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Äu�z�¬7��¬N+ (a-Si:H TFT) ��¥�²��V�ê©Ù, «©
���²�Ú�U?�²�
�A�§Ý©|^à!¦àGé>{9��>{, òàÚ¦àA��Ý�k��>�Ý!SiO2/�z�¬
7 (a-Si:H) .¡�²�9 a-Si:H ��S�²�éXå5. dGé>{þ>6�Ý��)Ñ��³. ÏLÑt�§Ú
pd½n�Ñ a-Si:H TFT ���:�K�>ØL�ª, (JL²��¥,�:�K�>Ø�XT:�àål�
O�~�. 3dÄ:þ, ïÄ
g\9�AÚå���:§Ý�Cz, (Jw« a-Si:H TFT 3g\9�Ae, l
à�¦à�:§ÝCzkO��~�, ��¥%�§ÝCz��.

'�c: �¬7, ��¬N+, �>Ø, §Ý�A

PACS: 73.61.−r, 71.23.An, 68.60.Dv

1 Ú ó

�z�¬7 (a-Si:H) �õ¬7�', [£Ç
�, � Ù � E ¤ � � $, 3 � ¡ È � � � þ !
5�Ð [1], Ïd a-Si:H �2�A^ukÝ

� ¬ w « ì [2]! k  Ý 
 k Å u 1 � 4 N ¡
� (AMOLED)[3] �ì�¥. a-Si:H ��¥�3�
õ�"�� [4], �õê�z�¬7��¬N+ (a-
Si:H TFT) �K�>Ø�.��Ä��¥�²�
�V�ê©Ù, @�K�>Ø��� �Cz©
Ù�� [5,6]. �3 AMOLED °Ä>´¥, ��¬
N+ (TFT) ó�u�Ú�ª�, L°ÄAå3�
���©Ù´ëYCz�, �3à��, ¦à�
�, ù�Ò��
÷����þØÓ:�K�>
ØØÓ [7].

Karim � [8] b � a-Si:H TFT K � > Ø ¤
£ ∆Vth �'uAåeo»>ÖßÝ, ïÄ
 ∆Vth

é¦ Ø Vds ��65, (JL² ∆Vth 3 Vds

�u"�����, 3 a-Si:H TFT ó�u�Ú«
�����. �~ a-Si:H TFT K�>Ø�.þÄu
�²³ (defect-pool) �. [9], Ñb� ∆Vth �'u
��¥�²�ßÝ [10,11]. Shringarpure � [10] �Ñ


ó�u�Ú�ª� a-Si:H TFT 3§Ý �Aå
eàÚ¦à��c�� I-V A5�, @��
�Yä:Úà�m�«��3�õ"�, �Yä
:�¦à�m�«�vk?ÛAåp�"�. Wie
� [12] ½b� ∆Vth �u)3à�Yä:�m�
«�, ��¥�:�K�>Ø¤£�'uT:�L
°ÄAå, =

Vov(y) = Vgs − Vth0 − Vch(y), (1)

Ù¥, Vov(y) ���ØÓ:�L°ÄAå, Vgs �»
>Ø, Vth0 �Ð©K�>Ø, Vch(y) ���³, y

L«����þ?¿�:�àål. ��|^�
C��Cq�Ñ

Vth(y) = Vth0 + ∆Vth(1 − y/Lsat)1/2, (2)

Ù¥, Vth(y) ���ØÓ:�K�>Ø, Lsat � a-
Si:H TFT ó�u�Ú«�����Ý. ÏL�»¦
�\§Ý ØAå, �Ñ��ØÓ:�K�>Ø©
Ù� [7]. d	, Wie[13] |^��K�>Ø©Ù, �
K�>Ø²þ�

Vth =
2
3
B(Vgs − Vth0) + C, (3)

Ù¥ B Ú C �~ê. ©z [12,13] ïÄ
 a-Si:H

* I[g,�ÆÄ7 (1OÒ: 60776020) ]Ï��K.

† E-mail: phrhyao@scut.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

087303-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 8 (2012) 087303

TFT ó�u�Ú�ª����N��AÚg\9
�A.

©z [14] �Ñ, ��K�>Ø¤£Å�k±e
ü�: �´»ý��Ð¼>f; �´k��S�
²�½k�Ú»ý��.¡"����). ì
�f?\�Ú«�, K�>Ø¤£ ∆Vth �6u»
 Ø Vgs Ú¦ Ø Vds, � TFT ?�Ú�Ú�,
Vgs Ú Vds é ∆Vth A�v�oK� [8], b� ∆Vth

�'uL°ÄAå Vov �Ñ� Vth(y), ¤��K�
>ØÒ�3�� �.

�©Äu�²��V�ê©Ù, «©
���
²�Ú�U?�²��A�§Ý, ¿�|^à!
¦à9��>{, òàÚ¦àA��Ý�k�
�>�Ý!SiO2/a-Si:H .¡�²Ú a-Si:H �S�
²éXå5, ���Ñ a-Si:H TFT ��ØÓ:K�
>Ø Vth(y) �L�ª. 3dÄ:þ, ïÄ
g\9
�AÚå����:§ÝCz ∆T , ¿�Ñ
 ∆T

�L�ª. ù��� a-Si:H TFT òz��'�A
£X��N��A¤�ïÄJø
nØÄ:.

2 � .

ã 1 � a-Si:H TFT ¦>6©Ù«¿ã, ½
Â÷����� y ��, R�u����� x �
�, Ù¥�¬7���þÝ� tSi, ���Ý� L,
/¦7á� a-Si:H ���>�Ýþ� L0, W ��
�°Ý.

ã 1 a-Si:H TFT ¦>6©Ù«¿ã

����ßÝ

ntail = g1 exp
(qϕ − qVch(y) − EF0

kBT1

)
, (4)

��²�ßÝ

ndeep = g2 exp
(qϕ − qVch(y) − EF0

kBT2

)
, (5)

��gd16fßÝ

n = g0 exp
(qϕ − qVch(y) − EF0

kBT0

)
. (6)

ùp, EF0 �N¤�³, g0, g1 Ú g2 ©O�gd>
f!���Ú��²����Ý, T1 Ú T2 ©O�
���Ú��²��A�§Ý, T0 �¬�§Ý, ϕ

�·>³, kB �À�[ù~ê.
���>{� Rch, >{Ç� ρch, àÚ¦à

Gé>{©O� Rs Ú Rd , �A�>{Ç©O� ρs

Ú ρd , a-Si:H TFT �à!¦àÚ��>{���
>´Xã 2 ¤«.

ã 2 a-Si:H TFT à!¦àÚ��>{���>´ã

à/¦àR���>6�Ý

Js =
Vch(y)

Rs
. (7)

���>6�Ý� Jch, duàe�R���>
6�Ý�u����>6�Ý, K��>6©Ù

dIds(y)
dy

= −WJch

= −WJs

= −W
Vch(y)

Rs
, (8)

dVch(y)
dy

= −Ids(y)
Rch

L
. (9)

ò (9) ªü>é y ¦�, ¿ò (8) ª�\���
d2Vch(y)

dy2
=

WRch

LRs
Vch(y), (10)

Ó�k
dVch(y)

dy

∣∣∣
y=−L0

= 0, (11)

dVch(y)
dy

∣∣∣
y=0

= −Ids(y)Rch

L
. (12)

-

α =
√

LRs

WRch
, (13)

α =�A��Ý LT
[15], K
Rs

Rch
=

Wα2

L
. (14)

087303-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 8 (2012) 087303

d (9)—(12) ª�)�

Vch(y) = Ids(y)
Rch

L
α

cosh[(y + L0)/α]
sinh(−L0/α)

, (15)

K
Ids(Rch + 2Rs) = Vds, (16)

Ù¥,

Rs =
ρstSi

LTW
, (17)

Rch =
ρchL

tSiW
. (18)

éá (14), (16) ª, K y = 0 :�L¡³

ϕs(0) = IdsRs =
Wα2

L + 2Wα2
Vds. (19)

ò (16), (19) ª�\ (15) ª��

Vch(y) =
Vdsα

L + 2Wα2

cosh[(y + L0)/α]
sinh(−L0/α)

. (20)

é a-Si:H TFT ó, a-Si:H ���é�, �b
���S÷ y ��>|��©Ù, =

∂ϕs(y)
∂y

=
∂Vch(y)

∂y
, (21)

@o

ϕs(y) =
Vdsα

L + 2Wα2

cosh[(y + L0)/α]
sinh(−L0/α)

+ C0, (22)

Ù¥ C0 �~ê. éá (19), (22) ª��L¡³

ϕs(y) =
Vdsα

L + 2Wα2

{
Wα + coth

(L0

α

)

−
cosh

[y + L0

α

]
sinh(L0/α)

}
, (23)

K��ØÓ:K�>Ø

Vth(y) =Vfb + ϕs(y) +
q

Cox
nt

=Vfb +
q

Cox
nt +

Vdsα
[
Wα + coth

(L0

α

)]
L + 2Wα2

−
αVds cosh

[y + L0

α

]
(L + 2Wα2) sinh

(L0

α

) . (24)

é (24) ª?1�VÐm, �cü���

Vth(y) =Vfb +
qnt

Cox
+

Vdsα

L + 2Wα2

×
[
Wα + coth

(L0

α

)
− 1

sinh(L0/α)

]

−
Vdsα

(L0 + y

α

)2

2(L + 2Wα2) sinh(L0/α)
. (25)

?�Ú¦)�²ßÝ nt. é SiO2/a-Si:H .¡
¦^pd½n��L¡R���>|,

E⊥s = −Cox

εSi
(Vgs − Vfb − ϕs), (26)

Ù¥, Cox �»�z�>N, Vfb �²�>Ø, εSi

� a-Si:H >0�~ê.
b���SR���>|©Ù÷v

E⊥ = − dϕ

dx
= ηE⊥s

= η
Cox

εSi
(Vgs − Vfb − ϕs), (27)

K

nt =
∫ ϕs

0

ntail + ndeep

dϕ/dx
dϕ =

εSik


g1T1

[
exp

( qϕs

kBT1

)
− 1

]
exp

(qVch + EF0

kBT1

) +
g2T2

[
exp

( qϕs

kBT2

)
− 1

]
exp

(qVch(y) + EF0

kBT2

)


ηCox(Vgs − Vfb − ϕs)q
. (28)

gd16fßÝ

n =
∫ ϕs

0

g0

dϕ/dx
exp

(qϕs − qVch − EF0

kBT0

)
dϕ

=
εSikBg0T0

ηCox(Vgs − Vfb − ϕs)q
exp

(
− qVch + EF0

kBT0

)
×

[
exp

( qϕs

kBT0

)
− 1

]
. (29)

ùp η �N!Ïf. -

fi =gi

kBTi

q
exp

(
− qVch(y) + EF0

kBTi

)

×
[

exp
( qϕs

kBTi

)
− 1

]
(i = 0, 1, 2),

K�²�16fßÝ

nt =
εSi

ηCox(Vgs − Vfb − ϕs)
(f1 + f2), (30)

gd16fßÝ

n =
εSi

ηCox(Vgs − Vfb − ϕs)
f0. (31)

é SiO2/a-Si:H .¡¦^pd½n, �

Cox(Vgs − Vfb − ϕs) = q(n + nt), (32)
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éá (30), (31), (32) ª, Òk

nt =

√
εSi(f1 + f2)2

ηq(f0 + f1 + f2)
, (33)

ò (33) ª � \ (25) ª � ¦ Ñ � � K � > Ø ©
Ù Vth(y)

Vth(y) =Vfb +
q

Cox

√
εSi(f1 + f2)2

ηq(f0 + f1 + f2)

+
Vdsα

L + 2Wα2

[
Wα + coth

(L0

α

)
− 1

sinh(L0/α)

]

−
Vdsα

(L0 + y

α

)2

2(L + 2Wα2) sinh(L0/α)

=V0 − V1

(L0 + y

α

)2

, (34)

Ù¥,

V0 =Vfb +
q

Cox

√
εSi(f1 + f2)2

ηq(f0 + f1 + f2)
+

Vdsα

L + 2Wα2

×
[
Wα + coth

(L0

α

)
− 1

sinh(L0/α)

]
, (35)

V1 =Vds
α

2(L + 2Wα2) sinh(L0/α)
. (36)

�Äg\9�A, ©z [16] �Ñ

∆T =
(

Vgs − Vth

Vgs − Vth0

)2

(VdsIdsRth), (37)

Ù¥ Rth �9{. ©z [17] �Ñ
K�>Ø�§Ý
Cz'Xª, =

Vth(T ) = Vth0 + KT ∆T, (38)

Ù¥ KT �§ÝXê. ò (38) ª�\ (37) ª��

∆T (y) =
(

1 − KT ∆T

Vgs − Vth0

)2

(VdsIdsRth), (39)

9{ Rth �L«� [18]

Rth =
1

2W

√
tbox

λSiλoxtSi
, (40)

Ids =
∫ L

0

WµCox(Vgs − Vth − Vch)
dVch

dy
dy. (41)

ùp λSi Ú λox ©O� a-Si:H 9�ÇÚ»�z�9
�Ç, tbox Ú tSi ©O�î�z�þÝÚ a-Si:HþÝ.

ò (39) ª¥� Vth0 ^ (34) ª�O, ��

y = − L0 + α

× arcosh
[( KT∆T

1 −
√

∆T/A1

− V2

) 1
2V1

]
, (42)

Ù¥,

A1 = VdsIdsRth,

V2 = Vgs − V0 − 2V1.
(43)

3 (J9©Û

d (34) ªO������K�>Ø©ÙXã 3
¤«. lã 3 �±wÑ, d (34) ª�����K�
>Ø��� ��Cz5Æ�©z [7] �¢�(J
Ä���, =��¥,�:�K�>Ø�XT:�
àål�O�~�.

ã 3 a-Si:H TFT K�>Ø��� ��'X

d (42) ªO�¤�� a-Si:H TFT dg\9�
AÚå����:§ÝCzXã 4 ¤«, Ù¥ a-
Si:H TFT »�� 4 µm, à!¦à�>�Ýþ
� 25 µm[17]. (JL²3g\9^�e, ÷���
�là�¦à�:§ÝCzkO��~�, ��
¥%§ÝCz��. ù�©z [12] �Ñ���§Ý
©Ù��Czª³��.

ã 4 a-Si:H TFT g\9�AÚå��ØÓ ��§ÝCz ∆T
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4 ( Ø

�©ÄuGé>{þ>6�Ý��)Ñ��
³, 2ÏLà!¦à±9��M)>{ò a-Si:H
�S�²�Ú SiO2/a-Si:H .¡�²�éXå5, �
Ñ��ØÓ �O¤�³�L�ª. |^L�ªO
���
��SK�>Ø�©Ù, O�(JL²,

��S,�:�K�>Ø�XT:�àål�
O�~�, àK�>Ø��, ¦àK�>Ø�
�. d	, ��Ñ a-Si:H TFT 3g\9�Aòze
���:§ÝCz ∆T �L�ª. O�(Jw«,
là�¦à�:§ÝCzkO��~�, ��¥
%§ÝCz��. ù��� a-Si:H TFT òz��'
�A (X��N��A) �ïÄJø
nØÄ:.
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Distributions of the threshold voltage and the
temperature in the channel of amorphous

silicon thin film transistors∗
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Abstract

Based on the double exponential distributions of trap states in the channel of the hydrogenated amorphous silicon thin film

transistor, characteristic temperatures of tail state and deep state are distinguished. Besides, series resistances are used to be associated

with characteristic lengths of the source and the drain with trap states. By taking advantage of the Poisson equation and Gauss theorem,

the expression of the threshold voltage distribution is obtained. The results show that with the increase of the distance between the

point and the source, the threshold voltage decreases. Moreover, under the degradation of the self-heating effect, the distribution of the

temperature in the channel is non-uniform and its variation in the channel center is the biggest.
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