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The dynamical processes of the electric charge injection and transport from a metal electrode to the copolymer

are investigated by using a nonadiabatic dynamic approach. The simulations are performed within the framework of an

extended version of the one-dimensional Su—Schrieffer-Heeger (SSH) tight-binding model. It is found that the electric

charge can be injected into the copolymer by increasing the applied voltage. For different structures of the copolymer,

the critical voltage biases are different and the motion of the injected electric charge in the copolymer varies obviously.

For the copolymer with a barrier-well-barrier configuration, the injected electric charge forms a wave packet due to the

strong electron—lattice interaction in the barrier, then comes into the well and will be confined in it under a weak electric

field. Under a medium electric field, the electric charge can go across the interface of two homopolymers and enter into

the other potential barrier. For the copolymer with a well-barrier-well configuration, only under strong enough electric

field can the electric charge transfer from the potential well into the barrier and ultimately reach a dynamic balance.
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1. Introduction

Since the discovery of the first thin-film organic
light-emitting devices (OLEDs),[! there has been
much interest in improving their performance due to
their enormous potential for making highly visible
flat large area colour displays.?3] In those electronic
devices, conjugated polymers are used as the light-
emitting and the electric charge-transporting layers,
in which electrons and/or holes are injected from the
metal electrode and driven by the external field. The
injection and the transport of the charge carriers are
essential factors for determining the properties of the
OLEDs and have been central points of studying the
mechanisms of those devices.[*~8 Due to the strong
electron—lattice interactions, it is well known that the
injected electrons or holes are in self-trapping states
called polarons or bipolarons as the transport carriers
in the conjugated polymers.

Compared with the organic conjugate polymer,
the copolymer can enhance the photo- and the electro-
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luminescent efficiencies of the LEDs by increasing con-
ductivities of both electrons and holes and by the
interfacial confinement of the excitons.l%!%) On the
other hand, the functionality of the copolymer can
be easily tailored by using chemical synthesis, molec-
ular design and self-assembly to be suitable for a

[11-13] Qo an effective strategy

particular application.
for enhancing the device efficiency is to employ the
copolymer instead of the homopolymer as the active
component.!'*15 Poly (p-phenylene) (PPP), which
has higher conductibility, heat resistance, well air
stability and doping property, is difficult to liquate
and manufacture. However, for poly-thiophene (PT),
which has higher conductibility, stability and dissolv-
ability, the effect of the heteroatom sulfur on the 71—
conjugated electron makes the thiophene an important
material in the application of technology. Therefore it
has guiding significance for the organic material, es-
pecially for the light-emitting material, to study the

electronic property of the copolymer that is composed
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of PPP and PT. By studying the electronic and the
light absorption properties of the copolymer, Kane-
mistu et al.' have shown that —(PT),,~PPP—(PT),,~
has a typical trap-barrier-trap structure, the light-
emitting property of the copolymer can be controlled
by changing the conjugated length of the trap and
the configuration of the barrier. The electronic struc-
ture of diblock copolymers is studied in the frame-
It is
found that the band gap can be tuned by changing

work of an inter-component coupling model.

the proportion of the homopolymers. The interfacial
coupling between the components can also affect the
band gap obviously.'” The quantum well and the su-
perlattice characteristics of the quasi-one-dimensional
multiblock copolymers are described within the frame-
work of the tight-binding model. The quantum tun-
neling, the Franz—Keldysh effect and the quantum
confinement can be generated under an applied elec-
tric field.['8 Because of the abundant characteristics
and the more extensive applications of the copolymer,
in this paper, we present our results from a nonadi-
abatic dynamical study on the evolution of the elec-
tronic states in a metal/copolymer system. We dis-
cuss the transport of the injected electric charge in a
metal/copolymer structure under an external field.

2. Model and method

Consider a one-dimensional metal/copolymer
structure, the configuration of the copolymer is
—(PPP),,—(PT),~(PPP),,—, which is attached to the
end of a metal electrode. The model is shown in
Fig. 1. Due to the characteristics of PPP and PT,
the CH group is regarded as coupling coordinate
U,, which moves along the chain; the 7 electron
of sp? is described by the tight-binding model; the
electron—lattice coupling is described based on the
non-adiabatic approximation; the electron—electron
interaction is neglected. It has been shown that the
electron—lattice interaction predominates in the prop-
erties of the polymers, if the electron—electron inter-
action is not too strong. Under the fixed bound con-
dition, we deduce the extended Su—Schrieffer—Heeger
(SSH) model to describe the injection and the trans-
port of the electric charge in the system.

-0-0-0-0 O — \S/ - O -

Fig. 1. Model of metal/copolymer.

The Hamiltonian is composed of three parts
H = H¢ + Hiagt + Hext- (1)
The Hamiltonian of the electronic part is

He=-Y e,Cy ,Cno+ Hy + He, (2)
n

where ¢, denotes the on-site electronic energy on a
lattice site (CH group) and C,f, (C ) denotes the
electron creation (annihilation) operator at site n with
spin ¢ (¢ =7, |); The Hy and Hc are the elec-
tronic part Hamiltonians of the metal electrode and
the copolymerand, respectively, and can be written as

Hy = — Zto(cr—l_cnﬁLl +Ci1Cn), (3)

He = =3 [ ) = 1) (i — ) — 105"

x (C} 1 Cp 4 CFChir)

N
- Z t2 (04—:,_304n + Cz_nc4n—3>

N
+ Y t3(CH,Can + Cif,_3Cun—3), (4)

where ty denotes the hopping integral between the
nearest neighbouring carbon atoms of the unpolymer-
ized chain, « is the electron—lattice coupling constant
between the neighbouring sites, u,, is the coordinate
displacement of the n-th site from its equidistant po-
sition, t7 is introduced to lift the ground-state degen-
eracy of the nondegenerate polymer and ts and t3
are the contributions of the sulphur atom. In PPP,
to =t3 =0;in PT, t5 # 0, t3 # 0.

The Hamiltonian due to the lattice distortion in
the copolymer is

K 2 M .9
Hlatt - 5 En: (un+1 - un) + ? Zﬂ:unv (5)

where K denotes the elastic constant and M is the
mass of a CH group.
The contribution from the external electric field

is
Hext = Z Vn (T) (C;:O-Cn,a - 1) ) (6)

where 7 denotes time, V,,(7) is the lift potential en-
ergy of the metal electrode for the electric charge in-
jection, V,,(1) = V(7), or the driving field for the mov-
ing of the injected electric charges in the copolymer,
Vi (1) = —le| E (1) [(n — no) a + uy], with E(7) being
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the applied electric field, e the electric charge, ng the
first site of the copolymer and a the lattice constant.

The interfacial coupling between the copolymer
and the metal electrode is described by the hopping
integral tyj_p = [itg, where (31 is the coupling pa-
rameter. It has been indicated that the interface with
coupling strength §; < 1 acts as a potential barrier
and the injected electric charge tends to depart from
the interface, while the interface with 1 > 1 acts as a
potential well and the injected electric charge tends to
be confined at the interface.l'”) Due to the softness of
the organic polymers, it is easy to form a self-adjusting
interface between the polymer and the contact elec-
trode. Therefore, the interface can be optimized to
realize an effective electric charge injection in organic
devices. In this paper, we choose §; = 0.4.

The interfacial coupling parameters between the
polymers in the copolymer are

t _ 7=
0 2 2
—tPT cos nPZTW>,

aPPP/PT _ % (aPPP +O[PT),

ppp/PT _ [ npppT
/PT (tgPP + tIODT - tlfPP cOs ————

KPPP/PT _ % (KPPP +KPT), (7)

where superscript PPP/PT denotes the interface be-
tween the PPP and the PT, PPP and PT denote the
PPP and the PT parts, respectively, and 35 is the cou-
pling constant between two polymers. It is found that
an interface with a weak coupling serves as an energy
barrier and that with a strong coupling as a well, both
of which can significantly affect the intrachain process
in the copolymers.?°) The interfacial coupling param-
eter is chosen to be 2 = 1.0 as an average coupling
in this paper.

The wave function of an electron is |9, , (7)) =
> Yo (n,7)|n). The evolution of the electronic state
n,o

is obtained by solving the time-dependent Schrodinger
equation

ih@mg (n,7)
= —t,Wuo (n+1,7)

—toWu o (n+3,7)A (

—tn-1¥u0 (n—1,7)

n+3 int
4 )

—to¥, . (n—3,7)A (%’ int)

—t3W 0 (1, 7) (A (g,int) + A (n 1— 3,int>>

Vo (7) Yo (0,7) (8)

where

—_

, 1 = integer,
A (i,int) = &
0, otherwise,
site index n runs over the whole chain.
Classically, lattice displacement {u,} of the sys-
tem is determined by the Newtonian equations of mo-

tion
Mun (T> = -K (zun (T) — Un+1 (T) — Un—1 (T))
+ QQ(PZ,n-H (T) = Pr—inm (T))
+ lel E(7) [p5,, (1) = 1], (9)

where site index n runs only in the copolymer chain,
P5 o 1s the element of the density matrix and is de-
fined as

pz.n’ (T) = Z g/:,a (’I’L, T) fu,owu,o (nlv T) ) (10)
o

with f,, being the time-independent distribution
function determined by the initial occupation (0, 1, or
2). The coupled differential equations (9) and (10) can
be solved numerically with the Runge-Kutta method
of order 8 with the step control.?!] It has been widely
used and proven to be an effective approach in the
study of the dynamics in the conjugated polymers.

The dynamical evolution starts from the system
with a static structure, which is given by the static
lattice configuration obtained through minimizing the
total energy of the system

Up4+1 — Unp
1
- 2{“n+1+un—1
+2—O‘Z’[w (n+1,t=0)¥,, (n,t=0)
K - o ) n,o )

Vo (Nt =0)¥,, (n—l,t:O)]}. (11)

We consider a finite one-dimensional metal/
copolymer system with a 70-site metal electrode and
a 200-monomer copolymer chain (m = 72, n = 56),
which is long enough for the present investigation.
The parameters of the models for PT and PPP are
chosen from the experiments and the numerical work
in the static state to bel??2] tq = tfPP = iT =
2.5 eV, PP = 1.0 eV, t!T = 0.675 eV, t, = t3 =
0.125 eV, ofPP = oPT = 4.5 eV/A, KPPP = KPT =
21.0 eV/A2, ¢ = 1.22 Aand M = 1349.14 eV - fs2/A”.
The on-site energy of the metal layer is assumed to be
zero, which means that the Fermi level of the metal is
almost in the middle of the band gap of the copoly-
mer. Therefore, the highest occupied electronic state
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is confined in the metal electrode before an external
field is applied.

In the calculation, we assume that the exter-
nal bias is turned on smoothly, that is, V(r) =
Voexp [— (1 — 7e)?/72] for 0 < 7 < 7o and V (1) = Vg
for 7 > 7., with 7. being a smooth turn-on period
and 7y, the width. The applied electric field E(7)
is also turned on smoothly in the same mode, i.e.,
E(t) = Egexp [—(7 — 7c)?/72]. In the calculations,
we take 7. = 30 fs and 7, = 25 fs, and various values
of voltage bias V) and FEj.

3. Result and discussion

3.1. Copolymer with barrier-well-barr-
ier configuration

In this section, we consider the composition of the
copolymer with the —(PPP),,—(PT),,—(PPP),,- struc-
ture in the metal/copolymer system. The PPP has a
wide band gap of about 2.73 eV between the highest
occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO), while the PT
has a narrow band gap of about 2.26 eV. When the
PPP and the PT are combined to form the copoly-
mer, the gap of the PT will fall into that of the PPP.
This kind of copolymer [-(PPP),,—(PT),—(PPP),,—]
will have a typical alternate barrier-well-barrier struc-
ture. At t = to, the structure of the metal/copolymer
system is obtained by solving the static Schrodinger
equation with the equilibrium condition by iteration.
The Fermi level of the metal is assumed to be in the
middle of the gap of the PPP by setting ¢, = 0 as
stated above.

In this paper, the staggered lattice configuration
is described by y, = (—=1)""1(2u,, — Uupi1 — Un_1)/4,
which expresses the lattice structure of the copolymer.
When 7 = 0 fs, y, ~ 0.04 A. The injected electric
charge distribution is shown by p, = p,,, —1. When
7=0f1s, p, = 0. For convenience, we smoothly treat
Yn and py as Yy, = (Yn—1 + Yn + Yn+1 + Yn+2)/4 and
Pp = (Prn—1 4 Pn + Pnt1 + Pny2)/4, respectively.

Firstly, we present our results of the electric
charge injection under a weak applied electric field of
Ey = 5.0 x 10 V/cm. In this case, it is found that
the electric charge is apparently injected into the PPP
chain through the metal/copolymer interface when the
critical voltage bias about 1.29 eV is applied. Al-
though the bias is lower than the LUMO of the PPP,
due to the existence of the virtual polaron level in the

metal /copolymer system,?*! the electric charge can be
injected into the PPP layer when the Fermi level of the
metal is just above the virtual polaron level. However,
in the real system, this virtual polaron level does not
exist before the electron injection. The values of m
and n can also influence the injection of the electric
charge. It is found that when the length of the copoly-
mer is a constant, the band gap of the copolymer can
be broadened as the PPP proportion increases; and
the gap of the copolymer can be narrowed if the PT
proportion increases. 2! So the critical voltage bias for
injecting the electric charge can rise (decline) as the
value of m (n) increases.

The evolution of the total injected electric charge
distribution is shown in Fig. 2. It is easily found that
the whole injection process lasts about 1000 fs and
the quantity of the electric charge injected into the
copolymer chain is about 1.0e, while only 0.7¢ stays
in the PPP chain. Because the gap of the PPP is
greater than that of the PT, part of the injected elec-
tric charge can go across the interface of PPP/PT and
come into the PT chain under the effect of the electric
field. However, the applied electric field is too weak,
the injected electric charge cannot entirely enter into
the PT chain.

1-0 T T T
0.8 _
1
< 2
bﬁ; 0.6} 3
=
(]
E 0.4+ 4
e}
= 3 A a A oy
0.2H 4
0 4
0 1 2 3 4
Time/103 fs

Fig. 2. Variations of total electric charge with time under
Fo =5.0x10% V/cm and Vo = 1.29 eV, with 1, 2, 3 and 4
denoting the metal electrode, the left PPP chain, the PT
chain and the right PPP chain, respectively.

Figure 3 shows electric charge distribution p/, and
lattice configuration y,, at a few typical time for the
weak field case. It is found that about 0.5e is in-
jected into the PPP layer after 305 fs, forming a small
wave packet because of the electron—lattice interac-
tion. In addition, a small quantity of electric charge
comes into the PT chain and induces the tiny lattice
Then after about 650 fs,
about 0.9¢ is injected into the PPP chain, forming a

vibration (see Fig. 3(a)).
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big wave packet; about 0.le is injected into the PT
chain, forming a small wave packet (see Fig. 3(b)).
Afterwards, the transport of the electric charge comes
to stabilization, the injected electric charge forms a
very stable but small wave packet in each of the PPP
and the PT chains (see Figs. 3(c) and 3(d)).
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PPP chain PT chain PPP chain  PPP chain PT chain PPP chain

Site index n

Fig. 3. Variations of electric charge distribution p], and
staggered lattice configuration y/, of the —(PPP)y,—(PT)n—
(PPP);,— chain with site index under Ey = 5.0 x 103 V/cm
and Vo = 1.29 eV at (a) 7 = 305 fs, (b) 7 = 650 fs, (c)
7 = 1200 fs and (d) 7 = 2000 fs. The region in between the
two dot lines denotes the PT chain and the two side regions
of the dot lines denote the PPP chains.

Then we increase the electric field at the same
voltage bias. It is found that when the electric field
goes up to Ey = 4.0 x 10* V/cm, the injected electric
charge comes into the PT chain. Figure 4 shows the
evolution of the total injected electric charge distri-
bution under the critical electric field. With the evo-
lution of time, the quantity of the electric charge in
the left PPP chain gradually increases to about 0.7¢,
then slowly reduces to zero; the quantity of the electric
charge in the PT and the right PPP chains gradually
increases. This phenomenon illuminates that part of
the electric charge injected into the PT chain can over-
come the interface barrier of PT/PPP under the effect
of the electric field, transfer into the PPP chain and
induce a lattice distortion.

Figure 5 shows electric charge distribution p/, and
lattice configuration y!, at a few typical time in the
copolymer chain under Ey = 4.0 x 10* V/cm and
Vo = 1.29 eV. By comparison with Fig. 4, it is found
that the quantity of the electric charge in the left PPP
chain reaches a maximum (0.6e) after 355 fs and forms
a bigger wave packet. At the same time, only a small
quantity of the electric charge is injected into the PT
chain and induces a tiny lattice vibration. However,
there is a lack of the electric charge that is injected
into the right PPP chain (see Fig. 5(a)). After 650

fs, the quantity of the electric charge in the left PPP
chain gradually decreases, the quantity of the electric
charge increases to 0.5e in the PT chain and forms a
bigger wave packet. At the same time, 0.3¢e goes across
the PT/PPP interface, forming a small wave packet
in the right PPP chain (see Fig. 5(b)). With the time
elapsing, the electric charge in the left PPP chain is
entirely injected into the PT chain, the quantity of
the electric charge in the PT chain reaches a maxi-
mum (0.6e) and that in the right PPP chain retains
the stabilization (see Figs. 5(c) and 5(d)).

1.0 T T T

0.8 |

0.6- 3 ]

0.4f 4 =

Total charge/e

0.2H -

0 1 2 3 4
Time/103 fs

Fig. 4. Variations of total electric charge with time under
Ep = 4.0 x 10* V/cm and Vp = 1.29 eV, with 1, 2, 3 and
4 denoting the metal electrode, the left PPP chain, the PT
chain and the right PPP chain, respectively.
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Fig. 5. Variations of electric charge distribution p/, and

staggered lattice configuration y,, of the —(PPP);,—(PT)n—
(PPP);,— chain with site index under Ey = 4.0 x 10* V/cm
and Vo = 1.29 eV at (a) 7 = 355 fs, (b) 7 = 650 fs, (c)
T =945 fs, and (d) 7 = 1200 fs. The region in between the
two dot lines denotes the PT chain, and the two side regions
of the dot lines represent the PPP chains.

Figure 6 shows the time-dependent distribution
of the injected electric charge in the copolymer chain.
The figure intuitively shows the transport of the elec-
tric charge.
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When the electric field is increased to an even
stronger intensity, e.g., Fo = 2.0 x 10° V/cm, the evo-
lution of the total injected electric charge distribution

PPP chain

PT chain PPP chain

|

Time/103 fs
o

100 150 200 250
Site index n

Fig. 6. Variation of electric charge distribution with
time in the —(PPP)y,—(PT)n—(PPP)y,— chain under Eg =
4.0 x 10* V/cm and Vp = 1.29 eV.

1-0 T T T
0.8 b
® 1
e 4
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5
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0.2F b
2
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1 1 1
0 1 2 3 4
Time/103 fs

Fig. 7. Variations of total electric charge with time under
Ep =2.0x10% V/cm and Vp = 1.29 eV, with 1, 2, 3 and 4
denoting the metal electrode, the left PPP chain, the PT
chain and the right PPP chain, respectively.

PPP chain

PPP chain PT chain

Time/10? fs

100 150 200 250

Site index n

Fig. 8. Variations of charge distribution with time in
the —~(PPP),,—(PT)n—(PPP),,— chain under Ey = 2.0 X
10° V/cm and Vp = 1.29 eV.
is shown in Fig. 7. With the time elapsing, the injected
electric charge first transports from the left PPP chain

to the PT chain, then the great mass of the electric
charge goes across the PT/PPP interface and comes
into the right PPP chain, finally attains the stability.
Figure 8 shows the distribution of the injected electric
charge varying with time. Under the stronger elec-
tric field, the injected electric charge rapidly moves
into the copolymer chain and cannot form a stable
wave packet in each of the left PPP chain and the
PT chain. Finally, the injected charge is restricted to
the end of the right PPP chain, inducing an obvious

lattice distortion.

3.2. Copolymer with well-barrier-well
configuration

In this section, we consider the configuration
of the copolymer with the —(PT),,—(PPP),,—~(PT),,—
structure in the metal/copolymer system. Because of
the difference of the band gaps of the homopolymers,
this kind of copolymer chain will have a typical alter-
nate well-barrier-well structure.

Firstly, we present our results of the electric
charge injection under a weak applied electric field
of By = 5.0 x 10> V/cm, the critical voltage bias
applied to the metal electrode is 0.97 eV. Figure 9
shows the evolution of the total net electric charge of
the system. At about 139 fs, the reduced quantity
of the electric charge of the metal electrode is about
0.5e (curve 1 of Fig. 9). At 700 fs, the quantity of
the electric charge hold in the copolymer chain is le.
Then after 1100 fs, the electric charge reaches the left
of the PT chain. However, the injected electric charge

will localized in the left PT chain and cannot enter into

Total charge/e

Time/103 fs

Fig. 9. Variations of total electric charge with time under
Fo =5.0x10% V/cm and Vo = 0.97 eV, with 1, 2, 3 and 4
denoting the metal electrode, the left PT chain, the PPP
chain and the right PT chain, respectively.
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Fig. 10. Variations of electric charge distribution pj, and
staggered lattice configuration y], of the —(PT)u,—(PPP),—
(PT)m~— chain with site index under Ey = 5.0 x 10 V/cm
and Vo = 0.97 eV at (a) 7 = 130 fs, (b) 7 = 700 fs and (c)
7 = 1100 fs. The region in between the two dot lines denotes
the PPP chain, the two side regions of the dot lines represent
the PT chains.

the PPP chain. The reason is that the energy of the
injected electric charge is too small to overcome the
potential barrier of the PT/PPP interface. Electric
charge distribution p/, and lattice configuration y,, of
the copolymer chains at a few typical time under this
electric field are shown in Fig. 10. The injected elec-
tric charge forms a stable wave packet in the left PT
chain, which should be a polaron.

When the electric field is increased to a medium
intensity, e.g., Ep = 4.0 x 10* V/cm, the evolution of
the total net electric charge of the system with time
is shown in Fig. 11 and the electric charge distribu-
tion varying with time is shown in Fig. 12. In this
case, the time when 1le is injected into the copolymer
is about 350 fs. However, the injected electric charge
is still restricted to the left PT chain as in the case of
Ey = 5.0 x 10* V/cm.

Total charge/e

3 1 1 1
0 1 2 3 4

Time/103 fs

Fig. 11. Variations of total electric charge with time un-
der Ep = 4.0 x 10* V/cm and Vy = 0.97 eV, with 1, 2, 3
and 4 denoting the metal electrode, the left PT chain, the
PPP chain and the right PT chain, respectively.

PPP chain PT chain PPP chain

Time/10 fs

100 150 200 250
Site index n

Fig. 12. Variations of electric charge distribution with
time in the —(PT)y—(PPP),—(PT)m— chain under Eg =
4.0 x 10* V/cm and Vg = 0.97 eV.

When the electric field is increased to 4.0 x
10° V/cm, the injected electric charge can cross over
the PT/PPP interface and enter into the PPP chain.
The evolution of the total net electric charge of the
system is shown in Fig. 13. Electric charge distribu-
tion p!, and lattice configuration y/, of the copolymer
chain at a few typical time under this electric field
are shown in Fig. 14. A comparison between the two
figures shows that the injected electric charge forms
a wave packet, rapidly moves in the left PT chain
and reaches the PT/PPP interface after about 260
fs. However, only a small quantity of electric charge
is transported into the PT chain and induces a tiny
lattice vibration (see Figs. 13 and 14(a)). At 450 fs,
0.4e is localized in the PT chain, 0.2¢ is transfered
into the PPP chain (see Figs. 13 and 14(b)). The rea-
son is that the PPP chain is a potential barrier, the
PT chain is a well, so the electric charge in the PPP
chain can easily enter into the right PT chain, forming
a small wave packet (see Figs. 13, 14(c) and 14(d)).

1.0

0.8

0.6

0.4

Total charge/e

0.2

Time/103 fs

Fig. 13. Variations of total electric charge with time un-
der Fp = 4.0 x 10° V/cm and Vp = 0.97 eV, with 1, 2, 3
and 4 denoting the metal electrode, the left PT chain, the
PPP chain and the right PT chain, respectively.
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/e, v, /A

Pn

/e, v, /A

Pn

100 150 200 250 100 150 200 250
PPP chain PT chain PPP chain ~ PPP chain PT chain PPP chain

Site index n

Fig. 14. Variations of electric charge distribution p/,
and staggered lattice configuration y/, of the —(PT)m—
(PPP),,—(PT)sm— chain with site index under Eg = 4.0 X
105 V/cm and Vo = 0.97 eV at (a) 7 = 260 fs, (b)
T =450 fs, (¢) 7 = 996 fs and (d) 7 = 1945 fs. The re-
gion in between the two dot lines denotes the PPP chain
and the two side regions of the dot lines represent the PT
chains.

4. Conclusion

We analyse the dynamic processes of the elec-
tric charge injection and transport in an open
metal/copolymer structure using a nonadiabatic
method. It is shown that the electric charge can be in-
jected from the electrode into the copolymer layer by
adjusting the voltage bias of the electrode. The criti-
cal potential voltage and the behaviour of the injected
electric charge carrier are related to the configuration
of the copolymer. For the copolymer with the barrier-
well-barrier configuration, the injected electric charge
first forms a wave packet, then transports from bar-
rier to well under the weak electric field, but will be
localized in the well. For a moderate electric field,
the injected electric charge goes across the interface
between two homopolymers into the other barrier.
For the copolymer with the well-barrier-well config-
uration, only when the electric field is strong enough
can the injected electric charge transfer from well into
barrier and reach the dynamic balance. These con-
clusions indicate that the copolymer has a quantum
confinement effect and, moreover, offers a theoretic
reference for the fabrication of the OLEDs based on
the copolymer materials.
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