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põÇ�Å (HPM) ÏL¦��Nì�A5òzÚõU��, lZ6>fXÚÃ{�~ó�. �é7á�zÔ
��N (MOS) ì�� HPM �A, ïá
põÇ�ÅÚå n .7á�zÔ��N|�A¬N+ (nMOSFET) A5ò
z�ÔnL§��.. ì��ý(J¥ nMOSFET �ÑÑA5�w«»45\ HPM Úåì�A5òz, �)K
�>Ø��¤£!�Ú>6~�!ª�~��; (ÜÔn�.©Û��, HPM Úå�pªóÀ>Ø¦ì�?\�
Ñ¦G�, 916fê8Oõ, 916f�A��ì�A5òz. MOS ì�� HPM 5\¢�(Jw«, ì�A5
�!ì��.ëêCzª³��ý(J��, �y
 HPM Úå nMOSFET A5òz�ÔnL§��..

'�c: põÇ�Å, n .7á - �zÔ - ��N|�A¬N+, 916f, A5òz

PACS: 85.40.Q, 85.30.T, 41.20.–q

1 Ú ó

du>^Åé>fXÚ�Z6�A, põÇ�
Å (high power microwave, {P� HPM)!�°�Ë
�Úå>fXÚØU�~ó�$���®²¤�
FÃî�¯K. �X HPM Eâ�uÐ, ±9FÃ
���«#Éì�A^, IS	mÐ
�þ�é>
fXÚ!>fì�� HPM �A¢�, ù
¢�w
« HPM é>fXÚäkZ6!�ú$�¦Ù��
�¤�^. �
�Ð
) HPM é>fXÚ�Z6
L§�Ån, é>fXÚÄ:Ü�8¤>´¥�Ø
%ì�� HPM �AïÄc�7�, X7á�zÔ
��N|�A¬N+ (MOSFET).

C
c5, �éêi>´!pÖ7á�zÔ
��N (CMOS) ���N>´�ì�, IS	l
¢�!�[±9��©Û��¡mÐ
 HPM �
AïÄ. Hwang � [1] l¢�, ±9 spice �[?Ø

 HPM Úå CMOS u)@£�A��>´Ü6�
Ø; Wang � [2] ��
 HPM �Aé CMOS ¬N+ -

¬N+Ü6>´�K�. Kim � [3−5] �é HPM Ú
å CMOS u)@£!Úå>´õU�æ�¯K, ©
OlnØ�¢�?1
X�ïÄ. ,3ù
ïÄ
¥, Ì�´�éäk·>º���o�û^>´m
Ð�¢�ïÄ, 3�éü���Nì�� HPM

�A��^L§!�n, ±9 HPM Úå�ì��
A5òz'5Ø
.

ì��A5òz´���Nì�vk��Ô
�ÙÌ�A5õU, �´u)
ÛÜA5�òz,

~X MOS ì�K�>Ø¤£!�Ú>6~�!ª
�~�. du>fXÚ�ÍÜ�^, HPM  �N
´Úå MOS ì�A5òz, ì����¤I�
���Uþ. ,	ÏLA5òzïÄ, òkÏu©
Û HPM Úåì����Ì��Ï!L§±9�
�Ån. �©�é N � MOS ì�, l HPM �^u
ì�ÔnL§Ñu, ïá
 HPM Úå MOS ì�
A5òz�Ôn�., ÏLì��[, `²
 HPM

Úåì�A5òz��Ï; ¿ÏL¢�©Û�y�
[(J.

* I[g,�ÆÄ7 (1OÒ: 60906051) ]Ï��K.

† E-mail: hlyou@mail.xidian.edu.cn

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

108501-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 108501

2 MOS ì�� HPM �AÔnL§�
�.

ïÄ��Nì�� HPM �A¢�, ~æ^ü
«�{, =��5\{�Ëì{. ��5\{ÏL
æ^���½Ó¶�, òõÇ�Å��5\�ÿÁ
ì�A½Ñ\à, T�{�é{ü�UO(/ÿþ
\��õÇ, Ïd~^uì�� HPM �AïÄ.�

�¢�(Jé', �©b� HPM ÏL��5\
ì�Ú�, ¿3Ú�aA>ØóÀ�^uì�.

2.1 HPM ���AAAÚÚÚåååììì���AAA555òòòzzz���ÔÔÔnnn
LLL§§§

�©b� HPM Úåì�A5òzÔnL§
�: HPM ÏLpë�!Ú�aAóÀ>Ø½>6,

MOS ì�¥�>f3aA�p|�^e, /¤�
�916fÚ�.916f, �� MOS ì�91
6f�A, ?Úåì�A5òz. ÙÔnL§�
©�XeA�Ú½:

1) HPM 3ì�Ú�!XÚ�pë�þaAÑ
óÀ>Ø½>6, ~X3»45\� HPM, ÏLa
A>Øl»4�^uì�;

2) HPM aA>ØóÀ3��NNS�)r>
|, 16f3r>|�^e²þÄUwÍ�L9
²ï16f�²þÄU, ¤�916f; »45\
� HPM Ì�K���916f!�.916f,

Ù¥�.916f���>|.�.¡, ?5
\�»�z�¥, ��916f3¦à���5
Ñ��¬3$/±R�.¡��$Ä, 5\�»�
z�¥;

3) HPM 3aA�óÀ>Ø�^e, 5\�»
�z��916fò.¡?� Si—H ��», /¤
nd Si Úil H, .¡�²dd)¤; �XóÀ>
Ø�^�m�O\, .¡�²��ÝÅìO\, �
ª��ì��>Æëê¤£, ì�A5òz, $�
��.

2.2 HPM ���^̂̂eeeììì���òòòzzzÔÔÔnnn���...

�â HPM Úåì�A5òz�ÔnL§,

HPM ÏL�����5\ì�Ú�, ÙÔnL§
Ì��9Xe�..

2.2.1 HPM aA>ØóÀ
HPM ´ªÇ3 300 MHz—300 GHz �m, þf

U3 10−5—10−3 eV �m�>^óÀ [6]. HPM �
��Uþ�^ì�½>fXÚkü«/ª, �)>
�A!9�A. �©�é��5\Ú�� HPM Ì
��ÄÙaA�>ØóÀ�A, = HPM 3XÚ¥
�7áL¡½ö7á��¥aAÑ>6½ö>Ø
¿ddéì��)�A.

b�põÇ�Å�Å/�pdóÀ, =>|:

E = E0 exp
[
−4π(t − t0)2

τ2

]
, (1)

^|:

H = E/η0, η0,= 120π, (2)

Ù¥, τ �~ê, û½
pdóÀ�°Ý. E0 �>|
©þ, d�ÅõÇû½. ØÓÌÝ�ò E0 aAØÓ
ÌÝ�>Ä³, aA>Ø�±ÏLâ Maxwell �§
O���:

B = µH, (3)

Φ =
∫

s

Bds, (4)

H = E/η0, (5)

ò (1) ªÚ (5) ª�\ (4) ª, d (4) ª��aA>
Ä³�O�úªXe:

ε =
∂Φ

∂t

=
µ

120π
E0

(
−4π

τ2

)
· 2 · (t − t0)

× exp
[
−4π(t − t0)2

τ2

]
· S. (6)

��\d (1) ªû½�pdóÀ, Xã 1(a) ¤
«, ²L (6) ª�O����Cq�uÅ�>Ø
óÀ, Xã 1(b) ¤«, Ù¥ (1) ª¥��ëê©O
� E0 = 7.8 × 104 V/m, τ = 1 ns, t0 = τ/2, (6) ª
¥ S = 2 mm�7á��Ý.

�©3ì��ý¥»4 HPM aA>Øæ^�
uóÀL« [7], éu�½��{��DÑ�, óÀ
>ØÌ��d HPM �õÇÏL (6) ªO���½
�L¼� [8]. 3¢SL� HPM ¥~æ^ dBm L�
õÇýé�, �BuLãÚO�. Ù�õÇ���
úª�

P = (1 mW)10dBm/10. (7)
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ã 1 (a) ü�pdóÀ� HPM «¿ã; (b) aA>Ä³«¿ã

2.2.2 916f�.
3r>|�^e, ��N¥16f�²þÄU

wÍ�L9²ï16f�²þÄU. ù«�wÍ\
9
�16f¡�916f. Ï~�¹e, du�
���>|3¦àNC, Ïd-E>l�)916
f�3ù�«�. �´ HPM aA�pª»4>Ø
�^uì�, du�.�¥>f��)ÚEÜ�Ø
þpª&Ò�Cz, �k�Ñ¦�ò����NS
�?�)�þÉÌK>Ö5÷v>¥5�¦, ù
�Ñ¦��°Ýé�, Ï~���ur�.���
�Ñ¦�°Ý, ù«�¹¡���Ñ¦G� [9]. d
uvkL¡>f�È\, ép�>|vk¶-�^,

¦�>f3p�>|¼�Uþ'�6�¹��. �
���Ýéá��ÿ, 3î�>|��^e, >f
�±��là���,¦«¤£�¦à, ù�Ò
¦�-E>lA�3����¥u), �>f3p
�>|��^e¼��Uþ�u 3.18 eV �, >f
��¦à�c, Ò��5\�»�z�¥ [10]. Ïd,

HPM Ì�K�±eü«16f.

1) ��916f
��916fd��¥3p|e$Ä�>Ö

9Ù�O>Ö/¤. �¦>Ø�p�, 3¦(N
C¬/¤Y²���p>|, 3p|�^e, �Ü
©16f3Y²$Ä¥¬¼�v
�� Si-SiO2 ³
^�Uþ, ¿�3É��5Ñ��¬3$/±R�
u.¡���$Ä. Ó�3p|�^e, ¦(NC
�-E>l�^�¬�)pU916f¿3$/
��.¡.

2) �.916f
�.916f´d�.(é¦>69Ù�O

>6�). ù
16f3p�p>|��^e,

� Si-SiO2 .¡¤£, ¿3L¡�Ñ¦«�p|¥
¼�pUþ.

2.2.3 916f� Si/SiO2 .¡�ú�.
3 MOS ì�»�z�¥�3 Si Ú OÃ�½

zÆ�'�=C«, ,�Ú"���
�þ�>
fÚ�Ç�²Ú.¡�². 3 Si/SiO2 .¡? Si

���Ý� 1012/cm2[11], �) Si—H �, Si—O �
Ú Si—Si �. du Si—H ��(ÜU�$, Si—H �
/¤.¡�²ÓÌ�/ , �©916f� Si/SiO2

. ¡ � ) . ¡ � ² æ ^ Si—H � ä � � . [12]

Si—H ��rÝ�� 0.3 eV, \þ³^pÝ� 3.2 eV,

MOS ì�¥�>f3 HPM aA�p|�^e, /
¤��916fÚ�.916f, �.916f
K���>|.�.¡, ?5\�»�z�¥,

��916f3�5Ñ��¬3$/±R�.¡
��$Ä, 5\�»�z�¥. 5\>f�Uþ�
u 3.5 eV �916f��» Si—H �, l�)n
d Si �f ≡Si∗ mY H �f, X (8) ª¤«. H �
�)�mY�f, Ü© H �f�»4*Ñ, nd Si∗

/¤.¡�², ?K�»�z��>Æëê, E
¤òz.

Si3 − H + hot e = Si∗s + H. (8)

nd Si Úå N � MOS ì���Ì�kü«
Å�: 1) .¡?�nd Si ¥K>Ö, K>Ö�±å
�¶-	\�»Ø��^, �¬¦� N � MOS ì
��K�>Ø��¤£; 2) .¡�²�±�¿>,

¤±��.>Ök�½� Coulomb å�^, ü$�
.16f�[£Ç, l�� MOS ì��A5ë
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êòz.

3 ì�(���ý

�©Ì � $ ^ ì � � [ ^ � ISE TCAD

� DESSIS ?1�ý, DESSIS ´��õ�Ý��ý
ì, �±?1ì�?�ý, §8¤
k?�Ôn�
.Ú´L�ên�{, U
°(/�ý�)�æ�
� MOS ��X���Nì�.

3.1 ììì���(((���������ýýý���...ÀÀÀ���

ã 2 �;.7Ä nMOSFET ì�(�, Ù(
�ëê�: »� 0.35 µm, »4þÝ 64 Å (1 Å =

0.1 nm). N � , ©�n � «, � � N C � , ß
Ý� 3×1017/cm3, N¥mÜ©�, 3.5×1017/cm3,

� C . Ü � , ß Ý 1×1016/cm3; ¦ 4 1 � ,
ß Ý 1×1020/cm3, ( � 0.07 µm, ¦ 4 2 � , ß
Ý� 2×1020/cm3, ( �� 0.1 µm;  4 1 � ,
ß Ý 1×1020/cm3, ( � 0.07 µm,  4 2 � , ß
Ý 2×1020/cm3, (� 0.1 µm.  �^����
.�/, ¦à� 5 V  �>Ø.

ã 2 nMOSFET (�«¿ã

�ý¥�é916f�AÚ.¡�²£ãæ
^��.�): SiO2 ý��Ú��N.¡?.¡>
Ö!�½�z�>Ö�.!L¡Ñ�é[£ÇK
��.!916f5\�. (3$>f�.) ±9
p¦Øe16f-E>lÚå�È��O�.. Ï
LÍÜ�{¦) Poisson �§!>6ëY5�§Ú
>fUþ²ï�§, ¼��ý(J.

3.2 ���ýýý(((JJJ���©©©ÛÛÛ

�ý¥æ^� HPM ëê� 38 dBm 1 GHz. é

u»45\� Gauss óÀ HPM, aA>Ø/ª��
u>Ø. �âõÇÚ>ØÌ�O��{, aA>
Ø�u&Ò>ØÌ�� 25.1 V, ªÇ� 1 GHz. ë
ê� 1 GHz 38 dBm � HPM ÙaA>ØóÀ/ª
Xã 3 ¤«.

ã 3 �Ñ
��±ÏS.¡�²�Ý3 HPM

aAóÀ>Ø�^e�X�m�Cz�¹. �p¶
�aA>ØÌÝ, mp¶�.¡�²�Ý. lã¥
�±�Ñ 1 ns HPM �^e, .¡�²�Ý��O
\ 10 �ü ��Ý, �X HPM óÀ�^�mò�,

.¡�²ÅìOõ, HPM ü�óÀ°Ý���A
�B¦ [13], Ïd3 HPM �^e, .¡�²�Ýò
wÍO\.

ã 3 HPM aA�u>ØÚ.¡�²�Ý��m�Cz

d�©JÑ� HPM �^eì�òz�.�
�, 38 dBm 1 GHz HPM 3 nMOSFET » 4 þ a
AÑ 25.1 V �pªóÀ>Ø, pªóÀ>Ø�
� nMOSFET ?\�Ñ¦G�. �Ñ¦G�e, �
.�>fvkïá, vk
ép�>|�¶-�^,

�-E«�O�. Ïd, ì�3�Ñ¦G�e, ��
S�)�þ�916f, 916f5\�»�z
�¥ò.¡?� Si—H ��», /¤nd Si Úi
l H, )¤.¡�². �X HPM �^�m�O�,

.¡�²�ÝÅìO\.

ã 4 Úã 5 ©O´ØÓ.¡�²�Ý^�e
�=£A5�Úì���[£Ç�. lã 4 �
±wÑ, 3.¡�²�Ý� 1×1012/cm2 �^�e,

=£A5��vk.¡�²�^�e�m£Ä,

=K�>Ø�� £. ã 5 w«
�C Si/SiO2 .
¡÷X�����ì�SÜ>f3ØÓ.¡�²
^�e�[£Ç. �.¡�²�Ý� 1×1012/cm2

�, >f[£Ç�Nþ���uØ¹.¡�²�^
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�e�[£Ç, ù´Ï��3�.¡�²é�.�
¥�>fk�½� Coulomb å�^, O\>fÉ�
�Ñ�AÇ, ?E¤16f�[£Çeü.

ã 4 ØÓ.¡�²^�e Ids-Vgs =£A5�

ã 5 ØÓ.¡�²^�e���[£Çé'

K�>ØÚ>f[£Ç�Cz´ì��>Æ
A5Cz�I�, ùü«Ï��nÜCzqÚå

Ù¦A5�òz. MOS ì�3�Ú«¦>6Ú
ª�L�ªXe [9]:

ID(sat) =
WµnCOX

2L
(VGS − VT)2, (9)

gms =
WµnCOX

L
(VGS − VT). (10)

l (9) Ú (10) ü�ªf�±í�Ñ, 3Ó��»Ø
 �^�e, = VGS ð½, [£Çü$ÚK�>Ø
��¤£��¦>6�ü$Úª��~�. ã 6 �
�ý(J�y
T(Ø. ã 6 ´3ü«.¡�²^
�e, ¦>Ø Vds Ñ� 6 V, »>Ø Vgs Ñ± 1 V

�Ú�l 2 V ×£� 5 V, ×£��� Ids-Vds DÑ
A5�. ã 6 w«¹k.¡�²�ì�, 3Ó�

� �»Øe, �Ú¦>6 Ids ��uØ¹.¡�
²�ì�. ª�½Â��éu»Ø�¦>6�Cz,

ü^ØÓ Vgs �måL�ª�, lã 6 �±wÑ, ¹
k.¡�²�ª��uØ¹.¡�²�ª�.

ã 6 .¡�²�Ý� 1 × 1012/cm3 Úvk.¡�²^�e
� Ids-Vds DÑA5�

4 ¢�(J�?Ø

�
�y HPM Úå MOS ì�A5ëê�ò
z�A, �©ïá
 MOS ì�� HPM �AÁ�
²�. ÏL��DÑ�ò HPM ��5\ MOS ì
�»4, ÏLÿÁXÚ5*ÿì� ��ÑÑC
z. ¢�¤^��Å� 1 kW ? L Åã�Åó
À,�ÅªÇ 1.30 GHz, óÀ°Ý 500 ns, Eª
Ç 100 Hz, RS õÇ 40 dBm. �ÅõÇ���Ï
L�CP~ìÚ�Å5N!.

ã 7 w«
ì�¢�c��ÑÑA5�. l
ã 7(a) Ú (b) é'��, Ëì�ì���Ú¦>6
eü, ¿��ã 6 ��ý(J�NÑ�A5Czª
³��. ?�Ú©OJ�Á�c�ì���.ëê,

(JXL 1 ¤«. L 1 w« HPM 5\¢��ì�
Ñyòz, XK�>Ø��¤£!ª�ü$�, >
Æëê�òz����ý(J�ÎÜ. Ïd, ¢�
�ì��A5òzª³�ëêCz�y
 HPM �
^e nMOSFET �A5òzÌ�´916f�A
�).¡�²���. HPM ¦� nMOSFET ?\
�Ñ¦G�, -E>l«�C�, �vk�.�
>f¶- HPM aA>Ø�)�p�>|, ��9
16f�N´�)Ú5\�»�z�¥, = HPM

�^e916f�A�wÍ; 916f5\�»�
z�¥, �� Si/SiO2 .¡?� Si—H �ä�, �
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ã 7 nMOSFET I-V A5� (a) Ëìc; (b) Ëì�

)nd Si Úil H. nd� Si ¥K>Ö, ¬�
½§Ýþ¶-	\��»Ø��^, ��(J´
N � MOS ì��K�>Ø��¤£, .¡�²
du��.��>fäk Coulomb å�^, ?ü

$>f[£Ç. ùü�Å���Ó�^e?�Ú�
�
 MOS ì��Ú¦>6Úª��ü$, =E¤

 N � MOS ì�A5ëê�òz.

L 1 nMOSFET ì�¢�c��.ëêé'

�.ëê ëê¹Â ¢�c ¢��

VT0/V K�>Ø 0.12 0.93

λ(10−3/V−1) ���ÝN�Xê 34.48 87.80

γ(10−3/V1/2) Ná�K�ëê 1.15 6.039

Kp(10−6/A·V2) ª� 167.11 26.34

ϕp(10−3/V) L¡>³ 1043.10 677.97

5 ( Ø

�©©Û
 HPM �^u MOS ì��ÔnL
§, ÄuTL§ïá
 HPM Úåì�A5òz�
Ôn�., ¿|^ ISE-TCAD ?1
�ý, ���
¢�(J�é'. �ÑXeÌ�(Ø: 1)HPM �
^eì� nMOSFET �òzÌ��Ï´ HPM aA
óÀ>ØÚå MOS ì��916f�A; 2)HPM

¦� nMOSFET ?\�Ñ¦G�, -E>l«�C
�, �vk�.�>f¶- HPM aA>Ø�)
�p�>|, ��916f�N´�)Ú5\�
»�z�¥, = HPM �^e916f�A�wÍ;

3) 916f5\�»�z�¥, �� Si/SiO2 .¡
?� Si—H �ä�, �)nd Si Úil H, ?�
� nMOSFET �K�>Ø��¤£!�Ú¦>6
eü!ª�ü$, =ì�>ÆA5ëêÑyòz.
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Abstract

High power microwave (HPM) can disrupt the normal work of electronic systems through the effect of HPM on semiconductor

devices. In this paper, the physical process and the physical model of the characteristic degradation of n-metal-oxide-semiconductor

field-effect transistor (nMOSFET) induced by HPM are introduced. In device simulation results, the output characteristic curve of

nMOSFET shows that HPM can induce the degradation of the characteristics of device, including the forward drift of threshold voltage,

and the reduction of saturation current and transconductance. Based on the process and the model introduced in this paper, the voltage

pulse generated by HPM makes nMOSFET be in depletion status and hot carrier increase; then the effect of hot carrier results in the

characteristic degradation of device. The experimental result of MOS injected HPM shows the changes of output characteristics and

model parameters are consistent with the device simulation results, proving that the physical process and the physical model introduced

in the paper are correct.
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