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Abstract

Since in 2004,graphene , a two-dimensional (2D) form of carbon
atoms with the honeycomb lattice structure is found due to its variety of
outstanding physical properties, including high optical transparency, high
conductivity, one-atom thick planar sheet, excellent mechanical strength
and very stable chemical properties. Recently, a large-area graphene film
has been applied to a large number of optoelectronic devices, and deemed
to one of the most promising candidates to replace indium tin oxide (ITO)
film. In order to fabricate graphene-based optoelectronic devices, a
variety of methods of preparation of graphene film and transfer
technology constantly have been developed and improved. However, it is
still no effective way to replace indium tin oxide (ITO) by the graphene
film. Main problem is how to avoid the completeness and clean of
graphene film during transfer process. The graphene film often caused
some damages during transfer process and influenced by the organic
residues, resulting in bad performance of the optoelectronic devices. In
this study, we focused on developing a good transfer method and

practically applied the graphene film as electrode in organic



light-emitting diode (OLED) applications.

The current graphene transfer process is PMMA method and
Roll-to-Roll method. These methods must rely on organic material
support to make graphene transfer to target substrate. Here, we developed
a simple way by utilizing electrostatic adsorption to transfer graphene
film from the copper foil to our target substrate. Our process does not
require any organic material support and therefore have no residue on the
graphene film. Finally, a clean and high-quality graphene film was
obtained. The monolayer graphene resistance is approximately 3002/sq,
Ip/l~ 0.05.

Finally, we used graphene film as a transparent conductive electrode,
and applied into organic light emitting diodes, using Alg3 as a light
emitting layer. The efficiency of the OLED devices based on residual-free

graphene films can be improved.

Keywords: graphene ~ transfer ~ organic light-emitting diode
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FA LT o8 F A LY SRE D B RT ML~ T

Hy

EFOMERE Ao A S F RGBS 5 E R bW 2-12 577 o
Slgr B £ e 7 B e EE NG 810 N Y

?}}}FkFg}z\jyp IJIF&FIEI—'L%%_T\,F {ﬁj—%%oféf,;%—ﬁ?%

AR AR R PERT > A BEARR T SR AR B2 S F B Sk
B 1A E R o blheo BB IE T HAR S B EAE

“rrid 7 B € 447 0 & (Segragated growth) s 415 > 4 & ehE

S F LS R NE R ARE o i & B BB T AR S 3

BA o 43 F B 5 p T2 £ (Self-limiting) st 15 e
P 2R HE T EFIE 0 §IRE R ARG W & do

g REAINTEGFE G HEE -
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quartz tube

Cu foil
quartz boat 1

pressure gauge
-

vacuum valve

CHy H,

= S NI S S R L N R . =
PMMA(polymethyl methacrylate) it 2 #ict+ent 55 R - & E R

- fERIA* £ 5%5% (thermal release tape) § e X 54 REg & £ &% -

PMMA ;= = tt\vtjz-g\'—s\ mz’ Tﬁmﬁﬁfﬁ’lz\ ﬁifﬁ_" - }é'l PMMA >

e
=i
g;;
>
ﬁ\._,“
i
&
b

g1 0 B R-PMMAIE & 03 R Y HA2D B R

Ao B AR EPMMA 2 o R EAPER FILFEY
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b R R EALY ¢ f N - LA 4o 2-18 9T o O
18 PMMA 3 5 A2 5 BAI P RAF BG4
%258 U AF PR 0 # 1 PMMA itk 3 aniAeg ¢ o g8 F
PEEGoATRT kn ) pEEREST AP RAF 050 i
R 3 > 2009 & pF > Ruoff cr@ 15 4% 11 -/ £ e PMMA £ =X w3 >

T EFAAITREAG AT (R SRR S

4 AR PMMA 2 50 7 5 ng B 0 4o 2-14 w7 o [

B 2-13 b iht = & F B bdfd 3R S BT DR
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| As-grown Gr on Cu |
§ Bad Transfer
| Deposit PMMA and cure |

Etch away Cu

| Wash PMMA/Gr in DI water ‘

Cracks-"

200um

-k Old | o

Place PMMA/Gr on substrate C‘ | Remove PMMA with acetone ‘

& New
‘ Redeposit PMMA and cure | I__ _\
"l

| Remove PMMA with acetone | Ij

4 _ Graphene
Good Transfer <3

Quartz

200um

B] 2-14 PMMA ;2 i& & 5 2 o [0

Ra o PMMA 2 BE2R T 10 M7 B = BE P Er I3V i 8 & chp R A
Fo wEArF S BMEESR AL $ - 0 PMMA Aikd chiB AR ¢ o
PEFER2EL 4o 215 4 - Mgy ad g g

PIRR T B AR BRART NEE LA AL G IR T P

IRy
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F AR L o Glhe RN E MY EEE YA AF AL &F
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20.0 nm 20.0 nm

r 1 r 1
0.0 5.0 pm 0.0 5.0 pm

B2-16 i & BRI E N T B £ 5 (A)ZRiE [ Ak 24 PE(B) L * [

4815 #3I L 3 ) ED)#IT N 3] pE o M
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MM 1ICM 2

i
3 4

(T
5

= iR
S \
~

3L 4L
S, %

® 2-17 §1* PMMA j#3udp 5 & 7 & % -

F - & IE L L S o Roll-to-Roll ;2 4] A L it dhi-
R EEEDTEF R RS L RF e @i i 2
R Rid @R BRI T BRI P RAF R EE- S
Behadais » BORRA IR T EFRT EPRAE L FRE
feho@ 2-18 i o M R pE e P P BE R T A
AR EEE G R EFEARE PTGk Y AR
A APEEFE P ErE A ML 30 BT ,%‘}fﬁ » 4 @] 2-19 #1
Ao Whie R frens g s g4 ARORAL T b B BUGE

BRI PP E RS- LAY REER 2 EFIHE T
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WL EARES PMMA ¢ R g — b o 7t 3 A R U RUR
% (Hot Pressing)s= 38 X & £ #F A SR IHPFah it £ X 4 735
B E o A R R EE D KT B 5 doB] 2-20

o 43
o3 o 4]

B 2-19 * w9k g 30 #od e % Bt B e+ o 1
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Roll-to-Roll process Hot pressing process

1220 * Bk e o 5 b i

(a)(b) % & Bg ek ™ 0 if(b)(d) &
2_3 z' 'i\ J »r

mv;c

Fakhae Ford

AT R GBI APRE PR A AR
AR IR & fﬁ T A 4o L T Ip A PR R £ 0 A & § T

&
WEE AR A K BT T U S — B R BN e B A B il
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B P AP S PR A RS ARG s ao # @R e
Wikt g e v b ARIERE At Y o FF § 7

e

rk

LR EAE G REL - B B > 4o TiO, ~ ZnO & Tk @
# % » 6l4e PEDOT:PSS » M0Ojs » V505~ W03 » 25 4e% 18 & 123 47
PRHARAE L SN T B U Raen 1L Bk B
R F AU RR-RAR G A B B ek G AR RSk i

ST R R NEOPE R € AR E 7 353 cip - R EREEB A i MR

I3
S
s
i
N
by
4ot
e
—t
Pl
S
E-3
Ve
o
;‘ N
A
o

LoF S B B e

&%;&ﬁ ﬂu&ﬂﬁ}gﬁqmmaumMﬁﬁﬁ ~Eg g

B ORIRRAT B sk R @ iR A2 SRR RA
@ ig > T R Tl 8 hlear o Ruoff enBI R R A 413 5F
FTre &S B2 2REE JIF X AREHE L LG PRERAE

BB GEATEN g 8T @ TR T A AT o 2-20 9o
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graphene graphene/nanowire

_~

nanowire

N A

\» / line disruptions

line disruptions

M2-21 2 48R EREF(@RADE L5 D) 5 RRE™
T 1200{ M graphene
g M graphene/NW1 +
< 10001 m graphene/NW2
()
O 800. M graphene/NW3 +
g M graphenex2/NW3
» 600/
w % S
O ) A
o’ 400
®  200-
2 g
» 0 &
90 92 94 96 98

Transmittance at 550 nm (%)

W2-22 3 ARG ELEFOTHTERE

PO RIFL - BEFOTE DRI BH L DR (T W)
B Ay de kw00 G - iR RO 455 (Ohmic contact) » 7R A i B AR
IR E Gk en§le > Tt 5E % - B S0oi(work function) & i

HTEAAFTEL Do FEFT LD 2 A s T U
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F & % > p-type £ —kntypemregpﬁ EA A E T AR S 4o

Bl 2-23 #757 « Plar g oy BB R EN Y L4 B P RS
W T £ B+ #® B F &% & IR p-type doping 75 5¢ 3

e 2 B B e B R T & Fs S B4R & 1L (4. 7eV
= 5 SFEE 3

{ % BiT4om 2-24 #17 o [

'-(.»pu‘

E(k)

INLrin §ic
n - doped
B 2-23 2 EGHBRENT T BT AW

5.5
3 50 ; i
s 1 {
: 8
Er £ E
S 40
*p6 Au Ir Mo Os Pd Rh
Dopant
B 2-24 F1* 2% P BREE T“F H ot S o
Befso 30 R R EFRI(TF)BHE SR A BT F ]
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e o RERG KA 2§ ookavE K B &G et Sl (F
— B p-type G#%3e > #-H F FIERRE Y > 4oB 2-25 277 o T R
¢ Jing Kong #7 5 B F 4 ¥ 249]* oCVD &1~ ;% #-PEDOT & # = £

-

BT EFI G R 2GEE EFECOLEA G DRSS K D - g2y s

™

5T BEA LT B h G o 4ol 2-26 77 o 1O

—
0=95.7°+5.2°
(a) Sample WEF (eV)

SLG 4.56 —SLG (b)
SLGJ/AI (0.1 nm) 4.36 —— SLG/AI (0.1 nm)
SLG/AI (0.5 nm) 4.14 —— SLG/AI (0.5 nm)

Intensity (a.u.)

I 0=48.0°£5.6°

N

18.0‘17.5‘17.0 16.5 16.0 6 ‘ 4 2 0
Binding Energy (eV)

Graphene/ | TiO: | P3HT:PCBM | MoO; | Ag
Al

Anode Ag
33eV MoO;
= » T
4.1eV e 426V P3HT:PCBM
4.1eV
o 1o I P 426V Self-assembled
466V Al-TiO2 { TiO,
. composite

Al nanoclusters

Single-layer
graphene

526V @"\/‘\ Cathode

616V 536V Au grid
Glass
(C) Light

B 2-25 (a) % &% % & 4%4F4%fF & (contact angle)=h% it

7\
o
N~
er\
e

Ao AARES T Sl (O)F BE RS S BET LR
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PEDOT:PSS : oCVD PEDOT

A K : R

LS -~ : —— Graphene
" ;"

—
.
b

s

B 2-26 {1* oCVD = & PEDOT * 7 &% % & - 48]
FZRRRRALRE
3-1 1“8 § ipimff iz

v B £ 4p A% (CVD, Chemical vapor deposition) & - 5 iZ4%
PREERBR AL W A B A CF A LEF ok T

2O FAF RO ELGFLEF REAFNB ST I B

iF ’?—' ’Zﬁ%mm_fi }E’; ‘*} a/n :'Eéff;%g‘ﬁ'f‘-"ﬁ”" f;"]?”g‘_i% e
AR e A A P F K § EF - LR AN A B

TOESEFF AT DR F F AR AR A LR L kA
ERETEEFOTE AR KRS AAIF T F AR ST R

& E e dhe§) 3-1 Aran o B

m

L ‘::\' r-r'%ﬁ’m
AR R 6 chF E % A5 5 Lindberg/Blue M, TF55035A #«

BE ¥ 1100°C» F R vREg 5 £ 80 24 > b 26mm ~ S 22mm

T EE Lo BARL PR 2 M4k E 5P F iniE 3H( (Mass Flow
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Controller readout,PROTEC PC-540)4- 4!  # i £ 5 {8 g ek

= B B % (VACUUM GAUGE CONTROLLER, PROTEC

WA EZ
PC-165)% ¥ B B ek e/ 4 o %ﬁ“é BRI i DSt Ll SR SR
T B 0 KRR SRR 4o 32 5w o

® CHy o Activesite ® H, e C

P [l
S e o ohEl, .

o o e LY ®
7 8 o
e ° S ol ¥ %‘.:
® [ ]
Decompose and Adsorb Diffuse and Desorb Nucleate and Grow

B 3-1 4 bt & & 2 B enpg) o B
(DBLR(7 ) fif fode o d 6 I fRAEA) A 7% 1 SRR F8(CHyea)s ©

-

o YA

5,

(&

SE 7 H AR h AR R b oo @ 2L
(2) 8% iR FTRALT 1 SRR L b i L AR R R -

5 g
~E}’;g‘_o

@) = b iht iE i i E AP T FR S L ST B
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W32 tFFApmfgE R T EGEE

32#T A2 2 ERIER

A BRI B A F AR EAY S L - e

TOBERMABFEAIET A PRRIUART AL E TR
B 5 0Bk ;N22§ 4 (Simco Pinner Applicator) ~ A& AlE T A 4

(Simco-lon) ~ # 7 £ B E (Simco FMX-003) » 4r @] 3-3 #771 &

UBTAZPLHET LS ERTRAL FRLTRE I H AL
TRPR IS L BN e L YT AL LR AP R

LA EH TR A BKV-IBKY 2 o hit * AR o ¥

FEREICR S RA RS TR R HRTH T Boaw
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FRAPMIER G2 28 2 APHI FLTAL Birdd chETH
A G N TR b d G endr o 5 F 0 AT Bl 3 g

o BRPEFNAPHPEAF L T AP R FTERE

R LA BT ED DR SR

45 3% T 5 B #cs (SEM,Scanning Electron Microscopy) & & £_%*

AREFHAGALHRE > AR WP E > - L SEM § %

WA BFT UALBRIT R AT URBIE L S B

G ARt ¥ ara 2 Fh o pw SEMAA LY h i
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BRI A LA RO do T F ~F e AT S

FEARER S EE SRR R UL R SRR £
AARSLEE T S B bk R MY 0 SEM LR LAY KR

FRE 2GS OT B ARE ST 0 fFd SEM el T GE

PRI T B A 5 LE AR SRR A P ST 8

3-4 B+ 4 B ME
Ja+ 4 B pcsi (AFM, Atomic force microscopy) £ 1 * #cfe kg <

o< AP P X mF A SRR SR F 2 it 4 KA E T

E3

B
P o B RSB iR o AFM RS 4 BsL I A R 3 2 7
R T 4 RE RS DE e FEAFM dE 4B 5 g niT

* A4 E ol ety el ehf 0 9 A 10°-10N 2 B/ 0 F] AFM
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FfET AT ERT o c ARM (A & BT A LS RS E R
Eofrd B AATEZ R M T A IA o JEIT D 5N G
KL mATHa, LA d S M I AL IR REAEF 2 BE
WOR A N T m o R R I e %R T - Rl E
A RRES TR 2 E N BRI RAGARFEF I LA
Lo TR Y ihSRb ER R SFREPOFEE T RS
A gL PlE g FlUt i TR {0 Z phERE B FF A
BERESE o JFEMC N H BB A TGP > edkd B XY en
Sl i £_AFM 8 o AFM 2 B RIS B 535 480 4k & B chpe g e
AR Z TR BP0 (Contact mode ) ~ 2447 3¢ (Non-contact
Mode) £ & # ; (Tapping mode) -
A parig * ik BA)EE S Veeco dilnnova b 4] 3-4 417 o o E
Rl AR Y > AP a & R K 2N (Tapping mode) s FH750 » #&
B G e ENS 2 R AGRRA Y TR RS
LA %gé Jeitperze e Ao BiEH 4 L4 2 PR
T IEH o fRPTR AR E RN A T R Sl

LOERM Sl FI AR S SR BRI R AR ek &
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Bl 3-4 R+ 4 B kA
3-H % kR

£ & Sk 2% % (Raman spectroscopy)d & %43 e 5k 27 0 3 0F

o RF e d ARKERI - BB (virtual state) o fe A BE T
frhf(scattering) > AR T c LR IR EEE N MR T W
IR koea B S 0 B FTS R FE 5 Rayleigh scattering o & % 84k it
7 3 0 ke £ 0 P) 5 Raman scattering > H ¢ £78d 5k i £
o ehfl 5 Stokes scattering v s & 3 4v R fE 5 anti-Stokes scattering -

R - P e i T S LR R

%?.ﬁ%fﬁﬁvf{fﬁ%}%ftg EH AR R P A g kY F L



B i SRR R L G AP Ry
71k 3% % 5 HORIBA iHR550 spectrum 4% 2 Symphony CCD f jp] & »
HkiR A G 632.8 5 -% Tk o 4o 35 1T o

AR P R RERTEFORERNE KD
Bor R Aasd kY 2Ly = BHEME 4~ %95 Dband
( Disorder-induced band ) ~ G band ( Graphite-like band) 2 %2 2D band
(Second order of D band) D band + %%+t 1350cm™ » ¥ 4 7 % &
Yok BT A B G akKa i ¥ 4% D band 58 R AR 0 A
HH ARG T BHART TR AR G band % 4% 1580cm™ > ¥
LR BB T 2 B 2 e SPP T ARgE i e i Ak 5 R AR
50 Fom T &G AR o G4 G Y T RR T A 2 G
band ¢ = T & #u 2 B ReenR a3 14 5 2D band B+ 9% A&
2700cm™ &= % 5 % 2D band =% B fe G band o3 & v F L E AT
EWORESE LW lo/lp<O05 P AP RHRZHEE T &F
lo/lop =1 % > RIAR G BEA 7 &% 5 % A la/lp >1 pF > AP RIAR G 5 4

E 5 o
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35 428 %3k ik

X &4k § 3 k3% ik (X-ray Photoelectron Spectroscopy)2_* X &t

S SRR F S AR B B T R
B AR T L AT B A G A A 2

XPSi 7 @R ML G 5 1~5 2 Zerrg st ek § 3 a0
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dt

BoinihE A o B AFHY 0 FL G W IR AR &L
F TR B RB A e o AP XPS A 4T B A 6 o
FUB RPN I FTEE DT R A G SRR PE AT
-Te BREFELLTRIXE

= 2L3F 45 (Four-Point Probe ) © v r2ip] £ ¥k ~ Bk 2 SR
e fophe LIS RIEHAE OFH T (T TER) PR

Fe (Sheet Resistance) #_i@ 4 M4l end & F 2 — £ H T HT oo

T BEIE AR EF Y R ERES TSI E SR E AHY 3 BIFEFT 4
PRARL L A RERRT S BESTLTRLE T R
M T Fug? R RP@ R R MRS R AP RE

#_i¢ * KEITHLEY INTEGRA SERIES 2700 multimeter/data acquistion
system - #fe probestation & % § & - @t hF £ FEE Imm o $E 4
B adh4  AcBI 36477 o AR RN PR IR UTE R IFLEP
Tied B @ ehy CAERF R Tt B e BRIR AN TR e R
TIEEHAPH 2 - BApg a2 22F P v g AP
PEGETRT Sipiho R &0 N r BFL A R RIFCEHTE EF A

BT R ERES 0 5 AR R SR g g R

41



Bl 3-6 = ZLIF 4T RIAE

3-8 4 % /7 Rk /iT 1tk K K

wek kv B SR /AT A vk Sk Sk 3 ik (UV/VIS/INIR Spectroscopy) = —
oLk T ERAHFT R I EUE S REAE L HE LN
AR TREEGFE SR c A UV LR &5
P BT E BB 1 FRILE TS E R BRI PR

AP T 3§ s Tk £ sk @ K fE (ground state) B iR 3 o

«—

f (excited state) » & = i R] B o1 T ek fo sk R o r i B ek Bk L

P
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AE PR G TR £ edesofr R i B LR R R S T B0
W/ Rk /Tt ki o B ek L A= 10g17°=
—logT A sz los »ER I 2588 R TZFER
NPT LRRIDE B K B ARIRS R R T RFGED -
E B € St 2. 3% F LK o dof) 3-7 0 T i B R AL
TCRT MR E T E Gkl BAR KL NPT E SRR
Jasco V-570 UV/Vis/NIR Spectrophotometer » 4] 3-8 - 4t & 47k 3§ ik
L3 2wk aFR AR P (2850nm) @ * hER G fFE

b dF ek £ P (<850nm) > R € 74 5 5 & (Deuterium lamp ) -

@
‘e
) C

@ e

graphene

98
“““ bilayer

light transmittance (%)
(o)
D

0 25 50
distance (um)

B 37 7 &Gfer Lknfia) o P
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B 3-8 & ¢k /¥ B k3T 4 ob ok k¥ iR

3-9 E 2 # %4848 (Vacuum Thermal vaporation)
AA - LB I RE 2T BE O AL Y
TEALTF A eI HERPER L R R+ EFETIAF
T F R AR P - AR F] L AR R T ST g § R
PR A P FPERMIT IR S S AR L eRBE A F R
BI- RBEED SR FHE L S s F LAt F R g
e F L 4L EFHERRED FERT S KBIT

HFR A AR A R o AR ART BT - B RS
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Tefnr ARy L f - B FRALPEL ) B F RS
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SRR S A L gl R B Bl AR A
LG A f A A Rt BRCGEIRD 4 S 2 5 4R -

SR S PSR 39 4 o




3-10 *zi& % % 18 (Spin coater)

R R IR AR PR A 2 AR T S 3
AR 08 0 TR LR B AR L R e
PR R AR EA E R RAE Ao o RF
RIS g O ot A L B B AR E R R L R e
AR F S AL M AT A R A R L A PR

o e ] 3-10 R o

®1 3-10 &% i 4 -
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‘

3-11 8 kg FwFPFEELE

*Ep P AR gk F 3 s p N X B (OLED luminescence
efficiency measurement system; EL) X ip| & ~ i cf k434 o R B
B BT REH PR B PROT RS TR Ak, B
dHRE RREPIFZG AP B R £ d fofritanskd

7k 2R

\4
|l

FOF & T HYp o AR AcH] 3-11 #row e

Bekd it AR PR %% L PRECISE GAUGES 2 7 #74 &
HELL003 > 4o 3-12 #1777 o %R FU - = TR ~ RinindF g K
KA E TR RO RDT - I S BRI (TR
TR R~ ARAT P RET I RAEE R PR FR

ek H it > 2 AR Y OIS EATF R Az a7 T o

47



i

S
£
St
i
==
A

B 3-12 2k E F s ipsV KR

48



3-12 3 BEF k- REH G ETRE
3-12-1 3 #F k- EHAR

7 % k= &4 (Organic light-emitting diode,OLED) 55 45 + <
RE ‘LS5 RERA L& - o e tR(Anode) o B iR AL~ R F ks o
TR AR S S NERE L S R S T
& cnHOMO:» B w0 B ¥ * et 5 1TO; % = % & & (Emission layer)-
FREAAEFRDAREE o5 TF R 5 E RO P
P& AR e+ (EXction) s > se 8 - B - BIRB Y 7R T pw
B0 Tt B gk rsiand Nl k> w R TR o 5 T
TR A g B0 250% e R R € ¥ kAt ¢ B
R0 B AR 7% M- ¢ U BER L & F A5 ¢ B ARG 0 4o B 3-13 H1F o
BE SR EE K A b S m ¥ osn g i e §Ar T K FRA g fu o Tt
1998 # > Princeton ~ § < Baldo = Forrest & % # 3L = & Lk ¥ U
BRE TR O E R kIR S ok LR § 25%ehd kA ¢ 4
< e B oo 700 fe g R PRI G A S R kL Bilde ¢ Alg3
E gk AR > blde T MCP e $ = 0 R 5 T @45 4 (Hole or

Electron transport layer,HTL or ETL) - i%5 & 7 iF & 7 & | éﬁiﬂ/é] R g

49



AEPF B E R R TS DT L S LR

5‘:‘3\;
&
2
e
™
3
N

“
&

P d % bl T6 @A NPB TPD-- 2% £ 5 @54 §
TPBi ~ BCP:------ % %2 > 2 &% 32~ & (Hole or Electron
injection layer,HILorEIL) > ¥k ¢ % F+ 2 » B A & & & § e+ T p & 7
SRR F A P i BB Y T L
& 3 PEDOT ~ CuPc:---- % w+A»k73 LiF -~ LigN---- g

% I > KE1&(Cathode) o AR B » & F iz > @ F AP € E* #

-—\

S b TS i o e EF S et Slen & il F

& &5t

\4%7

o FIrmet ?

:}‘;

T Gldr 4E D 8N 4R
B g RHTARSF P2 W o B & BT ek o

Efi@;;u" I qu\mfrgb}‘ 74 B] 3-14 #77 o
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o —4— —_—
+

HOMO —f— -+
electron l hole

MOLECULAR EXCITED STATES
AFTER ELECTRICAL EXCITATION

5% s N

Singlet Triplet
spin anti-symmelric spin symmelric .
o ISC == Ikt
bt > = 75 > - 141> — e > =11t >

fast, efficient slow, inefficient
Fluorescence Phosphorescence

\ iz == e =
Relaxation allowed . Relaxation disallowed

MOLECULAR GROUND STATE
spin anti-symmelric

i8] 3-13 =¥ -k 8 4| (Prof.Forrest workshop notes at IDMC 2003) -

HTL

q EML
HIL

EIL cathode

e

Electron injection layer
Electron transport laye

Hole transport layer

B 3-14 OLED ~ i+ ‘& = frag fg 7] o

HAEA P4 Mk Z RS ST R (S 0 Bt e § HeniE

]
N
-
4

- F SRR~k B e LUMO 5 70 805 HiE ~ 3 Sk R
T HOMO > A& # 2] = g & (Exciton) {8 » #-i £ 12k fog i 2c ) 4 T
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% % 03 % (Electro Luminescent; EL) o
3-12-2 ~ ¢ ] iTi 4%

(1) 4= A 24§ o) (¥ 1.8cmx2.8cm) » 1% [k ~ 7 f ~ B
PR -RERE kI L 2HT L =1 1I5)BAF %5k
R R igiE o

QI FLo g SR R RO P RAF Y E4 45 @

Fl- S RMEHTEG 0 BREFUABRERAL > w BF SRR

(€)E:3WeS 4+ — & PEDOT > #:# 5 4000rpm > & 20 #)
FRl2CT#3L 20448 3> 7 ® "F3 38 -

(4)#-7 i~ FAEE Y o TR MO AXI0° T S B A e A
Eenfe s G

Graphene(4 & > ¥ fiz g2 )/ PEDOT(4000rpm,20s) /NPB(40nm)/

Alg3(70nm)/LiF(1nm)/Al(100nm)

A T R Blde 3-15 95T o
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“Graphene
glass

1 3-15 = & 245 & W

Mgz S~ BEER(E &)Y 20~ ) E1E(4F)

ZEHESRE~TF)

‘Ll‘a

Lot o b 2t JURR R DBLE
BERIREFRECESER - I T HE - AFE LSRG L -
BRIPF 0 LT R p B AR B~ TR G0 R A N

5 05 R g vl » TR 5 38 kiFo4mR Pl E %% & PRECISE
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