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Charge –voltage characteristics of organic semiconductors
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Carrier Injection
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Carrier Injection : Fowler-Nordheim Tunneling

I. D. Parker, J. Appl. Phys. 75, 1656 (1994). 
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Carrier Injection : Fowler-Nordheim Tunneling

I. D. Parker, J. Appl. Phys. 75, 1656 (1994). 
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Charge –voltage characteristics
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Thermionic emission over potential barrier 
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For current injection into low-mobility 
semiconductors diffusion effects have to be 
taken into account. 

Thermionic emission-diffusion theory

[C.R. Crowell, S.M. Sze, Solid State Electron. 9, 
1035 (1966).]
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Space-charge-limited current (SCLC)
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Ohmic Contact (1)
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Ohmic Contact (2)
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Space-charge-limited current (1)
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Space-charge-limited current
ITO/PPV/Au hole-only devices
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P.W.M. Blom, M.C.J.M. Vissenberg, Materials Science and Engineering 27, 53-94 (2000)
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Space-charge-limited current (2)
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Space-charge-limited current (3)
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Space-charge-limited current (4)
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Space-charge-limited current (5)
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유기반도체 내에 트랩 (trap)이 다음과 같은 지수함수적인 분포를 하고 있다고 가정하자.

Space-charge-limited current (6)

Valence band

Conduction band

EF (zero field)
EF (field)EΔ

여기서 에너지 E는 conduction band 의 최저점에서부
터 측정하며, Tt는 트랩분포를 결정하는 characteristic 
temperature이다. 

(1) 두 전극 사이의 전위차가 V인 경우에 주입된 전하
Q=CV (여기서 C=capacitance)에 의한 Fermi level의 이동
ΔE는 다음 관계식으로부터 구할 수 있다. 

(2) 전위차가 V인 경우에 conduction band에 있는 자유 전하 밀도는 다음과 같이 쓸 수 있다.
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Trap이 있는 경우의 space charge limited current (SCLC)의 근사적 계산
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Space-charge-limited current (7)
(3) 전체전하 (자유전하 + 트랩 전하) 중 자유전하의 비율 θ는 다음과 같이 쓸 수 있다. 

주입된 전하는 거의 전부 트랩을 채우므로 Density of trapped charges
ed
CV

ed
Q

=≈

따라서 전체전하 (자유전하 + 트랩 전하) 중 자유전하의 비율은

1ln

)(

−
Δ

==≈= T
TV

T
T

kT
E

oc
tt

BVe
V
Be

CV
edn

ed
Q
nθ

1

3

2 +
∝≈∴ T

Tt

V
d
VJ εμθ



Changhee Lee, SNU, Korea

전자물리특강
2007. 2학기

Organic Semiconductor Lab

ε
ρρ

ε
ρ tf

dx
dF +

==

.FJ f μρ=

tf ρρ <<
ε
ρ

ε
ρ t

dx
dF

≈=

m
tm

mT
T

T
T

f A
dC

CVB
d

CVB
d

CVBV
d

CV
d
Q

t
t

ρθθρ ≈===== −

−

1

1 )()(

QCVt =≈ρ
T
Tm t=

mmmft DF
FA

J
Adx

dF 111

)(1)(1   
−

==≈≈∴
με

ρ
εε

ρ m

A
JD

1

)(1
με

=

Poisson equation

Current density

Boundary condition: F=0 at x=0.

Assuming

Here, trapped charge density is approximated as 

Space-charge-limited current (8)
Trap이 지수함수적인 분포를 하고 있는 경우의 space charge limited current
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Space-charge-limited current (9)
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Integrating from x=0 to d,
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Space-charge-limited current (8)
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P.W.M. Blom, M.C.J.M. Vissenberg, Materials Science and Engineering 27, 53-94 (2000)

Trap-limited current
Ca/PPV/Ca electron-only devices
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Trap-limited SCLC

P. E. Burrows, Z. Shen, V. Bulovic, D. M. McCarty, S. R. Forrest, J. A. Cronin and M. E. Thompson, J. Appl. Phys. 79, 7991 (1996).
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