 24.8 11.8
7-MH 10:30 0.51/0.47 27.5 19.7 11.6
8-MH 15:25 0.57/0.42 23.1 15.5 11.5
1‘0 1 1 1 L
0'9_- \\ —— 30 nm mixture i
S 0,84 = -
S, \
& 0,7- i
£
£ 1 .
3
-~ 0,64 e : L
——sharp interfaces
0,5- 40 nm cross-fading L
0 200 400 600 800 1000
hours [h]

B 1-15 ~ Ak sk L 2 4% (7 A & F P
P A LA) % 8 cnKido $cd%s 7 SID 2008 ¢ 3k b & T Bk iz sk brie
A GE AR BRI REE L el 1160 FlE B2
FeFMRARE RN AR AR A BEMERLFHE - T Qi
R FEABEET BAR TR LR S H R A

% Hetero: ITO/MCC (20 nm)/ NPD (30 nm)/ BAIq: 3%lr(pig)s; (20 nm)/ BAIq
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B 1- 16 ~ In-Line Evaporation 7 4%~ ;=
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Devices Voltage Luminance Yield Efficiency EQE CIE,,
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At 20 mA/cm?

Device Voltage  Luminance Yield Efficiency EQE  CIE,,

(V) (ed/m?) (cd/A) (lm/W)
DeviceD 7.8 2154 10.8 4.3 4.6 (0.55,0.43)
DeviceE 8.9 2258 11.3 4 5.1 (0.57,0.42)
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% 4-3 -~ Device F & Device G 2. =~ i* & 20 mA/cm® 13 s % 4

At 20 mA/cm?
Devices Voltage Luminance Yield Efficiency EQE CIE,,
V) (cdm?)  (cd/A) (/W)
Device ' 9.3 1964 9.8 33 44  (0.57,0.42)
Device G 9.1 1334 6.7 23 32  (0.58,0.41)
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% 4-5- Device D ~ E ~ F &2 Device | . & i & 20 mA/cm? eh g jcg %

At 20 mA/cm?

Device Voltage  Luminance  Yield Efficiency EQE  CIE,,

(V) (cd/m?) (cd/A) (lm/W)
DeviceD 7.8 2154 10.8 4.3 4.6 (0.55,0.43)
DeviceE 8.9 2258 11.3 4 51 (0.57,0.42)
DeviceF 9.3 1964 9.8 3.3 4.4 (0.57,0.42)
Devicel 9.2 2241 11.2 3.8 4.8 (0.55,0.43)
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