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ÄuL¡³�., 3Ó��Ä�U�Ú���©Ùe, æ^{z�¤�-).�¼êO���Ú��½���
., ¿|^k�A�§Ý�Vg, í�Ñ a-Si : H TFT Ú��>6->Ø (I-V ) �.. T�.�Ø©«/£ã�)æK
�«!�5«±9�Ú«� a-Si : H TFT �¤kó�«�. �¢���� I-V A5?1'�L², ��.U
O(
/£ã a-Si : H TFT ���ó�«�>6>ØA5.
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1 Ú ó

�¬7��¬N+ (hydrogenated amorphous
silicon thin film transistor, {P� a-Si : H TFT) 2�
A^u�.�k
Ý
ã�w«XÚ [1] ±9�¬
w«¥ [2]. 3yk�>ÆïÄ¥, ïÄöJÑ
Ä
uì�Ôn� a-Si : H TFT �6�.ïÄÌ�©�
üa: �a´ÄuK�>Ø�©«�.ïÄ, ,�
a´ÄuL¡³�)Û�.ïÄ.

ÄuK�>Ø�©«�. [3−5] @�, �	\
»Ø�uK�>Ø�, L¡³��½�; �	\»
Ø�uK�>Ø�, L¡³�»Ø�m¥�5Cz
'X. 3ù
©«�.¥, ��«�¦>6�§�
mI�¦^1w¼êë�, O\
>´�ýÑ¤�
�m, ü$
�ý�Ý, 
�ØUO(£ã��ó
�«�m�LÞG�.

ÄuL¡³�)Û�.¥ [6], �±ÏL¦)L
¡³5����¥�)�>Öoê±9gd16
fêþ, l
��>6>Ø�.. 3©z [4, 7] ¥,
ÏL3mé«��Ä���Ú3æK�«��Ä
�U��©Ù��>6>Ø�., Ù�3�":´
3ùü�ó�«SÑ$�
½���ßÝ, l
Û
5/p�
gd>f�ßÝ, �ª¦�>6�p�,

�¢S�Ôn�. l��.
du½���©Ù3é�§ÝþK�Xì�

�ó�A5, �©ÏL3Ñt�§¥Ó��Ä�U
�Ú���ßÝ, ¿æ^¤�-).�ÚO©Ù¼ê
±9k�A�§ÝÚk�>Ø��{, ïá
Äu
L¡³� a-Si : H TFT Ú��6�.. T�.�I
��>6>Ø (I-V ) L�ªÒU£ã a-Si : H TFT
¤k�ó�«�, �)æK�«!�5«±9�Ú
«. �
�y�.��(5, �¢���� I-V A
5?1
'�, (Jy²�Ø©¤JÑ��.�±
O(/)º a-Si : H TFT ���ó�«�>6>Ø
A5.

2 >6>Ø�Ú��.

�©æ^�´A^�2� n ��, ��U.»
. a-Si : H TFT. Ó��ÄÉÌ½�����Ú�U
�üÜ©, Ù©Ù¼ê� [4,8,9]

g(E) = gd exp
(

E − Ec

kTd

)
+ gt exp

(
E − Ec

kTt

)
,

(1)
Ù¥ gd, gt ©O��U�Ú���3���?�k
���Ý, Td, Tt K��U�Ú����A�§Ý.
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a-Si : H TFT �½���ÝL«� [9]

nloc =
∫ Ec

Ev

g(E)f(E)dE, (2)

Ù¥, f(E) æ^¤�-).�, Ù©Ù� [10]

f(E) = 1 − exp
(

E − Efn

kT

)
,

Ev < E < Efn, (3)

f(E) = exp
(
−E − Efn

kT

)
,

Efn 6 E < Ec, (4)

Ec, Ev, Efn ©O���U?!d�U?ÚO¤�
U?, k �À�[ù~ê.

(Ü (2), (3) Ú (4) ª, ¿�âã 1 ¥�Cz'
X Efn − Ec = qϕ − qVch − Ef0 È©��½���
Ý�

nloc

=

gd
kTd

q
− gd

q

(
1

kT
+

1
kTd

) +
gd

q

(
1

kT
− 1

kTd

)


× exp
(

qϕ − qVch − Ef0

kTd

)

+

gt
kTt

q
− gt

q

(
1

kT
+

1
kTt

) − gt

q

(
1

kTt
− 1

kT

)


× exp
(

qϕ − qVch − Ef0

kTt

)

+

 gt

q

(
1

kTt
− 1

kT

) − gd

q

(
1

kT
− 1

kTd

)


× exp
(

qϕ − qVch − Ef0

kT

)
, (5)

Ù¥, Vch ���>³.

��¥�gd16f�ÝL«�

nfree = Nc exp
(

qϕ − qVch − Ef0

kT

)
, (6)

Ù¥, Ef0 = Ec − Ef−bulk, Ef−bulk ���¤�U

?, Xã 1 ¤«.

ã 1 a-Si : H TFT U�(�ã

�ì�ó�3��æK�«Úmé«�, L¡
³þ���. éuk
��þ� a-Si : H TFT ì�
NSU��­þÅìª�u" [3,4].

��Ñt�§Xe

d2ϕ

dx2
= −dE

dx
=

q

ε
(nloc + nfree), (7)

>.^��

�x = 0�, ϕ = ϕs,
dϕ

dx
= −Ea−si, (8)

�x = xd�, ϕ = 0,
dϕ

dx
= 0. (9)

(Ü (7), (8) Ú (9) ª¦�>|Xe:

E(ϕ) =
[

2
ε0εa−si

(
kTdnD exp

(
qϕ − qVch − Ef0

kTd

)
+kTtnT exp

(
qϕ − qVch − Ef0

kTt

)

+kTnF exp
(

qϕ − qVch − Ef0

kT

))]1
2

,

(10)

Ù¥

nD = gd
kTd

q
− gd

q

(
1

kT
+

1
kTd

) +
gd

q

(
1

kT
− 1

kTd

) ,

(11)

nT = gt
kTt

q
− gt

q
(

1
kTt

+ 1
kT

) − gt

q

(
1

kTt
− 1

kT

) ,

(12)

nF = gd
1

q

(
1

kTd
− 1

kT

) + gt
1

q

(
1

kTt
− 1

kT

) .

(13)
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a-Si È\�¥�gd>fßÝL«�

Nfree =

t∫
0

Nc exp
(

qϕ − Ef0

kT

)
dx, (14)

Ù¥, x L«R������, Xã 1 ¤«, x = 0
�L»ý��� a-Si �.¡?, x = t �LU��
­�Ü.

|^=�'X dx = − dϕ

E(ϕ)
�\ (14) ª, ��

'uL¡³�È©�

Nfree =

ϕs∫
ϕ(t)

Nc exp
(

qϕ − Ef0

kT

)
E(ϕ)

dϕ. (15)

�
¦)�§ (15), �©|^���¬7¥²�?
�k�>| Eeff , k�A�§Ý Teff Vg, ��g
d>fßÝ�L�ªX (16) ª¤«

Nfree =
Nc

qEeff

kTkTeff

kTeff − kT

× exp
(

(qϕs − Ef0)
(

1
T

− 1
Teff

))
, (16)

Ù¥, Eeff , Teff ©O�

Eeff =

√
2

ε0εa−si
(kTdnD + kTtnT + kTnF), (17)

Teff =
qϕ − qVch − Ef0

k log
(

E(ϕ)
Eeff

) . (18)

k�A�§Ý Teff �N
���A�§ÝÓ
�U�A�§Ý±9�¸§Ý�'X, ��L¡³
�¼ê. ã 2 �Ñ
k�A�§Ý�L¡³�Cz
'X, �.¥�L¡³d (19) ª¦�. lã¥�±
wÑ, �XL¡³�O\, k�A�§ÝÅì~�,
��ªuØC. ù�±)º� [11]: �»Øé��,
¤�U? u�U�S, ?\�U�¥�a)>Ö
þ���u?\���¥±9?\��¥�a)
>Öþ, d��U�åÌ��^, du�U��A
�§Ý�p, ¤±NyÑ5�k�A�§Ý�p;
�X»ØO\, L¡³O\, ¤�U??\��, d
����åÌ��^, du����A�§Ý��
U���éõ, ¤±NyÑ5�k�A�§ÝC�.
éuã¥k�A�§ÝªuØC«�, �)º��
��Ú�U�Ñ�W÷�, �þ>f?\��, g
d>fÓÌ�, 3	\§ÝØC��¹e, k�A
�§Ý�L¡³Ä�Ã'. ��k�A�§ÝnÜ
Ny
�U�!���!gd>f�	\»Ø�

Cz'X, �ØI�©m�?Ø���Ú�U�.

ã 2 k�A�§Ý�L¡³�Cz'X

�âpd½n, ¿(Ü (16)—(18) ªk

Vgs − Vfb − ϕs =
ε0εa−si

Cox
Eeff

× exp
(

qϕs − qVch − Ef0

kTeff

)
.

(19)

d (19) ª�S�¦��L¡³�©z [12] ¥¦�
L¡³?1
é', Xã 3 ¤«, ��k�A�§
Ý¦�L¡³�O(5.

ã 3 L¡³�»Ø�Cz'X­�

A^Åg��Cq [12] ��>6�§�

Ids = −µ0WQfree
dVch

dy

= −µ0WQfree
dVch

dϕ

dϕ

dy
, (20)

3�§ (19) ü>é ϕ ?1¦���

−Cox = ε0εa−siEeff exp
(

qϕs − qVch − Ef0

kTeff

)
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×
(

q

kTeff

)(
1 − dVch

dϕ

)
, (21)

½Â Vteff =
kTeff

q
�k�>Ø. (21) ªC/�

dVch

dϕ
=

CoxVteff

ε0εa−siEeff

× exp
(
−qϕs − qVch − Ef0

kTeff

)
+ 1

=
CoxVteff

Qi
+ 1. (22)

q

Qfree = qNfree

≈ Nc

qEeff

kTkTeff

kTeff − kT
Q

(
Teff
T −1

)
i

×
(

1
ε0εa−siEeff

)(
Teff
T −1

)
. (23)

(Ü (20)—(23) ª, ¿l ϕss � ϕsd ?1È©�

Ids =
µ0W

L

Nc

Eeff

kTkTeff

kTeff − kT

×
(

1
ε0εa−siEeff

)(
Teff
T −1

)
C

(
Teff
T −1

)
ox

×

(
VteffT

Teff − T

(
(∆ϕss)

(
Teff
T −1

)

− (∆ϕsd)

(
Teff
T −1

))

+
Teff

T

(
(∆ϕss)

Teff
T − (∆ϕsd)

Teff
T

))
, (24)

Ù¥

∆ϕss = Vgs − Vfb − ϕss, (25)

∆ϕsd = Vgs − Vfb − ϕsd, (26)

ϕss, ϕsd ©O´
àÚ¦à�L¡³, �d (19)
ª¦�.

dd, B��
�Ø©�>6>ØÚ��..

3 �.�¢�êâ�é'

�
�y��.��(5, r§Ó¢�êâ?
1
é', �©æ^�´���Ý� 8 µm ±9�
�°Ýæ^�´ 80 µm � TFT. ¢�êâæ^�´
©z [13] ¥�êâ. ��ëê���L 1.

ã 4 � Ñ 
 � � . � � � = £ A 5 ­ �,
ã 4(a) L«�´¦>6�»>Ø3ØÓ¦>Øe

�Cz'X, lã¥�Cz­�¥�±*	�, 3
¦>ØØC��¹e, ¦>6�X»>Ø�O\

O\, ù´Ï�gd16f�»>ØCz, »ØO

ã 4 a-Si H TFT �=£A5­� (a) Ids-Vgs Cz'X­�;
(b) Vgs-log(Ids) Cz'X­�

L 1 �Ø©¥^��¢�êâ [13]

ëê¶ IPÎÒ ëê� ü 

U�[£Ç µ0 17 cm2/V·s−1

���Ý L 8 µm

��°Ý W 80 µm

��.?�U��Ý gd 8×1018 cm3·eV−1

��.?����Ý gt 2.2×1022 cm3·eV−1

�U�A�§Ý Td 997 K

���A�§Ý Tt 278 K

���¤�U? Ef0 0.65 eV

a-Si �þÝ Ti 50 µm

ý��þÝ Tox 300 µm

a-Si �é0>~ê εa−si 11.9 —

ý��0>~ê εox 6×10−11 F/m

ý�0>~ê ε0 8.854×1012 F/m

²�>Ø Vfb 0.7 V

a-Si B�°Ý Eg 1.72 eV

���ÝN�ëê λ 0.011 1/V
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�, ?\���gd16fOõ, l
¦>6O�.
��±w�, �¦>ØO\�½��, ¦>6�¦
>Ø�Cz¿Ø²w, ù´Ï�>6®²ªu�Ú.
ã 4(b) ¥�Ñ�´»ØÓ>6éê�Cz'X, Ó
��±*	��Úy�.

ã 5 I-V ÑÑA5­� (a) N�c�ÑÑA5­��©
z [13] êâ�é'; (b) N���ÑÑA5­��©z [13] êâ
�é'

ã 5(a) ´d (24) ª�Ñ� I-V ÑÑA5­�,
�±w�, 3�Ú«¢�êâ��.k�½� l,

ù´Ï�3á��ì�¥�3���ÝN� (chan-
nel length modulate, {P� CLM) �A, �Ä���
ÝN��A�, (24) ª?��

Ids =
µ0W

L

Nc

Eeff

kTkTeff

kTeff − kT

×
(

1
ε0εa−siEeff

)(
Teff
T −1

)
C

(
Teff
T −1

)
ox

×

(
VteffT

Teff − T

(
(∆ϕss)

(
Teff
T −1

)

− (∆ϕsd)

(
Teff
T −1

))

+
Teff

T

(
(∆ϕss)

Teff
T − (∆ϕsd)

Teff
T

))
× (1 + λVds). (27)

d (27) ª���>6>ØA5­�Xã 5(b)
¤«, ­��¢�êâÎÜûÐ. lã¥�±*	
�¤k���ó�«�)æK�«!�5«±9
�Ú«. �d, ÏL���>6>Ø�.é a-Si : H
TFT �¤k��ó�«�?1
�(�£ã.

4 ( Ø

�©ÏL3Ñt�§¥Ó��Ä�U�Ú�
��ßÝ, ¿æ^¤�-).�ÚO©Ù¼ê±9k
�A�§ÝÚk�>Ø��{, ïá��
ÄuL
¡³� a-Si : H TFT Ú��6�.. T�.�I�
ÏLü�� I-V L�ªÒU£ã a-Si : H TFT ¤k
���ó�«�, �)æK�«!�5«±9�Ú
«. ²L�¢���� I-V A5'�, �y
��
.�O(5.
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DC characteristic research based on surface potential
for a-Si : H thin-film transistor∗
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Abstract
In this paper, based on the surface potential model, taking into account both the deep and tail state distributions simultaneously,

and using the simplified Fermi-Dirac function, a unified local-state model is obtained. Using the effective characteristic temperature, the
unified current-voltage (I-V ) model for a-Si : H thin-film transistor a-Si : H TFT is developed. This model can describes all operating
regions including subthreshold region, linear area and saturated zone through a single equation. By comparison with the experimental
data, it is shown that this model can accurately describe the current voltage characteristic of the a-Si : H TFT.

Keywords: a-Si, surface potential, TFT, effective characteristic temperature
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