
��������	�
��

��������	
��	���

�
�������	�

	��������������������
�����������������������

���� ����!�����������" !��#
�������
��������
���

��	���
��

������������	��
������������
�
	����������

https://www.elecenghub.com/IPC/175915449/IPC-7095?src=spdf


��� ������	
�� �


���������������
�� ��� ���� 	
� ��
�� ���
����� ��	���	��� �����	��� 
����		�� ����
� ����	�� ���������� � 

!	�������"�	��� �� � #�����# ��������� � ��
�� �	�������"�	��� �  ��	�$

��������� ��	
���

% !
�& ����	����
�� 	� '���#�  �� ���� ��	���(���	�

�')�� ��� '���#�  �� 	
� ����������	 �')��

% ������"� 	��� 	� ���*�	

• Contain simple (simplified) language

% +��	 ������� ���� �� ����	���

% )���� �� ��� ������	 ��� �������

% ������� �  ���(��* ���	�� �� ��� ���

���(����  ��  �	��� ����������	

��������� ��	
�� 
	��

% ��
�(�	 ������	���

% �������� 	���,	�,���*�	

% -��� ������ ��	

% �������� ����� 	���

% ���� ��� 
�& 	� ��*� ����	
��#

% 
��	��� ���	
��# 	
�	 �����	

(� �� ����� &�	
 ��	�

������ ��
 !	������� ��� ��(����	���� ��� ����#��� 	� ����� 	
� ��(��� ��	����	 	
���#
 �������	��# ���,

������	�����#� (�	&��� ���� ��	����� ��� ����
�����.  �����	�	��# ��	���
��#��(���	� ��� �������,

���	 � ������	�. ��� �����	��# 	
� ����
���� �� �����	��# ��� �(	�����# &�	
 ������� ����� 	
�

������ ������	  �� 
�� ���	������ ����$ ����	���� � ���
 !	������� ��� ��(����	���� �
��� ��	 ��

��� ������	 �������� ��� ���(�� �� ������(�� � ��
  ��� ���� ��	����# �� ������# ������	�

��	 ��� �����# 	� ���
 !	������� ��� ��(����	���. ��� �
��� 	
� ����	���� � ���
 !	������� ���

��(����	���� �������� 	
��� �����	��� ��� (� 	
��� �	
�� 	
�� ��
 ���(���. &
�	
�� 	
� �	������

�� 	� (� ���� ��	
�� �����	������ �� ��	����	�������$

/���������� !	������� ��� ��(����	���� ��� ����	�� (� ��
 &�	
��	 ��#��� 	� &
�	
�� 	
��� ����,

	��� ��� ������� ��	��	� �� ��	�����. ��	������. �� ���������$ 0� ���
 ��	���. ��
 ���� ��	 ������

��� ���(���	� 	� ��� ��	��	 �&���. ��� �� 	
�� ������ ��� �(��#�	��� &
�	���� 	� ���	��� ����	��#

	
� /���������� !	������ �� ��(����	���$ 1���� ��� ���� &
���� ��������(��  �� ���	��	��# 	
��,

������ �#����	 ��� ������ � ���(���	���  �� ��	��	 �� ���#����	$

��� ��������

��������� ��

�	���
�������

�������� ������

�	 �� 	
� ����	��� � ��
�� ���
����� ��	���	��� �����	��� 
����		�� 	
�	 	
� ��� ��� ��������	�	���

� ��
 ��(����	���� �� �����	��� ��� �� ���	 � � ����	����
�� ��	���� ��	� (� ���	���� ��� ��������$

2
�� �� ��
 ��(����	��� �� ����	�� ��� � ��& �������� �� ��(���
��. �	 �� 	
� ������� � 	
� ���


	
�	 	
� ��� � 	
� ��& �������� �� ���	 � �� ����	��# ����	����
�� �� ��	 ��	���	�� ������ ��3�����

(� 	
� ���	���	$ �
� ���
 ���������� 	
� ��� � 	
� ��	��	 ��������$ ����	�� 4�	�(�� 5. ���6

��� �� �����

� ������ 
��

���� ���������

7��� ����
��� � 	
�� �������	 ���	��(�	�� 	� 	
� ��#���# ����������	 � ��& ��� ����	�� �����	��

�	������� ��� ��(����	����$ !	������� ����& ���� ��	�����. ���	�����. ��� ��������� 	� ������	���

��� ���	
�� (�		��$ !	������� ����& ���� ��	����� #���	�� �  ��������� &
�� 	
�� ��� ��	 �� 	
���

��������� 	� ���	 �����	�� �	�������. ����&��# 	
�� 	� �  �� 	
��� ���	����� ��&�� ���	�$

��
 ������ 
������� � 	
������� � ������� �������� 	� ������	 ��
�� �����	���� �� 	
� �	�������

��� ��(����	���� ����������	 �������$ �
��� ��� ���� ������ � ��� 	� ���	 ��	  �� �����& ���

	
� �����		��� ����� 
������� � 
���� �� �����& ��� ����������	$ ��
�� �	�  �		���� ��� ���,

	�����	�� �� �����		�� ��	���	���. 	�����	� ��� �������	�� �������	 ��� 	�. ���  ����&� ��� ���������

���������� 	� 3���� �  �� �8!� ��������$

��
�� ���(���
�� ���� 
��� (��� *��	 ��& 	� ����& �� ���� ��������� �� �����(�� 	� ���	�����	�$

�
��� ���. 	
� �	������� ��� ��(����	���� ������� �� ��������� 	� ���������	 ���� �������$ �
�

����� ��
����� �  ��� � �9: �������	 	� ��
 ���(���$ � ���� ������� (��� ��
 �	������� ���

publications, why not take advantage of this and the many other benefits of IPC membership as

&���; )�� ���� �� ����	��� �� ���(���
�� �� ��
. ������ ����	 &&&$���$��# �� ���� 6<=>��=,?69�$

�
��* ���  �� ���� ���	����� ������	$

��������	
 ��
 � ���� ������������ ��������� ���� ��� ���	
� ������� �� �� ��
	 ��
����
����� �� ���!�"������ �������	
 ������
����� ���

�������	 
������� �� �
��� ��������
��� �� 
��
� ��
�����
 ��
���
 
�� ����� ���

�� ���
��
 �� 
�� ��������
 ������ �
 

���
�� �������
�� ���

���

�
�
�
 �����������
 ����� 
�� ��������
 ��� �� 
�� ���
�� �
�
�
�

https://www.elecenghub.com/IPC/175915449/IPC-7095?src=spdf


��������	�
��


������ ��� 	���
��


������� �
���
��������

��� ���� ���� 	���
� ���	��

��������� �	 
�� �
�� ���� ���
	 �
�� ����� ������� �� 
��

�������	 � ��� � ! "��#����� $����

�� ����%� �� &"$

'���� �� 
��� �����#

�� 
�� � #���
!�� 
� �
�
�#��

� � 
��

��������� 
 �� ��
��� ������� �(

$� 

#
)

&"$

*%%% +
������ �����, -��
� �%�.

�
  �#���� , &��� ���

/%%�����01

��� 203 /��(3�%%

4
5 203 /��(3�%�

�����������

&"$�3%1����6� � �� � �%�1

&"$�3%1�� � �� � �%�2

&"$�3%1�$ � �
 �
�	 �%�*
&"$�3%1�� � 6
�#� �%%2

&"$�3%1�� � 7#
���� �%%0

&"$�3%1� � ��!��
 �%%%

�

https://www.elecenghub.com/IPC/175915449/IPC-7095?src=spdf


���� ���� 	
��
���
�

� ���� �
�
�

https://www.elecenghub.com/IPC/175915449/IPC-7095?src=spdf


����� 
�������

��� �������	 ��������# � ������� 	��
����#� ���&� ��	�����  ��� � ���	 ���(�� � ������� ������ ���� ���	����	�$ 2
���

	
� ��������� ���(��� � 	
� ��
 0��� @��� ����� ���* @���� ��,?� � � 	
� �����(�� A +�����# ��������� 
����		��

��,?9� ��� �
�&� (���&. �	 �� ��	 �����(�� 	� ������� ��� � 	
��� &
� �����	�� �� 	
� �����	��� � 	
�� �	������$ �� ���
 � 

	
��. 	
� ���(��� � 	
� ��
 ��	��� 	
��� #��	�	���$

�����!
� " #������
��������� ���������

$�

 %��� �����
���� %���	

��������
 &������ �
 ���
��� $���� �
 '��������


�,

����

'����� B$ )��	��

������� '� ���� �#����

B�� �$ B��(��	

����
 
������	���

C��� 

���

-���� �$ ����� ���

���
� �����(�� !���	����



���

/�� ������

/�� ������ 
�����	���� @����

/�( /�&����

����� ����	������. BB


0�( 8����

�����	�* �

��#"
��� B�(���	�����

$�

 %��� ����� ���� %���	

2������ �(���. '���. ���$

'���� �����. /��*&��� 
������

+���� ��(��. B��*
��� ���	�� !����

!��	��� 
������

'��� ����. ��	�� 
���$

/��
��� ������. 
��	����	��

��	���	��� !��	���

/�������� ���������. ��	�� 
���$

���� ���	��. ����	����� 
��	����

'���#�. ���$

+�
��� 0�����. B��*
��� ���	��

�������� A )��� 
��	���

���"�(�	
 0�����		�. D�&��		,���*���


������

@����� B����� 0�#��	. 0��
	�� ����	

���
�����. ���$

B���� 0���*. /��	
��� �������

!��	���

+���� '�##�		. /��	
��� 
������

���
��� '��*��. ���	�� @���
���


������	���

D����� �������. E���	�� 
������	���

@��� )���
��. 8�!� @������ !����

)��#
	 
��	��

+�� )F���	��. C�����	 ����	������

��
����� @���
�. 8��	
���

@������ ��������� !��	���

/�"� @
�  �����. +�	 ����������

B�(���	���

/����� @��. / A ' �����(��

���	�� D��	. ������� 
������	���

'���� D������. /��*&��� 
������

/�(��	 D����. ���	 ����	������

� � D��. ��	�� 
���$

@��# D���	. 0�� !��	���

+����� D&��#. D,���
����#���

@����

/��
��� ������. /��	
��� 
������

���* +������. �0� 
������	���

!
������ +�
��. B��*
��� ���	��


������	� ��#�������#

���
��� +�
����. �>�,
4�

���
����#� !���	����. ���$

����� -�����. D����&��� ���������

+����
 -���. 0�� !��	���

��		 -����. �0� 
������	���

/������ -���. ����	���� 
�������	�

���$

C�F�� -����. B��*
��� ���	��

������� A )��� 
��	���

-���� B��
��. ����	���� 
�������	�

���$

'���� B�(��. -�"�� 
������	���

-��� B�����. -��	��

!	��� ���	���. !������� ���$

-���� ��
������. 8��	
���

@������ 
������	���

'����� ��
�����*. 8!2
 
����

���� 8�����. '���. ���$

'���� 8�����. ��	��� ���$

+��* 4����. 
�	�������� ���$

��� ������
. !�� ����	������. ���$

!�� ���*$ B��*
��� ���	�� ��������

��� )��� 
��	���

+�#�����
 /��
�*���
���. ��	�� 
���$

�� /���. ��	����� !���	����

���
��� /�	
. �0� 
������	���

/��
��� /����. D����&���

���������

)�������� !����"��. )B�G

-��� !��	��. 4����� �������. ���$

+�  !�
�*�. �!� �����(�� !��	���

���	�� !����	�. /��	
��� �������

!��	���

+�  !
�(���*�. /��	
��� 
������

C��� !��(��#. !��(��# ���
�����


�����	��#

@��## !	�����. ������� 
����	�

���
����#���, /�	��� !���	����

+�
� �
������. )
� 1!�. ���$

-���	�� ������. D�&��		,���*���


������

����� C������. !�����	���

���
����#���

1�� 2��"��. /�(��	 0���
 @�(D

B���� 2����. B��*
��� ���	��

������� A )��� 
��	���

���
��� 7���. )������

���

https://www.elecenghub.com/IPC/175915449/IPC-7095?src=spdf


��� �����	
��� 
�� ������
	� ����� �� ������ ��� 
��� ��������
� ���� ����
�� ���

�	� �� 
�� ������	
 �	����

��
 ��� � 
������ ����
	� ���

	� 
� 
��� 
���� ���

�	 ��

� �	� ��	
�	
 ��	
�
��

�	� �	� ����� 
��� 
	
� 
��

�
	�� ����
 ��� �	���
��  ��
��! "��
� �����
� ��������
�� 
�� ������� �� ���
	� 
�� �
�	���� ���� ����
	� ����
 
�

�����
 �������� 
	 ���� 
��	 �	� ����!

/�� ������. /�� ������ 
�����	����

@����

/�( /�&����. ����� ����	������.

BB


-���� ��
������. 8��	
���

@������ 
������	���

� � D��. ��	�� 
������	���

0
��� !���. 8�!� @������ !����

)��#
	 
��	��

'��� ����. ��	�� 
������	���

+�
� �
������. )
� 1!�. ���$

/�������� ���������. ��	��


������	���

��

https://www.elecenghub.com/IPC/175915449/IPC-7095?src=spdf


��!
� �
 ��������

� ����� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

�$� ������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

�$�$� ��	��	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

�$�$? ��	�����	�	��� � HH!
����� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

�$�$I ������	�	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

�$�$< 1�� � HHB����� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

�$�$� �((�����	���� ��� �������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

� ���	
���	� ���
����� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

?$� ��
 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

?$? +���	 !	������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ?

?$I +�'�
 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ?

?$< ��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I

� ��	���
�� ��
���
� ��� �����
�� ���

��	�������
�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I

3.1 Terms and Definitions ......................................... 3

3.1.1 Solder%Mask%Defined (SMD) BGA Pad .............. 3

3.1.2 Non%Solder%Mask Defined (NSMD) BGA
��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I

I$�$I 8��&�	 4��� �824� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I

I$�$< D���,��,�����& �D��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I

I$? 4������& $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I

I$I '������	��� � �����(�� �� ���	���	��� $$$$$$$$$$$$$$ <

I$I$� B��� ��		���� ��� ����	�� 0����

��������	���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <

I$I$? ���
����#� 
��������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

I$I$I �����(�� �3������	 �����	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 6

I$I$< !	����� /�3�������	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 6

I$I$� ������	��� /�3�������	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 6

I$I$5 ���	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 6

I$< ����,	�,���*�	 /�������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 6

I$� ��	
�����#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

I$5 ������� !	�� �������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

I$= 0@� B���	�	���� ��� ������ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

I$=$� C����� ������	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �

I$=$? ����	��� !����	���	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �9

I$=$I 0@� ��� 0���� 
��������	� ��� 2����#� $$$$$$ �9

I$=$< /�&��* $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

I$=$� 
��	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

I$=$5 C���� �� 0@�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

I$=$= ��� 
��	����# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

I$=$6 D���,��,�����& �D��� '� ��	 $$$$$$$$$$$$$$$$$$$$$$$$$$$ �I

I$=$� 8��&�	 4��� �824� '� ��	 $$$$$$$$$$$$$$$$$$$$$$$$$$$ �<

I$=$�9 /����(���	� 
������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �<

� ��������� ����
�����
��� $$$$$$$$$$$$$$$$$$$$$$$$ ��

<$� !���������	�� ���*�#��# 
����������
��� '������ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

<$�$� ���*�#� )��	��� 
���������� $$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

4.1.2 BGA Package Influencers .................................. 16

<$�$I 
��	 
������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �5

<$�$< 
�������	 D������# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �5

<$�$� �
����� ��� ������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �6

<$�$5 !��	��� 
���	����	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �6

<$�$= ����	����� ��� ������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �6

<$�$6 ���
������ ��� ������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �6

<$? '�� ����	��# �� 	
� 0@� ���*�#� $$$$$$$$$$$$$$$$$$ ��

<$?$� 2��� 0�����# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

<$?$? )��� 

�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ?9

<$?$I 

��#��# 0@� �������	��� ��	������ $$$$$$$$$$$$$ ?9

<$?$< 4�	����  �� 8����(����� 0@�� $$$$$$$$$$$$$$$$$$$$$$$$$ ?�

<$I !	�������"�	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ??

<$I$� �����	�� !	�������  �� 0@�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$ ??

<$I$? 0@� ���*�#� ��	�
 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ?<

<$I$I 0@� ���*�#� 4�	���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ?�

<$I$< 0��� !�"� /���	����
��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ?�

<$I$� ���*�#�,��,���*�#� ����� 0@� $$$$$$$$$$$$$$$$$$$$$$ ?5

<$I$5 
��������	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ?5

<$< 
�������	 ���*�#��# !	��� 
��������	���� $$$$ ?5

<$<$� !����� 0��� ������ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ?=

<$<$? 0��� �		��
 ������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I9

<$<$I 
������ 0��� @��� ����� �
0@�� $$$$$$$$$$$$$$$$$$$$ I9

<$<$< 
������ 
����� @��� ������ �

@��� $$$$$$$$$$$ I�

<$<$� ����,0���� 0��� @��� ������ ��0@��� $$$$$$$$$$$$ I�

<$<$5 ���	����,'�� ���*�#��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I�

<$<$= !��	��,��,���*�#� �!��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I5

<$<$6 �
���,'���������� �I'� )����� ���*�#�
���
����#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I5

<$<$� 0��� !	��* $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I5

<$<$�9 )����� ��� !	��*�� ���*�#��# 
��(���	��� $$$ I=

<$<$�� ���*�#�,��,���*�#� ����� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I=

<$<$�? Benefits of Multiple%Die Packaging .................. 37

<$� 0@� 
�����	��� ��� !��*�	� $$$$$$$$$$$$$$$$$$$$$$$$$$$ I6

<$�$� ��	����� 
��������	����  �� 0@� 
�����	��� $$ I6

<$�$? �		��
���	 
��������	����  �� 0@�

�����	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I6

<$�$I 0@� ��	������ ��� !��*�	 ����� $$$$$$$$$$$$$$$$$$$$$ I�

<$�$< �		��
���	 
��������	����  �� 0@�
!��*�	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ I�

�

https://www.elecenghub.com/IPC/175915449/IPC-7095?src=spdf


<$5 0@� 
���	���	��� ��	������ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <9

<$5$� ����� � 0@� !�(�	��	� ��	������ $$$$$$$$$$$$$$$$$$$ <9

<$5$? 0@� !�(�	��	� ��	������ ������	��� $$$$$$$$$$$$$$$$$ <�

<$= 0@� ���*�#� '���#� 
��������	���� $$$$$$$$$$$$$$$ <?

<$=$� ��&�� ��� @����� ������ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <?

<$=$? !�#��� ��	�#��	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <I

<$=$I D��	 !������� ���������	��� ������ 	
�
���*�#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <I

<$6 0@� ���*�#� �����	���� 
��	���� ���
!
�����# )����	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <I

<$6$� ������# 0���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <I

<$6$? C���� �� !����� 0���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <<

<$6$I !����� 0��� �		��
 ��	�#��	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <<

<$6$< ���*�#� ��� 0��� 
��������	� $$$$$$$$$$$$$$$$$$$$$$$$$$$ <<

<$6$� ����	��� !����	���	� �0�*��#. !	���#�.
D������# ��� /�(�*��#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <�

<$6$5 !
�����# ������ ����� ��� /���. �����.
��(��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <5

� ��
���� ������ ��� ����� ��
��
��
���
��
��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <5

�$� !�(�	��	�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <5

�$�$� 4�#���� !�(�	��	�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <5

�$�$? ����#���� !�(�	��	�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <5

�$�$I D�#
,'����	� ��	��������	 �D'�� 0����,1�
B����� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <5

�$? 0��� ��	������ 
��������	���� $$$$$$$$$$$$$$$$$$$$$$$$$$ <6

�$?$� /���� !��	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ <6

�$?$? B�����	� ��	����� ������	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$ <6

�$I ����	�� 0���� !�� ��� )����
�� $$$$$$$$$$$$$$$$$$$$$$$$$ <�

�$I$� D�	,��� !����� B������# �D�!B� $$$$$$$$$$$$$$$$$$$$$ �9

�$I$? 4�#���� !������(���	� ��������	��� �4!��

��	��#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

�$I$I 8�(�� ���	��#�>
��	��#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

�$< !����� ���* $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

�$<$� 2�	, ��� '��,)��� !����� ���*� $$$$$$$$$$$$$$$$$$$$$ ��

�$<$? +�		�(�� !����� ���* $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

�$<$I /�#��	��	��� � 0����,	�,����� ���#�  ��
!����� ���* $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �5

�$� C�� ���	��	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �5

�$�$� �������
�� C��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �5

�$�$? C�� ���	��#. ���##��# ��� )�����# $$$$$$$$$$$$$$$$$$$$$ �5

� ��
���� �
��

� ������	� ���
��
����
�����
��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �6

5$� 
�������	 ��������	 ��� 
��������� $$$$$$$$$$$$$ �6

5$�$� ���*,���,����� �����(�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �6

5$�$? /�����>/�&��* /�3�������	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$ �6

5$�$I @��(�� ��������	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��

5$�$< ���#����	 B�#���� �!��*�������� ��*. 
�
Features, Pin 1 Identifier) .................................. 59

5$? �		��
���	 !�	�� �B��� ��		���� ��� C���� $$$$$$ 59

5$?$� B��� '����	�� !�"� ��� �	� �����	 ��
/��	��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 59

6.2.2 Solder%Mask%Defined (SMD) Land and
Metal%Defined Land Designs ............................. 61

5$?$I 
�����	�� 2��	
 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 5?

5$?$< C�� !�"� ��� B���	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 5?

5$?$� ������	��� �  ��	��# !����� ���* �� 0@�� $$$ 5<

5$?$5 ���	����,@��� 0@� B��� ��		��� �����
'���#�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 5<

5$I ������ ��� 
�����	�� /��	��# !	��	�#��� $$$$$$$$ 5�

5$I$� ������ !	��	�#��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 56

5$I$? !�� ��� 
�����	�� ��� !���� 2��	
 $$$$$$$$$$$$$$$$ 56

5$I$I B���,	�,C�� �'�# 0���� /��	��# ��		���� $$$$$$$ 5�

5$I$< '���#�  �� ���
������ !	���� ��	�#�	��� $$$$$$$$$ =9

5$I$� 1������� C��,��,��� ��� �	� �����	� ��
/����(���	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ =�

5$I$5 )���,��	�
 0@� �)0@�� ��������,��,B���
!	��	�#��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ =?

5$I$= ��&�� ��� @����� 
�����	���	� $$$$$$$$$$$$$$$$$$$$$$$ =?

5$< �����	 � 2��� !����� �� ���,!��� 0@�� $$$$$ =I

5$<$� Top%Side Reflow ................................................ 73

5$<$? Impact of Top%Side Reflow ............................... 73

5$<$I Methods for Avoiding Top%Side Reflow ........... 75

5$<$< Top%Side Reflow for Pb%Free Boards ............... 75

5$� ���	�(���	� ��� ���	 ����	 ������ $$$$$$$$$$$$$$$$$$$$$$ =�

5$�$� 
�������	 ���	��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ =�

5$�$? !����� 0��� '���#� '����# ���	 ���
0���,�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ =5

5$�$I ����	�� 0���� ���	��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ==

5$�$< ����	�� 0���� �����(�� ���	��# $$$$$$$$$$$$$$$$$$$$$$$ =6

5$5 4	
�� '���#�  �� ���� ��	���(���	� �' ��
������ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ =�

5$5$� �����>�����	 '���#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 69

5$5$? ��,�������>���,������	 ���	 
������ $$$$$$$$$$$$$$ 69

5$= �
����� ����#����	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 6?

5$=$� 
�����	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 6?

5$=$? /����	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 6?

5$=$I 
�����	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 6I

5$=$< �
����� ��	�� ��� ��	������ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 6I

5$=$� D��	 !��* �		��
���	 ��	
���  �� 0@�� $$$$$$$ 6<

� ��� ������	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 65

=$� !�� ��� ����	 �����(�� ��������� $$$$$$$$$$$$$$$$$ 65

=$�$� !����� ���	� ��� �	� �������	��� $$$$$$$$$$$$$$$$$$$$$$$ 65

=$�$? 
�������	 ��������	 �����	 $$$$$$$$$$$$$$$$$$$$$$$$$$$ �?

��

https://www.elecenghub.com/IPC/175915449/IPC-7095?src=spdf


=$�$I C����� !��	���  �� 0@� ��������	 $$$$$$$$$$$$$$$$$ �?

7.1.4 Reflow Soldering and Profiling ......................... 94

=$�$� �  ��	� � ��	������ �� )��� ��	���	���.

�������	 '���#� ��� !������(���	� $$$$$$$$$$$ �9?

=$�$5 
���� ��$ 8�,
���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �9?

=$�$= ���*�#� !	���,4  $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �9I

=$? ��������� � 	�� �����(�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �9<

=$?$� 
�� ����� 
��	��#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �9<

7.2.2 Use of Underfills and Adhesives ..................... 105

=$?$I '��������# � ����	�� 0����� ��� ������� $$$ ���

=$I ������	��� ���
��3��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ���

=$I$� G,/�� ������	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ���

=$I$? G,/�� ���#� ��3����	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��?

7.3.3 Definition and Discussion of X%Ray System
���������#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��I

=$I$< G,/�� ���#� �������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��=

=$I$� !������# �����	�� ���������� �!��� $$$$$$$$$$ ���

=$I$5 0@� !	���,4  ����������	 $$$$$$$$$$$$$$$$$$$$$$$$$ �?�

=$I$= 4�	���� ������	��� ����������� $$$$$$$$$$$$$$$$$$$$$$ �?�

=$I$6 '��	���	��� �������� ��	
��� $$$$$$$$$$$$$$$$$$$$$$$$$ �??

7.4 Testing and Product Verification ..................... 125

=$<$� ����	����� ���	��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �?�

=$<$? )���	����� ���	 �)�� 
�����#� $$$$$$$$$$$$$$$$$$$$$$$ �?�

=$<$I 0���,�� ���	��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �?�

=$<$< ������	 !�������# ���	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �?�

7.5 Void Identification ........................................... 125

=$�$� !������ � C���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �?5

7.5.2 Void Classification ........................................... 127

=$�$I C���� �� 0@� !����� +���	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$ �?=

=$5 C��� ����������	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �?6

=$5$� G,/�� '�	��	��� ��� ����������	

��	���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �?6

=$5$? �����	� � C���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �?6

=$5$I C��� ���	���� '���������	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$ �?�

=$5$< !������# �����  �� C��� ������	��� $$$$$$$$$$$$$$$ �I9

=$= ������� 
��	���  �� C��� /����	��� $$$$$$$$$$$$$$$ �I�

=$=$� ������� ������	�� �����	 �� C���
)����	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �I�

=$=$? ������� 
��	��� 
��	����  �� C���� ��
!����� 0���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �I<

=$=$I ������� 
��	��� 
��	���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �I�

=$6 !����� '� ��	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �I5

=$6$� !����� 0���#��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �I5

=$6$? 
��� !����� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �I5

=$6$I 4���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �I5

=$6$< ����  �����	>1����� D��	��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$ �I5

=$6$� D���,��,�����& �D��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �I=

=$6$5 8��&�	 4��� �824� > D��#��# 0��� $$$$$$$$$$$$ �I�

=$6$= 
�������	 '� ��	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �I�

=$� /����� ��������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �<9

=$�$� /�&��* ��� /����� �
������
� $$$$$$$$$$$$$$$$$$$$$$$ �<9

=$�$? /������ � 0@�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �<9

=$�$I /���������	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �<�

� ��	
��
	
�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �<I

6$� /����(���	� )��	���  �� 0@� �����(���� $$$$$$$$$ �<<

6$�$� 
����� !	���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �<<

6$�$? )�	�#�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �<<

6$�$I 
���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �<�

6$�$< 
���� ��� )�	�#�� ��	����	��� $$$$$$$$$$$$$$$$$$$$$$$$$ �<5

6$�$� /����(���	� 1���� ���
������ B���� $$$$$$$$$$$$$$ �<5

6$? '���#� ���
������ ��� )������ � 
!����� �		��
���	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �<=

6$?$� 
��������� � �
����� )�	�#�� 
���*
@��&	
 ���
����� �� !��#
� �!�
�
��$ !��( 0@� !����� +���	� $$$$$$$$$$$$$$$$$$$$$$$$$$$ �<6

6$?$? �����,����� !�������# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �<�

6$I !����� +���	� ��� �		��
���	 ����� $$$$$$$$$$$$$$$ ��9

6$I$� @��(�� ��������� �����	�
 $$$$$$$$$$$$$$$$$$$$$$$$$$$ ���

6$I$? B���� ��������� �����	�
 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ���

6$I$I ��	����� ��������� �����	�
 $$$$$$$$$$$$$$$$$$$$$$$$$$ ���

6$< !����� �		��
���	 )������ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ���

6$<$� Solder Attachment Failure Classification ........ 151

6$� 
��	���� )��	��� �����	��# /����(���	� $$$$$$$$$$$$$ ��5

6$�$� ���*�#� ���
����#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��5

6$�$? !	���,4  D��#
	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ��=

6$�$I ����	�� 0���� '���#� 
��������	���� $$$$$$$$$$$$$ ��6

6$�$< /����(���	� � !����� �		��
���	� � 

������ @��� ������ �
@��� $$$$$$$$$$$$$$$$$$$$$$$$$ ��6

6$�$� �(,)��� !�������# � 0@�� $$$$$$$$$$$$$$$$$$$$$$$$$$$$ ���

6$5 '���#�  �� /����(���	� �' /� ������� $$$$$$$$$$$$$$ �5�

6$= Validation and Qualification Tests .................. 165

6$6 !�������# ���������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �55

6$6$� !����� +���	 '� ��	� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �55

6$6$? !�������# /���������	���� $$$$$$$$$$$$$$$$$$$$$$$$$$$ �55

6$� ��������	�� /����(���	� ���	��# $$$$$$$$$$$$$$$$$$$$$$$ �55

� ������� ���
�	������
�� $$$$$$$$$$$$$$$$$$$$$$$$ �55

9.1 Solder Mask%Defined (SMD) BGA

����	���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �55

9.1.1 Solder%Mask%Defined (SMD) and Non%
Solder%Mask%Defined (NSMD) Lands ............ 167

9.1.2 Solder%Mask%Defined (SMD) Land on
������	 ����	�� 0���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �5=

9.1.3 Solder%Mask%Defined (SMD) BGA
)������� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �56

���

https://www.elecenghub.com/IPC/175915449/IPC-7095?src=spdf


�$? 4���,
������� 0@� !����� 0���

����	���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �56

�$?$� 0@� 0��� !
��� 2�	
��	 D��	 !��#
�99,J� !	���,4  D��#
	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �56

�$?$? 0@� 0��� !
��� &�	
 D��	 !��# I=�,J�
!	���,4  D��#
	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �5�

�$?$I 0@� 0��� !
��� &�	
 D��	 !��# I99,J�
!	���,4  D��#
	 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �5�

�$?$< 
��	���� !����� ���	� 
����	���� $$$$$$$$$$$$$$$$$$$$$ �5�

�$?$� C��� '�	������	��� �
���#
 G,/�� ���

����,!��	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �5�

�$?$5 C���� ��� 1����� !����� 0���� $$$$$$$$$$$$$$$$$$$$$$ �=9

�$?$= �##�
��� C��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=9

�$I 0@� 2����#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=9

�$I$� 0@� 2����#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=�

�$I$? !����� +���	 4���� '�� 	� ��	�������
2����#� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=�

�$< !����� +���	 
����	���� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=?

�$<$� ���#�	 !����� 
����	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=?

�$<$? !����� 0���� &�	
 ��������� 4���� $$$$$$$$$$$$$$$$$ �=?

�$<$I '�&�		��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=I

�$<$< 8��&�		��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=I

�$<$� ��������	� +�����# '�� 	� B���

��	�����	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=<

�$<$5 '� ����� !����� 0��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=<

�$<$= '� ����� !����� 0��� K '������ 2�����# $$$ �=�

�$<$6 ����  �����	 !����� ��� )���  �� ������
+���	 )����	��� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=�

�$<$� /������ �������	��� 
��	��	 ���� $$$$$$$$$$$$$$$$ �=5

�$<$�9 !����� 0���#��# $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=5

9.4.11 Incomplete Solder Reflow ............................... 177

�$<$�? ������# !����� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �==

�$<$�I 8��&�	 4��� �824� $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=6

�$<$�< D���,��,�����& �D��� !����� +���	 $$$$$$$$$$$$$$$$ �=6

������
� � ���� !! ��"#��$ �%&�&�# �'(&#'�"
#� � )*� #% ���*�� "� �+
,�')! $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �=�

������
� � �$�!!&�- �+ ����"-.! &")
�//� 0'&#'�"! $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ �6�

1'2*� !

#����� $!
 �%� ������� &���'��
����� ������� ������������� (

#����� $!� &��
��	�� &� ��� )&�&* +��� ��!,!-� ���������� .

#����� $!$ ��� ��
�� -� 
	!
�!��
�	 /���
����	�� ������������ 0

#����� $!( -���!��� � ���� %�� ����� )�%�* ����������������� 0

#����� $!. #��� �	�� ��� � ���� %�� ����� )�%�* ���������� 1

#����� $!2 �%� -������ ������������������������������������������������� 
�

#����� $!0 34�"���� �' �� ���
����� ���������������������������� 
�

#����� $!1 5������ �������� #������ &� �� '�� � �%�

��� �� 6���
 ����������������������������������������������������� 
�

#����� $!7 ������ 5��8 ),�'
* �� �����!���
���

5��8 )���	
* �' � 9�� !��!�����8 )9��*

��� �� 6���
 :�'��
 ����������������������������������������� 
$

#����� $!
� �����!���
��� 5��8 �' � 9�� !��!�����8

)9��* ;��� :�'��
 ����������������������������������������� 
$

#����� $!

 34�"���� �' <��8�
 ;��� )<-;* :�'��
�

�� �� � 5��8 �� �����!���
��� 5��8 ������������ 
(

#����� (!
 +��"���
��� +���� '�� ���� ����� �������� �� 
0

#����� (!� ���� !��!�	�� )�;�* �%� ����
���
��� ������� 
7

#����� (!$ +�� �' &�� � ���� !��!�	�� )�;�* �%� ���� ��

#����� (!( #��� �	�� )��"�� :��* �� � �%�

����
��
� �������������������������������������������������������� ��

#����� (!. �%� ��� �� 6���
� ����� ���� = )�* �� 

&�4� !&�
������� )�* )��!#��� ����� �� �

���� �������* -�
	 ���
����� &�4� ����

�� � ��� ���� �������������������������������������������������� ��

#����� (!2 63:3� �
�� �� #��"�
 '��

�������!��!������� ��"�����
� ���������������� �2

#����� (!0 :���"�� -������ ���
 8�
	 +�"����
���

'�� � #��� �	�� �%� ������� ������������������������� �1

#����� (!1 ,�8!+�"����
��� ������ 8�
	 ,�>�� ��

+�"����
���� ��
8��� 
�� ?� �� ��� ?�

�� -	��	 :� <�
 ���
��� ��� � �� �� ������ �1

#����� (!7 ���� �	��� :�����" �������������������������������������� �7

#����� (!
� +������ &�����
���
��� �' ���� ��� �� ����� ��� �7

#����� (!

 ����
�� ���� %�� ����� )��%�* ������� �������� $�

#����� (!
� �����!���
��� �' � +	��"���� 3�	���� 

����"�� ���� %�� ����� )��%�* ������� ����� $�

#����� (!
$ ����"�� ���� %�� ����� )��%�* �������

8�
	 &�� � ����"�� 3��������
��� �������������� $


#����� (!
( +������ ����"�� ����"� %�� �����

)��%�* -�
	 �� /����� -��� ����������������������� $


#����� (!
. ����
�� �%� )��%�* 8�
	 5����
� �'

����"�� ���������������������������������������������������������� $�

#����� (!
2 +������ ��� �� ����"� 8�
	 ��

/����� -��� ��������������������������������������������������� $�

#����� (!
0 ���
��� 5��8 �' ����
� ��� �� ����"�

8�
	 3���
�����
� �� ������ 8�
	

����(� ;�
�� ,���� ��������������������������������������� $�

#����� (!
1 ����!���
� &�������� ),�'
* �� ��!���
� 

&�������� )/��	
* ���������������������������������������������� $$

#����� (!
7 ��!���
� &�������� ������ �� ����"� %�� 

����� )�%�

.�* ����"�� �� ������� ���������� $$

#����� (!�� &�������� ������ 8�
	 ���$�. #����
 ��

����"� %�� ����� )�%�* ������� ��������������� $$

#����� (!�
 &�������� ������ )3���
�����
� ����(�*

����"� %�� ����� )�%�

.�* -�
	

����$0 #����
 �������������������������������������������������� $$

#����� (!�� �����"� � #��"!���� ,�� !��� @�%�

������� ����
��
� ����������������������������������������� $.

#����� (!�$ ��"������� �' ��!������� ������
 /��
���

�' ������! �� +8�!&�
�� ,���� +���

����
��
�� ������������������������������������������������������� $.

#����� (!�( ������!������� :��!�
��� �%� ��������������������� $2

#����� (!�. ���
�" 3��	
 :�� )#��� �	�� �� 

-��� ��� * ��� ����"��� ������������������������������ $2

#����� (!�2 #�� � &��
����!:�� �%� ������� ����������������� $2

����

https://www.elecenghub.com/IPC/175915449/IPC-7095?src=spdf

