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�©ÏLð½Aå\�¢�é GaN�Åü¡8¤>´¥ SiN 0� MIM >N���5?1
µ�, ïÄ
p
|e MIM >N�ü«���ª!�.0�ÂB>Ö�Ý±9²þ��c�m. ÏLØÓ§Ýe0�>N��>A
5¦)
0�S�"�U?. :©Û
 SiN 0� MIM >N�òzÅn, ïÄ@�pAåe0�S�)#��Ì
."�, ¿ÓâÌ�/ , Ù"�U?Åì��U?=£; "��±YO\\ì
0�S16f�Ñ�, ��Aå�
Ï�¦>6ü$. SiN 0� MIM >NòzÅn�ïÄ�\�0�>NJø
�â.

'�c: SiN, MIM >N, "�, ²þ��c�m

PACS: 73.40.Rw, 77.55.–g, 71.55.–i

1 Ú ó

GaN �Åü¡8¤>´ (MMIC) >´¥�Ì
�ì�kp>f[£Çì� (HEMT) Ú SiN 0�
� MIM >N� [1,2]. ü¡>´���5Ä��ûu
Ì�ì����5.SiN 0� MIM >N���=g
u HEMT, �3¢S¦^L§¥ MIM >N���
%Ø´	ú.   ù
��¬�Ø/8(� HEMT

���. ÏdïÄp���0�>Né½ü¡>
´�~�. ,	, MIM >N�0�Úðz¤^�
0�  Ó�DÈ, ÏdÏL0�>N���55
µ�0�DÈó²�Y²C�ék¿Â. �m�6
0�ÂB�. (TDDB) ´L�0�>N���k
��. [3]. ÏLð½>Ø\�¢�Ú�·>Ø\
�¢��±é0�>N?1Æ·�O [4−8], Ó�é
0�>N��Ån�ïÄ�?�ÚJp0��þ
�²
�� [9,10],��O(�Æ·µ�Jø
nØ
Ä: [11]. �©òé GaN MMIC ¥�`z� SiN 0
� MIM >N?1��5µ�, ïÄ0�>N��
��ª!��Ån,�\�0�>N���5Jø

�â, Ó�?�Ú/íÄÚ�õ SiN 0�DÈ�L
§ó²��.

2 Á��{9L§

\�Aå¢�´µ�ì���5�k��{.

ÏL\�>|Ú§Ýþ�\�>N���. �Á
�À�>|��ì�\�Pz�Ïf, æ^ð½A
å�ª. ù�¦¢�I�Ün/À�\�>Ø, Q
�yì�Ø]mÂB, q��y3·���mS�
�. ��BÿÁ, ¢�À^ 120 nm þÝ� SiN 0
� MIM >N��¬, º� 100 µm×100 µm. �þ
�0�>NÂB>Ø�L���Jø���>Ø.

SiN 0�æ^ PECVD DÈ,§Ý^�� 180 ◦C. (
½0�>N�]mÂB>Ø (��3 75 V), 3Â
B>Ø±e± 3 V�FÝ4~À�Ü·�\�>
Ø Vstress, = 65 V, 62 V, 59 V, 56 V, 53 V. ò�¬©
� 5 |, z| 6 �, ©OéAØÓ�\�>Ø?1
¢�. ÏLw�º*	>N÷*(�, ±ÑyÂB
:����â. ¢�¥��gÄP¹0��¦>6,

Aåc�æ80�>N� I-V A5.
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3 ©Û�?Ø

3.1 ���������ªªª

¢ � ¥ MIM > N Ñ y ü « a . � � � �
ª, � «�7 á � � > N þ 4 � � � í x L
ä (ã 1(a)); ,�«�0�ÂB (ã 1(b)). ü«
���ªu)�^�k¤ØÓ. c�«��u)3
�u]�ÂB>Ø�>Aåe, d��¦>6��,

7á�íxku0�ÂB, ��T MIM >N]�
���´¶3u7á�íx�9Lä; ��«��
u)3Aå>Ø�u]�ÂB>Ø�\�PzL
§¥, Ly�0�MÂB (�)>Nþe4�ÂB).

ü«���ª`²�íxó²Ú(��±?�Ú
U?, Ó�0�"�I:ïÄ.

ã 1 MIM >N���1Æì (a) �íxLä; (b) 0�MÂ
B (�1)

3.2 """���UUU???

0��"��±ÏL>N��>A5k¤�
N. ã 2�ØÓ§Ýe MIM >NÿÁ(���¦
>6, �±wÑÙp|Ú$|�>5Æ�,ØÓ.

�>|rÝ$u 3 MV/cm � (=$|), I-V A5÷
vî0½ÆÚ arrhenius �. [3],

JΩ = σ0 exp
(
−EΩ

kT

)
× E, (1)

Ù¥, σ0 ´�>Xê, EΩ ´-¹U, E ´>|rÝ,

k ´Å�[ù~ê, T ´ýé§Ý. 0�Ly�î0
Ån�@�´�«a��>�ª. 16fÏL��
�B��ªl��"���,��"��, l¢

y�>. duÿÁ���°Ý�Ï, $>|eÿ�
�0�>6ÅÄ5��, Ø|uêâ©Û. 3�p
�|re, I-V A5LyÑ Frenkel-Poole �>Ån.

�{l.�>�ý�� Frenkel-Poole >6�ÝL
�ª� [3]

JFP = σFPE exp

−
(
φt − β

√
E

)
kT

 , (2)

Ù¥, φt ´"�U?, σFP ´ Frenkel-Poole �>X

ê,k ´Å�[ù~ê,β =
√

q

πε0κ
� Frenkel-Poole

u�Xê, ε0 ´ý�0>~ê, κ ´ SiN �é0>
~ê. é (2) ª?1·��Cz, ��

ln
(

I

V

)
= ln

(
AσFP

d

)
− φt

kT
+

β

kT

1√
d

√
V , (3)

Ù¥, d �0�þÝ, A �>N¡È. �â (3) ª

±�'u ln
(

I

V

)
-
√

V ��, ���Ç K =

β

kT
√

d
, �3p� I��å D = ln

(
AσFP

d

)

ã 2 ØÓ§Ýe MIM >NÿÁ(���¦>6

ã 3 ØÓ>Øe0�>N� ln(I/V )-1000/T 'Xã
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− φt

kT
, éN´�� β = 3.4 × 10−4 V1/2cm1/2. ã 3

�ØÓ>Øe0�>N'u ln(I/V ) � Arrhenius

éêã, �5[Ü�Ç slope =
(
β
√

E − φt

)
/k, Ù

éA�\�>|©O� 4.6 MV/cm, 4.9 MV/cm,

5.2 MV/cm, ?  í � Ñ φt1 = 0.89 eV, φt2 =

0.89 eV, φt3 = 0.90 eV. dd��, "�U?�\
�>|���Ã'.

3.3 ���...ÂÂÂBBB>>>ÖÖÖ���ÝÝÝ

L 1 �>N3�\�>Øe�²þ��c�
mÚ²þ>6Czþ (6 ��¬�²þ�). 3>
N0�ÂB�, �¦>6�O\þé�, ddw
Ñ MIM >N����ÏØ´üX�>6O�, 
´>63�mþ�È\��
>N0�¤U«É
���>ÖK1?E¤ÔnÂB, ù÷v�m�
60�ÂB�.. ��0��ÂB�>Ö�Ý Qbd

�L«� [12]

Qbd =
∫ tbd

0

J (t)dt, (4)

Ù¥, J (t) �ÏLÿÁ�¬�>6�Ý. Scarpulla

�< [3] ïÄ� SiN MIM >N3~§e�ÂB>Ö
�Ý Qbd ºX 0.1—150 C/cm2 (0�þÝ 200 nm,

¡È 2560 µm2), ¿@��p� 150 C/cm2 ���

L 1 >N3�\�>Øe�²þ>6CzÚ²þ��c�m

ð½Aå>Ø/V 65 62 59 56 53

Ð©²þ>6/µA 13 6.2 2.7 1.31 0.62

���²þ>6/µA 22 7.1 4.1 1.64 0.77

MTTF/s 72 130 789 1545 2265

ã 4 0�>N��¦>6��m�Cz�¹

ÂB>Ö�Ý, ��� Qbd u0�����Â
B, Ì�´ó²¥Ú\�,��"��K�. ã 4

�\�>Ø� 59 V �,� MIM >N��¦>6
��m�Cz�¹. ð½Aåe�¦>6kÅì
O\, ���½§Ý�m©eü, �X>NÂB. T
y�� SiO2 0�>N3ð\�>Øe�Aå>6
üNü$�òzA5ØÓ [10], ØU{ü�8(�
0�SÅìOr�K>Ö¥%é>f5\�{	
�^¦�Bk�¡Èü$. ù3e�Ü©�\?
Ø. dã 4 �±��� MIM >N�¬� Qbd ��
� 30.2 C/cm2, ��u®������. k©Û@
�, ���>N¡È�K� Qbd, Ï�>N¡È�
�, �©"��3�VÇ��, Ó�3p|e0�
�)#"��VÇ��, lü$
 Qbd �. ó²
L§¥Ú\�,�!ÛÜ��â!.¡Ø²��
Ï�´�� Qbd ü$�'�Ï�, �´`z>N�
�ó²�:.

3.4 000���>>>NNNòòòzzzÅÅÅnnn

�
?�ÚïÄ MIM >N��¦>63ð
½Aåe�òzÅn, ¢�éÓa�¬Aåc�
0�>N��>A5?1
©Û. �â (3) ª±

�'u ln
(

I

V

)
-
√

V �� (ã 5), §£ã
Aå

cÚ²L 3 min \�Aå�� MIM >N�>A
5�Cz�¹. Ifresh L«Aåc0�>6, Istress

L«Aå�0�>6. ÏL�5[Ü��Ð©�
Ç K1 = 3.8, Ð©�å D1 = −46.0; Aå��
Ç K2 = 3.3, Aå��å D2 = −41.5. êâL²A
å��Ç~�, �åO\. ,	, ÏL Arrhenius �
.�±��Aå�0�"�U? φt = 0.95 eV, '
AåcU?\�. (Ü (3) ª©Û,·��±�Ñ0
�>N3p|Aåe Frenkel-Poole �>Xê σFP

O\, Frenkel-Poole u�Xê β ~��(Ø.

(Üã 4 0�>6�òz�¹5w,·�@�
Aåe@Ï�>6O\´ Frenkel-Poole �>Xê
O\Úå�. l (3) ª©Û, Aåe β ~�, φt O\,

Ù¦ëþ�½�, ¤±�U´ σFP O\âUÚå0
�>6�O\. Aå�Ï0�>6Åìeü�y�
� SiO2 0�òz��y��q, �ÃØ´���
B¡Èü$nØ [10] ½öK>Ö"�¥%pu��
�N\>|nØÑØUÚ��)ºù«òzy�,
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Ï�Aå>6ü$�Ó���X β �~�. e¡
lo��¡�ã0�òz�U�Ån. 1�, ��
�B¡È�ü$=U¦o�>>6ü$, §ØUK
� Frenkel-Poole ���Ç, ¤±ØU)º β �~
�. 1�, e�Ä�²pu���>| Et �K�,

Frenkel-Poole >6�Ý�{üLã�

JFP = σFP (V/d − Et)

× exp

−
(
φt − β

√
V/d − Et

)
kT

 , (5)

T�.�±)º"�pu���>|O\Úå
Aå>6ü$�y�, �´lã 5 5w, Aå�
� Frenkel-Poole ��,��5��Çü$, K�
¦ Et ´ V ��g�Xê¼ê; ,��¡, Aå�
K>Ö"�¥%�Ý�½�, nØþÙ�)���
N\>|�A�½�, K�¦ Et � V Ã'. ¤±
T�.�ØUéÐ�)ºþãgñ. 1n, lu�
Xê�nØ½Â5w, β �~��@�´ SiN 0>
~ê�O\. Ryuzaki �< [13] 3ïÄ� SiO2 0�
ÂBA5�@� β �~��U´du0�É��
�0>~êO\. ��¢�c�²{=A©¨, �
3�4�í�m¥?1, �íéÙ�K�Ä��±
�Ñ. 1o, nÜ�Ägd>f!�Ì."�!É
Ì."�é0�>6�K�. Yeargan �< [14] QJ
Ñ Frenkel-Poole *Ð�., T�.�Ä
á�S>
fY²Cz�Ö��A. Frenkel-Poole *Ð�.�
L«�

JFP = qµ
Nc (Nd − Na)

2Na
E

× exp

−
(
φt − β

√
E

)
ξkT

 , (6)

Ù¥, ξ ´Ö�Ïf, �ûu¤�U?� �, Nc ´
��.����Ý, Nd, Na ©O´�ÌÚÉÌ�¡
�Ý, q ´>f>þ, µ ´16f[£Ç. �gd>
f�Ý��u�ÌÚÉÌ�, ξ = 1; �ÉÌ¡�Ý
��ugd>fÚ�Ì�, ξ = 2. 0uü4��m
�, ξ 0u 1 Ú 2. éu�¢�, SiN 0�3��\
pAå�, á�SÜ�gd>fY²�'�ÌÚÉ
Ì"�5w'�$, d��0��>Ån�w�²
;� Frenkel-Poole u� (ξ = 1). �pAå±Y�
\�, 0�SÜ�)#��Ì."�, ÏdJø�
õ�gd>f, ù�:lAå@Ï0�>6��Ì

O\�±wÑ5. �Ì."��Ý Nd O\, 3 (6)

ª¥�U��0�>6O\�(Ø.  σFP 3 (6)

ª¥äNLy� qµ [Nc (Nd − Na)] / (2Na), ù�þ
�ã¥©Û@� σFP O\�(Ø�´ÎÜ�. �Ì
."�Úgd>f�O\¦�ÉÌ."��é~
�, d�Ö�Ïf ξ òl 1 � 2 Cz, ù�¢�(
J ξ = 1.15 ÎÜ. 3Aå�Ï0�>6m©eü,

l (6) ª©Û�U�[£ÇÚÉÌ."��Czk
'. eÉÌ"�3Aå�Ï�)�õ, (¢¬E¤
0�>6eü, �³7¬¦ ξ ~�, ù�y�I�
¢�ÿþpAåe� MIM >N��>A5âUe
(Ø. �ö@�>f[£Ç~��)ºq��Ü
n. 0�¥"��Ý�O�¦�16f�Ñ�O�,

Ñ�³7Úå16f[£Ç�eü, ?¦�0�
�¦>6�eü. ¤± Frenkel-Poole *Ð�.éï
Ä SiN 0� MIM >N�òzÅnk��^.

ã 5 0�>NAåc� Frenkel-Poole ��Cz

3.5 ²²²þþþ������ccc���mmm

¢�éÊ|ì�?1ð½Aå\�Pz, �'
êâ�L 1. æ^�5>|�.	í²þ��c�
m MTTF, T�.�±L�� [15]

MTTF ∝ exp [−γ (E)] , (7)

Ù¥, MTTF �²þ��c�m, γ ��5>|\
�Ïf, E �\�>|. ã 6 � SiN 0� MIM >
N (100×100 µm2) �\�Æ·�, Ù3 20 V ó�
>Øe� MTTF ©O� 7.7× 107 s, γ� 37.5 nm/V.

T(J�ISY²k�½�å, �UkA�¡�Ï:

1) 8c SiN 0�DÈó²^�´A^uì�ðz
��(����, ´Ä·^up��� MIM >N
�����ïÄ; 2) ¢�À^��¬>N¡È��,
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O\
"��)�VÇ, ü$
ì����5; 3)

>Nþe7á>4�o÷Ý3��L§¥vk
:�Ä, ù�Ï�K� MIM >N�k�0�þ
Ý, K�ì����5.

ã 6 SiN 0� MIM >N�\�Æ·�

4 ( Ø

�©é GaN MMIC ¥ SiN 0� MIM >N�
��5?1
µ�, (½
>N�ü«���ª.

ÏLïÄØÓ§Ýe0�>N��>A5¦)

0�S�"�U?. 0�>N��.ÂB>Ö�Ý
��, `²0�S"�Ì�´ó²L§¥Ú\�,
�. ©Ù:©Û
0�>N3p|e�òzÅ
n, ÏLïÄð½Aåe0�>N�¦>6�Cz
A:ÚAåc�0�>N�>A5, @�pAåe
0�S�)#��Ì."�, ¿ÓâÌ�/ , Ù
"�U?Åì��U?=£; "��±YO\\
ì
0�S16f�Ñ�, ��Aå�Ï�¦>6
ü$. ��^�5>|�.	í�ì�Æ· MTTF

� 7.7 × 107 s, \�Ïf γ � 37.5 nm/V. é SiN 0
� MIM >N��5�µ�9�'òzÅn�ïÄ
�?�Ú`z0��þ�²
��.

a�¥I�Æ��>fïÄ¤�Åì��8¤>´¢

�¿ÿÁó§�î�guÚoô¿éAå��^�Úp>

ØAå²����Ú�o.
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Abstract

Reliability assessment of SiN MIM capacitors in GaN MMIC is performed by constant voltage stress test. Two kinds of failure

modes, critical charge density at which the dielectric breaks down and mean time prior to failure are investigated. The trap energy

level in SiN dielectric is obtained by temperature dependent current characteristics. The degradation mechanism of SiN MIM capacitor

is analyzed. The research shows that new donor-like traps are generated at dominant position during the stress. And the trap energy

level becomes deeper after stress. The increased trap accelerates the scattering of the carrier, which leads to the decrease of leakage

current in the end. The investigation on the failure mechanism of SiN MIM capacitor provides a reference for reinforcing the dielectric

capacitors.

Keywords: SiN, MIM capacitor, trap, MTTF
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