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 ! "#$%&'()*+,  (Self-assembled monolayers- SAMs) ./01234567 859:-;

<0=>?@859:ABC-DE?@85F01GHIHJKLMN  (Schottky barrier)-<OPQR

8*8S7TUVWXYZ[\-]^_`785ab-c0d^e;f$7gML)*-hi()*

+,VZjklmnk85-;f$op)*qrs9:tuvwxy  (Indium-Tin oxide, ITO) 85-z
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8²³´Aµ¶R·”¸•¹*º»NyBDEA}
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ËC{  (€{KÌ{ ) ÍÎ6ÏÐCÑÒÓÔayBÔa

CÕÒÓÔ•dRÅÊËC{ÎÖ×ØÙÚ6CÑÛ

€{ÜÝ89Ô6ÞßÅ89ÔàÒáâãÌ{äÀ6

CÕÛÌ{ÜÝ6âã€{åãäÀRCÕKCÑæ

ÕÅDE.çè  (¥¦yBÔ ) éWêëdìÕ  (ex-

citons)RíìÕ7îBAåïð ñò6-î­ABÛ

óôAC{õ­•d?yBDER
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b .   opt ” y B þ > A ÿ Õ L ¼  (quantum

yield)6”ìÕ7îBëïð ñòA  /01$23

456789:;<=#>?-;@ABC#DE

F0  st !G, /H,CIJ#  (singlet-triplet partition

factor) KLMNL#O48P>Q1$R&-"#-

@?0S;T=#UVWX-YZ O48>QG,

"#-@?K[C\]^_ >QH,"#-@?!

[C\`^_0Ja$b&c(%&-AB adJ

efghi; 25% jklmABC#-H,%&  (n

W!$o&'(%&p!qH,rs9G,$b&'

(%t ) u1gvw<adJ#0 q !t&J#  (out-

coupling factor) xJK&yzn{|}~•3P ;

€•p‚•-ƒ„ …†‡;@ˆB‰Š‹+Œ•-

€•xŽ  (d•$Š‹K+Œ-;@R&•‘ a’

Ž“K 0.2) 10”•d–  !  !L—˜™xŽ ‚šD

›œ•-LMŽžND›Ÿ•L#Žž! ¡¢p£

¤0JKLM3¥pL#3¥¦§¨93¥L—i©

ªL«¬n§'9;R&@§-"#0­®*R&¯

?°±-•‘ ²³´–J#¦kµC¶·s 20S1

$¸¹*ºˆB-89 •‘45-E°••0»¼

½¾¿ÀÁ;ÂlmL•ÃÄÅÆ ÇÈL—ÉÊ¯

? EFL—˜™$w<•‘R&¯?ËCÌÍ Î

d)ÏÐV0

¤ÑÒN;@ÓÔÕˆBÖ×P Ø‡ÙÚLÛ

-n{ ÃÄ\~>QÜdÝÞßLÛà á\Kâã

+kä  (Schottky energy barrier, " e) 
3 z•åæçè 

L—zÙ|}\~-éê ³ëìadkä0adk

ä-gí …†‡;@ÓÔÕˆB-kîïNTÖ×

-ÑÒ-ðñkîòÁ<ó0/ôØŸ•ÉÊL#*

;@õ-fóö÷øC#ùú  (Lowest Unoccupied

Molecular Orbital, LUMO) ³ëìŸ•ÑÒðñkîN

LUMO kî\~-ûü0Øœ•ÉÊLMý;@õ-

f<÷øC#ùú  (Highest Occupied Molecular Orbital,

HOMO) u³ëìœ•ÑÒðñkîN HOMO kî

\~-ûþ0ôÿÑÒN;@õÃÄ-âã+kä  

! íP aÖ×ÄáK "# ÖÄ  (Ohmic contact)0

ÑÒ /;@õÃÄ~-âã+kägí † $ ÜL

—ÉÊ-¯?  (pŽ= ) ôÿ­z•‘-L—O48

%Þ-LMNL#Ž= & *˜™ '( m-;@ˆB

-n{ ) ²;d * ã $ -L#LMÉÊkä0Ja

ÇÈ /E + adkä-k ,  - 9Ü˜™L—-Â . 0

akä-gí1$ / w<pàó;@ˆB- HOMO

(p LUMO) DE + 0 0- !23C#45-E +  1

2 HOMO (LUMO) -Û 3 0 4 S¸¹*ºˆB-8

9 ¬ºˆB 5 1k 678 T 9:; ps ; -E +  

< ôL— => ?‰ ?$; - + s0ôÿˆBn +  L

—ÉÊkä-gí 0 1$ØÑÒ @A Ž-E + DÇ

È0 4 ! BC n{ @A Ž-ÑÒ D n EFG 0JK

n{ÑÒ-ÔL ; ‰2& ; /‚& ; ‰?$;0 n{0

H 8ÍKœ•pŸ•-L• 0 i; I Ž JK 0

¤ÑÒ L Ä MN X 9K: }P 1$JKÑÒN

O: }\~-L—r >  p O: }» P :;- Q • ;

} z L Ä'9 R ËL S  / ¬E + L# TU ÑÒ-

k ,  0V !E + ÜÑÒ- @A Ž 4,50; W¥ XV l

m L Ä Y V  (Z s‰ [ I• ) c(Dw<L—ÉÊk

,  \] •‘¯? 60 1996^ Ferraris7 _` • Xa Øz

ÑÒXÄ MN dõ› *b GC# cd  (Self-assembled

monolayers, SAMs) - ef  DÇÈÑÒ- @A Žïâ

+ãkä0› *b GC# cd !;@C# g Ød h -

ã $i k+N L Ä48 ¬C#~ g Ø j ® kl Ím

, p m L , •Ím ,  1› nop 9 qr ¬ s u-d

õC# 80ôÿC#Þ:; t dc u ïgí- Q •þ 

S vQ •þ$ò{c us u op -4ÿ V 1'9d

Ý R ËL S  / ¬ 12@A Žïâã+kä0; wx

-E +MN C#-45 - 1$; wxy E + käg

í0/ô z ]  (a) KdÝÑÒ /;@õ\~-ÃÄ Ø

ÑÒÉÊL#*;@õ- LUMO kî-kä V KÑÒ

L•-ðñkîN;@ˆB LUMO -kîû {z ]  (b)

|  (c) u!zÑÒ L Ä MN X } ; Q •þ-;@GC

z ]   ÑÒ /;@ÃÄ-kä ~•z€ (a) ö Y V-ÃÄ {

(b p c) Q •C#õàó  (p \ å ) ÃÄ-âã+

kä0
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#õ •  º-kîÂx0 z ]  (b) ‚ -;@GC#õ

Q •c u àóÜÃÄ-âã+kä ;l‡L#-É

Ê { ò‚ y  z ]  (c) ‚ ò‚c u - Q •þu \ åÜ

ÃÄ-âã+kä nl‡L#-ÉÊ0ØÑÒL•

qLMÉÊ‡;@õ- HOMO 0 1$ ƒ„ 0

 Ferraris • X( mÙ KQ •c u ò‚- …† C

#ÅÆ ‡ L• Q •K  (-) 1.69 D - ˆ s ‰+ …†

3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluoro-1-

DecanethiolC# ¤T MN ‡ ‡ L• L Ä '9;c u

; GC#õ MN  ́ ÝC#- Q • Š - ‹hŒ• ÑÒ 

¬ Žˆ• #- •‘ L#+¨9- Q •þ ’ L— hŒ•

;@õ @A Žò “ ‡öÅÆ- ‡ L• \ åÜ 0.85

eV ÑÒ /;@õ HOMO kîûJ¬ ” í { ‚\ j

( m ‹ -‰+ …†  TC# Q •K  (+) 2.24 D Q •þ

’hŒ• ÑÒ ‹hŒ• ;@õ u @A Ž “‡ L•

” íÜ 0.7 eV Ô • ÑÒ /;@õ HOMO kîû‚¬

\ å0

KÜ; wx–— E +@A ŽÁR&•‘ ; } 1

2  » F˜™š qd wp} ;n{ÁÛ  (para-) i k+

-  + …†  (benzylmercaptans) C#ÅÆ ‡ ÑÒ Í

K › ËR&(;@R&]•Õ  (top-emitting Organic

Light-emitting diodes, TOLED) -œ• 90. “( m ‘

L#- -CN | -CF3…œ+N „ L#+- -OMe +N • …

œ-  +ÅÆœ•-ûü  (ô zžŸ~ )0Ù * œ•-

Á  * C¶K ITO $ï Z s ‡ 0

¡¢ lmÓ g˜£ u7 ¤ ÅÆz ‡L Ä- …† C

# Q •þ MN C#- Q •þ ¥ ­C9ÙËC dË

CK …• #N ‡ '9-• ; Ag¦ -S§ . 4¨9 ”dË

¨ ! ©ª ïTX-… œ+¨9- Q •0 «K C#¦;

{ ¬ - Ag¦ -S§ . 4 aËC-©ª1 ­ Îò{0 «K

n{… œ- ©ªg 7 ¤ C¶K 2.34 D (-CN) ï 2.38 D

(-CF3) c u®T ÑÒ L Ä { 1.88 D (-H) N 2.84 D

(-OCH3) 4Q •c u¯u ÑÒ L Ä0

( m&L#& °± AC2 ]²@A Ž-= ³´~  

µ¶‡L Ä @A ŽK 4.65 eV CN-| CF3-+… œ-  

+ …† C#ÅÆ- ‡L Ä @A ŽC¶<‡ µ¶‡ 0.40

| 0.70 eV{ ö… œ| CH3O-+… œ-  + …† C#Å

Æ- ‡L Ä @A ŽuC¶ó‡ µ¶‡ 0.13| 0.20 eV 

Á  *Z s ‡  (Ag2O) L Ä @A ŽuK 4.9 eV0

12@A ŽE + -Je 1Ø(  (2)€

o

cosN# $
%

&&
' (                    (2)

D ·¸€ T ‚  N K L Ä- Q • r¹  # K Q •

þgí &oK free space-|L ! Ž & K› *bcd

GC#õ  (SAM) -|L ! Ž $ KC# Q •þN L

Ä £º æT - »¹ 0j ¼ 6› *b GC# cd‚ -C

# r¹ ò{ u¨9 @A Žûü - !D›ÅÆ‡ ‡L

Ä-C#› *bcd » P n{-|L ! Ž$ïC# Q

•þz £º C= Ÿ † $ 0 @A Ž- ³ =4ÿ ´~  ;

wx E + …œ+• ; -c u Ngí ÅÆ • - L Ä @

A Ž 0 Á ½ C# Q • ; z £º c u -C= JaÃÄ

-kä1$;¯-ÇÐ C¾¿·  /‡ L•ÉÊ-

LM À #-= 0 1 7 \ \ åp ”I 0

$45K Ag/SAM/m-MTDATA (30 nm)/NPB(20

nm)/Alq (50 nm)/LiF/Al/Ag- › ËR&•‘= ³ •‘ ;

}NL•ÅÆ-Âx4ÿô z«  (a)‰(b) Ÿ~  CK

•‘L« r¹§ Lçã ;  (J-V) ïL«¯?  (Current

efficiency, cd/A)0Ø  (a) 1 Á  Â å{ ¬ æçè (

m ‘ L#+ ÃÄ + |žˆÅ +… œ-•‘L« r¹“

g ¬ „ L#+ ÃÅZ + | ö… œ-•‘L« r¹ u

òÁ y“ í0S ¬ -4ÿN @A Ž<óïkägíÂ

xg • ò Æ8 V kä Ç g ÉÊ-L« Ç í0¬L

«¯? 0´~ dÝ; È - É)  $ CN-p CF3-ÅÆ-

‡ L• L«¯?f<0ÉÊkä B í- Ag2O/Ag L

• L« B g 4 L«¯? Ê àó0$ Ë L#+ Ã Å

Æ-L• kä + g L« Ì ó L—O48./ó 

L«¯? 0Í í0

ÑÒ L Ä MN ;@C# Î ÜJK Q •þgíïc

u12@A Ž• MN C#» PÏÐ -ËC ½O0 '

9L—éê- ÑÒ  VŸÓÔÕ kä0 ÔÕ kä-g

í N­ ÔÖ -þ T ;Â0ô × q ÔÕ kä-¯ ½ N

Q •þ-¯ ½ C UØÙ¡¢F˜™( mÙ KÚh} ;z ž   m$ÅÆ› *b GC# cd -C#450
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ò{ i k+ 4ÛÜÝÞ n{- …† C#  (z _ Ÿ~ ) Å

Æz ‡ L• L Ä Dß 9 TOLED àáÔÕ ¯ ½ Á‡

L—ÉÊï•‘¯?- 12 100

«K n{ Ý¹ G âã|ÛÜ - …† C# MN z ‡

L Ä g Ø AC2 = ³ T @A Ž Ø ÞÛÜ ý ÝÛÜ C

¶K 4.24‰4.26‰4.30‰4.30 eV{́ ~7ÛÜÝ¹ n{ 

@A Ž + s•í0”• žKÜÝ n{ 4ähå K ‘

L#+ CN-- …† C# T @A Ž å z 4.95 eVæç 0

zè  (a) |  (b) C¶K ( mS v C#ÅÆ- ‡L ÄK

L•- TOLED •‘L« r¹ -Lç  (J-V) ïL«¯?

(B-V) ã ;z  1$Rƒ äh CN-+… œ…† ÅÆ-•

‘L«¦. “ g0 4 !Sd ƒ •‘\~ é ò. “  1

Rƒ ÜÝÇÝ  L« -Ç” 0”•$ ã|ê + …† C

#ÅÆL•-•‘ L«¦. “ í0¬T~ é ò. “

P 0 ! ÛÜÖÝ  Ÿ Á ½ -L« Ö í0S L~ $ }

; CN +-C#ÅÆL• LMÉÊkäí •‘L

«g0 4 !ôÿ @A Ž Jë ò{ ÜÝÇÝ ¨9L«

r¹Ç í- • J!Sõ ÏÐ C#õ- ÜÝ ¨9- ÔÕ

kä0m ã|ê + …† ÅÆ-L• LMÉÊkäg 

L«í0 4 !n{ ÜÝ -¯ ½0 ! ÔÕ kä- 12 0

¬C ì L«¯?-4ÿ Ê Rƒ ähÄ +… œ…†w

p C#ÅÆ-•‘¯? Ê !NC# ÜÝ 9 ‹ . €ÜÝ

ÇÝ  ¯? 0 . “ g0S4ÿ-1k —í !aP•‘

Ø‡LMÉÊkä “ ó ¥ ­- À #D î !LM !

Ò‡LMŽ= ®ï 3L#Ž=-n˜™ ð ,0 Ÿ $ \

Ý C# Ü 1$ \ å ÔÕ kä¬àóœ•LM-ÉÊ 

( ®L#LM “ K˜™ Ô • L«¯? \ å { $ ê +

…†wp C#ÅÆ-•‘L«¯? Ê !NC# ÜÝ 9

‚. €ÜÝÇÝ  ̄ ? Ç” 0aPLMÉÊkä Ì g 

•‘ ¥ ­- À # + 9L# Ò‡L#Ž= ®ï 3LM

-n˜™ ð ,0 ”IÜÝ 1$àó ÔÕ kä \ åL

   

z «   $ SAM ÅÆ- ‡ Kœ•¬ ßñ - TOLED •‘  (a) I-V ã ;z  (b) B-Vã ;z 0

z è   n{ …† SAMsÅÆœ• ‡L Ä¬ ßñ - TOLED •‘  (a) I-V ã ;z  (b) B-Vã ;z 0

z _   ßò › *b GC# cd - …† C#45
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MÉÊ¬ ( LML#Žž “ k ‘•  J¬ ( L«¯?

w ó 0S4ÿ 0 wtdÝ ô˜ •‘Ò‡LM3¥ õ !

L#3¥-c £€ zœ•cÄ ÔÕ kä \ å L«¯

?‚ \ -•‘ ½ ÒLM3¥- ö '0‚\ ÔÕ k

ä \ å L«¯?uàó-•‘ ½ ÒL#3=-•

‘0

VWX ÷$ Ü•‘Þ-;@ˆB * 8  (LMé

ø õ /R&õ /L#é ø õ ) ¦ ½O ;d * f ù -L• *

8 ( TLM  L#Ž=kµ˜™0ôÿ ú$ Ÿ•ˆB 

iÇÈœ•LMÉÊkägí - ;1k û * ü ¢-œ

• ®*f<-¯?0æ T adkä ýþ  n!LM

ÿ ¥ - !LM ÿI  ¦§àóL«¯?0ôÿ ¡¢  

;d wp C#1 !" E + œ• @A Ž ½O 1$ û *

f ù •‘¯?-L• @A Ž0

ÀÁa ¡¢F˜™ lmÙ KÝ¹ ò{ 4Q •þ

c u ò‚- …† C# FDT (̂ s ‰+ …† ) ï HDT (‰

+ …† ) (z ` ) $n{./ #$% 8 D zÑÒ L Ä'

9 %8› *b GC# cd  (mixed Self-Assembled Mo-

nolayers) a ac(i³ÇÐÙ K C#-./ ¡¢ &

1®* !" ; -ÑÒ @A Ž + s ýþ/ 5.8 eV (FDT)

* 4.1 eV (HDT) ûþ & 1.7 eV 110 (L d )

g Ø ' •& ° ï XPS (X-ray photoelectron spec-

troscopy) & ° C ì´~MN z L Ä- %| GC#õ *

9N () ‚* 9ò * 0

$ %8GC#õÇÈ @A Ž D + 1$ !"+ º;

y ÇÈ @A Ž L~ %8GC#õz L Ä! #$% | ¬

+ Ù K 9CÁ @A Ž- 12 N´9C- L Ä ,- C?

;Â0 Venkataraman• X 12 . ¡¢Jë z{dP~R

L( mn{./- FDT N HDT zÑ L Ä'9 %8›

*b GC# cd  D lm XPS ÎC ì  0 ®* ƒ * -

4W0

ý‡ Žˆ N Žã|Û / Ü -Ù9C!  0 - #$

%|Ù¡¢( m STM 12 L ÄCI ð 3  4ÿ ´~ Ù

9C;  ! í ýþ  (10 4 ñ 5 ¹æç ) -òC T 0S

6 í ýþ - 78  9 1 ' K #$% 8 130

¡¢( mS v@A Ž !" + s- ‡ L• ß Í•

‘0$ žK HOMO kîn{-LMé ø ˆB  (m-

MTDATA ‰NPB ï BPAPF T HOMO ´K 5.1‰5.42

ï 5.62 eV) ß 945K Ag/mixed SAMs/HTL/ALQ3/

LiF/Al - TOLED •‘ àá L« r¹ ïL«¯?-

ûü04ÿô z : Ÿ~  Rƒ žK HTL ß 9-•‘-

L«¦ 78‡ L• L Ä FDT Ž =./èà¬èà 4

!L« r¹78Ÿ Ö×- HTL ˆB HOMO kîÛ 3

-n{ ¬;n{ ñ¹ - + s0/ô ‡ L• ; Ö . m-

MTDATA Ö×P $Gd9C FDT ÅÆ-L•N 4€

1 p 2€ 1 - FDT€ HDT ÅÆ- ‡ L•>Q-L« Jë

d ¬ 0S!JKS vL ÄÅÆ • -L• @A Ž¦ & *

N;@õK "# Ö×  (Ohmic contact) - ñ¹  L«û

ü Í í0 ‡ L• ; ÖN NPB p BPAPF Ö×P $G

d9C FDT ÅÆ-L•L«fg $ 4€ 1 p 2€ 1 -

FDT€ HDT ÅÆ-L• L« å <= ”I 0JKS v

HTL - HOMO kî “ ó ³­ Žˆ =f¥-GC#

õÅÆ > kq @A Ž \ å*ëìLMÉÊkä0 ] d

? C ì L«¯?-Ž @´~  ( m m-MTDATA -•‘

f<¯?tƒz 1€ 1 (FDT€ HDT) - L ÄÅÆ./ {

\ åp ”I FDT -./¦§àó¯?0 ( m NPB -

•‘f<¯?tƒz./ 2€ 1 (FDT€ HDT) - L ÄÅ

Æ./ { ¬ HOMO fó- BPAPF Ÿß 9- TOLED

•‘f<¯?utƒzGd9C 1€ 0 (FDT€ HDT) -

L ÄÅÆõ0S • A 8 LM« \ gö²L«¯? - g0

3¥-LMÉÊ ï 3Ü˜™L# Ÿ ³-LMŽ‚¬

àóÜL«¯?0

$X4ÿ;Ù–4W € (d ) 'Ÿ( m- HTL -z `   ßò %8› *b GC# cd - …† C#450

L d   FDT N HDT n{ %8./ mixed SAM- @A Ž

Mixing ratio (FDT€ HDT) Working function (eV)

1€ 0 ~5.83
4€ 1 ~5.53
2€ 1 ~5.25
1€ 1 ~4.89
1€ 2 ~4.65
1€ 4 ~4.40
0€ 1 ~4.10

The work function of bare Ag in this study was ~4.67 eV.
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n{ HOMO kîÛ 30 n{ k>QfgL« Ÿ ³

- L ÄÅÆ  (@A Ž ) 0 n{03 ¹ ÅÆL• \ å @A

Ž & * "# ÖÄ •  L«nO B" /01 (2 ) 34

/0567)*89!:;<)*=>?@AB1C

DE3F)GHI7)J+KLMNOP)*=>1

QR@STUV8W7X!YZ[\7]^_`)*

=>abc7d>=>  (power efficiency) efO1g

XDE@hijkl6mnoc]p756dq r

s!EPtul6)v89FMw#756dq k

)G89F:;xO!yzPd>=>1V{`[\

)*|}~V{`)v789F1

•€•)7 ITO (Indium-Tin oxide) X‚ƒ„…[

\†_‡ˆ‰Š7)6ij1‹Œ ITO •'XŽ••

‘’!Y“”•–—v˜™šUV7X;k•‘’•

'›œ•ž7Ÿ; 1¡¢™š ITO •'‡£7S¤

—vX¥¦E§¨© ª§«•© 7@h©«—

v1¬­E§¨©«k ITO •'®¯›œ°•7C±

h² 141RC±7³®’X HCl!́ µ¶ ITO •‘˜1

DR‰Š·¸¹º»1§«• ©«¼3½¾k•'

OH  C±¿À!C±Á¹O!ÂX?@µ¶•‘˜7

ÃÄ1

T. J. MarksÅÆÇÈ¸QgSÉ'pPÊËÌ7

ÍÎ 15!ÏžISÐÑÒ¦E§Ó•© !Ô¦Y§

Õ ÖE×Ø7Ù¯’!ÚÛ™šQ ITO •'ËÜ)

G89 /ÝÞß'˜  (injection/adhesion interlayer)!à

áÛâã)G897äåk/æ OLED [\=> 15(a)1

MarksÅÆçEQ56 ITO k)Gèé˜  (HTL) ß'

0ZS˜êë HTL —v7•ì!:@BŒ)J891

í¬î]ï1

TAA ð TPD-Si2 —v‹Œ  (1) mXêÕñò•

ì!ó‹   -  ÜŠô:/0ß'bõöžÁ! (2) ‹

Œ ITO/HTL ß'7÷Þô/0øùú ITO •'~DR

¹EKû!ß'üôýþ!DM)G89{ÿ![\

 4ðFv=>~@=/01
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89ðè 3 7âã!—v•ìí¬îS]ï1Ò §

¨©«7 ¡! 4 oP—vQ ITO •'7 ' Ñå * ð

•' () >! TPD-Si3 ð TPD-Si4 —v×VXYK 5 7

å 6' ÑQ•'!R 7 triarylamine-56 89 _ : ø

TAA-Si1 ð TPD-Si2 —v ; XY <= 7å 6 Q•' '

Ñ!g > 7 ?@ • A+ v789kè 31 ÁZ®¯ ?

@1í¬î2]ï1

& S¤‡£; B ÷Q ITO • '7X CD —v

(Phosphonic acid)!‹Œ CD —v<½ E 7 F o4`!

CD P-OH k ITO •'7 G • :åI G °!¼ H ½

C±Mk•'åI IJ 7›œ°• 16!g KL T‰ M

CD “”• NO 7„ PQRS /1¬î§E CD —v

Q•‘’•':;7°• T6 !M¼‹ XPS …U —V

~ W¼ XYCD —vQ ITO •'×VXY bidentateÀ

tridentate7É 6 °• 171 Z g K[ Ü \ ÍÎ•' B ÷

<dq 7=±1

J. A. Bardecker!" Œ 2008È„•‰ŠÒ E C

D —v 16!Ô E)Gèéij7—v  (¬î ] ) Œ ITO

•'åI“”•–—v NO ! ^/ I`—v„…[\

(PLEDs)!ÍÎ)G897äå1g K —v™š ITO F

_ dq  (4.51~4.65 eV) mOŒ¼•) `ab  ITO

¬ î   89 /ÝÞß'˜b—v•ì1
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(QR i 7X bare ITO) (5.2 eV)!Y j 6É k ¸ lm ±

X+ n Œ)G89!Â / I[\(„ o ™š(7 ITO

)* p 4m`Œ bare ITO / I7[\!í¬î q ]

ï1Ü r QR7 st XçE u P—v mvj 6´<[\

)Á 1 Á®¯ wx b y ! & S z{ V7âãD | X)

G /)vè•;ô  (hole/electron conductivity) ðü } ;

ô  (hole/electron blocking effects)1Ü r çE)Gèé

–—v˜  (hole-transporting SAM) Q56<Œ)G7

è 3 @I~ 7AB ^• :Yü €• l63¸7)v!

]Y:{ÿ[\7)* p 4ð  41+3QRÍÎ†

7–—v˜!D•‘) ‚ O!@ Yƒ„ k)Jè 3 ª

…† !kb¢™š—v+ „ k)Jè 3r + ‡ 1

Sharma!" Œ 2009 È ‡> „•P n ŠSÐÑÔ

 E ˆ 7 CD —væ 2 ITO •'7™š 18!¬î ‰ (a)

EÜ r ]‰Š7­¤ CD —v! (b) E­¤—vdq 

7F _ • Š 1

—v 3 k—v 9 dq — ‹ E 4.9 eVÀ 5.4 eV!

Â • OLED [\• Š „ o ! Œr 7)* p 4XÊ ‡

7! •y ƒFv=> EQEM Ž !—v 3 ™š7)6f

• `Œ—v 9 ™š7)6  (¬î • )!g > 7 o‘ X‹

Œ ITO mv Fermi level k@h˜7 HOMO bõ7

pinning effect] A 1 m’ Ü r ~„ o !Ë™š(7 ITO

dq  aSÂ “ 3 4.9 eV!R 7 âã[\7„…ð

EQE” kdq •– 1

—˜Y™š ~æ 2 S KCD —v“”•–˜ O ™

š ITO •'Ê – 7ÍÎ! —˜ —‹ ‰Š«  CD —v

À¥¦§ ˆ Ó  ›œ 7«  CD —v! ‡7 àá—v

•ž HI7 Ÿ  ; ¡ =±ð—v j 6=±<)G89

7âã1¬î , E CD —v•ì!•2E ¢  + ‡ 7

¬ î q   PLEDs 56¼‹+ ‡ 7•' ab 7  (a) )* p

4 1 Á¬! (b)  4 1 Á¬1 Bare ITOE¼‹•

) `ab (7 ITO1

¬ î ‰  (a) ™š ITO •'7 CD —v•ì! (b) h —v

Q ITO •'7dq 1
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CD —v™šQ ITO •'7dq 1

‹•2dq 7F _ a M£ !+ t X«  CD —

vª§ ˆ Ó  ›œ «  CD —v!—v ¢  + ‡ ÂÛ

dq eÊÇ!R 7 Ú Œê—v— ‹B ÷Q ITO •'

/ Ü OLED [\(!)G*89 ¤ @wx ! ; : ¥¦

E •ž =±  (Ÿ  ; ¡ ) 7âãM § dq 7âã1[

\• Š í¬î­]ï!+ t & ¨ 7)Gèé˜X NPB

ªX BPAPF!Û[\)* p 4k)*=> © k—v ž

4@ – 1 ª Þ ¢•ž 4/0!)G • )6æ9èé˜

b Ÿ  ; ¡ ~/0!)* p 4~Ê<7ýþøM)*

=>e ª Þ ¢•ž 4/0M{ÿ!gX‹ŒR[\•

ì7)G89 W3F! « /0 Ÿ  ; ¡ ;ýO)G7

89!‰)v)G F; ¬­ ¹KL  (¬î­ )1Û†!

Q§ ˆ Ó  ›œ «  CD —vÐÑ[\†!‰Š NPB

(HOMO 5.4 eV) E)Gèéij 7 ! ®¢  E ‰À ,

7—v)* p 4 ¯° Ê ‡ !Ë)Gij ± I HOMO E

5.6 eV7 BPAPF7 !k™š7 ITO •'dq ÊÇ!

«Ÿ  ; ¡ <Œ)* p 47âãQR ”# ;€ ²³ —

´ ¸  (¬2î )1

&y ! —˜ ~‰Š ‰µ¢ 7 ¶ À ¢•CD  (HPA)

kÊ ‡¢  7§ ˆ Ó  ›œCD —v  (FPA) /· I -

ž“”• NO ™šŒ ITO •'!dq 7— V í•§1

• 2   CD ™šŒ ITO •'7dq 

Phosphonic acid-SAMs Working function (eV)

PA-4C ~5.07
PA-6C ~5.13
PA-10C ~5.15
PA-12C ~5.15
PA-18C ~5.15
C5-CF3 ~5.6
C7-CF3 ~5.65
C11-CF3 ~5.75

¬ î •   (a) h6CD SAMs ™š56 . •' /¸ OLED

[\ I-V 1 Á! (b) B-V1 Áð EQE1
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Úg K #$%&'()* ITO +,-./01234
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Electrode Surface Modification with Organic
Molecules and its Effect on the Luminous Efficiency

of Organic Light-Emitting Diodes

Szu-Yen Yu1 and Yu-Tai Tao2

1Department of Chemistry, National Tsing-Hua University, Hsinchu, Taiwan
2Institute of Chemistry, Academia Sinica, Taipei, Taiwan

ABSTRACT

Self-assembled monolayers were used to modify the electrode surfaces of organic light-
emitting diodes in an effort to modify the electrode work function. The Schottky barriers at the
metal/organc interface are thus fine-tuned to approach the electron/hole carriers balance in the
device. Examples are shown to demonstrate that for different electrode surfaces, there are
appropriate functional molecules used to form self-assembled monolayers. Thus organic mer-
captans can be used for modify gold or silver surface, whereas trialkoxyalkylsilane or organo-
phosphonic acids can be used to form monolayer on Indium-tin-oxide surface. For different hole-
transport materials, the efficiency for hole injection can be controlled by using the molecular
dipole or the molecular chain length. Optimized luminous efficiency can thus be approached for a
specific device configuration.

Key words: Self-assembled monolayers; Organic light-emitting diodes; Schottky barrier;

Hole/electron carriers balance.
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