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Carrier Injection
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FIG. 2. (s} Thickness dependence of the I+ V:hmuulkammlTOr’
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AAEYE
2007. 25’1‘7
1.2 e T
10 |
£ o8l
E
|~
G 06 - 1
= T0 476V gy
]
5 L pearyyen ]
—— Al 436V
—@— Ap 46V
02k | —e—Cn afeV b
—+— AL 52cV
0.0 —
il 5x 107 2x10

Field (V/m)

FIG. 3. I-¥ characteristics of 1200 A thick “hole-only” devices. Inset
shows band models indicating the relative position of the Fermi energies
of the various materials.
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Carrier Injection : Fowler
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FIG. 6. Fowler-Nordheim plot for a 1200 A thick ITO/MEH.PPV/An
device. Insct shows the J-¥ characteristics of the device.
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Thermionic emission O

For current injection into low-mobility
semiconductors diffusion effects have to be
taken into account.

Thermionic emission-diffusion theory
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Space-charge-limited current (SCLC)

OLED acts as a capacitor
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Ohmic Contact (1)
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From the boundary condition in the right figure,
w(x)-(p,,—x) = —qfo Fx.
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Ohmic Contact (2)
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Semiconductor

For semiconductors containing shallow traps confined in a discrete energy level £,
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Space-charge-limited PN

Distribution function of trap density
h(E,x)= N,(E)S(x). e

Poisson equation : dr) _p_dlp)+p, (x)].
dx & &£

Current flow equation : J = gu, p(x)F (x). ‘ f\

E, EF
p,() = [, EXS, (E)E, pe)=N,exp[ L] gieqoge \ Electrode
! B Organic semiconductor

Virtualelectrode: 4 =0
dx

x=x'

For p,(x) =0,

dF(x) d[F(x)} 2J 2J
2k () W _AEDT _ 2T -y )

dx dx &u, &u,
= |2
S i * The distance W, between the actual electrode surface and
v ., the virtual anode (-dV/dx=F=0) is so small that we can assume
Boundary condition, ¥ = jo F(x)dx. F(x=W,= 0)=0 for simplicity.
J= 9 i M G | t
=3 1, i ott - Gurney law. (no trap)
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Space-charge-limited PN
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Space-charge-limited gt

At low field, ohm's law holds if the density of thermally generated
free carriers p, inside the specimen is predominant such that

p?

logJ
4 9
‘]Puﬂpg >>§ #p?-

The onset of the departure from Ohm's law or the onset of

2
the SCL conduction takes place when V,, = SM.
&
By rearranging this equation we have
> 9 ¢ 9 ¢
=— =—— 0z, =17,
uNo 8qp,u, 8o,
Therefore, the transition from the ohmic to the SCL regime

2
takes place when the carrier transit time r, = 44 V, JocV
HpVa

is approximately equal to the dielectric relaxation time z, = £
(o

2
At 7, > 7, ohmic conduction is predominant. ’ 0 V, = 8ap,d logV
Atr, <74, SCLC conduction is predominant. 9 ¢

K. C. Kao and W. Hwang, Electrical Transport in Solids, (Pergamon, New York, 1981), p.159
]

] Organic Semiconductor Lab Changhee Lee, SNU, Korea

Space-charge-limited kgt

dielectric relaxation time 7, = £

O-(I

Continuity equation q@ =-V.J,
t

where currentis given by J=q(p + p,) ., —qD,V(p + p,)-
S
ot £

If p < p, and p spreads uniformly over the specimen in a time

)p+DpV2p.

comparable to the dielectric relaxation time z, = £ , the 2nd term can be ignored.
O

o

[7) qp,H
SR pl) = plt=0)exp(1/z, )

7, is a measure of the time required for the carrier to re - establish equilibrium.
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Space-charge-limited PN

Traps confined in single or multiple discrete energy levels
h(E,x)=N,0(E—-E,)S(x)

. N,S(x)
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Organic Semiconductor Lab - Changhee Lee, SNU, Korea

Space-charge-limited PN
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Space-charge-limited ¢ AAEeS
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Space-charge-limited ( A
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Space-charge-limited ¢

Trapo] X84 £EE 3FaL §

Poisson equation —— =
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Here, trapped charge density is approximated as
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= %9 space charge limited current

Boundary condition: F=0 at x=0.
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Space-charge-limited ¢
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Space-charge-limited €
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Trap-limited current

Ca/PPV/Ca electron-only devices
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FiG. 3.10. The current-vohage characienstics of naph-

thalene single crystals as [unctions of 1empera-
ture. [Afier Campos 1971]
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Pl I FiG. 313, The curreni-voltage charscieristics of a-copper
phthalocyanine films of thickness of 4 um:
{1) 184.6'C, (2) 1165°C, (3) %6.8°C, (4) T6.5°C.
(5) 542°C, (6) 334°C, (1) 0.¥C. highenn heat
treatment at 200°C. [Afier Hamann 1968.]
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Trap-limited SCLC gt
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