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Large surface potential of Alg 3 film and its decay
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The surface potential across Alffris(8-quinolinolatgaluminuni evaporated films on a metghu,

Al) electrode was measured by the Kelvin probe method and the results were discussed taking into
account the orientational ordering of Alqolecules, the presence of surface charges og fiiilgs

and the displacement of excess chaigectrons and hol¢grom the electrode into Algffilms. The

very large surface potential established in as-depositeg filigs was mainly due to the alignment

of dipoles of Algg molecules, whereas the small surface potential that remained in the films after
photoirradiation was due to excess charge. In order to clarify the drastic decrease of surface potential
by photoirradiation, the surface potential decay was examine@0@5 American Institute of
Physics [DOI: 10.1063/1.1835543

I. INTRODUCTION by the well-known Mott—Schottky modélin this article, we
examine the surface potential built across Afgms, and
Recently, organic semiconductors have attracted muchiscuss the results taking into account the orientational or-
attention in electronics along with the successful preparatioqering of the Alg molecules, the displacement of excess
of films with high mobility and high electrical conductivity. charge from the metal electrodes into Alims, and the
Organic solar cells, organic electroluminescent devices, angresence of surface charges on the deposited iy sur-
organic field-effect transistors have been fabricated. In theSfé(;e_ Furthermore, the potentia| decaying process was exam-

devices, carrier injection, carrier separation at organic/metghed in order to clarify the origin of surface potential of
interfaces, and carrier transport in the films are the key progs-deposited Algfilms.

cesses. Therefore, in the field of organic electronics, the un-

derstanding of nanointerfacial electrostatic phenomena is of

great importance to improve device performance. Clas;sicallyI1 EXPERIMENTS
electrostatic phenomena at organic/metal interfaces were dis-

cussed assuming the Fermi-level alignment between metd&l. Samples

and organic materials. However, this assumption is not valid

h interfacial dioole | is f d at ic/metal The Algz molecule, whose chemical structure is shown
when an intertacial dipole fayer 1S formed at organic/metay, Fig. 1, was purchased from Sigma-Aldrich Co. and was
interfaces due to the alignment of polar molecules, imag

%sed without further purification. For molecules, two
charge effects and chemical bond formatiets? For Algs P Ald '

. i . ; _geometric isomers, meridionamen and facial (fac), are
films, the permanent dipole moment is one of the main O™ nown, andmerisomer possesses permanent dipole moment

g;nz o{hthg ?ur;‘acg Ipoltenttlal.t -I;h erer:‘ore, It is mi,t?rj]ctlve :0 s shown in Fig. a)).8 Thus we may expect that the perma-
study the ntertacial electrostatic pnenomena at the metag o, dipole moment of Alggmakes a significant contribution

f‘qu”ﬁlm. irgler;aci. Il_réo]lcjlr prze’;/ious srt]tsgiels, “3"?9 F}F)Ilngide to the surface potential when these dipoles align unidirec-
angmuir-Blodget(LB) films™" and phthalocyanine films, tionally on the substrate. In our experiment, the Afgm

we investigated the electrostatic potential across these Ofias prepared on Al and Au electrodes by vacuum evapora-
ganic films on various electrodeu, Al, Cr, etc) by the tion at a process pressure o0’ torr. The deposition

Kelvin prope method as a function of f"”.‘ thickness. From_rate was monitored by a quartz crystal microbalance, and
these studies, we concluded that electronic charges were d\%/'as controlled to about 0.4—0.6 A/s. The depositedsAlq
. - . . 3

placed from metal to organic films within the range of sev-g, was amorphouslike and it was composednoér iso-
eral nanometers from the metal/organic film interfaces. Rer ers in a manner as reported in Ref. 9

cently, ltoet al. reported that a very large surface potential,
up to 28V, was established in as-deposited (&is
quinolinolatgaluminum (Algs) films with a thickness of
560 nm, though this potential decayed uponB- Kelvin probe method

photoirradiatiorf. Such a large potential across Aljims Figure 2a) shows the experimental setup for the Kelvin
cannot be explained completely by the contribution of excesprobe measurement. The plate detectimp electrodg is
charge at the metal-film interface. In other words, it is Velyplaced parallel to the sample surface and is vibrated verti-
difficult to consider the establishment of the Fermi—levelca”y toward the substrate at a frequency of 120 Hz during
alignment at metal/Algjinterfaces in a manner as predicted the measurement. The surface potentiais referenced from
the metal electrode, and it is determined by adjusting the
dElectronic address: iwamoto@pe.titech.ac.jp compensation voltag¥,, such that the current flowing am-
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FIG. 3. The surface potential across Afgms on Au(triangle mark and Al
(circle mark electrodes. Solid lines for as-deposited films, and broken lines
for photoirradiated films.

and 8 V for films on Al electrodes when the film thickness is
200 nm. That is, the average induced electric field in the
films is about 18 V/cm. These results were very similar to
that reported by Itaet al® The establishment of such a large
voltage across Algfilms cannot be explained only by as-
suming the electron transfer at the Alijm/metal interface,
which leads to the Fermi-level alignment at the film-metal
interface in a manner as predicted by the Mott—Schottky
model’ We further need to consider the orientational order-
FIG. 1. (a) Chemical structure of Alg (b) Three-dimensional figure of Alg  ing of Algz molecules in as-deposited films, the presence of
(me). The dipole moment is indicated. surface Fermi level at the metal/Alinterface, and the pres-
ence of surface charges on the deposited;Aiins. The
meter A becomes zero. In this study, the potential was messurface potentialVs across Alg films is considered as the
sured in a vacuum of the order of £Qorr, using a surface sum of the surface potential due to excess chakgeand

(b)

potential mete(Trek, model 320R that due to alignment of dipolar molecules [see Fig. 2a)],
if the contribution of surface charges is minor [see Fig.
2(b)].

Ill. RESULTS AND DISCUSSION V, is given by

A. Surface potential of Alg 5 evaporated film before

and after irradiation Vs=Ve+Vy, (1)
(\:{vherevc is the surface potential due to excess charge, and it

Figure 3 shows the surface potential of as-deposite
is expressed &s

Alg; films with various thicknesses on Al and Au electrodes.
The inset of Fig. 3 shows the profile of the surface potential d 2p(2)
near the interface. As shown in the figure, the surface poten- Ve~ ~. dz
tials of as-deposited Algfilms increase steeply and linearly
with the film thicknesgsolid line). Surprisingly, the potential Here,p(2) is the space charge density at positofiom
is quite large and reaches 15 V for films on Au electrodeghe film/metal interfaceg is the dielectric permittivity of a
vacuum,g, is the dielectric constant of the organic film, and
d is the film thickness.

V, is the surface potential due to alignment of dipolar

(2)

o €sfo

molecules, and it is expressed as
d
ncosé
V= [ 4Rt (3a
o €so
n
NS, (3b
€s€0

assuming the orientational order parame$gr defined as
S,=(cos¥), is constant. Herey is the dipole moment of the
molecules,n is the molecular densityd is the orientational
angle from the normal direction to the substrate, anhdep-
resents the thermodynamic average of the molecules over all
directions. Of course, there are many other origins, e.g., ad-

FIG. 2. (a) The experimental setup for the Kelvin probe measuremigpt.  SOrbed molecules on the film surface and image charge ef-

Schematic illustration of the surface charge on Afitm. fects, contributing to the surface potenﬁa?l]f the surface
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chargeo, on the deposited Algfilm also makes a significant O ' ' ' -
contribution as shown in Fig. (B), the potential Vg :
=od/eggq is added to Eq(l). If the observed surface poten- 2%
tial shown in Fig. 3 is entirely attributed to the surface charge ;%2

z

LED : 400 [nm]
Alg;(200 [nm]YAu

voltage

+0,, 05 is estimated around 1®surface charges per ém
This value is reasonable if the deposited Afidm is a good
electrical insulatot® On the other hand, if the orientational
ordering of the molecule is the main contribution to the ob-
served surface potentiéd; is calculated as 0.07 and 0.04 for
Alg; films on Au and Al electrodes, respectively, using Eq.FIG. 4. Decay process of the surface potential across thg élgporated
(3b), Where,u:4.1[D],8 n=2.0x 1027[m—3]’11 and 8522.8.12 films, thickness of 200 nm, on an Au electrogiuty ratio y: 50%, 75%,
100%9. Wavelength of light is 400 nm.
The values of5; are very small, but not zero. In other words,

Alg; molecules are tilting and nearly facing to the substrate

but they contribute to the establishment of the spontaneoJé:'nCt'on' Hence, we may consider that the potential remain-

surface potential. As mentioned above, the large surface pér—]g after photoirradiation corresponds ¥, due to the ex-

tential in as-deposited Aldilms can be tentatively explained cess charge.
by the presence of surface charges onAlims or the ori-
entational ordering of Alggmolecules.

The situation of the established large potential changes As mentioned in Sec. lll A, orientational ordering of
when the deposited Algfilm is irradiated by a light with a molecules and the presence of surface charge are possible
wavelength of 400 nng2.1 mW/cn? for 1 h) from a xenon origins of the observed large potential. In order to further
lamp through an appropriate band pass filter. That is, thélarify the origins, the decay process of the surface potential
established large potential decays drastically as shown iAf as-deposited films were further examined. We measured
Fig. 3. It is instructive here to note that the wavelength ofth€ surface potential decay, using light-emitting diode
400 nm corresponds to the absorption maximum of ;Alq (LED), by controliing the incident light power, i.e., by
films (see Ref. & In more detail, the potential decay is de- Changing the duty ratio of the incident light=t,/(t, +1,)
pendent on the wavelength of photoirradiation and not de(S€€ the inset of Fig.)dat 100 kHz.

pendent on the metaléu, Al). In other words, the inception .AS sh0\_/vn in Fig. 4, _the surface potential dgcays more
of the surface potential decay happens when, Aiplecules rapidly asy increases. This means that the potential decaying

. S .. process is dependent on the number of photons absorbed by
absorb photons, i.e., the electron injection from metals int ) . . .
films is not dominant. Furthermore, it is more instructive to he film, and not dependent on the dielectric relaxation pro-
' i o cess, such as the dipolar depolarization process described by
note that the surface potential decay is not observed wh

T , ) €he Debye rotational modéf,i.e., randomization process of
the Algs film is irradiated by light with a wavelength longer ienteq dipoles. As shown in Fig. 4, the surface potential

than the absorption band, e.g., 700 nm. monotonously decays, and it is proportional to the irradiation
As shown in Fig. 3, the surface potential decreased drasime from the beginning of photoirradiation. Taking this into
tically and never recoveregbroken lines. Only very small  account, the surface potential decaying process is tentatively
pOtentia|S Of Sevel’a| hundred m|"|V0|tS remained indicatingdescribed at |east in two Ways_ The first one is the disorder-
that the spontaneous polarization due to the alignment ghg process and the second one is the extinction process of
dipoles was almost destroyed or the surface chatg&as  surface charges o due to the combination with created
removed. In other words, the potential decay can be exelectrons by photoirradiation. In the following, we discuss
plained by assuming that either order parame$gifor Algs  the potential decaying process separately on the basis of
films on Au and Al electrodes decreased to nearly zero aftethese two processes.
photoirradiation or the surface chargg decreased to zero.
In Sec. Il C, we discuss that the injection of surface chargel. Disordering process

on the Alg film o depicted in Fig. &) into Algs film to Assuming that the polar Algmolecules disorder by the
Complne with charge s on metal electrode is not a main photoirradiation, the density of Algmoleculesny(z,t) con-
contributor on the basis of the temperature dependence of thputing to the surface potential decreases by photoirradia-

ratio (100 [kHz])

A 50% (3.5 [mW/cm?])
0 75%(52 [mW/em?])
O 100% (7.0 [mW/em2])

B. Surface potential decay process

surface potential. tion so as to satisfy the following equation:
Interestingly, the remained small surface potential is de-

pendent on metal electrodes Au and Al. Alfiims on Al dny(zt) =- n{a—n@}nd(z,t) (4)

electrodes are more negatively charged than that on Au elec- dt n

trodes. Therefore, it is estimated that some excess charge jgth
displaced from the metal to the Aldilm in a manner that

has been seen for polyimide LB filhand phthalocyanine Np(2) = No X~ a(d - 2)}. 5)
evaporated films§,where the surface potential of films on Here,n,(2) is the density of incident photons per radia-
metals with small work functions is formed negatively in tion area per secondy is the absorption coefficient of the
comparison with that of films on metals with large work Alq; evaporated filmg is a constantd is the film thickness,

RIGHTSE LI MN iy
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- - - value of 10 seems large. We expect that the disordering of
: Alg; molecules surrounding the photon absorbed;Attpl-

£ e ecules is triggered as the result of the photon absorption. Of
;?--o.z- LED : 400(zm] n . course, we need further investigation, but the disordering
Ca | meoGOVIIGOMHEED T e process is the possible mechanism.
~ 04l o 75% ™

g 0 100% \J:\\\

AK(200 [om])/Au
a 1 1

02 04 [3'6 08 2. Extinction process of surface charge o,
@ By photoirradiation, electron-hole pairs are created in
O the bulk of Alg film. Then excited electrons and holes are
conveyed in the opposite directions by the force of the local
.14 - electric field generated by the large surface poteMiasub-
sequently, they combine with surface change and extin-
<-02r EAN 1 guish them. Of course, for the detailed discussion, we need
03 LED:4o0fmm) n | to consider the creation process of electron-hole pairs, trans-
] T port process of created electrons and holes, and combination
o4 AmeeolmDAw 3 process of created electrons and holes with surface charge

0 20 40 60 80 100

ratio (%) 0. However, we may tentatively describe the surface charge

decay process, as follows:

(®) d d
. 1 an
SR S EY M
FIG. 5. (&) (V,~Vpo)/ Vot plot, obtained from Fig. @), just after photoir- dt dJg n
radiation with a wavelength of 400 nith) Relationship betweeA and duty
ratio . Here »' is constant and proportional to the number of elec-

trons conveyed to the surface of Alfjlm to combine sur-
andzis the distance from the surface. It is instructive to noteface changes. Substituting Eq(5) into Eq.(8), we obtain
that 7 is constant and it is proportional to the number of Ed-(9) as

dipoles which lose their contribution to the surface potential g Nyo | 1 — expi— ad)
per second by the absorption of one photon. From (Bj. dt =-7 n) od U5
ny(z,t) is written as
11-exdg-¢é)
np(z =-——— 0. 9
ng(zt)=n exp[— 7/{ a—f‘(—)}t] (6) T £ 7 ©

) o . ) Here ¢ and 7 are the same parameters defined in &g. If
with the initial condition ofny(z,0)=n. With Egs.(38) and ¢ gpserved surface potentidl is entirely attributed to the
(6)_, the_su_rfacg potential is approximately given as a functiony, t5ce charges,, V. is proportional to oy, i.e., Vi
of irradiation time =od/es,. Thus, from Eq.(9), we have the same relation
Vo~ Voo l-expg=§( t given by Eq.(7), replacingV, andV,, to Vs and Vs, respec-
Vv = £ -—|=At (7) tively. This means that the potential decay process can be
po explained in a similar manner as we have done in
with Vgo=uSnd/eseq, 1/7=nany/n, andé=ad. HereV,,  Sec. Il B 1.
is the initial surface potential due to the alignment of dipoles  As mentioned above, we could argue the surface poten-
in as-deposited films. From Eq7), it is expected tha#A tial decay process in two ways on the basis of the experiment
changes proportionally to the duty ratig namely, in pro- using the LED. Recently in order to distinguish two pro-
portion to the density of incident photomg,. Figure %a)  cesses, we have carried out optical second harmonic genera-
shows the(V,—Vy)/Vye—t plot, obtained from Fig. 4 just tion (SHG) measurement, for Algfilms deposited on glass
after the photoirradiation at a wavelength of 400 nm. As Figslide. It was found that SH intensity decreases to 1/5 of the
5(b) shows, A changes in proportion tee. Thus we may initial intensity after irradiation of the sample with a wave-
consider that the model mentioned here explains the potertength of 400 nm, whereas it does not decrease with a wave-
tial decaying process phenomenologically. A similar ten-length of 600 nm. Since the SHG signal vanishes from the
dency was also observed when the Afgm was irradiated materials with inversion symmetry under the dipole approxi-
at a wavelength of 470 ninot shown herg mation, the presence of the polar ordering in as-deposited
From these results; was estimated to be approximately Algs films was confirmed by the SHG measuremént.

10 at a wavelength of both 400 and 470 nm, assuming the Thus the decrease of SH intensity of our experiment in-
values of the absorption coefficient determined from the opdicates the disordering of polar molecules. Based on this
tical density of our Alg films (1.2x 10’ m™ at 400 nm and experimental result, we conclude that the disordering ofAlg
4.1x 10° m™! at 470 nm. This means that the absorption of molecules is the most probable process, though we need to
one photon from the surface of radiation per second leads toontinue experiments to clarify the details of SH process.
disordering of about 10 Algmolecules per second. The Because, there is a possibility that the SH process was acti-
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- g o o
AR ) L It 10
0 100 200 % 100 200 300 400
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(a)
FIG. 6. Relationship between the potential and the thickness of #ligs ; : 100
before heatingsolid line) and after annealingbroken ling. Temperature OO~ tep erature—»
and period of annealing are 100 °C and 5 h, respectively. 1 P~ Al (on AD thickness 480 —
—0—5[nm] —e— 50 [nm] (&}
—2— 10 [nm] —4— 100 [nm] —
s d —C—25[nm) —@— 200 [om] -60 g
vated by the internal field due to the surface poteﬁﬁﬁlur- > fo0 &
ther investigation proceeds to clarify the details. 0 J2o §
! . 10
0 100 200 300 400
time [min]
C. Temperature dependence of Alq 5 evaporated film (b)

In order to further clarify the potential decaying process,FIG. 7. Surface potentiaf, for various films with different thicknesses as a
we also measured the temperature dependence of the surfdgection of time.(a) Algs on Au, (b) Alg; on Al.
potential. Alg, films evaporated on metéhu, Al) electrodes
were heated from 30to 100 °C at a heating rate of 4

Vv
1.0 °C/min, and the surface potential was measured every FtE =--t (10)
10 min during heating. After annealing at 100 °C for 5 h, T
samples were cooled to 30 °C. with

Figure 6 shows the relationship between the potential
and the thickness of the films before and after annealing. The - exp<i>
potential was measured at 30 °C. Surface potential across KT

the Alg; film on Al electrode decreased more clearly than Here, T is the temperature; is the relaxation timery is

that on the Au'electrode. The remarkable dependgncg of ﬂ}ﬂe pre-exponential factoH is the activation energy, ardis
surface potential change on the metal electrodes implies th{-)ft"3 Boltzmann constant. In this experiment, temperature is
the interfacial phenomena occurring at the metalfAitm controlled to satisfy

interface is a main factor explaining the temperature depen-
dence of surface potential. If the contribution of surface  T=Ty+pt, (11

chargeo decay by the injection into Algfilm is dominant, . . _ . . - i
the potential decay should not be dependent on the electroéré the region G<t=70 min. HereT, is the initial tempera

. : ure, andg is the heating rate. As mentioned earlier, in the
materials(Au or Al). Because the deposited surface charge ! . . .
S . . region of film thickness greater than 50 nm, the main contri-

on Algs film injects into the film and the charge decays on

e S o - bution of Vg is V,,. Thus, taking into consideration these with
sat!sfy!ng the relatlorars.—ao exd—(H'/kT)], whereH is the Eqs.(10) and(11), Eq. (10) is rewritten as
activation energy required to remove surface chargeto

the Algs film. Therefore within the constraints of our experi- dfVs) 1 H
ment, we may discuss that the decaygthrough the injec- dT\V,/ ~ Br Ot
tion into Algs films to combine with the charges on metal T
electro_de is not a main contrlbut_lon of the p_otentlal decay xeXp{-i exp(— ﬂ)dT}, (129
[see Fig. &v)]. Therefore, to explain the potential decay pro- B1oJ 1, kT
cess by heating, we need to consider the electron injection | ) .
from metal electrodes into Algfilm. and is approximately given as
Figure 7 shows the surface potentiglfor various films d (Ve 1 H
with different thicknesses as a function of time. The potential N}~ ﬁ(;) = "1(_) - (12b)
0 BTO kT

is plotted asvy/V,, whereV, is the initial surface potential,
i.e., the potential of as-deposited Alfiim. As the thickness at the initial stage of heating. Using the relationship given by
increases(>50 nm thicknesg the V. /Vy—t characteristics Eqg. (12b), the activation energif of the Alg; film on the Al
gradually coincide. In other words, the heat-treatment effecelectrode was estimated as 1.3 &ée Fig. 8 On the other
appears in the region close to the metal-film interface. Irhand, the activation energy for the Aldilms on Au elec-
order to explain the potential decay process related to th&ode is estimated higher than 1.3 eV, as the potential does
large surface potential by heating, we focus on the surfacaot change so drastically by heatiigee Fig. 6. As men-
potential decay of the thick filmeé>50 nm thickness The tioned earlier, the potential decay process should be ex-
surface potential is approximately given as plained mainly due to the interfacial phenomena occurring at
RIGHTS LI N Hi;
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OXN T T — vacuum level I e - ‘eVal(O.lO [eVD)
ad
— [ ]eVau(O.SS (eVD
3] N\ H=l.3eV 7 @ tumo e
= \ [
z . Wal ! oVl (0.10 [€V])
Z i Wau
§ Alq;_(gn_ Aslg ﬂlnl:lkness \ PQa l eVa(0.35 [eV])
= —a— 100 [nm) ~ ®
—8—200 [om] S LA
NS Al
R ] RN . 4,02[eV] Dau
2.8 29 3.0 3.1 32
1000/ T

Au
FIG. 8. In{-d(V4/V)/dT}=1/T plot. 4.75[eV]

FIG. 9. Energy diagram of the interface between the metal and thg Alg
film, where the energy level estimated from the surface potential measure-

the interface between the metal and the Afigm. Interest- ment is plotted by dashed lines.

ingly, the value of the calculated activation enelgyis in

good agreegnlgnt with the estimated barrier height by other

researchesz.'_ _ _ ®p =Wa - PLumo + €Var, (17b)
Thereby in the following, we discuss the surface poten-

tial decay process assuming the electron injection from met-

als. When electrons are gradually injected from metal to filmyyhere e\, (=350 meVj and eVy (=100 me\j are the en-

surface potentiaV/s changes as ergy level shifts estimated by the surface potential across the
4 zpin(z,t) Algs films on both the Au and Al electrodes after photoirra-
Vs = Vp=Vp0+f Cewn dz, (13)  diation, respectivelyW,, (=4.75 eV} and W, (=4.02 eV)
0 5

are the work functions of the Au and Al electrodes, respec-
where p;,(z,t) is the injected charge density at a position tively, and®, o is the lowest unoccupied molecular orbital

from the interface. (LUMO) level of the Alg;.
The total charge injected into the Aldilm is roughly From Eq.(17b), ® ymo is calculated to be 2.8 eV under
given as the assumption thab, =H (=1.3 e\). The interfacial space
d @ 1 (d charge layer is very thin, less than several nanometers
f pin(zt)dz= {—JO exp(— —>}t::f zpin(z,t)dz, thereby electrons will be injected into the film by electron
0 KT ZJo tunneling. In this case, the minimum barrier height for an

!

(14)  electron from the Au electrode to the Algim @, is ex-
pected to be 1.6 eV, if electron tunneling injection happens
where® is the barrier height for electron injection adglis gt the interface, whereas it is expected to be 1.75 eV when
constant. Here we need the following relatiorthe average gjectrons inject into film over the interface barrier. Figure 10

location of injected electrons. shows the calculated surface potential decay with respect to
__ J5zpn(z.H)dz time for various energy heights at 373 K. The potential de-
= % (20dz” (15  cays smoothly for 1.3 eV, whereas it does not decay for
0Pint4 2.0 eV. These results well support our experimental results
With Eq. (14), Eq. (13) is written as (see Fig. 6 As mentioned above, the results obtained by
heating are explained assuming the electron injection process
Vp= Vpo(l - ) = Vo exp(— —) (16)  from metals into Alg films.
Further it is more instructive to note that the SH intensity
with from Alg; film on glass substrate does not decrease by heat-
ing up to a temperature of around 100 °C, though the poten-
@P—O exp<2> =7 exp<2> tial decay on Al electrode happens at a temperature around
2 KT KT 70 °C [see Fig. f)]. Thus we may discuss that electron

It is found thatV,, given by Eq(16), satisfies the differential

equation of Eq(10). In other words, the activation energly = - -

estimated from Eq(12b) corresponds well to the barrier N
. N barrier height @

height®. 5\ —}g{:x}

Finally it is instructive to depict the energy diagram at g:o.s- :;}ggz} ]
the metal-film interface. Figure 9 shows an energy diagram > femperanre: 313 [
at the interface between the metal and the Albm, where {1 ™ s 60T
the energy level estimated from the surface potential mea- P L e
surement is plotted by dashed lines. The barrier heights for G T 750 300
the electron injections from both the Au and Al electrodes to time [min]

the Algs film, ®,, and®,,, respectively, are given by
FIG. 10. Calculated surface potential as a function of time with various

Dpy =Way, = PLumo — €Vaus (178  energy heights at 373 K.
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