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Abstract

This study mainly focus ‘on the-optical and electrical properties of
nanocomposites formed by blending diphenyl substituted DP-PPV
derivatives and MEH-PPV polymers with CdSe/ZnS quantum dots.
Furthermore, we synthesize a new Pt-contained phosphorescence material.
It’s electro-optical properties and trap behavior are also investigated.

In the first part of this study, we reported the investigation of two
different  poly(2,3-diphenyl- 1,4-phenylenevinylene)  (DP-PPV)
derivatives polymers (named P1 and P2) with one phenyl and one
fluorenyl substituents are used. The performance of organic light emitting
devices can be improved by incorporating CdSe/ZnS quantum dots into
the polymer films. The device brightness of P1 polymer can be increased

from 697 cd/m”to 2794 cd/m’. The efficiency can also be improved from

v



0.23 cd/A to 0.9 cd/A at 10V when CdSe/ZnS quantum dots are included.
From the results of hole-only and electron-only devices, it seems that
CdSe/ZnS quantum dots can act as a hole blocking layer. The balance of
hole and electron mobilities results in increasing the exciton
recombination.

In the second part of this study, organic light emitting diodes
(OLEDs) were fabricated by using a nano-composite made by mixing
MEH-PPV with CdSe/ZnS quantum-dots (QDs). The luminance and
efficiency of the nano-composite devices were found to be improved.
Incorporation of QDs to the polymer enhances the device luminance from
65 cd/m” to 180 cd/m” and the yield from 0.005 cd/A to 0.03 cd/A. The
charge-based Deep Level Transient Spectroscopy (Q-DLTS) technique
were used to investigate the.effect.of QDson the electrical transport by
determining the trap states. The trap measurements revealed that a new
trap level is detected for. thé. nhane-composite devices, the result is
attributed to defects of the nanoparticles: Furthermore, the density of the
existing traps of the polymer decreased. We suggest that the dispersed
QDs can inhibit the trapping centers, which are responsible for the
quenching of luminescence.

Finally, we synthesize a new Pt phosphorescent complex. The
devices based on Pt phosphorescent complex has the turn-on voltage of
15V and emit an orange light with a brightness of 607 cd/m” and an
external quantum efficiency of 0.28 cd/A. We also use the charge based
deep level transient spectroscopy (Q-DLTS) to study the trap properties
and to compare the different behavior of traps with and without Pt
complex. The Q-DLTS spectra reveals three different trap states in the

device without Pt complex. The activation energy for each traps are Er; =



0.33eV ~Ern,=0.4¢eV and Er;=0.51 eV. Incorporating Pt complex to the
device, there are two new peaks arising (peak IV and V) and two peaks
(peak I and III) remain existing . Futhermore, one peak (peak II) is
disappear. We suggest that vanish trap (peak II) maybe acts as a
quenching center and new peaks (peak IV and V) could balance the

mobility of hole and electron to improve the device performance.
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E 7 &4E25 0% 5 (Amorphous) F 8 SCehf i 2 AIRTOR FA

% (Hetero-junction) % & 7 /&2 ~ i+ % =1 [6] (4rFig. 1-1 #7
) 0 11 % (Y478 (Indium-tin oxide, ITO ) % 4% :%1%1 £ (Mg-Ag alloy )
Lul R T ERE A 0 ¥ %95 (Aromatic diamine) T i 7k @

#5 % (Hole transport layer) - 8-Hydroxyquinoline aluminum (Alg; )
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At ok b r L T F T g kR 2 g (B IFTR<I0
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Fig. 1-1. Small moleculat. OEL device prepared by Tang et al.
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FWEAF N OEL X I EARDR L1990 & F ReIMp~ F+vda
F 2% 7 (Calvendish Lab.) #7% % - f|* Poly(p-phenylene vinylene)
(PPV) #7#i$ eh OEL = #[8] » %44 Fig. 1-3 #77 o
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Fig. 1-2. Structures of some common small molecules



poly(p-phenylenevinylene)

indium-tin f‘%@_\} alu mlln!um. magnesium
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Fig. 1-3. PPV = i 21}
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BFEe L CELARIFRAS T EFER LS TV ELEBRG
ik BTl % - BBl £ 28 Kk OEL ~ % » 512 7
5 enOEL ~ 2 g Pt 2 b7 R L 14V £3 9%
F 5 005% - &4~ F {1992 £ = = Cambridge Display
Technology (CDT) 20 @ » R4 30 FE F o 3 3 Ll e ~ i Hopr o
Pt Kodak® CDT & p = 58 B |+ F &% -3+ OEL# § % 1 F
B o % L e OEL 3 & & ’}7]’7}"‘%’]%.‘!1\7 Fig. 1-4 #7151
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Fig. 1-4. Structures of some common polymer materials.
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AL WL EMA AL R R EAs T & REg e ST
b’L’r%{&gV rd WL FFH T R RRAF 2T T S5 Ft g
WLEMAFF FRA DL FIAENI Lo fGg o+ AR EP 14
P AR RS 0 wadad A58 7 245124 (Delocalization)
T F s F# £ (Band-gap) 2z i & 7]
: k(83 3@ 2 2 PPV (A Fig. 1-4)
GABCE TS TS kS R kR - PPV it 4 RIS
TiriE e B (LT F Fig. 1-5) » A2l iTadp Aoy
& PET (%A ) ¢+ [9] P HiRE ¥ £4 ITO (Hesz §
4F) TR 0 IS RRE Y 2 Sk ( Work function ) # | 14 J4o4f &
B - e R R EL B DR S AN B



Birlateii » 7L EM2 &3 B A T (nghest occupied

molecular orbital » HOMO ) ¥ & K K # /% & F #% ( Lowest
un-occupied molecular orbital - LUMO ) » e E Y B A 4p

_ig"ﬁﬂﬂpb’] q\.rﬁ“ﬁhg‘ﬁlﬁi‘; (EXCithIl) °g/§f’+‘:‘}/ﬁfﬂ}ﬁ«3§
w AL PE > g S % % (Radiative decay) 07 Nm A 4 k3
(Photon) > #iEH P A4rm 3 % o
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/' Enmtting layer

Anode

Substrate

Fig. 1-5. Structure of asingle layer OLED device.

#c+ % f# (Relaxation) i 424 Fig. 1-6 #7771 » & 27 Ao & 7 7]
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(1) 4= #> £ 5% (vibrational energy relaxation):
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(10%) > 712§ % 4 SR B e i B 7 SR EST chbe (4R i -
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Ao M EHE A chiEF L 10752 o d 20T o o AP RS
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;\‘.r}«iﬁgﬁg °

HEfipr SHESERBEIALE N 2 € TR g
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BHE S UB DR R R t’F’d”®%% e h @ i
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Fig. 1-7. cudilly s & 541

1.3 % ¥ 3 ¢ % (poly(p-phenvylene vinylene))*t 3 s ~
CIEE X

FLERFALAFFRF R BB ARAEE L 3 ARy §
T BPPPVY AN EE G B F kg Fpp AR g
MPPVIE 5 5 kK chv prap § o PPV i Ff Z( band gap )* ¥ £2.5
eV Bt £ 255l nm > F G- B Sk kk o d A
HE-2732H# - B®{F 250 Wessling method# 5%
FiE[10] o B 2 5V 5 LR 3 Mehw 5g4 3 & + (precursor polymer)
R G AM Y > PR FALRRIF A AR F DR EE A
+ > 4eFig. 1.8%77F o d 3t 3 Spir & 4% S PPV edTiE 427 0 £ 5
Fient o BlEAS CERIn PPVaE ke B L[11]- 5
B d e o £ R4 < F hHeeger ¥ 4 & i § A BB
2 MEH-PPV[12]> S R &4 7 53— 5 $83 & > < o v 4
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Wah AT g LELRE 5 610nm 24 ok i M5 21eV:
s F1A grptdchi o > R WP BB R R (TYRPPVL - £ 3525w
#2% o Jp F1E_%] 5 MEH-PPV 4’z R g 3+ P T+ £
BT 32 PHUREA4a L Egeldite > KPPV B A F £ 52
4t T I RAER A TERAPPVE AT L4 R k2 TR
Pl > @ Y KPPV B FEELG A 3 s (HOMO) S B i FE A 3 5% A
F P (LUMO)Z BFav B » R L & o B I o LT kL & F
BI[13] -

_%.

Q@ ©

a o Cl

CH,C CH,Cl —» cl ®
)

Ib,c,d

a) tetrahydrothiophene', MeOH, 65°C

b) NaOH, MeOH/H >0 or BusNOH, NaOH, 0’ C
¢) neutralization(HCI)

d) d1a1ys1s(water)

e) 180 - 300 °c , vacuum, 12 Hr

Fig. 1-8. The synthetic route of precursor approach in PPV

Tob s g RB A S R4l A PPV 0 A T K L R
EVAM Fiks #FL I 4ARF I E A F 8 K3 o Hsieh*t 1998 +#
% 2,3-diphenyl & P~ % PPV jim 4 $ (4cFig.1-9) > M § & F A @
Em@ﬁ%§§4ﬁ$$@@%uﬂoE%ﬁ?ééﬁi@ﬁ%?ﬁ
% PPV gaiersadp » » '8 M F3adpm & 4 dself-quenching -
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DP&PPV, R=CHp,
[DPHE-PPY, R=0CgHy
DPLO-PFV, R~ C,H;,

Fig. 1-9. DP-PPV 4 & ji74 =

14 % FHE2 § A
“r3) 9% 5f (Nanometer) » & 1 g2 — 5 > 52 AR+ ~ o3
BEREZRF > - BT A G P ) A100 nmen F o @ ) hE oF
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Eol ki A BDE ExHENERE o d 7 KRS WA
FRER e FEMF I B SR RS A o G DR T BAR D K
7 F e 3o b gt B,fruﬁa;g oo Fig. 1-10. #777 > %2 K &
B+ Best SR 3 B Sz 8% [15] ik
g Vi dcip Fa £ gk 2 S BT

SRS E RN AR L RN E LS L R L
AR MRS S L2 A S SRIERR AR A
RIMR AR > B (A B EM e R ES G A i ERRT o

WO BBAER -~ BRR -~ F BEL 28R 0 #30 BB L b
PRSI e m%&ﬁﬂwv4£%m+@@wwa g b o B
ek S P R R T A MR T RIRE S > F a0 R F T
(efd)nd o it BF e fzy B85 7 2[16] -
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Fig. 1-10. # & & = #& p 38R + Feavt B i T2

1.5 & F Bz i (Quantum confinement effect)
HE- B3 a2 58 33 BRI HOMO)rd T 3 £ (b4
P (LUMO) 2. F ehis 8 27 2 B dic i » $H8H a5 0 i MR E
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SRR SIES AN EE S O E e AL S S
S M- A A2 F i (blue shift)sk 4 o fjﬁﬁiféfkﬁi By YU 0 o
Fig. 1-11.%7 57 [17] -
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Nanocrystal

15-3.0nm=10"7cm_

E‘-"JE'LILII'I'I-

1.6 % s Mkl ij X" fmags @ 1
<+ gh(quantum dots) & fr e B b g k4 g Al § i

LR S ELY B e HR S A AT e H 3k k4 [20,21] 0 &
kek & BT m E A BELL k(e Fig. 1-13 #7m ) 0 £ 5 BEeD
S E2nm 3 6nmo> F Rk T FERFIL Dk oL F]E
PN BB AF R BMY RS P X
-V % 4% (core-shell). % 4 ¢ CdSe/ZnS B2 TIPR P > Al eigf %
% i 5] 50% 7 + [22,23]

Colvin #** 1994 # #-CdSe ;& » PPV ¥ » 4.7 b ehq BREEH T
¥ 1wl {8 B PPV & CdSe e % [24] 25 @ gt A i a2 o
2002 £ > Coe & A | * »gdd % % 43R CdSe fv TPD 7 #+444Lm & 3|
e 2t 1 %ehE 5 ghaF £ A2 [25,26] 0 A v eha 2 R e kgl
Ta ke k- fmEg 2 [27-29] -

% 1997 & > Carter® A 4% 3z ¥ it 2. TiO, % SiO,:®@ » MEH-PPV
# @ 1 MEH-PPV = i e k3 B foae 3 [30] ) ~ & it gk =
Hh 2 (s T 4 AR ZTI[31,32] -
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Ao BMAEBA T RS (LUMO ok 3 % A F s
( HOMO )% A ulBe (S ¥ fo il F o $ro] zif flend 8w o #
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(@ 5%

AL - B A RET ST T B R E
FIp i 2T L S AR e et i 1 R G vt R A LB RS 0 B
[36,37] -

(b) & 287 %

R F R YV R R T ROy, L AT IR i i
P /%‘ Feonggit o vy BET a3 A i B i, bl 4o B
o, FIE 4R B, Fmi)“ BREE B AR(RF AT R T
- HAFET N R - B DR BT L R RER
(current-voltage characteristics) [38] ~ e #w & & (impedance
spectroscopy) [39] ~ # FRF R N T m @ ﬁg?lﬂf,iv M & gl (time of flight
measurement) [40]~ #4 igi& 7 = (thermally stimulated currents, TSC) [41]
rE R R A B e Sk 3 ik (deep Jevel transient spectroscopy, DLTS)
[42] - izt R Befh A R & R RAAISS &S FehT o 1% %

T fRR LT e Ml RRAE o R e o

1.8 7 2 E e ey

Tl ke~ P T m B R £ & chf 5 - Schwoerer
& A A * 0 iRse U (thermally stimulated currents, TSC)#= 3 % k= =~
= .fs;,kf;v‘ % & + PPVenfigs » # [43] - Campbell & 4 %2000-# B4 *
R R e g Ak 3 ik (deep level transient spectroscopy, DLTS)# 3
PPV® & + ¥ iz [44] - '+ # > R.H. Friend® [ 7 7 ~ & %4 5 Si/
MEH-PPV/AueI-Vi#{+m 7 % 'MEH-PPVE 4~ + ¢ & & 7
Pl [45] o Tt 0 3F 5 < 1,%%;“ # 7 4]* TSC{rDLTSKR B k7 7 7 18
A ke {52 [46-48] -

defl* T -iF K A P4 ge I Sk 3 & (charge-based deep level

transient spectroscopy, Q-DLTS)# 3 PPV 41 ket (2 5 [49] » + 14

-
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£ B F|PPVH L % it 5t (activation energies) ~ 2 45 % 3 (capture
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i % ITO/PPVIMgAgi; FE Bl4rFig. 1-14 #757 » % - #genis a0 (E))
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2% F p *-#Fug ® & (spin-orbital coupling) i * 3 3 - 3 e

ke
™

i®
HEREZ 0 eSO OT AR R p g™

|

Y
=

=+ »2 Ji (heavy atom effect) - K,f Pezth s E RS Hde 28 T LR

It
[N

e

fi ek 4 iy o

PtOEP
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Fig. 1-17. The structure of Iridium complex materials
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CdSe/ZnS & + B> EF 1% T J7-iF A v b B2 Y % 2 & (charge-based
deep level transient spectroscopy, Q-DLTS) % * #& 4% 2 CdSe/ZnS & +



B (s ek L R o JErL L ha 41 CdSe/ZnS £ F gt it ¢
Ffeir & e
% 7

TR PEPBEEEE ST T H a‘,;‘;ﬂf%% % (OLED) #
ArE KRR Zanth 2 Y c ABEITE R LA RE
il EE % = € s 0 12

BhHPFET

5+ R

IV R L L NP

»

ARG LA REH T AR BRI

g

o 3T
-

F P p 2% 100 %eE F e F

& 2 ATEOEER AL 40 £ B (P4 & 4 o

Q-DLTS) k= 3 ot = i Ml cnfizgd (7 5 o v Hp 5% 6 1 4L enfizd 2

WLE R
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‘é:: B 56?65
B ETNPRFETEOREFZ M MR & T ARRRE

2.1.1 5% % % % 47 R ( Gel Permeation Chromatography » GPC)
% * Series III Pump %] & »zic ¢ 1Lk 7 Fif o WRIE 5 Viscotek T50A
Differential Viscometer = Viscotek LR125 Laser Refractometer » # 4 &
American Polymer Standards Corporation #74 & - $& &k & P~ 2.0 mg/mL >
I & * polystyrene ( PS ) #2458 ivs + £ & 2" %% 5 THF » /&
# 5 1.0 mL/min » I F%4F3 35C g 7 o $ &% % 1 0.2 um 7 Nylon

-~ _

filter iE g {s & * o

2.1.2 ¥ *tmer v A k¥ k. (UV-Vis.Spectrophotometer )
>l ¢ * HP 8453 4|{=CARY 5G-UV-Visible & 3 & o * 12 1§ B4 5
2B ek RREESUARAIRSE N EE LD 0 RERERE G S

BN ERIBE R EP o

2.1.3 ¥ & k¥ ik ( Photoluminescence Spectrophotometer)

> %] ¢ * ARC SpectraPro-150 = Fluorolog HORIBA 7| ¥ % & 3% i% o
orL i PR E 2 R o KRB 2 kB R G 450 W 2. Xenon % 0 £
RIPF o R g BBk e ekl A 3 oA oo T IE iy 5 Sk ot sk

(potoluminescence » PL)k ¥ o

2.1.4 /% &% 3+ ( Cyclic voltammetry » CV)

i# * AutolabshADC 164 A7 ik kiedrs L-BRIT 2 5 L35
R WPt § T3 FR 4R 0 A {rH & T f&(standard calomel electrode,
SCE) % i* %% 7 {&(reference electrode) > 4 (Pt)% F1 (¥ ¢ & %2 ¥ R T &
(counter electrode) » 4 0.1 M7 (n-Bu)4NBF, / acetonitrile 5 & f# 5% » 14 50
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mV/seceig B & (T FHf o

2.15 % # ;% § 3 B4k (Transimisson Electron Microscopy )
it * Hitachi H-9000-NAR T & B4t - # (F T & 5 300 kV.

216LEDm:*}4?m'§/P
b4l TR H ks > H stk * Photo Research PR-650
Spectra Scan 4 % ik jc f ¥ sk LB R T o

2.1.7 1TO 23§ pattern h% i
*F B Arie * gl IR 2L 4F 5 Merck Display Tecnology = # 2_ fE & 5 20
)/ square thindium-tin oxide ( ITO )35y > & * pF ¥+ 3] 5 30 x30 mm°2

’51] o ‘:} —r’\i\. IFaﬁA hﬁ—?\l]f? 71_,]:1: g]’_l ]L(pattem) r{:\_./F' F IZ’T_L}};

F

(1) ke 0 A7 57 # 2 P04 E £ AGE M ' b 3 'L @ AF5040 32
FETE

(2) B k£ kB ATF pattern f 300 ~400 nm A K % e KR K 554 o

Q) #:1%~2%EEF A~ FRREZRESN KB RER -

(4) 4 % @ B REPESHITORF AFZ > S0CHERBR KA RA% Y
30 45 o

(5) 2 61 1L 1%~3% ERFAFRRLEF M4 KB RAFEE -

175 1 {560 ITO L3y » £ 76 Table 2-1 hifikshy il » w7 * o iF
R L S
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Table 2-1. Glass-cleaning process.

Cleaning step Time
Detergent

10 min
H,O 10 min
NaOH(aq) 10 min
D.I water 10 min
Acetone 10 min
IPA 10 min

Oven 150°C 12 hr

2.1.8 7 i iER i I¥ g X3¢k (‘Charge-based Deep Level
Transient Spectroscopy Q-DLTS)

Ak Eip|E A& d InOmTech = ¢ #r4k # 0 AS--MEC-02 p & it % %
kg7 ER > B ERIHEBAELT o

F 2P g e o P g HE R B R o BT S

A > 1
A Ap 13 2 ernDLTS » e § 1% 8 B33 j7 ¥ * (released charge variation )

=
=

Rl

7 g o

2
SN

KB~ % PR 7 (capacitance) o H R ¥ 5 d Fig. 2-1 fH end W, 2 8 5 &
- B % EmenpF F ) (charging time, t.) » #& i=- B v ¥ ¥ /& ( charging voltage,
AV ) B f &3 uis e aalsd o R BBBRE L F o PR
BT A4 R o mEf e -BmEAERIL IS B POFEF P
(t, )ARzed™ k> BIF 2 KPR T # 5 1 (rate window ) 5 -

T= (tg-tl)/ln(tg/tl) (1)
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Q-DLTSEI3# P £ £ 7 £ ( AQ = Q(t)-Qto) )il & i# % (1) e
G o R BER T n AR o i B/ b RE S e i 0 B AR
PAgATT 2% B(AQ)E Al apl (1, Mk * & K3 @
i e B E BRGSO RE, LG R R e £ (re-trapping) F ARG
S

Q(t) = QO[I'eXp(en(p)t)] (2)
TARQuA BB EARTH AR BT e AL F( F )k E IR
1/t FARAE S

enp) = 0L T exp(-Ex/kT) 3)

cH_i%JE R 45 ¥ £ ( capture crossssection ) Ex %% it it (activation energy ) °

frlapAg' + ehf 2 & 5 -l RiE s

FALE i 5 (v1)iE | pa 2k (trap emittion ) - AQ(T) Bl ¢ 91T A
S E o Ft s KA FNG)F PR R S B BAQ-DLTS B 5 f & o0
SR A > F 2T U EEIfrEs B o £ R K RN T Q-
DLTS: 5L ehd + & AQuik: & 7 5] o

I R HAE BIE AR IR R T eQ-DLTSH » v 3| - k7
B PE R (1) © Exfros ¥ rjE-In (tT7) v.s. /KT B3 ekl & fofd je?
foooom e B R A VO EQ-DLTSBI 3 » ahke ~ B 5 o
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>t
Trap filling - Relaxation

Fig. 2-1. Priciple’of Q-DLTS instrument.

22 B & o hs 3

M F kTR Y R E S Pl ~ P2 4r poly[2-methoxy-5(2’-ethyl
hexyloxy)-1,4-phenylenevinylene] (MEH-PPV)sh & = ) Fodo & F % 5 2 % o
W Tt [56] o B A W4e Fig. 2-2 fo Fig. 2-3 #7771 o

Bk L Ptas & 47 i g & BrdoFig. 2-4 975 o 11 Cul i it A1 £
1 4cit &4 2 R & CH,Cl, i3 & ¢ > I rtriethylamine (C,Hs);N % acid

quencher » ¥ X3 & % IPtsE £ o
2.3 2 ¥ 3k CdSe/ZnS & =
AR R S B 10,0386 g § (* 45(CdO) 5.88 ¢ HDA » 5.88

g TOPO » tf M B 421520 & # T 4 £2-3 [ P53 320°C 11254 & ¢ CdO-
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HDA%s & F > @ {8 #-F i "8 3 4 5270 °C pF > %%‘r} Poig g7~ 0.25 g

Se (in 5 ml TBP) » %67 BPEA A I & @ 53 I ] éhCdSe »

EERE P AREET180°C 1 > #0.316 g Zinc stearate / 0.016 g S/ TBP
IO ml) ERAr 0 FRBUPF RSHRF BRERET ZES 0 A~
B g 0 £ g 5 #h 3 fRERA S o CdSe/ZnS A 4 S AE 1 7
RH gk SEHs 2 (57 (7 3]CdSe/ZnS 7 F s 4 o
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/ 0
C'HzCOCHzC' + BrH,C CH,Br
HsCO
M1 M2

t-BuOK

THF

P1, X=50, Y=50

P2, X=90, Y=10

Fig. 2-2. Chemical structure of polymer P1 and P2
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\ 7/ \

H3CO
Fig. 2-3. Chemical structure of MEH-PPV polymer

; H

Cul(CoHs):N
CH,CI,

n

Fig. 2-4. Synthesis of Pt-Fluorene complex.
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PR BFEHB

3.1% 4% P1~P2¢# CdSe/ZnS £ + et £ 45
3.1.1 GPC & i

Pl{e P2 M EHM MI S8 > b2 b ol M2REREF & -
Table 3-1 7|1 2 GPC ehficdf > _PDI &7 115 ML E 0457 1L 34
g A3 it amrtk o Fli Ml ehh 3 2 et M2 <, @ Pl #r3 MI

Ll f;lﬁcg > Tt Pl ﬁ?/)—?-ﬁ\l%«’\%’:‘PZo

Table 3-1. Molecular weights and molecular weight distributions
of polymers P1 and P2

Polymer Mw® Mn" PDI (Mw/Mn)
Pl 762900 713000 1.07
P2 709200 611020 1.18

a: ¥ TiHr+§
b:¥cph Timr+E
PDI(polydispersity) : Mw/Mn > % 774 =+ & 5 =]

312 ¥ ebv Bk ¥k o147

Fig. 3-1 fr 3-2 4 5] 5 P14 P2 én UV s feie PL % if £ 3 F] - 5% M2
3~
o Fli M2 evzd A2 T IR E M2 ?&gﬁ#ﬂj\p/ﬂ—\’l‘%‘*’k

gt AL > gt IF“THmPlﬁﬂiiﬁfﬁ’ﬂgﬁil’lev\ REFREBHE o

SR EIRR T BN WHE Y AR R AR Y 4 S Ao b SR I
FAERERF o 3B 032 FRapei iRz kadit Hindyp
(aggregation)i = B A + ey [F 75 = f§ & f (degenerency) > Tyt & S B
SR PR o

Fig. 3-3 377+ CdSe/ZnS £ + 2k UV s fcfr PL it L H > A= §
PefTE Y hE S EEL - B ki o

3

j‘g%\j » P1 ﬁg‘\"‘{.&j”ﬁ 4T ):ﬁym‘ /QJ; i\é‘%c] Ly, F]g &F‘E’J’J"’ iV

“.‘E\“‘\
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—=— UV solution
—o— UV film
—— PL solution
—o— PL film

Intensity (a.u.)

400 450 500 550 600 650 700
Wavelength (nm)

Fig. 3-1. UV-vis absorption and PL spectra of P1 in solution and thin film state.

—=&— UV solution
—2— UV film

- ~—eo— PL solution

= —4— PL film

©

N

2

‘n

c

g

<

| | | |
400 450 500 550 600 650

Wavelength (nm)

Fig. 3-2. UV-vis absorption and PL spectra of P2 in solution and thin film state.
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—O— Absorption
—e&— Photoluminescence

Intensity (a.u.)

450 500 550 600 650 700
Wavelength (nm)

Fig. 3-3. UV-vis absorption and,Plzsspectra of CdSe/ZnS quantum dot.

Table 3-2. Optical properties of P1 and P2.

UV-Vis (nm) P L (nm)
Polymer Film Solution Film Solution
P1 477 468 567 553
P2 454 449 526 519

3.1.3 g%k ®R% 3+ & (Cyclic voltammetry) 4 17

0 BFRE R MR ke R & T w42 Y HOMOZ LUMO % &t
Feng B APHEAIPL P2 57T FERREFEST o F LY
2 i ¥ S ERPPBHAPLE ELak d > ip— 2 6 dlicdy 7 AR R
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kAt eh- 38 € & dp ik o $04F k4R 2 § F 2544 (Tonization potential
IP )& 2 + #.Afr4 ( Electronic affinity » EA )#icdg «hB~ 17 » & fj H o9 2 ﬁ} i
12 CViicdp fie & UV-visible sk 3 2 sz £ ficdp K35 o — 08 L #LIP ~
EAZ% it M. ( Energy gap > Eg)erth i & 77 2 407

HOMO = 4.4 + Eqx onset

LUMO = 4.4 + Eed onset

d 3B AR AETRICVHAR DR RS R EFL 5 K& H B 57
ﬁﬂﬂiiﬁ,ﬁ%’fgibﬁfﬁg ERHPEALTRREY RT 2P A Flo g
T IEAE » ¥ F A T B iF - ﬁ;’i;ﬁﬁd UV-visiblesk 3 ¢ ek £
£ ST AR R (A onser) K3 E

Eg= 1240 /X Giset

HY dAonse 2 anm > @ #THERE 5 eV, £ 1* Eg = HOMO — LUMO
B %3N f2E LUMOse F & © Fig. 344 v 3-5:%& 7 % ~ +P1 {vP2 &3 it > 5
eCVE » @ Table 3-3 R 7] 13t B 2 18 enit % o
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Fig. 3-4. Cyclic voltammograms of P1.
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0,5 1 15 2 2,5
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o
ol
044

Fig. 3-5. Cyclic voltammograms of P2.

36



Table 3-3. Band gap and energy level values of P1 and P2 polymers

band gap | HOMO | LUMO
polymer (eV) (eV) (eV)
Pl 2.42 5.42 3.00
P2 2.22 5.61 3.39

2 843 Pl4r P2 $:R CdSe/znS & +
4ﬂf RN T R
321 Fhrit m%—ﬁ_?_”’ 2 ie

SR AE LA E S N E A Pl 4r P2 488 CdSe/ZnS £ + Bing
BN > Ft AP 5 A w kS ﬁwmp,gaﬁ%@,g%ﬁ
% ITO/PEDOT/polymer+QD/Ca/Al = iF 7oui* gF 5 4 /é] poly(3,4-ethylene
dioxythiophene) (PEDOT)i® 5 7 k @ ﬁiajfé] sPEDOT £ 3 B ¥ 7 B % {32450
BT B B Hde Fig 3-67877 o d o4 JL,,\,]JJL  F A£G
Ok ISRl S %ﬁ?’ PU R 2o TR B e L B el ke o

BEE k- R

jv

SO H SO,H SO H SO

Fig. 3-6. PEDOT/PSS structure.
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g ivl o g A EITOR I g 8 > A g 20 Q/square i
ITOZ 3 » 57 5 3ecmx3em~ 0] » g5 § if %42/ (d-Table 3-4
ATIR)IS € o B A AR AR B Pl A8 & 3 Pl {oP2 3 f% fetoluene® -
AT E A BT AR 0 B3 % toluenesi g + BRik W HJR & o PEDOT %
%k o8 s d gk 5 29> RPEDOTH % = & > 2 12 6500 rpm
A0 F) 0 %R {8 150°CT e 1) pE o B R K BT A 1500 rpmE
40 Fy > % = (53T 80°CT i 1 /] pBF o

LF 5Bl r 5kt

IOTHEER) L Y P S B gD
LUMO#LE - (e FI4TIE RS i crfe B ¢ B &
LR & BT 5 7’*{£w¥ﬂ%ﬁﬂ—%@§%ﬁé
EIERPEER o v E 2 & 9 x 107 torr™ » A w|FE4E 1 35/100 nmeCa/Al

\+— WY

3
;-K Rk ’éﬁzé’u}d—’

322 Atk g EF2 £l

Fig. 3-7 4r 3-8 4 ®| & § A %P1 frPl % R CdSe/ZnSz. % B 4+ 7 BBl &2
AT REB c HFAIPLY B AARATR OIOVE 2 E L 697
cd/m® > B+ 2xF P L 023 cd/A> @ B A 3Pl 38CdSe/ZnS2. ~ 2 ¥ 5 &
RV MELF AT R I0VED 2794 cd/m® > B+ »cd 4 &2 %4 0.9 cd/A -
Fig. 3-9 %P1 4vP1 3% /R CdSe/ZnSh7 jrgd L LB - =& B Bl 754 « R
AR 0 E B A 3Pl arest > ¥ ABERI|E S 8.CdSe/ZnS e it o
EF ot A AT Y RZEA VU LR G e ik AF A~ FP2 a1k
%@ > Fig. 3-10 4 3-11 A %] 5 % 4 3 P2 fcP2 448 CdSe/ZnS2_ 2 & $ T &
Bl saF 7 BBl e ~ 2k L%k - 7 UARRD » &R KP2
3949 cd/m’# < | 8192 cd/m’ » »=F Pi£_0.23 cd/A#% % I 1.27 cd/A - Fig.
3-13 %P2 4rP2 #iRCdSe/ZnSH7T s % K3 B & 2 cher g % FILE )
*+Table 3-4 o
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B A3 4R CdSe/ZnS B AP et A A A L NEE
q-m

o iR REF CASe/ZnS 2P HF g7 n'a@gi;l* 3P R LR
- ﬁpi‘“ » Vi8] ¥ 7 hole-only fr electron- only = # %1t &7 ik o T +
bt il -

30001 —m—p|
—w— P1+CdSe/ZnS v

2500 4 /

2000

E
©
)
> 1500 v
o
c
S ]
£
£ 1000 - /
)
- 1 V. PR
500 _ / /./
] v/.
0+ — "
r T r T r T r T r T r
0 2 4 6 8 10 12
Voltage (V)

Fig. 3-7. L-V curves for the devices of P1 and P1+CdSe/ZnS.
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1.2

——P1

1 —e—P1+CdSe/znS

Yield (cd/A)
o = o o
N SN » (00}

o
1

Voltage (V)

Fig. 3-8. Y-V curves for the devices of P1 and P1+CdSe/ZnS.

——P1
—eo— P1+CdSe/ZnS

Intensity (a.u.)

5 e ‘ ‘ ‘ — .-
400 450 500 550 600 650 700 750 800
Wavelength (nm)

Fig. 3-9. EL spectra for the devices of P1 and P1+CdSe/ZnS.
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Fig. 3-10

14

9000
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] v
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30004 /
20001 v

] _/
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4 v ./'
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. L-V curves for.the devices of P2 and P2+CdSe/ZnS.
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Fig. 3-11. Y-V curves for the devices of P2 and P2+CdSe/ZnS.
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—— P2
—e— P2+CdSe/ZnS

Intensity (a.u.)

400 450 500 550 600 650 700 750 800
Wavelength (nm)

Fig. 3-12. EL spectra for the deviees of P2 and P2+CdSe/ZnS.

Table 3-4. Device performances using pristine polymers and their
nanocomposites-as the active layer.

EL Turn-on | Max. current| Max.
emission voltage | efficiency |brightness
active layer | Amax (nm)* (V) (cd/A) (cd/m)
P1 552 5 0.23 697
P1+QDs 560 5 0.9 2794
P2 531 4 0.27 3949
P2+QDs 538 3 1.27 8192

* Recorded at maximum brightness.
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3.3 Holeonly %2 electononly =~ i gl i 2 4

i ¥ hole-only =~ ¢ % ITO/PEDOT/Polymer/Au > ¢* ~ ¢ ¢ jF 5 1 &
z’v’ﬂ@ﬁi%]? & ¥ - 3@ o electron-only ~ # % ITO/Al/Polymer/Ca/Al » F] &
TG L ITOfr Al R B2 B > #T A2 T3 51 L BETHF -

Hole only ~ i* 2 W ¥ RIL 5 | * 4R 2 ey 5 B 1 (T ez 4>
;’:F*lfgi HIivdh e dEiT > £3 R @ k2 P e @ electon only =~ % 2 %] %
RILPIEGED EREEE B4R M S B B AR R A DL
B3 BT FE BT I 2 e AT %Y M holeonly ~ 22 B4 B
5 ITO> ¥ G- & PEDOT kiv i T iFii» k2 B &k o 4 %k 2 4
TF o ERNEEEG2Z ST A o A2 RS L TSR E 2
Au &/ o @ electron only ~ 2 4 - PIE ITO 1+ L4t - K Al &
B L hm B RE R EFEEL CaE TR

3.3.1 Holeonly 2 electononly = 22 2% £ 3434

Fig. 3-13 % 5% P14r P1 #28 CdSe/ZnS € + Zh T m % B-7 BB - &
ETRT CHTFDRITFRESNT T > A7 & Pl Y hT F @
$3& F git- o Fig. 3-14 R 5 P2 v P2 4%/ CdSe/ZnS £ + BT i i & -1
BB - DR EFTARABRRI > RFDRTIARASNTF o FP > Pl e
P2 ftsm i e L Bt > ¥ - 26 o d 0 Pl R R+ B
ﬁh%lsg FpEES I ERAEPLILITE F 4o P2 o

hipR CdSe/ZnS €+ B2 {6 > ¥ NFRT K TG T nikE
L F BBl 2 <« > FAPHF 2L 42 50 ( space

charge limited current ) 2> ;% » 40F #7157 .

J = 9¢g HVZ/SL3
Wewdm A de s 5
L:3~+k5ER
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BN BT FR DT TREEF I HH ST HFIT F B8 -
W 0 A BT Fig 3-1540 3-16 0 &R P 7 L F R AER o AF A
F Pl RS BB FARLR o F 2o P2 hF frR 3 el
FE A ARIT o Tl P2t Pl F R AR o A B4R CdSe/ZnS

EFER2 (8 RROBHF Y G T D) LI BB F ARG s

4

R0 d T A CdSe/ZnS B A F A S 4 H Tk @] RAF

Fig. 3-17 7| & 7 = i 24 5 ITO/PEDOT/Polymer/QDs/Ca/Al iy 1§
Bl > S e Bl ? v g I o CdSe/ZnS £ + ghen HOMO it P :E M3 P1 st

P2 7 HOMO i fg » Flot SN PERGE o 2 g2+ B0 8+ Zeh i id > 3

X

&
HEFBEREL o3 2 S A AL ApAd e F15 £ #eh HOMO &

0 F A S KRR T RS R 03 A K RS B

B2Bo gL Fred @ BER: L EafhT Fira T L 28

S
b

e RFAEORAART AR R BR Ry L gk L
Al RS YRR PR R RS LA U 4 R Bk
H4e 22 0R n[30,32,57] 0 ¥ —2 G TR ARPL BRI G T a2 AT G
Bk Bl crBfd i e > W40 S K BBl a3 2 s i o
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250 —o—P1 (hole-only)
—e— P1/QDs (hole-only)
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Fig. 3-13. Current density vérsus voltage for P1 and P1+QDs.

10004 —o— P2 (hole-only)
—e— P2/QDs (hole-only) /O
— —uo— P2 (electron-only) /o
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: . %
= 600 ya f/
z Va /!/
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Fig. 3-14. Current density versus voltage for P2 and P2+QDs.
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Fig. 3-15. log p vetsus ‘electric field for P1 and P1+QDs.
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Fig. 3-16. log p versus electric field for P2 and P2+QDs.
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Fig. 3-17. Energy diagram of P1 -~ P2 and QD.

3.4 MEH-PPV 3 & + 1} #1§=:CdSe/ZnS & + B
IR Y 203 A F 1 E T poly[2-methoxy-5(2’-ethylhexyloxy)-1,4-
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Fig. 3-18. UV-Vis absorption and PL emission spectra of CdSe/ZnS.
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Fig. 3-19. UV-Vis absorption and PL emission spectra of MEH-PPV and CdSe
/ZnS.
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Fig. 3-20. UV-Vis absorption and PL emission spectra of MEH-PPV + CdSe /

ZnS composites in film state.
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11mm

Fig. 3-21. SEM images of (a) CdSe/ZnS and (b) MEH-PPV+ CdSe /ZnS.
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Fig. 3-21. TEM images of (c) CdSe/ZnS and (d) MEH-PPV+ CdSe /ZnS.
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Fig. 3-22. EL spectra of MEH-PPV and/ MEH-PPV+CdSe/ZnS composites
devices.
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Fig. 3-23. Current density-voltage curves of MEH-PPV and MEH-PPV+ CdSe
/ZnS composites devices.
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Fig. 3-24. Luminance-voltage curvesiof MEH-PPV and MEH-PPV+CdSe/ZnS
composites devices.
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Fig. 3.25. Yield-voltage curves of MEH-PPV and MEH-PPV+CdSe/ZnS
composites devices
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Table. 3-5. The devices performances for MEH-PPV and
MEH-PPV+CdSe/ZnS composites

Active layer Turn-on voltage | Max. efficiency | Max. brightness
(V) (cd/A) (cd/m?)
MEH-PPV 8 0.005 65
MEH-PPV+0.2%QD 7 0.02 180
MEH-PPV+0.4%QD 7 0.03 155
2.8
43 | 43
MEH-PPV
4.7 Al
Mo |—2
PEDOT CdSe
4.9
6.4

Fig. 3-26. Energy level diagram of device structure ITO/PEDOT/ MEH-PPV +
(CdSe/ZnS)/Al

56



3.8 T iFiER IR k¥ &k (Q-DLTS)#~ %

L7 - P CAdSe/ZnSE F BE L i ¢ chgd i o A ¢+ Q-DLTS
REBERAT AR g e 2 A% - % A KiE e Fig 3-27
% ~ 2 ITO/PEDOT/MEH-PPV/Al %% 4 T B 5 AV=+ 1V3 L R T
hQ-DLTSH ¥ » SE¥ o T PR chsif 4 » W keh T o § 4B & foehdl
oo I DXNFTRBHAfEX e B Ak g o A B[R L Peak I~ Peak
IT ~ Peak IlIfrPeak IV » 4 f& <[] 3% & ¢ *tFig. 3-28 » w i 7 fo cijl & F %
T30 F w B RS (trap) i Y B BFY AT RIER T TR
& enQ-DLTS R ¥ > 4rFig. 3-29 #f7F » *¥ 5 & - Brdchddic &
- BRASEF R R = PR A W 55 Fig. 3-30 ~ 3-31 4o 3-32 0 1

*§ = RN (3) 0 jeln (1T ves. I/KTE) 3 chsl F fofl jev 12 7 3] 0%
¢ EAfrizss % 45 ¥ 30 > Peak 1~ Peak I1§rPeak I+ — B [zt ciarrhenius B
250 A w4 5% %t Fig. 3-33 ~ 3-34 o 3-35 0 [ % AN 4 * & B o
BohEA R A ke AT Rl en S lice & BRI T 1|3 Table 3-7 o

KRR EET PR Peak IV T "§ ¥ 8 B g i rﬁ’ﬁ iAo F
PR RBRaE it ek R R EER T Nk AT R R R
SRR o ¥ - 3 G o Peak I, 11 v 1T #7358 d1eis 1 it dcie i foe
Je 2 BB 3] 4P 12[60-62] -

Fig. 3-36 = MEH-PPV #32 )k & 0.2 % CdSe/ZnS & &+ B: 25 4 T B
AV=+1V % | L g FR T Q-DLTS Bl > Bl#v UAAL 227 B2
S (4o Fig. 3-37 #17) > 7 & %3t MEH-PPV § & = chw L4 2
b AR PER R e 2 T R ILY b - BLE > 2 5 Peak Voo i ¥T
PR RZ Ak g CdSe/ZnS # PR R R ER B OB HB AR AR o
% Fig. 3-38 » @ ¢* [{#38 17 arrhenius B2 B 4 7+ > Fig. 3-39 - R kR 0.4
% CdSe/ZnS £ + %4 2 B 2 AV=+ 1V % F L ¢ PF T 5 Q-DLTS B
W A% 7 Fig. 3-40 > 2 4~ fZ2 0@ 3 P& >0 Fig. 3-41 0 o & 2R3
FOUER > Peak V R TR £ & > AR CdSe/ZnS £ 5 B
ek B 3 % 0 Peak V K= cfo i #- 5 B F o Fig. 3-42 fr Fig. 3-43 p 4 1)

t
s¢

-k

mr

-l

—

57



SiBRER 0.4 % CdSe/ZnS £ F B~ i ¢h Peak V A 55 ¥ 8 B ¥ 1L 0
Ajfet K i arrhenius B2 o & B 7 B3R kR ~ 2 hF - B SRS
% I8 ¥ 7% Table 3-6 - CdSe/ZnS & F BRiC - B i g b i £ 9 4
3 0.1~0.15 eV » frz_wh T 7 b 0 AR e kR A VR T OARRR T
[63,64] -

Fig. 3-44 4. ;7 MEH-PPV % 4 3 4r4 %428 0.2 % ~ 0.4 % CdSe/ZnS #
FREANHTRLAV=F 1V AT EFF % 1 s Q-DLTS Bl » & B2 ¥
TR 43R CdSe/ZnS £ F BV U M T ET R T

B EER {4 > MR TR AR AR o R
B3 Bhende » 3 2 F FPH] R Kk F 43 MEH-PPV 3 A4 3 ¢ ifzgd o
AR IREHT R UL FLRLBEOPE 0 TIUAS

i

F
- BETelEE o A TR FZFOR B R S > nE R AR D gk o

i

=
7‘:5

=y

+
1~

54

500
—e—1tc=1ms
400
—=—1tc=5ms
~
O 300t ——tc=10ms
=2
O 200+ —>—1tc =50 ms
<
—=—1tc =100 ms
1001
——tc =500 ms
O__
tc=1s
0 1 2 3 4 5 6 7

log(t) (t: us)

Fig. 3-27. Q-DLTS spectra measured on a ITO/PEDOT:PSS/MEH-PPV/ Al
device using an offset V= 0V, a charging voltage AV =+ 1V for different
charging time from 1 ms to 1 s at T=300 K.
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Fig. 3-28. Decomposition of the Q-DLTS spectra recorded in MEH-PPV diode
at 300 K obtained with a charging time tc = s and a charging voltage AV =+ 1
V.

AQ (pC)

log(t) (t: us)

Fig. 3-29. Q-DLTS spectra measured on a ITO/PEDOT:PSS/MEH-PPV/AI
device using a charging voltage AV =+ 1V and charge time time tc =1 s for

different temperature from T=270-320 K.
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Fig. 3-30. Peak I obtained from the Q-DLTS spectra recorded in a ITO/
PEDOT:PSS/MEH-PPV/AI diode for different temperatures in the range 270 -
320 K with a charging time tc =1 §, a charging voltage: AV=+1V.
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40+

log(t) (t: us)
Fig. 3-31. Peak II obtained from the Q-DLTS spectra recorded in a ITO
/PEDOT:PSS/MEH-PPV/AI diode for different temperatures in the range 270 -

320 K with a charging time tc =1 s, a charging voltage: AV=+1V.
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log(t) (t: us)
Fig. 3-32. Peak III obtained from the Q-DLTS spectra recorded in a ITO

/PEDOT:PSS/MEH-PPV/AI diode for diffetent temperatures in the range 270 -
320 K with a charging time tc =1 5, a charging voltage: AV=+1V.
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Fig. 3-33. Arrhenius curve for Peak I of the ITO/PEDOT:PSS/MEH-PPV/AI

device.
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Fig. 3-34. Arrhenius curve for Peak II of the ITO/PEDOT:PSS/MEH-PPV/AI

device.
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Fig. 3-35. Arrhenius curve for Peak III of the ITO/PEDOT:PSS/MEH-PPV/Al

device.
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log(t) (t: us)

Fig. 3-36. Q-DLTS spectra measured on a ITO/PEDOT:PSS/MEH-PPV + 0.2 %
QD/Al device using a charging voltage AV =+ 1V and charge time time tc =1
s for different temperature from T=270-320 K.
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Fig. 3-37. Decomposition of the Q-DLTS spectra recorded in MEH-PPV+0.2%
QD diode at 300 K obtained with a charging time tc =1 s and a charging
voltage AV=+1V.
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Fig. 3-38. Peak V obtained from the Q-DLTS spectra recorded in a ITO /
PEDOT:PSS/MEH-PPV+0.2%QD/Al diode for different temperatures in the

range 270 - 320 K with a charging time:te,= 1 s, a charging voltage: AV =+ 1V.
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Fig. 3-39. Arrhenius curve for Peak V of the ITO/PEDOT:PSS/MEH-PPV + 0.2

%QD/Al device.
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Fig. 3-40. Q-DLTS spectra measured on a ITO/PEDOT:PSS/MEH-PPV + 0.4 %
QD/Al device using a charging voltage AV-=+ 1V and charge time timetc =1 s
for different temperature from A=270-320 K.

200

Fig. 3-41. Decomposition of the Q-DLTS spectra recorded in MEH-PPV+0.4%
QD diode at 300 K obtained with a charging time tc =1 s and a charging
voltage AV=+1V.
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Fig. 3-42. Peak V obtained from the Q-DLTS spectra recorded in a ITO/
PEDOT:PSS/MEH-PPV+0.4%QD/Al diode for different temperatures in the
range 270 - 320 K with a charging time:-tc =1 s,-a charging voltage: AV =+ 1V.
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Fig. 3-43. Arrhenius curve for Peak V of the ITO/PEDOT:PSS/MEH-PPV + 0.4
%QD/Al device.
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Fig. 3-44.Comparision of Q-DLTS spectra recorded in pure MEH-PPV and
adding 0.2% and 0.4% QD diodes-at 300 K with a charging time tc =1 s, a
charging voltage: AV =+ 1V.

Table. 3-6. Summary of the trap parameters in [TO/PEDOT/MEH-PPV+ (CdSe/ZnS) /

Al devices.

Sample name trap Peak I Peak II Peak 111 Peak IV Peak V
parameters

MEH-PPV E (eV) 0.18 0.24 0.31 X X

o (em®) | 5.1x10%" | 3.0x107" | 4.3x10™ X X

Npi (em™) | 5.1x107 | 6.6x10" | 1.3x10"° | 3.1x10'° X

MEH-PPV+0.2%QD | E (eV) 0.18 0.24 0.31 X 0.1
o (em?) | 5.1x107" | 3.0x107" | 4.3x107" X 7.2x10™"
Np(cm™) | 1.8x107 | 4.5x10" | 9.3x10" | 2.1x10"° | 1.5x10'°

Nro/Nr 0.35 0.68 0.72 0.68 X

MEH-PPV+0.4%QD | E (eV) 0.18 0.24 0.31 X 0.15
o (em?) | 5.1x107" | 3.0x107" | 4.3x107" X 6.0x107
Np3(em™) | 1.6x10" | 2.5x10" | 4.3x10" | 1.3x10" | 1.8x10"

Np3/Nr 0.31 0.38 0.33 0.04 X
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Fig. 3-45. Molecular structure of Pt complex.
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Fig. 3-46. Molecular packing diagram of = stacking for Pt complex.
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Fig. 3-47. UV-vis absorption and PL spectra of Pt complex in toluene.
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Fig. 3-48. Luminance-yield-voltage curves for the devices of Pt complex.
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Fig. 3-49. Current-voltage curve for the devices of Pt-Fluorene complex.
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Fig. 3-50. EL spectrum for the devices of Pt-Fluorene complex.
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Fig. 3-51.Q-DLTS spectra measured on a ITO/PEDOT:PSS/PVK+PBD/Al
device using a charging voltage AV =+ 6V for different charging time from 1

ms to 1 s at T=300 K.
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Fig. 3-52. Resolved Q-DLTS spectra measured on a ITO/PEDOT:PSS/

PVK+PBD/AI device using a charging voltage AV =+ 6V for charging time 1 s
at T=300 K.
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Fig. 3-53. Q-DLTS spectra measured on a ITO/PEDOT:PSS/PVK+PBD/Al

device in using a charging time 1. = 1s and a charging voltage AV = + 6V for

different temperatures in the range 270-330 K.
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Fig. 3-54. Peak I obtained from the Q-DLTS spectra recorded in a ITO/
PEDOT:PSS/PVK+PBD/AI diode-for different temperatures in the range 270 -
330 K with a charging time tc =1 §, a charging voltage: AV=+6V.

2000

330 K ¢ 270 K

1000

AQ (pC)

o
- -
N

log(t) (t: us)

Fig. 3-55. Peak II obtained from the Q-DLTS spectra recorded in a ITO/
PEDOT:PSS/PVK+PBD/AI diode for different temperatures in the range 270 -
330 K with a charging time tc =1 s, a charging voltage: AV=+6V.
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Fig. 3-56. Peak III obtained from the Q-DLTS spectra recorded in a ITO/
PEDOT:PSS/PVK+PBD/Al diode-for different temperatures in the range 270 -
330 K with a charging time tc =1 s, a charging voltage: AV=+6V.
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Fig. 3-57. Arrhenius plots for Peak I to III obtained from the Q-DLTS spectra
recorded in a ITO/PEDOT:PSS/PVK+PBD/AI diode for different temperatures
in the range 270 - 330 K with a charging voltage: AV=+6V.



Table 3-7. Summary of the trap parameters in ITO/PEDOT/PVK+PBD/Al

devices.
Device |parameter | Peak I Peak II | Peak III
Ea (eV) 0.33 0.40 0.51
PVK+PBD| o (cm’) | 4x10%" | 1x10% | 1x10™"
based
diodes  FO e [ 13x107 | 1.3x107 | 1.0x10"
2000
——1tc=1ms
1500 —=—1tc=5ms
G ——1c=10ms
o
~ 1000+
@ ——1tc =50 ms
<
500+ —=—1tc =100 ms
—+—1tc =500 ms
0

—+—1tc=1s

log(t) (r: us)

Fig. 3-58. Q-DLTS spectra measured on a [TO/PEDOT:PSS/PVK+PBD+Pt
complex/Al device using a charging voltage AV =+ 6V for different charging
time from 1 ms to 1 s at T=300 K.
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Fig. 3-59. Resolved Q-DLTS spectra measured on a ITO/PEDOT:PSS/ PVK
+PBD+Pt complex/Al device using:a charging voltage AV =+ 6V for charging
time 1 s at T=300 K.
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Fig. 3-60. Q-DLTS spectra measured on a [ITO/PEDOT:PSS/PVK+PBD+Pt-
complex/Al device in using a charging time 1. = 1s and a charging voltage AV =

+ 6V for different temperatures in the range 270-330 K.
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Fig. 3-61. Peak I obtained from the Q-DLTS spectra recorded in a Pt-Fluorene
complex diode for different temperatures mn'the range 270 - 330 K with a
charging time tc =1 s, a charging voltage: AV =+ 6 V.
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Fig. 3-62. Peak III obtained from the Q-DLTS spectra recorded in a Pt-Fluorene
complex diode for different temperatures in the range 270 - 330 K with a

charging time tc =1 s, a charging voltage: AV=+6 V.
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Fig. 3-63. Peak IV obtained from the Q-DLTS spectra recorded in a Pt-Fluorene
complex diode for different temperatures mn'the range 270 - 330 K with a
charging time tc =1 s, a charging voltage: AV =+ 6 V.
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Fig. 3-64. Peak V obtained from the Q-DLTS spectra recorded in a Pt-Fluorene
complex diode for different temperatures in the range 270 - 330 K with a
charging time tc = 1 s, a charging voltage: AV=+6V.
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Fig. 3-65. Arrhenius plots for Peaks obtained from the Q-DLTS spectra recorded
in a ITO/PEDOT:PSS/PVK+PBD+Pt complex/Al diode for different

temperatures in the range 270 330 K with a charging voltage: AV =+ 6 V.

Table 3-8. Summary of the trap parameters in ITO/PEDOT/PVK+PBD-+Pt
complex/Al devices.

Device Parameter | Peak I |PeakIIl| Peak IV | Peak V
Ea (¢V) 0.32 0.51 0.25 0.18

PVKAPBD+ | ©(cm)) | 2.6x107" [9.9x107% 6.0x107" | 3.0x10™

Pteomplex =G 76.7%107 [3.2x10] 2.7x10™ | 9.6x10

81




Sr® 2%

hF SR FTE A DEF RN L R(14-7 F e %) (DP-PPV)
#74 4 1 2 MEH-PPV % A 3 428 CdSe/ZnS € + Btk 8 4o T & &
Mo padgAa3IPle » Atk 2R % 697cdm’t » Bt e P %
0.23 cd/A > &3 RCdSe/ZnSE + 8:15 » A % hA B ¥ M2 T 2794
cd/m®s »cd s 2 % 09cd/Ae @ AP2 ek 5P 5 &R 3949 cd/m’
#25)] 8192 cd/m® » »F P 023 cd/A#% B T 1.27 cd/A -

’% hole-only % electron-only =~ i 2_ @] %> 2 v ¥ 12 28 LT B
BEFLEIEDG En G TEOEE O F 2 T3 BB S
X o FP A PG > CdSe/ZnSE F B¢ 7R F Ik o @ g §
T ORI B A F R R F B2 B Fplid & TR 0 i
HH AT Ffra F R FEDP e o Tt R R fornF 3 &2 gk
% o ¥ - 25 > A MEH-PPV.® A 3 3 RCdSe/ZnSE + Zheh= i+ 4544
5 HhE A 3MEHPPVA 27 5 E X 2R 5 65 cd/m’ > B+ s
Bl 5 0.005 cd/A » %358 02% CdSe/ZnSE + 8h1s » ~ Eha B v 1Y
#2180 cd/m®> 2k 4 %2 5 0.02cd/A- A td5 R 0.4% CdSe/ZnS
385 2R 5 155c¢d/m® > s BB T 0.03 cd/A -

4% Q-DLTSH B > A 7 11 {F 4 &AMEH-PPVE A 3 ¢ » 1 &
BRI PRRE AR 0 A 8 5B =018 eV ~ Ery = 0.24 eVicEp; =
031 eV o Peak IV 2 S FF R en® it a5 #rif > AT kp
s RE S o iR CdSe/ZnSE F BE  RIA Y T ¥ - BATHIA
B HEL S5 0.1~0.15 eV FF o | end £ F Bheide X F PP
F1 R k5 3YMEH-PPVF 4 3 7 chfgd » a8 R0 S T 7 i
o UEFLITLFLBEDPE o

AR e & RFTEPtEHeEi ks &P > T Xeray#-H B
HiEiE~ % g ¥ o LPPtg & 4 ¢ > (C'N N)-acetylideiz & 2 B =

A

82



- T g > @ fluorenefL P Z 2 BT 5 A 76° o P(C'N N)A B d »t
n-1 stacking»TJis 0 1 F @t 2 FFepEa g 5 3.5 AAPL stk
Bk b i % A 586 nm o - B LRk R . BEAy
poly(N-vinylcarbazole)(PVK) §=(2-(4-biphenylyl)-5-(4-tert-butylphenyl)
-1,3,4-oxadiazole (PBD) #RPté &£ @ ir~ & » A 2 hgpde 7 R 5
15V B4 2R 5 607 cd/m® > £ B »cF B 5 028 cd/A o

B i5 4] * Q-DLTS% % » & " 7 1 18 &gt 4 PVK+PBDe % e >
ARG ZBA RS A G B A A B 5 En=033eV-Enp=04¢eV
frBr3= 051 eVe @ AP L5218 53 BIIS RARGF A A

u] % Peak I frPeak III - Peak ITFz B3 4 7 ""T‘t“ 2 bR A AT AR
Frenfzgd o BT g A W A Ery=025eVirErs =0.18 eV o A i 3n 5 i &
ehPeak IIF= 7 ac £ §4 F G0gigdifs @ 374 = fhPeak [V{rPeak V
s 7R F A TS oD B LR AE S T R A o

83



$1% RYp

[1] A. Bernanose, M. Conet and P. Vouauzx, J. Chem. Phys. 50 (1953) 64.

[2] M. Pope, H. Kallmann and P. Magnante, J. Chem. Phys. 38 (1963) 2042.

[3] W. Helfrich and W. G. Schneider, Phys. Rev. Lett. 14 (1965) 229.

[4] W. Helfrich and W. G. Schneider, J. Chem. Phys. 44 (1966) 2902.

[5] G. G. Roberts, M. M. McGinnity, W. A. Barlow and P. S. Vincett, Solid
State Commun. 94 (1979) 171.

[6] C. W. Tang and S. A. Vanslyke, Appl. Phys. Lett. 51 (1987) 913.

[7] R. H. Patridge, Polymer 24 (1983)733.

[8] J. H. Borroughes, D. D. C. Bradley, A. R. Brown, R. N. Marks, K. Mackay,
R. H. Friend, P. L. Burn and A. B. Holmes, Nature 347 (1990) 539.

[9]G. Gustafsson, Y. Cao, G. M. Treacy, F. Klavetter, N. Colaneri and A. J.
Heeger, Nature 357 (1992) 477.

[10] R. A. Wessling, J. PolymSci. Polym..Symp..72 (1985) 55.

[11] F. Papadimitrakopoulos, 'K, Konstadinidis, T. M. Miller, R. Opila, E. A.

Chandross, M. E. Galvin, Chem."Mater. 6 (1994) 1563.

[12] F. Wudl, S. Hoger, C. Zhang, K. Pakbaz, A. J. Heeger, Polym. Prepr. 34

(1993) 197.

[13] D. Braun, A. J. Heegar, Appl. Phys. Lett. 58 (1991) 1982.

[14] B. R. Hsieh, Y. Yu, E. W. Forsythe, G. M. Schaaf, W. A. Feld, J. Am.

Chem. Soc. 120 (1998) 231.

[15] Z. A. Peng, X. Peng, J. Am. Chem. Soc. 124 (2002) 3343.

[16] R. Asahi, T. Morikawa, T. Ohwaki, K. Aoki, Y. Taga, Science 293 (2001)

269.

[17] Zhang, J. Z., Acc. Chem. Res. 30 (1997) 423.

[18] A. I. EKimov, A. A. Onushchenko, J. Chem. Phys. 16 (1982) 775.

[19] L. E. Brus, J. Chem. Phys. 79 (1983) 5566.

[20] X.G. Peng, M.C. Schlamp, A.V. Kadavanich, A.P. Alivisatos, J. Am. Chem.

84



Soc. 119 (1997) 7019.

[21] Y. Tian, T. Newton, N.A. Kotov, J. Phys. Chem. B 100 (1996) 8927.

[22] M.A. Hines, P. Guyot-Sionnest, J. Phys. Chem. 100 (1996) 468.

[23] B.O. Dabbousi, J. Rodrigez-Viejo, F.VV. Mikulec, J.R. Heine, H. Mattoussi,
R. Ober, K.J. Jensen, M.G. Bawendi, J. Phys. Chem. B 101 (1997) 9463.

[24] V.L. Colvin, M.C. Schlamp, A.P. Alivisatos, Nature 370 (1994) 354.

[25] S. Coe, W. K. Woo, M. Bawendi, V. Bulovic, Nature 420 (2002) 800.

[26] S. Coe, W. K. Woo, J. S. Steckel, M. Bawendi, V. Bulovi, Org. Electron. 4
(2003) 123.

[27] H. Sun, J. Zhang, H. Zhang, Y. Xuan, C. Wang, M. L1, Y. Ning, D. Ma, B.
Yang, Z. Y. Wang, Chem. Phys. Chem. 7 (2006) 2492.

[28] Y. Li, A. Rizzo, R. Cingolani, G. Gigli, Adv. Mater. 18 (2006) 2545.

[29] P. O. Anikeeva, J. E. Halpert, M. G.. Bawendi, V. Bulovic, Nano Lett. 7
(2007) 2196.

[30] S. A. Cartera, J. C. Scott, P. J.\Brock, Appl: Phys. Lett. 71 (1997) 1145.

[31] Y. K. Kim, K. Y. Lee, O. Ki*Kwon, D..M: Shin, B. C. Sohn, J. H. Choi,
Synth. Met. 111-112 (2000) 207.

[32] J. H. Park, S. I. Park, T. H. Kim, O. O. Park, Thin Solid Films 515 (2007)
3085.

[33] S. H. Choi, H. Song, I. K. Park, J. H. Yum, S. S. Kim, S. Lee, Y. E. Sung,
J.Photochem. Photobiol. A 179 (2006) 135.

[34] J. h. Park, y. T. Lim, O. O. Park, J. K. Kim,J. W. Yu,Y.C.Kim, Chem.
Mater. 16 (2004) 688.

[35] M. S. A. Abdou, F. P. Orfino, Y. K. Son, S. Holdcroft, J. Am. Chem. Soc.
119 (1997) 4518.

[36] R. N. Marks, M. Muccini, E. Lunedi, R.H. Michel, M. Murgia, R.

Zamboni, Chem. Phys. 227 (1998) 49.

[37] M. Schneider, M. Brinkmann, M. Muccini, F. Biscarini, C. Taliani, W.

85



Gebauer, Chem. Phys. 285 (2002) 345.

[38] P. E. Burrows, Z. Shen, V. Bulovic, D. M. McCarty, S. R. Forrest, J. A.
Cronin, M. E. Thompson, J. Appl. Phys. 79 (1997) 7991.

[39] A. J. Campbell, D. D. C. bradely and D. G. Lidzey, J. Appl. Phys. 82 (1997)
1961.

[40] H. Antoniadis, M. A. Abkowitz, B. R. Hsieh, Appl. Phys. Lett. 65 (1994)
2030.

[41] S. Karg, J. Steiger, H. Von Seggern, Synth. Met. 111-112 (2000) 277.

[42] H. L. Gomes, P. Stallinga, H. Rost, A. B. Holmes, M. G. Harrison, R. H.
Friend, Appl. Phys. Lett. 74 (1999) 1144,

[43] M. Meier, S. Karg, K. Zuleeg, W. Bru“tting, M. Schwoerer, J. Appl.

Phys. 84 (1998) 87.

[44] A. J. Campbell, D. D. C. Bradley, E. Werner, W. Brutting, Synth. Met. 111
(2000) 273,

[45] P. Stallinga, H. L. Gomes, Hi Rost,-A.. B: Holmes, M. G. Harrison, R. H.
Friend, Synth. Met. 111-112 (2000):535.

[46] A. Hepp, N. von Malm, R. Schmechel, H. von Seggern, Synth. Met.

138 (2003) 201.

[47] Y. S. Yang, S. H. Kim, J. I. Lee, H. Y. Chu, L. M. Do, H. Lee, J. Oh, T.
Zyung, M. K. Ryu, M. S. Jang, Appl. Phys. Lett. 80 (2002) 1595.

[48] G. Pham, T. U. Kampen, I. Thurzo, M. Friedrich, D. R. T. Zahn, Appl. Surf.
Sci. 212-213 (2003) 542.

[49] O. Gaudin, R. B Jackman, T. P. Nguyen, P. Le Rendu, J. Appl. Phys. 90
(2001) 4196.

[50] M. A. Baldo, D. F. O’Brien, Y. You, A. Shoustikov, S. Sibleyk, M. E.
Thompson, S. R. Forrest, Nature 395 (1998) 151.

[51] M. A. Baldo, S. Lamansk, P. E. Burrows, M. E. Thompson, S. R. Forrest,
Appl. Phys. Lett. 75 (1994) 4.

86



[52] S. Lamansky, P. Djurovich, D. Murphy, F. Abdel-Razzaqg, H. E. Lee, C.
Adachi, P. E. Burrows, S. R. Forrest, M. E. Thompson, J. Am. Chem. Soc.
123 (2001) 4304.

[53] C. Adachi, M. A. Baldo, S. R. Forrest, S. Lamasky, M. E. Thompson, R.
C. Kwong, Appl. Phys. Lett. 78 (2001) 1622.

[54] R. J. Holmes, S. R. Forrest, Y. J. Tung, R. C. Kwong, J. J. Brown, S.
Garon, M. E. Thompson, Appl. Phys. Lett. 82 (2003) 2422.

[55] X. Jiang, A. K. Y. Jen, B. Carlson, L. R. Dalton, Appl. Phys. Lett. 80
(2002) 713,

[56] FraE g~ & + T w £ - i r B[(2-F A-3-7 2&)-14-# F Lo ]
o [2,3- B (-7 A F A4)-1,4-# F 3k ¢ *X] 72004

[57] C. H. Chou, H. S. Wang, K. H. Wel, J. Y. Huang, Adv. Funct. Mater. 16
(2006) 909.

[58] M. Pientka, V. Dyakonov; D. Meissner, A. Rogach, D. Talapin, H. Weller,
L. Lutsen, D. Vanderzande, Nanotechnology.15 (2004) 163.

[59] N. C. Greenham, X. Peng, A. P.:Alivisatos, Phys. Rev. B 54 (1996) 17628.
[60] T. P. Nguyen, P. Le Rendu, O. Gaudin, A. J. T. Lee, R. B. Jackman, C. H.
Huang, Thin Solid Films 511-512 (2006) 338.

[61] V. Kazukauskas, Semicond. Sci. Technol. 19 (2004) 1373.

[62] P. Stallinga, H. L. Gomes, H. Rost, A. B. Holmes, M. G. Harrison, R. H.
Friend, Synth. Met. 111-112 (2000) 535.

[63] J. Versluys, P. Clauws, Mat. Res. Soc. Symp. Proc. 763 (2003) B9.8.1.

[64] M. M. Sobolev, I. V. Kochnev, V. M. Lantratov, N. A. Cherkashin, V. V.
Emtsev, Physica B 273-274 (1999) 959.

[65] C. K. Koo, Y. M. Ho, C. F. Chow, M. H. W. Lam, T. C. Lau, W. Y. Wong,
Inorg. Chem. 46 (2007) 3603.

87



[66] W. Lu, B. X. Mi, M. C. W. Chan, Z. Hui, C. M. Che, N. Zhu, S. T. Lee, J.
Am. Chem. Soc. 126 (2004) 4958.

88



£ i it
-~ ;,H‘}JJ’IJ%:‘?

(1) Chun-Hao Huang , Chih-Wen Lee , Chain-Shu Hsu , Cedric Renaud , Thien-Phap
Nguyen* “Electro-optical properties of poly(1-(difluorophenyl)-2-(4-alkylcyclohexyl
phenyl)acetylene) organic light-emitting diodes” Thin Solid Films 515 (2007) 7671-
7674,

(2) C.W. Lee, C. H. Chou, J. H. Huang , C. S. Hsu, T. P. Nguyen* “Investigations
of organic light emitting diodes with CdSe(ZnS) quantum dots” Material Science and
Engineering B 147 (2008) 307-311.

(3) C. Renaud , C.H. Huang , C.W. Lee , P. Le Rendu , T.P. Nguyen* “Study of trap
states in polyfluorene based devices by using TSC technique” Thin Solid Films 516
(2008) 7201-7213.

(4) Cedric Renaud , Yves Josse , Chih-Wen L ee , Thien-Phap Nguyen* “Investigation
of defects in polyhedral oligomeric silsesquioxanes based organic light emitting
diodes” Journal of Materials Science: Materials in Electronics (2008) accepted.

(5) C.W. Lee, Y. Josse , C. SfHsu , T. P..Nguyen* “Green emitting polyhedral
oligometric silsesquioxanes/ poly(phenylene vinylene) derivative materials for highly
efficient organic light emitting diodes (OLEDs)” The European Physical Journal
-Applied Physics 42 (2008) 213-218.

(6) T. P. Nguyen , C. Renaud , C. H. Huang , C. N. Lo, C. W. Lee, C. S. Hsu “Effect
of electrical operation on the defect states in organic semiconductors” Journal of
Materials Science: Materials in Electronics (2008) accepted .

(7) Chih-Wen Lee , Sheng-Hsiung Yang , Chain-Shu Hsu* and Hsin-Fei Meng
“Improved Efficiencies in Organic Light Emitting Diodes Made with CdSe/ZnS
Quantum Dots and a Semiconducting Polymer” Journal of nanoscience and
nanotechnology (2008) accepted.

(8) Chih-Wen Lee , Cedric Renaud , Chain-Shu Hsu and Thien-Phap Nguyen*
“Synthesis and electro-optical properties study of Pt-fluorene complexes for OLED”
Solid State Sciences submitted (2008).

89



(9) Chih-Wen Lee, Cedric Renaud, Chain-Shu Hsu, and Thien-Phap Nguyen” “Traps
and performance of MEH-PPV/CdSe(ZnS) nanocomposites based OLEDs”
Nanotechnology submitted (2008).

BN

1. K. B. Chen, C. W. Lee, Y. P. Chang, C. S. Hsu" ”New Polyhedral Oligomeric
Silsesquioane containing fluorescent and phosphorescent chromophores” Proceeding
of 27th ROC Polymer Symposium, Feb. 21-22, 2004.

2. C. W. Lee, C. S. Hsu™ "Improved Efficiencies in Organic Light Emitting Diodes
Made with CdSe(ZnS) Quantum Dots and a Semiconducting Polymer” IUMRS-ICA,
Nov 16-18, 2004.

3. C.W. Lee, C. S. Hsu"” Nanostructure Enhanced in Organic Light Emitting Diodes
Made with CdSe(zZnS) Core/Shell JType:Quantum Dots and a Semiconducting
Polymer” Proceeding of 28th ROC:Polymer.Symposium, Jan. 14-15, 2005.

4. C. W. Lee, C. S. Hsu™ ”Improved Efficiencies in:Organic Light Emitting Diodes
Made with CdSe(ZnS) Quantum-Dots:andiarSemiconducting Polymer” Taiwan Nano
Tech, Sep 21-25, 2005.

5. C. W. Lee, C. S. Hsu™ “Nano-structure Enhanced Organic Light Emitting Diodes
Made with CdSe(znS) Quantum Dots and a Semiconducting Polymer” Proceedings of
2005 5th IEEE Conference on Nanotechnology, Nagoya, Japan, July. 11-15, 2005.

6.Yung-Hsin Yao, Chih-Wen Lee and Chain-Shu Hsu* “Polarized White Emission
from Fluorene-Based Polymer Blends” The Third International OLED and PLED
Workshop on Advanced Functional Materials, 2004

7. C. W. Lee, T. P. Nguyen* “Investigations of organic light emitting diodes with
CdSe(zZnS) quantum dots” Invited Presentation, EMRS 2007 Spring Meeting, May

8. C. Renaud, C. H. Huang, C. W. Lee, P. Le Rendu, T. P. Nguyen “Study of trap
states and their distribution in polyfluorene based devices by Thermally Stimulated
Currents” Poster, EMRS 2007 Spring Meeting, May 27-June 1.

90



9. Yves Josse, Chih Wen Lee, Cedric Renaud, Thien Phap Nguyen “Investigation of
defects in polyhedral oligomeric silsesquioxanes based organic light emitting diodes”
Oral presentation in Advanced analytical methods and devices, 12th International
Conference on Defects-Recognition, Imaging and Physics in Semiconductors, 9 - 13
September 2007 Berlin (Germany)

10. Nguyen Thien Phap, Renaud Cedric, Huang Chun Hao, Lee Chih Wen “Effect of
aging on the defect states in organic semiconductors” Oral presentation in Advanced
analytical methods and devices,12th International Conference on Defects-Recognition,
Imaging and Physics in Semiconductors, 9 - 13 September 2007 Berlin (Germany)

11. C. Renaud , C. W. Lee, P. Lerendu, C. S. Hsu, T. P. Nguyen, “Study of trap states
in hybrid nanocomposite devices” European Material Research Society 2008 Spring
Meeting, May 27-30, Strasbourg, France (Poster).

12. C. W. Lee, C. Renaud, P. Le Rendu, T. P. Nguyen, B. Seneclauze, R. Ziessel, H.
Kanaan, P. Jolinat, “Performance and defects in phosphorescent organic light
emitting diodes” European Material Research:Society 2008 Spring Meeting, May
27-30, Strasbourg, France (Oral presentation).

13. T. P. Nguyen, C. W. Lee; S. Hassen, H: C. /Le, “Hybrid nanocomposites for

optical applications” European_ Material Research Society 2008 Spring Meeting,
May 27-30, Strasbourg, France (Invite presentation).

91



	第
	Detergent

	第
	P1
	 
	Table 3-3.  Band gap and energy level values of P1 and P2 polymers 
	P1
	Active layer
	MEH-PPV

	學術著作表
	9. Yves Josse, Chih Wen Lee, Cedric Renaud, Thien Phap Nguyen “Investigation of defects in polyhedral oligomeric silsesquioxanes based organic light emitting diodes” Oral presentation in Advanced analytical methods and devices, 12th International Conference on Defects-Recognition, Imaging and Physics in Semiconductors, 9 - 13 September 2007 Berlin (Germany) 
	10. Nguyen Thien Phap, Renaud Cedric, Huang Chun Hao, Lee Chih Wen “Effect of aging on the defect states in organic semiconductors” Oral presentation in Advanced analytical methods and devices,12th International Conference on Defects-Recognition,  Imaging and Physics in Semiconductors, 9 - 13 September 2007 Berlin (Germany) 
	 


