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Abstract : The elect ronic states of t he surf ace and inte rf ace of 3 , 4 , 9 , 102perylenetet racarboxylic dianhydride

( PTCDA) / indium2tin2oxide ( I TO) t hin f ilm are investigated using X2ray p hotoelect ron spect roscop y ( XPS) . A2
t omic f orce microscop y (A FM) is also applied t o investigate t he p at te rn of P TCDA/ I TO film. XPS results show

t hat t here are two main peaks ,w hich are associated wit h C at oms in t he p erylene rings and acid anhydride groups ,

located at 284 . 6 and 288. 7eV , respectively ,in t he C1s sp ect rum of t he original surf ace . It can be deduced f rom t he

emergence of a small peak at 290. 4eV in t he C1s spect rum t hat some C at oms are oxidized by O at oms f rom I TO .

The binding energies of O at oms in C O bonds and C O C bonds are 531 . 5 and 533 . 4eV respectively. At

t he interf ace , t he p eak at t he high binding energy in t he C1s spect rum disapp ears , and t he p eak value shif ts about

0 . 2eV t o lower binding energy. There is a signif icant 1 . 5eV chemical shif t t o lower binding energy in t he O1s

spect rum. These observations indicate t hat p erylene rings inside PTCDA molecules are combined wit h In vacancies

in t he I TO at t he inte rf ace . The A FM results show t hat P TCDA molecules f ormed an island2like st ructure a height

of about 14nm. The sizes of t he crystal grains are about 100～300nm. The island2like p at tern comes f rom t he delo2
calizedπ bonds of adjacent molecules in PTCDA and t he combination of vacancies in I TO wit h perylene rings at

t he PTCDA/ I TO inte rf ace .
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1 　Introduction

Signif ica nt p rogress has bee n ma de in orga nic

se miconduct or mate rials a nd devices wit h t he rap2
id develop me nt of op t oelect ronic tech nologies .

New devices ,such as orga nic light2e mit ti ng diodes
( OL EDs ) , orga nic f ield2ef f ect t ra nsist ors ( O F2
ETs) , a nd orga nic p hot ose nsitive f ield2ef f ect t ra n2
sist ors (O PF E Ts) , have bee n f a bricated a nd i nves2
t iga ted . Thus t he scop e of orga nic op t oelect ronics

has bee n e nla rged. Comp a red t o devices base d on

i norga nic se miconduct ors , t hose base d on orga nic

se miconduct ors have ma ny a dva ntages suc h as a

si mple f a brication p rocess , low cost , f lexibilit y ,

a nd t he realiza tion of la rge2a rea p la na r p roces2
ses [ 1～4 ] .

3 , 4 , 9 , 102p e ryle netet raca rboxylic dia n2

hydride ( P TCD A ) , w hose molecula r f or mula is

C24 H8 O6 , is a wide gap orga nic se miconduct or

( Fig. 1 ) [ 5～7 ] . The e ne rgy ba nd gap betwee n t he

L O MO a nd HU MO is 2 . 2e V . A P TCD A crystal is

a monocli nic st ruct ure , i n w hic h each unit cell

contai ns tw o molecules , wit h a dista nce of

01 321nm betwee n a djace nt molecules . The hole

conce nt ration of highly orde re d P TCD A f il m is 5

×1014 c m - 3 , a nd t he mobilit y is betwee n 10 - 7 a nd

10 - 6 cm2 / ( V ·s ) in t he direction ort hogonal t o

t he molecula r p la ne [ 8 ] . The f il m is t ra nsp a re nt f or

light wit h a wavele ngt h of 6321 8n m .

I TO is comp ose d of 90 %wt I n2 O 3 a nd 10 %wt

SnO2 . I t is use d as a node mate rial a nd wi ndows f or

i ncide nt light i n P TCD A/ P2Si p hot odetect ors . I ts

ba nd gap ,w hich dep e nds on t he dep osition condi2
t ions a nd surf ace modif ica tions , is betwee n 3 . 75

a nd 4eV [ 9 ] . It is t ra nsp a re nt f or 80 % of visible



半 　导 　体 　学 　报 第 27 卷

Fig. 1 　Molecular st ructure of PTCDA

light (λ= 360～780n m) a nd has a ref lectivit y of o2
ve r 90 % f or i nf ra red rays (1～2μm) [ 10 ] . I t is also a

highly dege ne ra te se miconduct or a nd ca n f or m

good O h mic contact wit h P TCD A .

I n t his p ap e r , t he elect ron states of t he sur2
f ace a nd i nte rf ace of P TCD A/ I TO i n P TCD A/ P2
Si orga nic2on2i norga nic p hot odetect ors a re i nves2
t iga ted usi ng X2ray p hot oelect ron sp ect roscop y
( XPS) a nd at omic f orce microscop y (A FM) .

2 　Experiment

I TO coated glass ,wit h a resist a nce of 50Ω/ □
a nd t hickness of 20nm , was boiled i n de2ionized

wate r f or 10mi n , a nd was t he n ult rasonically t rea2
ted in acet one a nd alcohol f or 20mi n eac h . Af te r

bei ng ri nsed i n de2ionized wate r seve ral ti mes , t he

subst rates were drie d i n a n i nf ra red ove n i n nit ro2
ge n a mbie nt , a nd were t he n t ra nsf e r red i m medi2
ately i nt o a vacuum c ha m be r . In a vacuum of 10 - 5

Pa , a P TCD A f il m wit h a p urit y of 99 . 5 % a nd

t hick ness of 150nm was t he rmally evap ora ted on2
t o t he surf ace of t he subst ra te . The evap ora ti ng

te mp erat ure a nd subst ra te te mp erat ure we re con2
t rolled t o a bout 450 a nd 256 ℃, resp ectively .

The surf ace p at te rn of t he P TCD A/ I TO was

obse rved wit h a high resolution Top omet rix Ex2
p lore r A FM . The size of t he A FM i mages was

3 . 0m m ×3 . 0m m . The f il m was also measure d by

a n ESCAL AB2220I XL X PS wit h a base p ressure

of ove r 1 ×10 - 8 Pa . Mg Kα ra dia tion op e ra ted a t

300 W ( hν = 1253 . 6eV ) was use d as a n X2ray

source . I n orde r t o i nvestiga te t he elect ron states

of t he inte rf ace , t he P TCD A/ I TO sa mple was

sp ut te re d by a n a rgon ion bea m wit h a 3 . 0ke V ki2
netic e ne rgy at 3 ×10 - 7 Pa f or 20 mi n . The sp ut te2
ri ng a rea was ve ry la rge (0 . 75cm ×0 . 75cm) , wit h

a n ion bea m de nsit y of 1 . 0μA/ 0 . 75 cm ×0 . 75cm ,

i n orde r t o dec rease t he da mage induced by a rgon

ion sp ut te ri ng. The X PS results were p rocesse d by

a scie nta300 data syste m .

3 　Results and analysis

Figures 2 ( a ) a nd ( b) s how t he surf ace p at2
te r n of P TCD A/ I TO by A FM wit h ich nograp hy

a nd ste reograp hy , resp ectively. P TCD A molecules

f or m isla nd2li ke st ruct ures wit h a height of a bout

14 nm . The sizes of t he crystal grai ns a re 100 ～
300nm . According t o t he che mical st ruct ure of

P TCD A , bot h t he t op a nd underside of P TCD A

molecules a re cove re d by a π elect ron cloud , i n

w hich a great deal of elect rons ca n move f reely a2

Fig. 2 　A FM micrograp hs of t he P TCDA/ I TO surf ace

(a) Ichnograp hy ; (b) Stereograp hy

long t he w hole molecule . PTCDA molecules will ex2
hibit t ransient p olarity because of the t ransient asym2
metry ofπelect rons ,and p roduce an interaction f orce

between PTCDA molecules in adjacent layers ,leading
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to a slight overlapping ofπ elect ron clouds.

I n I TO f il m , surf ace at oms a re more active

t ha n bul k a t oms because of close contact betwee n

crystal grai ns , a nd t hus t he conce nt ration of In va2
ca ncies i n t he surf ace is muc h bigge r t ha n i n t he

bulk . These elect rop ositive vaca ncies will a t t ract

P TCD A molecules wit h t ra nsie nt p ola rit y , so t he

combi nation of P TCD A molecules wit h surf aces

wit h vaca ncies is st ronge r t ha n wit h p e rf ect sur2
f aces . Thus , P TCD A molecules will f i rst f i nd t hese

vaca ncies a nd com bi ne wit h t he m . Small isla nds of

P TCD A will f i rst f orm at t hese vaca ncies a nd ulti2
mately grow up t o f or m a n isla nd2like p at te r n .

Figure 3 s hows t he w hole XPS sp ect rum of

t he origi nal surf ace of t he P TCD A/ I TO sa mp le .

Pea ks associated wit h C1s , I n3d ,Sn3d , a nd O1s e2
me rge at 285 , 444 , 490 , a nd 532eV , resp ectively.

The f act t ha t t he C1s p ea ks a nd O1s p ea ks a re sig2
nif ica ntly st ronge r t ha n t he I n3d p ea ks i ndica tes a

good cove rage of P TCD A on t he I TO surf ace wit h

ha rdly a ny crac ks .

Fig. 3 　Whole XPS sp ect rum at t he raw surf ace of

PTCDA/ I TO

C1s , O1s , In3d , a nd Sn3d f i ne sp ect ra of t he

P TCD A/ I TO sa mple a re give n i n Figs . 4 ( a ) ～
( d ) . O ne mai n p ea k at 284 . 6eV a nd tw o wea k

s houlde r p ea ks ,loca ted a t 288 . 7 a nd 290 . 4eV , a re

f ound i n C1s sp ect rum . The p ea k at 284 . 6eV ,

w hich is activa ted by C at oms i n t he p e ryle ne

rings , cor resp onds t o t he bi nding e ne rgy of a ro2
matic C at oms ( C at oms bondi ng wit h C at oms

a nd H at oms) [ 11 ,12 ] . It is know n t hat t he che mical

s hif t of a n ele me nt i nc reases wit h t he augme nt of

t he elect ronegativity value of t he bonded at oms .

The p ea k at 288 . 7eV ,ca n be conside re d t o be ac2
t iva ted by C at oms i n t he acid a nhydride

Fig. 4 　Fine sp ect ra at raw surf aces 　( a) C1s ; ( b)

O1s ; (c) In3d ; (d) Sn3d

group [ 13 ] ,w he re C at oms bond wit h O at oms . The

existe nce of a wea k p ea k at 290 . 4e V i ndicates a
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slight oxida tion of C at oms . The a rea ratio of t he

t h ree p ea ks , loca ted at 290 . 4 , 288 . 7 , a nd 284 .

6e V , resp ectively , is 3 ∶7 ∶52 . If t he oxidize d C

at oms a re a dde d t o t he C at oms i n t he acid a n2
hydride , t he a rea ra tio of t he p ea ks is 1 ∶5 . 2 ,

w hich agrees wit h t he ra tio of t he num bers of t he

two ki nds of C at oms i n p e ryle ne ri ngs . I t ca n be

i nf e r red t ha t t he oxidized C at oms come f rom t he

acid a n hydride .

The f i ne sp ect rum of O1s is comp osed of tw o

p ea ks ,wit h a mai n p ea k at 531 . 5e V a nd a s houl2
de r p ea k at 533 . 4e V . In P TCD A molecules , t he re

a re two ki nds of O at oms , one w hic h combi nes

wit h C at oms t h rough double bonds a nd one

w hich com bi nes wit h two C at oms t h rough si ngle

bonds . Thus t he two p ea ks a t 531 . 5 a nd 533 . 4e V

cor resp ond t o O at oms i n C O bonds a nd

C O C bonds , resp ectively.

Figure 5 shows t he w hole sp ect ra a nd f i ne

sp ect ra of C1s , O1s , I n3d , Sn3d at t he P TCD A/

I TO i nte rf ace . The sp ect ra of t he origi nal surf ace

a re also give n i n t he f igure f or comp a rison . From

Fig. 5 (a) , C1s p ea ks a re much wea ke r t ha n i n t he

origi nal surf ace . This i ndica tes t hat t he num be r of

activa te d C at oms is signif ica ntly reduced. B ut t he

p ea ks of O1s , I n3d , a nd Sn3d a re much st ronge r

t ha n i n t he origi nal surf ace , i ndica ti ng t ha t most

activa te d a t oms i n t he inte rf ace come f rom I TO .

It ca n be see n f rom Fig. 5 ( b) t hat t he p ea k at

high bindi ng e ne rgy i n t he C1s sp ect rum disap2
p ea rs . Thus it ca n be inf e r re d t hat only p e ryle ne

rings a re f ound at t he P TCD A/ I TO inte rf ace .

Furt he r more , t he ce nte r of t he mai n p ea k shif ts a2
bout 0 . 3eV t o lower bindi ng e ne rgy. It is rep orted

Fig. 5 　Sp ect ra at t he inte rf ace ( a) XPS w hole spec2
t rum ; (b) C1s f ine sp ect rum ; (c) O1s f ine spect rum ;

(d) In3d f ine sp ect rum ; (e) Sn3d f ine sp ect rum
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t hat t he re a re ma ny In vaca ncy def ects [ 14 ] , wit h

w hich P TCD A molecules te nd t o combi ne at t he

surf ace of I TO . As t he bindi ng e ne rgy betwee n

P TCD A a nd t he def ects is la rge r t ha n t ha t be2
twee n P TCD A a nd a f lawless surf ace , t he C1s

p ea ks s hif t t o a lower bindi ng e ne rgy. It ca n be

conclude d t hat p e ryle ne ri ngs ra t he r t ha n P TCD A

molecules com bi ne wit h In vaca ncies i n t he I TO at

t he i nte rf ace .

Figure 5 (c) s hows t he O1s sp ect rum at t he i n2
te rf ace of t he sa mple . A che mical shif t of 1 . 5e V

t owa rds a lowe r bi nding e ne rgy is f ound. The

bi ndi ng e ne rgies of O at oms i n I n2 O 3 a nd SnO 2 a re

529 . 8 a nd 530 . 1eV [ 15 ] , resp ectively , w hic h a re

bot h muc h lower t ha n in P TCD A molecules . Thus

t he activated O at oms at t he i nte rf ace come f rom

t he I TO rat he r t ha n t he acid a nhydride . This f act

f urt he r de monst rates t hat t he combi nation of

P TCD A a nd I TO is t he combi nation of t he

p e ryle ne rings of P TCD A a nd I TO .

I n3d a nd Sn3d sp ect ra at t he i nte rf ace a re

give n i n Figs . 5 ( d ) a nd ( e ) , resp ectively . They

bot h have a n i nc rease of p ea k a rea a nd a 0 . 4e V

che mical s hif t t owa rd lowe r bi ndi ng e ne rgy. The

reduction of O at oms i n I TO , w hic h is cause d by

t he selective sp ut te ri ng ef f ect of a rgon ions [ 15 ] ,

lea ds t o t he che mical shif t , because I n2 O 3 a nd

SnO 2 a re p a rtially deoxidized t o suboxides , w hich

have rela tively lower bindi ng e ne rgy.

4 　Conclusion

I n sum ma ry , we have investigated t he elec2
t ron sta tes of t he surf ace a nd i nte rf ace of P TC2
D A / I TO i n P TCD A/ p2Si p hot odetect ors . A FM re2
sults i ndicate t ha t P TCD A molecules f orm a n is2
la nd2li ke f il m on t he I TO . The bi nding e ne rgy of

C at oms i n p e ryle ne ri ngs a nd acid a n hydride a re

284 . 6 a nd 288 . 7eV , resp ectively. Mea nw hile , a

slight oxida tion of C at oms is f ound t o be caused

by O at oms f rom t he I TO . At t he inte rf ace ,

p e ryle ne rings ,instea d of P TCD A molecules ,com2
bi ne wit h I n vaca ncies in I TO . This f act lea ds t o

t he disapp ea ra nce of t he C1s p ea k at high bi ndi ng

e ne rgy a nd a c he mical shif t t owa rd t he lowe r

bi ndi ng e ne rgy of t he C1s mai n p ea k . I n t he f i ne

sp ect rum of O1s ,p ea ks at 531 . 5 a nd 533 . 4e V cor2
resp ond t o O at oms in C O bonds a nd

C O C bonds , resp ectively . At t he inte rf ace ,

t he O1s sp ect rum has a signif ica nt che mical s hif t

t o lowe r bi ndi ng e ne rgy , due t o t he detach me nt of

acid a nhydride groups f rom P TCD A molecules a t

t he inte rf ace .
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PTCDA/ ITO 表面和界面的 AFM 和 XPS 分析 3

欧谷平1 　宋 　珍2 　桂文明1 　张福甲1 ,

(1 兰州大学物理系 , 兰州　730000)

(2 北京机械工业学院基础部 , 北京　100085)

摘要 : 利用 X 射线光电子能谱 ( XPS)对苝四甲酸二酐[ 3 ,4 ,9 ,102perylenetet racarboxylic dianhydride ( P TCDA) ]/

铟锡氧化物 ( I TO) 表面和界面进行了研究. 用原子力显微镜 (A FM) 对 PTCDA/ I TO 样品的表面形貌进行了分析.

XPS 表明 ,在原始表面的 C1s 精细谱存在两个主谱峰和一个伴峰 ,主谱峰分别由结合能为 284 . 6eV 的苝环中的 C

原子和结合能为 288. 7eV 的酸酐基团中的 C 原子激发 ;而结合能为 290. 4eV 的伴峰的存在 ,说明发生了来源于
I TO 膜中的氧对 C 原子的氧化现象. O 原子在 C O 键和 C O C 键的结合能分别为 531. 5 和 533. 4eV . 在界
面处 , C1s 谱中较高结合能峰消失 ,且峰值向低结合能方向发生 0 . 2eV 的化学位移 ; O1s 谱向低结合能方向发生
11 5eV 的化学位移. 由此可以推断 ,在界面处 P TCDA 与 I TO 的结合是 PTCDA 中的苝环与 I TO 中的 In 空位的结
合. A FM 的结果显示 , PTCDA 薄膜为岛状结构 ,岛的直径约为 100～300nm ,表面起伏约为 14nm. 相邻两层 PTC2
DA 分子由于存在离域大π键而交叠和 P TCDA 分子中的苝环与 I TO 的 In 空位的紧密结合是最终导致 PTCDA

岛状结构形成的原因 .

关键词 : 原子力显微镜 ; X 射线光电子能谱 ; PTCDA

PACC : 6116 P ; 2930 K; 165
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