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�©ïÄ
 90nm CMOS ó²e»�z�þÝ� 1.4 nm ���Ý� 100 nm ���,¦ (LDD)nMOSFET »>
Ø VG é»�¦4�¦ (GIDL) >6 ID �K�, uyØÓ VG e ln (ID/(VDG-1.2))-1/(VDG-1.2) ­��'�º�þ»
ì��u)
©�y�. ÏL'� VG Cze ln(ID/(VDG-1.2)) ���, �Ñ VG �ù«©�y��m��^Ån,

©�y���)8Ïu VG �UCK�
 GIDL >6î��Ç�BÜ©¤�. �X |VG| �C�,ln(ID/(VDG–1.2)) ­
���Ç�ýé�C�. ?�ÚuyØÓ VG éA� ln (ID/(VDG–1.2)) ­���Ç c 9�å d � VG ¥�5'X,c,d

­���Ç©O� 3.09 Ú –0.77. c � d ½þ�Ny
��»�á�ì�¥ VG é GIDL >6�K�, Äud, JÑ

��Ú\ VG K��# GIDL >6'Xª.

'�c: GIDL, ���B, CMOS, LDD nMOSFET

PACS: 85.30.De, 85.30.Tv

1 Ú ó

���BÚu�»�¦4�¦ (GIDL) >6
´ MOSFET '�e�Ì��¦>6, 3ì�¥�»
�z����', î­��X�z�þÝ� �±
9#.V»ì��uÐ [1]. Ó�§�UÚå>´¥
Ü6G�·Ï±9�Ç5\?ì�»0�¥��
/, ��ì�5UØ­½ [2,3].GIDL �B>6��
�;ìü��5
Ãõ���5¯K [4,5]: §´�
;ìü��¦>6Ì�|¤Ü©, ��X DRAM-

MOS ì�º�� �, ¿K�X EEPROM,DRAM

Ú SRAM êâ�±�m��'A5.GIDL >6½
���ì�·�õÑ��) [6], 3$õÑ>´�O
¥, �
ü$æK�¦>6
æ^�.� Eâ,

�,ü$
æK�¦>6, �Ó�%O�
��
�B�A
¦� GIDL >6O\, ÏdïÄ GIDL

>6kÏu�Ð�ï$õÑ�O¥�.� >Ø
���. du GIDL �B5\�ª�' NOR a.

�¯ð�;ì?§�{¥¦^���-E>l9
16f5\�Çp 1 � 2 �êþ?, �5�õ�
;ì|^ù«5\?1ÞØ½ö�ö� [7,8], ï
Ä GIDL >6�kÏuJp ROM �;ì�Ý. d
	, Äu GIDL >6�A�Ã>N 1T-DRAM Eâ
ò¤��5 DRAM �5�8¤>´�kF"�E
â�� [9,10]. nþ¤ã,GIDL >6®²K��
Ã
õ+�, ÏdïÄ GIDL >6�'A5Bw��\
­�.

3ì�º�'����¹e,GIDL >6éÐ
��Ì²;�DÚ GIDL >6�., Ù��¦»>
Ø VDG k' [11], ÏdDÚ�.3 GIDL >6ïÄ
¥k2��A^ [12,13].Wang �<�Äuù«DÚ
�.JÑ
�« GIDL >6ÿÁ�{5&ÿ�z
�¥�²A5 [14]. �X MOSFET Eâ×�?\�
��æ��+�, DÚ GIDL >6�.�Û�5Ú
ØO(5ìì/w³
Ñ5, ù«Cz¢Sþ�N
Ñ
 GIDL >6Ø2�d¦»>Ø VDG 5û½, �
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É�
Ù¦Ï���^. »>Øé GIDL >6kX
­��K�, cÙ� MOSFET ó²�
 90 nm �
�¹e, ù«K�§ÝØäO�
¦� GIDL >6
A5��º�ì���'u)
²w�Cz, Ïd
ïÄ��»�á�ì�¥�ù«K�òkÏuï
á�\O( GIDL >6�.±9n)k'y�, �
�±� GIDL >6�'A^JøkÃ��Ï. ,
,

8c�é��»�á�ì�ù�¡�ïÄE,�
é��.

�©é 90 nm CMOS ó²e»�þ� 1.4 nm

���� 100 nm � LDD-nMOSFET ¥»>Ø VG

é GIDL >6�K�?1
ïÄ, éØÓ VG e
� GIDL >6�Cz, ?1
�þ¢�±9©Û, ?
Ø
 VG K� GIDL >6�ÔnÅn±9ïá#�
Ú\
 VG K�� GIDL >6'Xª.

2 GIDL >6ÅnÚDÚ�.

GIDL > 6 � ) u LDD nMOSFET ' �
� (VG <0V)LDD �»�U«�.¡?. 3ù�
«�, �»4\K>Ø, ¦4\�>Ø�, B/¤�
���¦»>Ø VDG. d>ØÚå�r�>|�
¦�U«R�u.¡? Si �U��þ�­. �d
�ºU? EV �L��.U? EC �, d�º�>
fu)þf�B�A?\��¤��>>f. ù

>f�¦4Â8, /¤ GIDL >6. Ó�, �B�3
d�º3e��Ç��.Â8. ã 1 =��Bu)
�«�9�U«R�.¡?� Si �U��­�/.

ù«���B�VÇ Tt ´^ WKB(©4� - �/
" - Ùp�{) CqLã�

Tt ≈ exp
[
−2

∫ −x2

−x1

|k(x)|dx

]
, (1)

k(x) � x ?�Å¥þ,a �¬�~ê,x1 Ú x2 ��
B:.

DÚ GIDL >6�.´3 (1) ª�Ä:þ��
�, ù��.� [12−14]

ID = A × ES × exp(−B/ES), (2)

ES = (VDG − 1.2)/3TOX, (3)

ª ¥,ID � L GIDL > 6,A � ~ ê,B=21.3

MV/cm,ES �¦»�U«.¡?�>|,1.2 �R�
.¡?�BU
u)�U��­��þ, 3 ´ SiO2

Ú Si �0>~ê'�,TOX �»�z�þÝ.

l D Ú � . (2) ª ¥ � ± w Ñ, � Ó VDG

e,GIDL >6�Ó, DÚ�.¢Sþ´����
Ä
¦»>Ø����..

ã 1 »¦�U«R�.¡? Si ý�U��­«¿ã

3 ¢�9?Ø

¢ � ì � � 90 nmCMOS ó ² e LDD

nMOSFET,N+ õ ¬ 7 » > 4, » � z � þ Ý
� TOX=1.4 nm, »� LG � 0.13µm, k����
Ý LC � 100 nm, »°Ý W � 4µm, Ù(�Xã 2

ã 2 ¢�¥¤^ LDDnMOSFET �(�

¤«,G �»4,S �
4,D �¦4,B ��.>4.

ÿÁ^��: 
>Ø VS= �.>Ø VB=0 V, ¦>
Ø VD l 0 V � 1.3 V ×£, Ó�»>Ø VG ©O
� –0.9 V,–1.0 V,–1.1 V,–1.2 V, –1.3 V, ù�¤ÿ��
¦4>6 ID =� GIDL >6. ¿§e, �
;�1
ì±9	.Ï�éÿÁ�K�, ì��u3���
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V��¸¥, ÿÁ^ Keihtley 4200 ��Nëê©Û
¤, Ù>6��°Ý�� 10−16A.

ã 3 '�eØÓ VG éA� GIDL >6

ã 4 »¦>Ø VDG e� GIDL >6

ã 5 ã 4 ¥ VDG ­U«� GIDL >6

ã 3 �'�eØÓ VG éA� GIDL >6ÑÑ
­�. ã¥, �X |VG| �C�, '�e� GIDL >
6 ID C�. éã 3 ¥ VD l 0.6—1.3V ù�ã?1
?n, òz^­�þ� ID éA� VD �'XC�

� ID éA VDG �'X, ��ã 4. 3ã 4 ¥, Ê
« VG éA�Ê^ ID ­�ØÓ, z^­�þ ID �
X VDG �O�
O�.

ã 5 J�
ã 4 ¥Ê« VG � VDG ­U«
m GIDL >6. ã 5 w«, �Ó VDG éA� ID Ø
Ó,ID ­��X |VG| �O�
~�,VG=–0.9 V ­
� u�þ,VG= –1.3 V  u�e�. ù«¢�(J
ÓDÚ GIDL >6�. (2) ª´Ø�Î�, 3 (2) ª
¥,ID �´ VDG �¼ê, =�Ó� VDG éA�Ó
� ID. ã 5 ¥ ID Ø�d VDG û½, �É� VG �K
�, ù«Cz�Ån3u: /¤ GIDL >6��B
�AØ=u)3R�u.¡��þ, �u)3Y²
u.¡��þ. ùü���þ�B�)ÓÌ�/ 
������B, ��)�²9Ï�m����B,

ùü«/ª��BÓ�u). duì�¥�3X�
Ý�� 1010cm−2 ��k.¡�, ù¿�Xm��
BØU��Ñ. duR���þ�U�3.¡?ª
�, Ïd�Ç3ù���þ��B´�B��, �
k>f�±�B?���>. 
3�U«.¡?�
Y²��þ, Ø
>f�±�B?��	, �Ç�
�±/ÏuB�¥��²
�B?d�¤� GIDL

>6��Ü©. Ïd>f�B�5
u VDG �o
>|k'
�Ç�B��6d¦>Ø VD Úu�
î�>| [15]. �Ó VDG e, GIDL >6¥>f�
B>6Ü©�Ó,VG ��K, �A� VD Ò��, l

��î�|rC�, u´�Ç�B>6Ò�, o
� GIDL >6Ò�. cÙ´�ì���á�ì�
�,VG é GIDL >6�ù«K�ò¬�\wÍ, d
�î�>|C��\r�, Y²����Ç�B
\ì,VG ���Cz, B¬Úu�Ç�B>6�C
z, U
�� GIDL >6u)²w�Cz, Xã 5 ¤
«, ì���� 100 nm, �Ó VDG e, ØÓ VG éA
� ID ØÓ, 
� VG �K,GIDL >6C���²w.

�?�Ú`² GIDL >6�DÚ�.�m
�ù« l, Xã 6(a) J�
ã 5 ¥ØÓ VG e
� ln(ID/(VDG–1.2)) � 1/(VDG–1.2) �'X.

DÚ�.¥ ln(ID/(VDG–1.2)) � 1/(VDG–1.2)

�'X�d (2) ª�Ñ, =

ln(
3TOX × ID

A(VDG − 1.2)
) = −3TOXB/(VDG − 1.2), (4)

=k

ID ∝ (VDG − 1.2)exp(1/(VDG − 1.2)), (5)
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(4),(5) ª w « Ó � » � z � þ Ý e,ln(ID/(VDG-

1.2)) � 1/(VDG–1.2) ¤�5'X, Ù¥Ø+ VG �Û
�, �k����^ ln(ID/(VDG–1.2))- 1/(VDG–1.2)

­���éA. 3©z [11,16,17] ¥�z�þÝ
� 5.5 nm,7.2 nm,10.3 nm,15.5 nm ±9 43.6 nm �
þ»�º�ì�� ln(ID/(VDG–1.2)) � 1/(VDG–1.2)

�'Xã¥, �Ó»þeØÓ� VG éAÓ�^�
�, Ù� (4),(5) ª¥�nØ�Î, ù`² (2) ª¥D
Ú GIDL >6�.3þ»�º��ì��/e´O
(�. ,
ã 6(a) w«ÑØÓ VG ¿ØéAXÓ�
^���, ù«y�w,�þ»�º�ì�e��
/ØÓ, ¿��X VG l –0.9 V � –1.3 V �,5 ^�
�lþ�e�gü�, ùXÓþ»�º�ì�¥Ø
Ó VG e����^ ln(ID/(VDG–1.2))-1/(VDG–1.2)

­�3��»�á�ì�ØÓ VG �/eÑy
©
�. dd��, �»�z��þ�C 1 nm �, ��
�C 100 nm �,(4) Ú (5) ª¥�'X®ØU·^.

� ? � Ú � ? Ø � � » � á � ì �
e ln(ID/(VDG–1.2)) ­��©�y�� VG �'X.

ã 6(b) ´éã 6(a) ¥����­�?1�~��,

�N�´ØÓ VG éA� ln(ID /(VDG–1.2)) �O
A5. ã¥ VG[(–0.9)–(–1.0)] ­�L«ã 6(a)VG=

–0.9 V �� ln(ID/(VDG–1.2)) ~� VG ¸ –1.0 V �
� ln(ID/(VDG –1.2)) �� ∆ln(ID/(VDG–1.2)) ­�.

VG[(–1.0)–(–1.1 V)] KL« VG= –1.0 V � VG =

−1.1 V éA� ∆ln(ID/(VDG–1.2)) ­�, ã¥,ü
«�L«{��aq. �'uã 6(a)ln(ID /(VDG–

1.2)) �, ã 6(b) ¥ ∆ln(ID/(VDG–1.2)) �~�, o
^­��~�C,∆ln(ID/(VDG–1.2)) � 1/(VDG–1.2)

²w¥�5©Ù. 3z^­�þ, �X 1/(VDG–1.2)

�O�½ö VDG �~�,∆ln(ID/(VDG–1.2)) O�,

ù�\y¢
ã 6(a) ¥z^­���5A�, Ó
��`²
�X |VG| �~�, ã 6(a) ¥���
�Çýé�´~��, Ï�e�Çýé�O�
½ö��, K ∆ln(ID/(VDG–1.2)) ¬�X 1/(VDG–

1.2) �O�
~�½ö�±ð½. �Ç�ù«C
z, Ù��þ�NX3� VDG e,VG UC�Ó�
þ,ln(ID/(VDG–1.2)) Cz'� VDG ���. Äuc
¡Ån¤ã, Ù�Ï�: �Ó� VG 3�� VDG ¥
Ó�'~�,|VG| ~�¤�5
�Ç�B>6�
O\�§Ý' VDG ���O\�§Ý�, ddo
� GIDL �B>6 ID O\�§Ý�'�� VDG

�O\�§Ý�. Ó�,ln(ID/(VDG-1.2)) ¥, � VDG

e (VDG–1.2) �, ¦� ln(ID/(VDG–1.2)) Ï ID O�

C��§Ý���, Ïd�� VDG e,|VG| ~�
¤�5 ln(ID/(VDG–1.2)) O\þ�'� VDG e�
�, Xã 6(b) ¥ VG[(–0.9)–(–1.0)] �­�, �X VDG

�~�,∆ln(ID/(VDG–1.2)) O�, ?�Úù�`²

ã 6(a)VG=–0.9 V éA� ln(ID/(VDG –1.2)) ­�
�Çýé�' VG=–1.0 V ��­��Çýé��,

ã 6(b) ¥Ù¦­�Czäk�ÓÅn.

ã 6 (a)ln(ID/(VDG–1.2)) � 1/(VDG–1.2) � ' X; (b)

∆ln(ID/(VDG–1.2)) � 1/(VDG–1.2) �'X

Ä u ± þ © Û, d u ln(ID/(VDG–1.2))

� 1/(VDG–1.2) ­��Cz�N
 VG é GIDL >
6�K�, e¡½þ5ïÄ VG ù«K�, J�
ã 6(a) ØÓ VG éA� ln(ID /(VDG–1.2)) ­���
�ÇÚ�åëê. éã 6(a) ¥�­�?1[Ü, [
Ü��ã¥çÚ��.

� y = ln(ID/(VDG–1.2)),x=1/(VDG–1.2), Kù

���§�

y = c × x + d, (6)

Ù¥ c ��Ç, �L ln(ID/(VDG–1.2)) � 1/(VDG–

1.2) Cz��Ç; d ��å. ØÓ VG eéA�ù
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 c Ú d 3L 1 �Ñ.

L 1 ã 6(a) ¥ 5 « VG éA� ln(ID/(VDG–1.2) ����Ç c Ú

�å d

VG/V c d

–0.9 –6.75 –16.08

–1.0 –7.02 –16.01

–1.1 –7.33 –15.92

–1.2 –7.67 –15.82

–1.3 –7.97 –15.79

ã 7 (a) c � VG 'X; (b) d � VG 'X

L 1 ¥ � ± w Ñ � X VG l –0.9 V O \
� −1.3 V, �Çl –6.75 ��Cz� –7.97, =�
Çýé�C�, ù�þ¡ã 6(b) ¥�©Û��, ù
�L« ln(ID/(VDG–1.2)) � 1/(VDG–1.2) O��C
��Ç\¯.

ã 7(a) � (b) ©O�L 1 ¥ c,d � VG �'
X. ã¥wy,c,d ©O� VG Cq¤�5'X, Ù
¥ c1,d1 ©O�Ù�Ç, ã 7 ¥ c1=3.09, d1= -0.77.

ò c,d � VG ��5'X�\ (6) ª, K GIDL >
6 ID � VDG Ú VG �'X��

ID ∝ (VDG − 1.2) × exp(1/(VDG − 1.2))

×exp[c1 × VG/(VDG − 1.2) + d1 × VG], (7)

(7) ªl/ªþ�DÚ GIDL >6�.��� (5) ª
�', O\
��� VG k'��êÏf. ù� VG

�ê��Ú\, �N
��»�á� nMOSFET ì
� VG é GIDL >6�K��^, ��(½�ì
�k'� c1 Ú d1 �~ê, dK�B��½þL
�Ñ5.

· � ^ 
 � þ � » þ 1.4 nm, »
� LG=0.13µm, k���� LC=100 nm �, A«
»°�ì��¢��y
þã5Æ,c,d � VG ¤
�5'X, L 2 �Ñ
ØÓì�º��Ù�Ç c1

Ú d1 �m�ëê5Æ.

L 2 ØÓº�eëê�Cz�¹

W /LC c1 d1

3µm/100 nm 2.79 –0.69

6µm/100 nm 3.07 –0.69

* 	 u y, é u Ó � þ Ý � + f (Tox=1.4

nm,LC=100 nm),VG c�Xê c1 �3 3 �m, d1

�3 –0.7 �m. Ù¦°�'�+f, Xê¬k¤C
z, � (7) ªE,´·^�.

4 ( Ø

� © ï Ä 
 90 nmCMOS ó ² e � � » �
á� LDD nMOSFET ¥»>Ø VG é GIDL >6
� K � A 5.VG Ø Ó �, � Ó » ¦ > Ø VDG é
A� GIDL >6Ø�Ó, U
Úu
ØÓ VG ©
O é A � ^ ln(ID/(VDG–1.2)) –1/(VDG–1.2) ­ �,

ù � � u � º � ì � ¥ Ø Ó » Ø e � � � �
^ ln(ID/(VDG–1.2)) ­�3��»�á�ì�Ø
Ó VG �/eÑy
©�, Úuù«©�y���
Ï´ VG �CzK�
 GIDL >6î��Ç�BÜ
©. �X |VG| �C�,ln(ID/(VDG–1.2)) ­���Ç
�ýé�C�. ?�Ú�uy ln (ID/(VDG-1.2)) ­
���Ç c 9�å d � VG ¥�5'X,c1 Ú d1 ©
O� 3.09 Ú –0.77. �þ�»þ 1.4 nm, �� 100

nm A«»°�ì��¢��y
þã5Æ, é
u TOX=1.4 nm,LC=100 nm �ì�, c Ú d ©O�
� 3 Ú –0.7.

Ä u ù 
 © Û Ú ( Ø, � © J Ñ 
 � � Ú
\ VG K��#� GIDL >6'Xª, �'uD
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Ú�'Xª¥�k VDG, 3#�'Xª¥ VG �ê
���Ú\, Ù½þ��N
��»�á� nMOS-

FET ì�¥ VG é GIDL >6�K��^.
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Influence of gate voltage on gate-induced drain
leakage current in ultra-thin gate oxide and

ultra-short channel LDD nMOSFET′s∗

Chen Hai-Feng† Guo Li-Xin

( School of Electronic Engineering, Xi’an University of Posts and Telecommunications, Xi’an 710121, China )

( Received 28 January 2011; revised manuscript received 20 May 2011 )

Abstract

The influence of gate voltage VG on gate induced drain leakage (GIDL) current is studied in LDD nMOSFET with a gate oxide

of 1.4nm and a channel length of 100nm. It is found that the split phenomena of ln(ID/(VDG–1.2))-1/(VDG–1.2) curves under different

VG values occurs, which are different from the large MOSFET. Through comparing varieties of ln(ID/(VDG–1.2)) of different VG

values, the mechanism of this split phenomenon is obtained. This is ascribed to the change of the hole-tunneling part of GIDL current

under different VG values. The absolute value of ln(ID/(VDG–1.2)) curve slope decrease with |VG| value decreasing . It is further

found that the values of slope c and intercept d of ln(ID/(VDG–1.2)) curves are linear with VG and the slopes of c and d are 3.09 and

–0.77, respectively. The values of c and d quantificationally show the influence of VG on the GIDL current in an ultra-thin ultra-short

MOSFET. On the basis of these results, a new GIDL current model including VG is proposed.
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