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�C�¡��¥»
� (FC-PBGA) µC/ªÕA
�2�A^, ©ÛïÄÙ3¢SA^L§¥, 3p§!>!
Yð�õ«nÜ�¸Aå^��^e���ÅnéJpÙA^��5k­�¿Â. �©é 0.13 µm 6 �ÔÙ�ó²
� FC-PBGA FPGA ì�, ÏL�³ì�3±p§£6ÅL§¥�9 - Å�Aå�Ì�nÜ	Aå�^e����
ª, ©Û����ª�éA���Ån. ïÄ(JL², FC-PBGA ì�|C��S	§�9p§£6ÅSCL§
¥¤�)�9 - Å�Aå´��������Ï, 3TAå�^e, �¡þ�Å¥¬u)2LK!x���Å¥�
ì�á´��; �¡�Ä��m�W¿�¬u)�¿©�!�C�¡Å¥m�/øá�ì�m´��; �¡SÜ�
Ô/$ k pë(����5É�ú
K� FC-PBGA ì��¦^Æ·.

'�c: �C�¡, ��¥»
�, ��Ån, 	Aå

PACS: 85.40.Qx, 65.40.De, 68.60.Dv

1 Ú ó

�C�¡��¥»
�µC (FC-PBGA) ´u
¢y�¡�p�Ý!p5UÚ�.zµC, ¤�C
c5õõU9p I/O Ú�µC, X CPU, DSP, FPGA

�pàì���ZÀJ
�2�A^ [1].

�´�C�¡µC�(�A:, ��§Ø�
;�/�3X�
K�Ù��5�AÏ¯K. Ù
¥�¡�Ä��m�9)äXêØ��¬��Å
¥9C/
K�µC(����5 [2−4], ��Ä
��A^\ì
Å¥à:��N�� [5,6]. µC
L§¥W¿��Ú\òÅ¥�}�AC=£�W
¿����á��m�.¡, ¿¦ù
.¡´u
Ñy©�
K�µC���5 [7−14]. Ó�, �C
�¡µC)�L§¥¤²{��C�¡�¥!9
Ì�Á��õ�p§L§¤Èà�9 - Å�Aå

éÔ/$ k 0��¡�(���5�K��ØN
�À [9,15−17].

Cc5IS	Æö�é�C�¡µC�(
��O!á�`À��¡mÐ
ïÄ, Äuk�
�½#�Z�^«�[�ý�{, ?1`z�O
±Jp�C�¡µCì���k��5. �k
' FC-PBGA µCì�3¢SA^L§¥��9
��5�¡���ÿ�õ�. FC-PBGA ì�3¢
SA^L§¥, �9�;!$Ñ!��5Á�!
¦^�õ �L§, 3p§!>!Yð�õ «n
Ü�¸Aå^���^e, Ø�;��¬Ñy�
�. Ïd, é FC-PBGA µCì�¦^�3	Aå
�^e���Ån?1ïÄ©Û, �~�½ý�
���u)Jø�â, ±Jp FC-PBGA ì��
A^��5Òw�c�­�. �©ÏL�[ FC-

PBGA ì�A^L§¥¤�U²{��¸^�,

�)g,Ñ�!p§Å�!\>ÿÁ�, �³
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Ù�U����ª, ©Û����ª�éA��
�Ån.

2 ¢ �

ì��Äu 1.5 V, 0.13 µm 6 �ÔÙ�ó²
� � ¬, æ ^ � C PBGA µ C / ª. � ¡ ¡ È
� 8 mm×8 mm, ��Ä�, �¡þ�Å¥à:��
¬Å� (Sn63Pb37), må� 0.24 mm. �¡�Ä��
mW÷W¿�, �¡�¡Ê���Ñ9¡, �¡|
CÄ�æ^õ� PWB �, ¡È� 24 mm × 24 mm,

þÝ� 1.4 mm. Ä�	ÜÅ¥æ^âÕÔÃYÅ
�, �»�� 0.6 mm, Å¥må� 1 mm. ì��(
�Xã 1 ¤«.

µCÐ�ì�²Ð©>5UÿÁ9p�ê X

��ßÀ{*	, �Ø�3Å¥xëá´!m´
�"��ì�, �y¢��¬�õUûÐ. òõU
ûÐ��¬ 140 �u¿§�¸¥����, �é�
Ý 75%. 72 h �, ò�¬²þ©¤ 2 |, 1 1 |ì�
3SC� PCB �c?1 125 ◦C/24 h �ó�, 1 2

|ì��²ó���SCþ�. Å�SC�²ý9
§«��, ± 2—3 ◦C/s �,§�Ç×�þ,�£
6Å�«¦Åq��LzG�, ¸�§Ý 260 ◦C,

217 ◦C ±þ�Ê3�m� 90 s, 235 ◦ ±þ��m
� 30 s. Å�SC�¤�2g?1>5UÿÁ, u

yü|�¬¥þkì�Ñy��, Ì����Ly
�L 1. é���¬?1 X ��ßÀ{9(Æ×£
w�{ (C-SAM) ©ÛÙì�SÜ.¡G¹. ��
ä��µ�¬��*	¡½à�lfåEâ(Ü
×£>ºw�â*	©Ûì�SÜ���/m.

ã 1 FC-PBGA µCì��(�«¿ã (a) ýÀã; (b) ºÀã

L 1 FC-PBGA µC FPGA ²£6Å��>5UÿÁ(J

|O Ì���Ly |O Ì���Ly

1. >
�Küàá´��
1. �þ+�é/m´��

1 1 | 2. >
é/á´�� 1 2 |
2. A�+�é/m´��

3. ÛÜ«���S�¤k+�é/á´��

3 (J�?Ø

lü|����¬¥k©O]À1 1 a��
Ly��¬?1©Û. ã 2 Úã 3 ©O�>
�
Küà¥á´��!�þ+�é/¥m´���
;.�¬� X ��ßÀã, �vk����¬�
', ¥á´����¬Å����C�¡«�S

�3�¦�¡GÒK (ã 2), ¥m´���¬�
�C�¡«�SK�3�þ/GÉ~!Ø5K�
Å¥/m (ã 3). C-SAM ã�w«¥á´���
¬�C�¡«�S�3¡GÔ (ã 4), 
¥m´
���¬µCSÜK�3�¡È�©� (ã 5).

Ð Ú í ä T ì � � � � � C � ¡ þ � Å ¥
k'.
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ã 2 ¥á´���¬�C�¡«�S*	���¦¡GÒK

ã 3 ¥m´���¬�C�¡«�S*	��/GÉ
~�Å¥/m

ã 4 (×ãw«¥á´���¬�C�¡¥�3É~ÒK

(Ü X ��9 C-SAM �*	(J, �µ¥
á´���¬¿��²1u�C�¡Å¥�¡�
²¡*	¡ (ã 6), l¥*	�Å¥�m�3É~

ã 5 (×ãw«¥m´���¬�C�¡¥�3�¡
È©� (�ÚÜ©)

ã 6 ² 260 ◦C Å�SC�¥á´�� FPGA �C�¡þ
Å¥mÉ~ë�Ô�;./m9��©Û (a) 7�ì¡; (b)

Å¥mÉ~ë�ÔÜ � EDX UÌ©Û

ë�Ï�/m, T��e�¡��3aqy�. é
TÉ~ë�Ô� EDX UÌ¤© (Xã 6(b) ¤«) ©
Ûw«: ã 6(a) ¤«Ï�Ü �â¹þ�� 68%,

Y�� 32%, Ùá�Ú�¡þÅ¥�á��Ó, þ
�Yâ�¬Å� (Sn63Pb37), TÅ��LK§Ý�
� 183 ◦C. 	ÜÅ¥¤©�âÕÔ, éA�LK§
Ý�� 217 ◦C. Ó�, ùü«Å¥¤éA�Å�¸
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�§Ý�ØÓ, ÃYâÕÔÅ��Å�¸�§Ýp
� 260 ◦C, 
Yâ�¬Å��� 230 ◦C. ì�|C
�S	§��L 30 ◦C. duTì���cÿ�\
>, �üØ>Aå�¡Ï�
�����. Ïd, �
C�¡þpë��$L:�¬Å�3	ÜLp�
Å�§Ý��^eu)2gLK, ¿3W¿�¥6
Ä, ¦�����Õá�Å¥x�á´´��Tì
�>
üàá´������Ï.

�µ¥m´����¬¿��¿¡��C�
¡þkÉ~Å¥¤3�«� (ü/�)(Xã 5 ¥Jî
�¤«), *	��¡�Ä��m�W¿�u)�
¿©� (ã 7), �C�¡þ�Å¥Ñyä� (ã 8).

©�.¡u)3�CW¿� - Ä�.¡� �, Å
¥ - �¡.¡�Ð.

ã 7 ¥m´���¬W¿�3�¡"àu)m�

ã 8 ¥m´���¬W¿�¥�¿!Å¥ä�m´/m

�C�¡µC¥�¡�Ä��mW¿��\
\, ~�
Å:Ï9��E¤�Å�5m� [7], �

�Ïd�\
#�.¡(�, XÅ¥ - W¿�.
¡!W¿� - �¡.¡!W¿� - Ä�.¡. µC
L§Ú9Ì�L§¥�9 - Å�Aå���Lþ
ã.¡�(Üå, KLÏL/¤�É!�¿½øá
��ª5º�. Ó�, �¡�á�«���Säk
���9 - Å�Aå [8], Ïd, 3p§£6Å�ó
²�)�9 - Å�Aå��^e, �¡�á�W¿
� - Ä�.¡ÄkÑyÛÜ©� (ã 7). �W¿�
�ÛÜ©�uÐ¿�>�Å¥��, W¿���

é�¡ÚÄ�/C�åP, ~f
éÅ¥��½�
^, Å¥«Éd�¡�Ä�9)äXêØ��
Ú
å����5/C, ¦�¿3Å¥¥�)!uÐ,

��0B��Å: (ã 8), �´0BÅ¥��¿, �
�ì�m´��. Ó�, FC-PBGA ¥���Ä�Ú
W¿�Ñáu�¯5á�, ´uáN�í, T¢�
�¬u�é�Ý� 75% (pu J-STD-020C �IO
¥5½���^� 6 30 ◦C/60%RH) ��¸¥�
��, �²p§ó�?1Ø�ý?n
��Å�þ
�, µCSÜá�¥Yí���k�üØ, �ì�
�\9�Å�§Ý�, §¤áN��íÒ¬ðz,

3W¿�SE¤��Aå��¿�, =��s�A.

áN��í�õ, ¿�Ò¬�x³, ¦ FC-PBGA ì
���¡à:�µCÄ��mu)�¿©�!Å
¥ä�, �ª��õ�+��/�mm´��.

�âì��>´õUéÅ�þ��¿�Ñy
���ì�?1\>ÿÁ. uyk�¬�Ñy
�
�, Ly�>
é/á´. \>�cT�¬¿�Ñ
yL�þãüa���¬aq�É~�¹. ^z
Æ�{mµ�³�¡SÜ(�, �¡L¡Ã²wL
>�¤è,. �´3�¡L¡>�«�, Ü©Å¥
�Ü«e��ðz�90��¥»�y�. |^à
�lfåEâéT«�?1¿¡©Û, *	�º�
ðz��e�$ k 0��mÑy��¿ (ã 9), �
A�ò����¡L¡, ,
 ��¿®²p�ò
���¡L¡7áz«�. ù«�¹8¥3�¡>
�, ¥%«��uyù«y�. �Øðz�!1�
� Cu Ù�Ú1��0���, uy
ÂB�ú/
m (ã 10).

�C�¡µCé Cu/$ k (��K�®kL�
� [9,15], �DÚ��m0� SiO2 �', $ k á��
9)äXêp!ÅN5�!9D�Ç$. �C�¡
µC/SCL§¥�õ�p§K1, ¦ Cu/$ k �¡
�µC�m��p�^å (�.Uþº �Ç GC �
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ã 9 º�ðz��e�$ k 0��m���¿

ã 10 Cu/$ k 0��¡¥�ÂB�ú/m

u 10 J/m2) � � u Cu/$ k � ¡ 3 ) � ó ² ¥
¤«É�p§K1 (400 ◦C e%�¿§, GC �
u 1 J/m2). 
duº�pë(��µCá��C,

�¡º�ðz�9e��m�.¡«É
���
.å9}�Aå. Ïd, FC-PBGA 3p§£6Å�

9e%�¿§�§CL§¥, Lr§ÝAå9Å�
Aå���µC9C/���^u Cu/$ k pë
(�¥ÚåÛÜC/, r¦�¡º�ðz�9e�
$ k 0�m��¿/¤, ü$
�m0��ÂBr
Ý. 3���\>ÿÁL§¥, ��¿?�õ�Ù
�(�3>Aå��^e, �m0�ÂB��Ù�
má´, �ª��ì���.

éÙ¦����¬�?1��©Û9é', �
¬3²L£6Å�!\>ÿÁ�Á������
�¹®oXL 2 ¤«. l¥�wÑ, 3���¬¥,

86.7%����¬´du�C�¡þ�Å¥3	Ü
p§Aå��^eÑy¯K
��¦ì�õUÔ
���. ,	 13.3%����,´3>ÿÁ�â�
³Ñ5, ��m��ì�þ�Å���p§9 - Å
�Aåk', TAåí33�¡L¡9ÙSÜ�
m(��m¿E¤éì���5�¤%���U
ÿ�²wK�ì�5U�d3�«�ú, 3��
>Aå�Ó�^e�ª��ì���. dd��,

FC-PBGA �p§£6Å�ó²�)�Lr§ÝA
å9���)�Å�Aå´��daì����
Ì�Ï�. 3T9 - Å�Aå�^e, FC-PBGA µ
CSÜ��C�¡þÅ¥!�¡�Ä�m�W¿
�!�¡9ÙSÜ(�þk�UÑyØÓ§Ý�
�ú, ��ì���. ì�Å�þ�ckÃØ�ý
?néì�����ªÚ��Ånk��K�, ²
Ló�Ø�, µCá�¥¤�UáÂ�Yí��Ø,

~�
3Å�p§L§¥Yíðz
��ì�S
Ü(�m�����U.

L 2 FC-PBGA µC FPGA ²£6Å�!\>ÿÁ�����¹®o

���ã Ì����ª Ì����Ï �� Ó��

êþ '~ /%

Å�þ����

1. >
�Küàá´��
�C�¡þ�Å¥du	Üp§Aå

9 602. >
é/á´��
��^u)2LK
á´��

3. ÛÜ«���S�¤k+�é/á´��

4. �þ+�é/m´�� �C�¡þ�Å¥du	Üp§
4 26.7

5. A�+�é/m´�� Aå��^
ä�m´��

Å�þ��\>ÿÁ��
6. ,�>
àé/á´��

�C�¡º�ðz�9e�$ k 0�m3

2 13.3	Üp§Aå�^e/¤��¿"

�, 3��>Aå�^e, �m0

�ÂB��Ù�má´��
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p§£6Å�ó²�)�9 - Å�Aå, ��
¡5guÅ��p§, ��¡�k�U´duÅ�
�m��Ø�
Úå�. �
�yù�:, l��
��¬¥2�Ñ�¬²Ló�Ø���, 2?1Å
�þ�, Å�§Ý¿¡E,Xc¤ã, �´�mK
�é á, 217 ◦C ±þ�Ê3�mü� 50 s, 235 ◦C

±þ��mü� 15 s. ��2géì�?1\>ÿ
Á, ì��Ñy���y�.

A RoHS ��{5��¦, FC-PBGA µC�
ì�7LÃYz, �´SÜpë%��
�'{
5�¸�, = FC-PBGA SÜ�pëE,�±UY
¦^pY¹þ/p§�âYÅ� (X Sn10Pb90) ½
´âY�¬Å� (Sn63Pb37), 
	Ü¥/Ú�K¦
^âÕÔ�ÃY�¬Å�. ì�|C��S	§
�é FC-PBGA ì���5�ØûK�òkOÃ
~. eì�duÅ�cÑ�Ø���Ï��Yí�
\SÜ, �N´������), ¿\ìù«»�
(J.

4 ( Ø

�©æ^ FC-PBGA µCì�, ÏL�[ì�
A^L§¥¤�U²{��¸^�, �³Ù�U�
���ª9��Ån. (JL², FC-PBGA |C�
�S	§�9p§£6ÅSCL§¥¤�)�9 -

Å�Aå´��������Ï. T9 - Å�Aå
¬¦�¡þ�Å¥u)2LK!x���Å¥�
ì�á´��; ½���¡�Ä��m�W¿�u
)�¿©�!�C�¡Å¥m�/øá, ì�m´�
�; ½í3¿�^3�¡SÜ� Cu/$ k pë(�

K�(����5, ù
Ñ��K� FC-PBGA

ì��¦^Æ·ÚA^��5. ÃYÅ¥ó²/k
YÃY·Có²�Ú\?�ÚJpS	§�9Å
�§Ý, ¦ FC-PBGA ì�UÄ��/¦^¡��
î��]Ô. é FC-PBGA ì�¦^�
ó, L\r
ì����+n, �yì���3v
ZH��¸
¥
Øu)LÝ�á�y�.
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Abstract

Flip chip plastic ball grid array (FC-PBGA) is unique and has been widely used. During FC-PBGA’s practical application,

the analysis of its failure mechanisms under high temperature, electricity, water vapor and other comprehensive environmental stress

conditions is very important for improving its application reliability. In this paper, with 0.13-µm/6-level copper-based FPGA with

FC-PBGA package, failure mode of the device is exposed under external stress, which is dominated with thermal-mechanical stress

generated by high temperature thermal reflow process. And the failure mechanism corresponding to the failure mode is analyzed.

Results show that the basic cause of the failure is the thermal-mechanical stress, which is induced by the combination of internal and

external reflow temperature difference and high temperature reflow process when assembled. The thermal-mechanical stress makes the

solder bumps on the flip chip melt again and bridges the adjacent solder bumps to lead to the device short failure. It also induces crack

or delamination in the underfill, crack in solder bump or solder bump fallen off to lead to device open failure. The residual stress on

Cu/low-k interconnect structures damages the structure integrity and affects the reliability of FC-PBGA packages.

Keywords: flip chip (FC), plastic ball gate array(PBGA), failure mechanism, external stress

PACS: 85.40.Qx, 65.40.De, 68.60.Dv
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