
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 137203

···>>>���>>>éééõõõÇÇÇ���AAAÄÄÄ���444+++ I-V 999
$$$ªªªDDD(((AAA555���KKK���*

4�Å† Ú[ �+ �©Í

( ÜS>f�E�ÆEâÔnÆ�, ÜS 710071 )

( 2011 c 11 � 7 FÂ�; 2011 c 12 � 6 FÂ�?Uv )
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(JL², ·>�>�^u�AÄ�4+Ò4��ú�î­, D(ëþCzÇ��. �X�>gê�O\, ��A5
ÃCz, ��>6oNO�, ók~�; 
��Ú�� 1/f D(þO�. �uD(�Aå^�eì�SÜ�)�"�
��úk', ��¯a, ��ò$ªD(A5^��AÄ�4+�·>�>�ú(¯L�óä.
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1 Ú ó

C
c, duÊU!�¯+��AÏ�¦, �
�Nì�Ú8¤>´�p�!p8¤!�õÑ
��uÐ, ��ì�|L>ØUåeü, é>LA
å (Electrical Overstress, EOS) Ú·>�> (Electro-

static Discharge, ESD) �\¯a. Ù¥, �AÄ�4
+ (Schottky Barrier Diode, SBD) ±Ù$õÑ!�>
6!pªÇ�`:, �2�A^u�ÅÏ&!pª
�6!m'>
Ú�o>´¥���6ÚY6�
�©Tì�´pª¯�m'>
�'�Ü�, ~^
u�õÇ DC/DC =�ì¥�ÑÑ�6�4+ [1,2]

Ú1Ï>³���´�o�4+©
SBD �":3u��ÂB>Ø�$, �3Ù�

~ó�¥, éN´Ïá´!ESD!m'�=!K1
âü$�XÂÚu� EOS Ú�mXÚ¿�>Úu
�·>�>
��. Ù¥, EOS/ESD Úå��«ì
���'~p� 45%[3], Q²E¤LISê�ÏÕ
¥(u)�æÃ{�1 [4].

Ïd, �u SBD 3ÊUÏ&+��­�A^
9 ESD éÙ�ú�î­5, �©æ^>Æ�$ª
D(�(Ü��{, ïÄpØ ESD óÀe SBD �
òz, ±B�Ðn)�úL§, ¿`ÀÑ�U�(
¯L�ëþ.

2 ¢ �

2.1 ¢¢¢���^̂̂���

¢�ì�æ^ MIC úi)��û^ 1N5819

. Si á��AÄ³^�6ì.

·>�>æ^�²,úi)�� ESD-606G

. · > u ) ì, À ^ < N � . (HBM) � ¬ �
) ESD óÀ>Ø. �
;�\È9�A�K�,

��üg�>�mm�Ø$u 5 s.

¢�3¿§e©üÚ?1µ
(1) ò¤kì�?1?Ò, |^��Nëêÿ

Á¤*	�ì� I-V A5, ¿ÏL$ªD(ÿÁX
ÚÿþÐ©$ªD(.

(2) ©Oéì��Ò4Ú�4\ ESD óÀ, �
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>>Øð� 3kV, �>gê[� 20 g. zg ESD

�, ©Oÿþ I-V A5Ú�/��$ªD(.

ã 1 HBM ESD ¯��>6Å/

2.2 ¢¢¢���(((JJJ

2.2.1 I-V A5

é SBD ��4ÚÒ4©O\ ESD óÀ, ��
Ù I-V A5Cz�¹, Xã 2 Úã 3.

ã 2 �4É ESD � I-V A5Cz (a) ��; (b) ��

dã��, �X ESD gê�O\, ÃØ´��

4�´Ò4\óÀ, SBD ��� I-V A5þÃC
z. éu�4\óÀ�ì�, Ù��>6��>g
ê�O\k~��O�, 
Ò4\óÀ�ì�Ù�
�>6��>gêkO��~�.

ã 3 Ò4É ESD � I-V A5Cz (a) ��; (b) ��

2.2.2 $ªD(A5
é SBD ��4ÚÒ4©O\ ESD óÀ, ��

Ù$ªD(Cz�¹, Xã 4 Úã 5.

dã��, ÃØ´�4\óÀ�´Ò4\ó
À, SBD ���$ªD(þ��>gê�O�
O
�¶
��$ªD(3 1—10 Hz S��>gêO
�
O�, 10—10 kHz S��>gêO�
~�,

�Ò4\óÀ�ì�Ly�²w.

3 ©Û?Ø

3.1 I-V AAA555

SBD Ì�>6Ñ$Ån�õê16f�9>
fu� [5−8], Ù��>´Xã 6 ¤«. Ù¥ VFB

´�AÄ³^þ�Øü, RD ´��,*Ñ«>
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{¶Rs Ú Rc ´�.>{Ú�>>{.

� ^�e, ÏL�AÄ³^�>6�

IF = AA∗T 2 exp
(

q (VFB − φB)
kT

)
, (1)

Ù¥ A �k��¡È, A∗ ≡ 4πmk2q

h3
�n��Ü

~ê, φB �³^pÝ.

ã 4 �4É ESD �$ªD(Cz (a) ��D(; (b) ��D(

\ ESD óÀ�, ³^pÝü$�� IF O�¶
Ó�, ®�¢�¥^��AÄ³^�4+� Si á
��, ÙSÜd�47á!��z7>|�Øá
�!N- 	ò�!N .7Ä¡!N+ Ò4�9Ò4
7á��¤, 3 N .Ä¡Ú�47á�m/¤�A
Ä³^. N .��NÌ��gd>f�>, �\�
,��õ, gd>f�ßÝÒ�p, �>5U�Ò
�r. ��NÔnÆ [7] ¥3?Ø n .��N�¤�
U?�Qò§Ýy©�Ê���µ1) §Ýé$�,

�Ü©�Ì,�U?E�>f¤Óâ, �k�þ�
Ì,�u)>l, =f>l¶2) ¥m>l«¶3) r
>l«, �Ü©,�Ñ>l¶4) LÞ«, ��¥�
>fd�Ü>l�,�Ú��-u�ÓJø¶5)

p§��-u«, §ÝUY,p, ¦��-u�)
���16fê�õu,�>l�)�16fê,

ù«�¹���,�����N�/��, d�k
��,ßÝü$. 
éu�,�7��N, Ì��
Ñ�Å�´(ÆÅÑ�Ú>l,�Ñ�µ

ã 5 Ò4É ESD �$ªD(Cz (a) ��D(; (b) ��D(

ã 6 �AÄ�4+��>´

(ÆÅÑ�:

µs =
q

m∗
1

AT 3/2
, (2)

>l,�Ñ�:

µi =
q

m∗
T 3/2

BNi
, (3)

�â
1
µ

=
1
µs

+
1
µi

+ · · · , (4)

�o�[£Ç

µ =
q

m∗
1

AT 3/2 +
BNi

T 3/2

. (5)
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3,�ßÝ�$��¬¥, >l,�ßÝ Ni

é�,
BNi

T 3/2
�±Ñ�, ¬�Ñ�åÌ��^, ¤±

� ESD ¦�(þÑ¦«§Ýþ,�, [£Ç�§Ý
,p×�~�, RD O�. nÜ�cJ���AÄ³
^é IF �K�¦���ØüÉK�Ø�, �� I-V

A5Ã²wCz. Ty�� Hadzi-Vukovic �< [9]

�¢�y��q.

SBD ���>6Ì�d9>fu�>6!�
���>6±9�AÄ³^�m>Ö�¥��)
EÜ>6|¤ [10].

��â9>fu�nØ, 9>fu�>6

IMS = AA∗T 2 exp
(
−qφBn

kT

)
exp

(
−qVi

kT

)
, (6)

Ù¥³^pÝ�ü$¬¦T>6O�.

� � Ä ³ ^ { 	 � ^, U þ $ u ³ ^ º �
>fk�½AÇBß³^, ÙAÇ�>fUþ
9 ³ ^ þ Ý k '. d � � � A / ¤ � � � >
6 Itn = A · qNCvthPT, Ù¥�BAÇ

PT = exp

(
−4

3

√
2qm∗

~
φ

3/2
Bn

E

)
,

E �>|rÝ. ³^pÝü$¦��BAÇO�,

��TÜ©��>6O�.

��AÄ³^�m>Ö�¥��)EÜ>6
�

Ig−r = A · qniW

2τr
, (7)

Ù¥ ni ���16fßÝ, W �Ñ¦�«°Ý, τr

�16fÆ·.

��>6A�nö�Ú, = Ir = IMS + Itn +

Ig−r, ¦��:

∆Ir =∆IMS + ∆Itn

= − q

kT
IMS∆φBn − 2

√
2qm∗

~
φ

1/2
Bn

E
Itn∆φBn

≡− IX∆φBn, (8)

�ì�É� ESD �^�, ³^pÝü$ (∆φBn

�K), ��>6O� (∆Ir ��).

¢�¥©Oéì���4ÚÒ4\õg·>
óÀ���>6ó�Ñy~�, ¿Ø���úª
í��(JÎÜ, Ty��U�ì���(�k
' [11]. (��f!(¡È���ì�, ��(�¥
NõÜ©Ñ´3 ESD ��^eu)UC. Äk, Ù
L¡���Ø­½, É� ESD �^´u)UC, Q

k�U��ì���5ü$, �k�U��³^p
Ý���Cz��m
g·¡E. Ùg, � ESD �
�� >Ø\u�AÄ(�, 34��(þA�«
É
�Ü�>Ø, �]�õÇ�Ýé�, 3(«a
q>|ÛÜ8¥�/�, §Ý:ìþ,
/¤9:,

�§Ý��7�L: (1420 ◦C) �, Ò¬���A
Ä(L¡¬�,:L9LK, 
du2(¬��3
Ø(½5, ���UÑy5K�(¬, ¦��úg
1¡E. éuõg ESD �5\, ¬¦(L¡¬�õ
g²{LK(¬�­|L§, �UÑy�5©ÙØ
þ!�¬�©Ùþ!�y�, Ó���U¦¬�(
�¥�,�lfdu|�-y�^��Ø´K�
(A5�Ü , l
å�ò»�^.

3.2 $$$ªªªDDD(((AAA555

>fì�D(Ï~�)xD(!1/f D(Ú g-

r D(, �üö�¡�$ªD(, dì�S�"�Ú
,�Úå. o�D(õÇÌ�Ý���

S (f) = A + B/fγ + C/ (1 + (f/f0)
α) , (9)

A �xD(�ÌÝ, B � 1/f D(�ÌÝ, γ �ª
Ç�êÏf, g-r D(�ÌÝ� C, =òªÇ f0 Ú�
êÏf α. ØÓD(©þ9�©þ�ØÓL�ëþ
éAuì��ØÓ(�A�Ú"�.

éu SBD, $ªD(�N
Ù7 - ��>.¡
�²©ÙÚ�m>Ö«"�©Ù, Ù 1/f D(�
�.Ì�kü«. �@d Hsu JÑ��AÄ�4
+ 1/f D(�.Äu��m>Ö«�²k'�õ
?�BL§, @� 1/f D(´d�m>Ö«�õ?
�BÚå�16fßÝ�Cz
Úå�, D(Ì�
Ú�²�Ý¤�' [12]. �� Luo �<JÑ
Äu
9>fu�nØ��m>Ö«16f[£ÇÞá
��. [13], @�ì�©�¥5��N«, �m>Ö
«Ú7�.¡nÜ©. �m>Ö«�>ÖÑ$Ån
�¤£¨*ÑÅn, �>6ÏL7�.¡�, >6
Ñ$ÅnÌ��9>fu�. �.Xeµ

SI (f) =
αHI0

16πf

(
KT

q(VD − V )

)5/2

×
(

q

µm∗

)2

·
(

m∗εs

πND

)1/2

, (10)

Ù¥, αH ���~ê, µ �[£Ç.

�â·>�>L§ SBD ���Ú��D(C
z5Æ, ©OJ�é SBD �4õg�>�, 1/f D
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(Ì� B ��>gê�Cz5Æ. ã 7 w«�´3
�>6 (500 µA)  �^�e, �� 1/f D(Ì� B

� ESD �>gê�O�
O�.

ã 7 SBD �4É ESD �^e�� 1/f D(Ì���
>gê�Cz

T>6 �^�e, 1/f D(��)d�m>
Ö«16f[£Ç�ÞáÚå. �â>6D(�>
ØD(�'X, SBD �>ØD(õÇÌ�Ý SV �
�¤ [14]:

SV =
(

∂V

∂I

)2

· SI = R2
s · SI, (11)

Ù¥, Gé>{ [15]

Rs =
C

ND
, (12)

C ´~ê, ��,ßÝÚ>{Ç�m�'X9�
4+AÛº�k'¶ND ´á���,ßÝ. (Ü
ª (6) ��>ØD(õÇÌ�Ý�

SV =
αHI0

16πf

(
C

ND

)2 (
kT

q(VD − V )

)5/2

×
(

q

µm∗

)2

·
(

m∗εs

πND

)1/2

, (13)

ESD �^e, (þÑ¦«§Ýþ,, ���,ß
Ý ND Ú[£Ç µ ~�, SV O�.

õê'u SBD �ïÄÿþ�´ØÓ����
 �>6e$ªD(õÇÌ�Cz, �©�u ESD

�^e SBD ��A5òz���²w, ÿþÙ3
�� �>Øe, D(õÇÌ�Cz�¹. ã 8(a)

w«�´é SBD �4õg�>�, 3 17 V ���
>Ø �e, �� 1/f D(Ì� B � ESD �>g
ê�O�
O�, ã 8(b) �T^�e��xD(Ì

� A ��>gêO�
~�.

ã 8 SBD �4É ESD �^eD(ëþ��>gê�Cz (a)

�� 1/f D(Ì�¶(b) ��xD(Ì�

SBD � >6��, �)� 1/f D(��)�
�^ Luo JÑ�16f[£ÇÞá�.)º, äN
Cz©ÛÓ� �¹. xD(Ì�d9D(ÚÑâ
D(|¤ [16]. Ù¥, 9D(dN>{Ú�>>{�
), ���>{Ú§Ýk'. �AÄ³^(�ü 
�>>{ [6] �

Rc =

(
kT

e

)
exp

(
+eφBn

kT

)
A∗T 2

, (14)

SV(f) =4kT

A

(
kT

e

)
exp

(
+eφBn

kT

)
A∗T 2

=
4Ak2

A∗e
exp

(
+eφBn

kT

)
, (15)


ÑâD(å
u16fª�³^��Å5. �4
+>6ÑâD(�

SI (f) = 2kTg0

(
I + 2I0

I + I0

)
, (16)
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ã 9 SBD Ò4É ESD �^e�D(ëþ��>gê�Cz
(a) �� 1/f D(Ì�; (b) �� 1/f D(Ì�; (c) ��xD(
Ì�

ª¥, g0 ��4+�$ª>�, �L«�

g0 =
dI

dV
=

qI0

kT
exp (qV/kT )

=
q (I + I0)

kT
, (17)

¢�¥� �xD(Ì�êþ?� 10−17, � �
� 10−15, 
dª (16) ©Û�, �4+� �Ñâ
D(��u� �ÑâD(, �� ��xD(
�Cq�w�9D(��z. 
dª (15) �, T 3
�ê¼ê�©1 �, §�:ìþ,¬���ê¼
ê� —– 9D(� SV(f) ×�~�. ·>�^e,

SBD ��>>{�(§�þ,
~�, l
9D(
~�, �ª��xD(Ì�~�.

©OJ�é SBD Ò4õg�>�, 1/f D(Ì
� B ÚxD(Ì� A ��>gê�Cz5Æ, X
ã 9 ¤«.

dã 9 ��, é SBD Ò4õg�>��D(
ëþ�oNCz5Æ�é�4�>��Cz5Æ
Ä��Ó. ��ØÓ�´éÒ4�>���xD(
Ì�CzÇ'é�4�>��, äN|^

¤A

A
=

|AESD � − AESD c|
AESD c

O���:

(¤A/A)�4 ESD = 32.6%,


 (¤A/A)Ò4 ESD = 84.3%. � ESD óÀ\u SBD

Ò4�, du3��(Ü¡þA�«É
�Ü�>
Ø, Ïd3(«�ÑÑC�, 
3(«�þ!�/
�, du9ºÑ, §Ý T ��4
ó:ìþ,, (Ü
ª (15) �xD(�ª�Ì~�.

4 ( Ø

�©Äu ESD ¢�9ì�5UòzÔnÅ
n©Û, ïÄõg ESD é SBD A5�K�. (J
L²µ�4�Ò4©O\·>óÀ^�e, �ö
é SBD ��ú�î­. d	, SBD ��� I-V A5
Ã²wCz¶��>6��>gê�O\oNO
�, ¥mó�Ñy~�. �!��D(ëþCz²
w, ��Óëþ�Cz5Æ��. Ù¥�!�� 1/f

D(Ì�Ú��xD(Ì�Cz²w. Ïd, �À
��� 1/f D(Ì�ùü�$ªD(ëê9��
xD(Ì��� SBD � ESD �ú(¯L�ëþ,

ÙÿþéuO(¯�ÿÁÚ©Ûda�úäk­
�¿Â©
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The effect of electrostatic discharge on the I-V and
low frequency noise characterization of Schottky
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Abstract

Based on the analysis of thermal electron emission, the model of the carrier mobility fluctuation and the white noise theory,

the effect of electrostatic discharge (ESD) on the I-V and low frequency noise of Schottky barrier diode (SBD) is discussed in this

paper. The different Human Body Model(HBM) ESD injected times with the same voltage peaks are applied to the cathode and anode

separately. It is found that the diode subjected to the cathode stress shows greater degradation than subjected to the anode stress, and

the magnitude of noise shows significant change. With the increase of ESD injected times, the forward characteristic has no change,

while reverse current almost increases at each time. The magnitudes of forward and reverse 1/f noise increase all the time. In view of

the relationship between defects and damage, and the noise sensibility, the low frequency noise can serve as a tool for researching the

sensitivity to the electrostatic discharge damage of SBD.

Keywords: Schottky barrier diodes, low frequency noise, ESD
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