
����������� ���	
�����	�
��	�	�������	����������������	
����
�����������	� ���������������	���������	�
��� � � � � ����������� !��"��#�	���	��
����#$�������$�����%��� � � � � ������������
�����������
&'()*+'���%�%��,*(-*�,-.�	',.(/,'0��11&)(��2���34��53�677869�:;<=�>?8�@AB>8C�D>6>8D�76>8A>�6AC�>;6C8=6;E�<::BF8G�76>8A>�>;B69�6AC�677869�H<6;C�A<!�B7;���I���I�������������J����������������	����������������	���������	�
�=KLLMNO�C!�7PONQR�ST�FMNU�>8AD8V;B>S�96W�V;<@7G�997�XXX�>OTU�CPYZMTU�CQT NG�D[TLN�IX��;N\OPP\�DMPQNRG�F6��]�IX�>NYNZMPUN̂�_IX�̀�a���I����:KbRTcTYN̂�_IX�̀�a���I�����6dQK�?K\dTcNMcN\P Tbe�6KQPU�=!�AKLMKU�FMQTRLPZMNQ�=!�HQ[UPee�>8AD8V;B>S�96W�V;<@7G�997�a�I��VQNNURfPQP�CQT NG�D[TLN��I��=b9NKUG�g6�������>NYNZMPUN̂�_h�ì��]��X�i��:KbRTcTYN̂�_IX�̀�a���I����e��jkl���j�l��mno�n��5��p�ee�jkl���j�l��mno�qr�5��p�
ENUUNLM�WNKLMNQOKs��AKLMKU�APf[�9PONURLNTU�9<W8AD>8BA�t�W86>?8;W6u�997��aa��FNUL[Qv�7KQw�8KRLG�D[TLN�a�X�9PR�6UxNYNRG�FKYTyPQUTK����Ih�>NYNZMPUN̂�_i��̀�i�h�]X���:KbRTcTYN̂�_i��̀�i�h�]X�������������=Kv��]G�������n5z�{���|53�����������}5��3l{�2��54��l5�{�~lkl��j��

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

Polaris Ex. 2022 
1 Kingston v. Polaris, IPR2016-01622, Page 1 of 148



��

��������	���
������������
������������������������������������������������� !�������"#�����������$�%�&'()*(&'&�+����������,�������-��./��01� �23�4566�7893�:4�3;3<=�>8<?=�:<�89@A5B�<3><3B37?3C�D=�93�@BE�� �����������������������%��F1�� �23�7893�:4�?23�<386�>8<?=�@7�@7?3<3B?�G@4�?23�>8<?=�7893C�@7�?23�A8>?@:7�@B�7:?�?23�<386�>8<?=�@7�@7?3<3B?H�<3><3B37?3C�D=�93�@BE�� I������,������+%��J1�� 	66�>8<37?�A:<>:<8?@:7B�87C�87=�>5D6@A6=�236C�A:9>87@3B�?28?�:K7�0L�>3<A37?�:<�9:<3�:4�?23�B?:AM�:4�?23�>8<?=�:<�89@A5B�A5<@83�<3><3B37?3C�D=�93�8<3E�� N�*��$���+%��O1�� �23�7893B�:4�866�68K�4@<9B�87C�?23�>8<?73<B�:<�8BB:A@8?3B�?28?�8>>38<3C�4:<�?23�>8<?=�:<�89@A5B�7:K�<3><3B37?3C�D=�93�@7�?23�?<@86�A:5<?�:<�8P37A=�:<�8<3�3Q>3A?3C�?:�8>>38<�@7�?2@B�A:5<?�G87C�K2:�28;3�7:?�:<�K@66�7:?�37?3<�87�8>>38<87A3�@7�?2@B�A8B3H�8<3E�����,���R�������S���-��������T�N���,��-�U������V1� �23�?@?63�87C�759D3<�:4�87=�A8B3�M7:K7�?:�A:57B36�?:�D3�>37C@7P�@7�?2@B�:<�87=�:?23<�A:5<?�:<�8P37A=�?28?�K@66�C@<3A?6=�8443A?�:<�D3�C@<3A?6=�8443A?3C�D=�?2@B�A:5<?WB�C3A@B@:7�@7�?23�>37C@7P�8>>386�8<3E��XYZ[\]̂�_̀̀ Ya[b]Ỳ �̂c]d]bef�ag�h]̀îbỲ�jekl̀YZYim�nYdo[̀mp�_̀kgS�q/(r*+�*''s''� 
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reduction in the overall PCB height. Jd. Claim 4, including the claim from whichit

depends,recites the following limitations:

1. An electronic printed circuit board configuration, comprising:

an electronic printed circuit board having a contact strip for

insertion into another electronic unit; and

a memory module having at least nine identically designed

integrated semiconductor memories;

each one of said semiconductor memories being encapsulated in

a rectangular housing having a shorter dimension and a longer

dimension;

said housing of each one of said semiconductor memories being

identically designed and being individually connected to said printed

circuit board;

one of said semiconductor memories being connected as an error

correction chip;

said longer dimension of said housing of said error correction

chip being oriented perpendicular to said contact strip; and

said longer dimension of said housing of each one of said

semiconductor memories, other than said error correction chip, being

oriented parallel with said contact strip.

4. The printed circuit board according to claim 1, wherein: said

printed circuit board has a height of 1 to 1.2 inches perpendicular to

said contactstrip.
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waslikely to succeed in proving unpatentability. The Board first used this evidence

to decide the patentability of proposed substitute claim 9, thus compounding the

errors described above with an unfairly, untimely, and improperly supplemented

ground of unpatentability. The Board then used that same unfair, improper, and

untimely evidence to render issued claim 4 unpatentable. Thus, not only did the

Board deprive Polaris of its right to a full and fair response on both of the claims in

this appeal, the Board did so on the basis of an evidentiary record that the Board

improperly allowed Kingston to expand well beyond the scope of the petition.

Indeed, the evidence that the Board relied upon to render both claims unpatentable

was the very same evidence that Kingston had already tried and failed to put before

the Board in a separate petition that the Board rightly rejected as an improperserial

petition in light of the petition now on appeal.

The combined effect of the Board’s error in instituting on fewer than all

petitioned claims,tryingto fix that error by instituting on all claims without allowing

Polaris to file its response, citing Polaris’s reliance on the Board’s erroneous

institution decision as evidence against Polaris, and reliance on untimely submitted

evidencein opposition to a proposed substitute claim to render unpatentable not only

the substitute claim but a previously uninstituted claim, meant that the proceedings

systematically deprived Polaris ofanything resembling due process. Onthe one hand,

the Board enabled Kingston to lodge new and untimely evidence against subject

14
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YZ[\]�̂_̀ âba������cdefg\hi]�jj�����kZl\]�mj�����nop\q]�bmrasrab̂_

Polaris Ex. 2022 
1 Kingston v. Polaris, IPR2016-01622, Page 53 of 148



���

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

����������������������������������������
����
��
�����������������
������������������������ ��
���
���!"#$������
����������	%������������
��$&'&��()*��+,�)*-����.����������
����������/%�0**�123,�4�5�-6	�789�:/������;�<=��/>�?#@A�������
�����BC���6����;�;<�?��������
���'!D�����������
�������������������������
���������������������������������
���������
�	�������������
���()*��+,�)*-����.����������
������/%BC�E*FG�(�H()IFJ�H(K6�L6�M,++5-	�>N>�:/���;�8N	�;�7��?:��/�O��/�9<;9B�?�.
���������
�����
�����
��������.���������%��������������������
���
����������
��� 
����������������
������������
��P�������@���������������������������������������������
������������%BC�1��Q3-�061606�L6�R��*+,--�S5�+6	�8N��:/���;�8>	�;�7<�?:��/�O��/�9<;=B�?���������
����
��T��������������
��U���������V@�����������������������������
��������������������� ��$����������������������� ��
����
����������������������� 
��
��
��
���������
������������������������������
�������������������
������������������
�����������������.���������/%B/�R53�)�	��������
��
���������
��T������������������������������
���������$���������������������������������� ��
��
��T����@��������������1W*��X*(�4�,�W,K*3)�K,F-�Y)�6�L6�0���*�YYS	�'!D9<;=$<9<<N	�!�
����7�?!/"/&/T/�A��/��;	�9<;8B�?&

.9;�8$9;=�B/�"
���	��������
��T����������
�������������������	��
��
������� �������������������������
���������
��
�������/�H�/	�!�
���;�����;�?!/"/&/T/�Z��/�97	�9<;>B�?&

.9<N7B/�"
��
������� ������[���������������������������������������

\]̂_̀�abcaded������fghij_kl̀�mm�����n]o_̀�pq�����rst_ù�epvdqvdeab
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XYZ[\�]̂_]̀à������bcdef[gh\�ii�����jYk[\�lm�����nop[q\�alr̀sr̀a]̂

Polaris Ex. 2022 
1 Kingston v. Polaris, IPR2016-01622, Page 57 of 148



���

������		
���
����������������	
���	��������������������������������������
�����������
�������	
��������	������	����	����������������������������	����������������� �!!����� "##����� "#$����� "#%���������������������
��	��
�&��'����������������������������&�����������
������(��������������
����	
���)�*������+�)
��
����
��,-./01230-1��*��
��
���
������	����
��������������)����'&������455�6570328�95,:8��;;<�=��6552.�4->3?275�<-7@���A%"�B�%��$�#C��$�$��DB����E����F#$CG�D&�������������	��*�HIJ����������������G�DK��������	
��
�����'��������L�*��	������M��
���)����
��N��)�*���������������������������O��������	����	�����*�P�������E���������B�����	�E������������QG���
������*�����**�������
����������������)��&����������)
��
�����I(P��)��	��
�&��'��������&�����������'�����
��������������*����������������
��	�
������������	
�����	�����'
�P�������)��
�������������������'������*��
��
���
���		����	
�����	��������H���	�P����*�����������������
��R�
����������	�	�����������*��
�����S������������	�������(���
���T�������������������	����
�
�����	���	����������������������&����������U*����������
��I��������������
��������
��P����	�I���������H��*��	��������
�&��������������
��	������
�&��'�������������������'�����
�����������	��*����
�������������������������������
���������*��
������(������������
�����
������������������	���	�������'
��������������
��������	
��&��������

VWXYZ�[\][̂_̂������̀abcdYefZ�gg�����hWiYZ�jk�����lmnYoZ�_jp̂qp̂_[\

Polaris Ex. 2022 
1 Kingston v. Polaris, IPR2016-01622, Page 58 of 148



���

��� ���	
����
����	��������������
�����	����	������������	������
��� �����!���	���"����	����	���#��
����	��$������	��������
��%�&���'
��������()���������� ������	���"����	����	�����	��*���������+,�-./0-12�,34567�830�94-/1:,�10;<,<46�84�=<61�;.-<>���?6@-8068-A.0�5-,�1</0;8.2�.<6B01�84�<8,�<>@/4@0/�-6-.2,<,�4=�@/4@4,01�,?A,8<8?80�;.-<>�C7�<6;.?1<6D�E4.-/<,:,�<6-A<.<82�84�,?A><87�-8�-62�8<>07�-�EFG�-11/0,,<6D�830�,?AH0;8�>-880/�4=�;.-<>���I-61�83?,�-.,47�;.-<>�CJK�L3?,7�A0;-?,0�830�94-/1�,34?.1�648�3-M0�;46,<10/01�830�605.2�,?A><8801�0M<106;0�84�=<61�@/4@4,01�;.-<>�C�?6@-8068-A.07�<8,�1080/><6-8<46�-A4?8�830�@-8068-A<.<82�4=�;.-<>��NA-,01�46�<8,�;46;.?,<46�/0D-/1<6D�;.-<>�CN5-,�5/46D�-,�50..K��O�� �
����	���P���������
���%����������
����	����*��
��Q� ��	��Q!�����O��������(�����	���!�R	�������!
������
�
��S	)��!������Q�������������
��R���������Q�����������������
��'��	���L3<,�T4?/8�,34?.1�,08�-,<10�830�94-/1:,�10;<,<46�A0;-?,0�830�EL+9�H?1D0,:�0U0/;<,0�4=�-?834/<82�0U;00101�830�@450/,�83-8�830�T46,8<8?8<46�-..45,�84�A0�M0,801�<6�830>K�V610/�830�+@@4<68>068,�T.-?,0�4=�830�T46,8<8?8<467�VKWK�T46,8K�-/8K�XX7�Y�Z7�;.K�Z7�46.2�[@/<6;<@-.�4==<;0/,\�4=�830�V6<801�W8-80,�-@@4<6801�A2�830�E/0,<1068�-61�;46=</>01�A2�830�W06-80�>-2�[0U0/;<,]0̂�,<D6<=<;-68�-?834/<82�@?/,?-68�84�830�.-5,�4=�830�V6<801�W8-80,K\�_̀abcde�fg�hicdj7��Z��VKWK�k7�kZlmkZn�IkConJ�I@0/�;?/<->JK�L30�94-/1�>0>A0/,�<6�83<,�;-,07�46�A03-.=�4=�830�VWELF�-61�830�=010/-.�D4M0/6>0687�0680/01�-�=<6-.�10;<,<46�83-8�E4.-/<,:,�<,,?01�;.-<>,�-/0�?6@-8068-A.0�-61�,?AH0;8�84�>-61-84/2�;-6;0..-8<46N5<834?8�>0-6<6D=?.�pU0;?8<M0�9/-6;3�,?@0/M<,<46�4/�

qrstu�vwxvyzy������{|}~�t��u���������r�tu��w��������t�u�z��y��yzvw

Polaris Ex. 2022 
1 Kingston v. Polaris, IPR2016-01622, Page 59 of 148



���

������	�
���	
	�	����
�������
�������
���������	������������� !���"��������#������$� %�"��&'()"*����+,�����-���.,�������,!����� ��� ��,�+��!� ��� ����.��'##,���!���"�����"���/�����(	�����0���,�%	�1�"	�
���	��1���-2�����	22��23�2����� ��,�� �.����������!#,���� ��,�!����"��.� ���"�,�"�+,��#��#,"�"�,+��.������"����.��(4'��$� %�"�������"��� �&�##,���� ��0��.��
�������05�,+��,!!����6������,�"������,�����.��.��7�����,�*�,+��.���
(48	�
���	
	�	���������233��	�'"��9#����� ����,��������"��(4'��$� %�"�����&#�����#��*�,++����"�����������,���,!����� ��0��.��(��"� ������ ��0��� ����.��.��� ������� ��,�"����,+��.��
��������.�����9����"��,+����.,���0��,����!������#������,����":���%.�"���,����"��.��'##,���!���"�����"�	�;<� =>?@�ABCDEF�GHI�JEKLCE�M=NF�?OE�PQRRLKEOFS�QR�>HE�TULVEC�WVXVEF�TUCEO�>HE�YIUFVLVBVLIUZF�?[[ILUV\EUVF�Y]XBFE�(4'��$� %�"��.,� ��� ��̂(1"�����&8++����"*��� ����.��'##,���!���"�����"�������"���.�0�,���#0���&_�,�������%:�#,"���,���"�����".� ��0����*��� �&�9����"5�6�"�%��+���������.,���0�#��"������,��.�����"�,+��.������� �
����"	*�̀abcd�ef�ghi���
��
	���	�23����23����23��������������������,�"�,!���� �j�kll�dmkn�oplqrds�ef�inttckkcnulp���3���	
	����������������	��� �̀abcd�ef�ghi���
��
	���	�23����23���	�4.����#,"���,�"������,����!#,���0�,++���"����.� ����"��"������"��� �!���"�,+��##,���!�����"��"�����".� ��0����	�
���	
	�	�������"#���+0��%� ����"���
���������"�����".��%�"����0����������������%�#,"���,���� �"#���+0��%�!���"�,+��##,���!����	�4.�0���",��9����"��"�%��+���������.,���0�#��"������,��.�����"�,+��.������� �
����"	�
���	
	�	����	�v����

wxyz{�|}~|��������������z��{���������x�z{�����������z�{���������|}

Polaris Ex. 2022 
1 Kingston v. Polaris, IPR2016-01622, Page 60 of 148



���

�������	
����	
����������
�������������� !�"�����#������	$�
%�&'(�)*+*,*�-�./*�'0��
�
�!
����	�1��&'��2*3*)*�--�'45&�0&�0��'/5&�0&�00��
�$6�1�
�$61	�

��7	����	�
�8��%��������&'(�)*+*,*�-�./*�/0���661%�������1��!1�������8	��

��&'(�)*+*,*�-�./*5/0���!1���
���$	��	9	1	�%�����8	��

��&'(�)*+*,*�-�./*5.0��
�
�!
���	�
�8��%�&'(�)*+*,*�-�./*�40���
��
�
�	$6������

�	�
���!
����� !�"$�
��	
�����	�1�����	�$	���1������6��	�	�
*�'(�)*+*,*�-�./*4/&90&:0*������6��$����	$6����
�1%������� !�"�����8������6�7��������
�����	
�1���
	�	�
���
�9���1���������2
	����3������������;�	
"!	��������	"�������6���
���7
�����7	���!����8	�7�9%�����<	��
�����������3�
�����%����)�$$��
�*�'��2*3*)*�--�'4:��'/:=�>?@A�����������4':�3*�)�*����/��'B�.��C��D�>�?EE?�FA��G�H��DIJK���>�LJ������4'5�3*�)�*�/4'4��/4'(�&/�450*��MN� OPQRSTP�UVWO�XSYZPT�[TTSP�\]̂R_�[Ù �aPQ]T]b̂T�c_]d]̂Re]̂Z�UReP̂e�̀]ZfeTg�VfPh�iSTe�OP�jUk]̂Q]lR_�mnn]QPkTo������� !�"����7	�1�	
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Polaris Ex. 2022 
1 Kingston v. Polaris, IPR2016-01622, Page 117 of 148



�������������	�
��
�	���������	��		

�	

���
��	�	�	�	������	�
��������	 !
���	��	����	�""	��#�������	 !
��	$�%&�		'�(�)�(�	�
��
�	*+
�(�	�
	
�����,
	�,	���-�
.	/

/�!
��,
	,0	�
��1�
��
�	/!
��	��	1(���
���	
(.���
��	�)
�	�
��1�
��
�	/!
��	�	+
�	1
��
�
#!2	�����
/�	,3�(	�)�	1(�,(	
(�	,0	(�/,(��		��1!2	�,	������,
�(4�	*11,����,
	�,	5,��,
	�,	���
�	6�
1�(	�7&	��8���		9)���	�
	!�.)�	,0	�)�	
�#�.�,��	(�/,(��	+�	,1���	�,	


!2:�	������,
�(4�	/
��	(�.
(��
.	1
��
�
#�!��2	,0	�)�	/)
!!�
.��	/!
����	�
/!���
.	/,
����(
��,
	,0	�
��
�	*+
�(4�	
(.���
��	��(�/���	�,	�)�	1
��
�
#�!��2	,0	�
��1�
��
�	/!
��	��	#�0,(�	(�
/)�
.	�
��
�	*+
�(4�	5,��,
	�,	���
��		'�

!	;�/�	���		<�	�)�(�
0��(	��
���	�)�	5,��,
	�,	���
�	#�/
���	�)�	1(,1,���	��#�������	/!
��	+
�	
,�	1
��
�
#!��		=">	
�	�?�		<)�(�	�
��
�	*+
�(	���	
,�	(�@����	��1
(
��	�(�
���
�	,0	�)�	/

/�!
��,
	

�	��#�������,
	1,(��,
�	,0	�)�	5,��,
�	+�	/,�!�	
,�	)
3�	���
11(�)�
���	,(	,3�(!,,-��	��/)	
	(�@�����			 �
��
�	*+
�(	
(.���	�)
�	+�	A,3�(!,,-��	7�	B�C� �	D	7��6�&�%		��@�	��)4.	
�	��		9)�	#
���	0,(	�
��
�	*+
�(4�	
���(��,
	��	
,�	(�
��!2	/!�
(�		9)
�	1(,3���,
	1(,3����	�)
�	
	1
��
�	,+
�(	�
2	0�!�	
	�,��,
	�,	
��
�	�,	/

/�!	

�E,(	��#�������	/!
����		C�/)	
	�,��,
	+
�	0�!��	

�	/,
����(���	

�	�)��	+�	���	
,�	,3�(!,,-	C�/��,
	7��6�&�		 �
��
�	*+
�(	
(.���	�)
�	,�(	�(�
���
�	,0	�)�	5,��,
	�,	���
�	A/,
�(
��/�F�G	
!!	1(�,(	�,
(�	��/���,
�	,
	1,�
��%		��@�	��)4.	7�		C1�/�0�/
!!2�	�
��
�	*+
�(	
(.���	AF�G
	�3�(2	��/)	1(�3�,��	/
���	
,	�
���(	+)
�	�)�	��
.�	,0	�(�
!	

�	(�.
(�!���	+)��)�(	�)�	1
��
�	,+
�(	0�!��	
	(��1,
��	�,	�)�	1�����,
�	�)�	�,
(�	)
�	.(

���	�)�	1
��
�	,+
�(4�	(�@����	
HIIJKLK

MNOPQ	RSTRUVU						WXYZ[P\]Q	̂̂ 					_ǸPQ	RRa					bcdPeQ	VfgUhgUVRS
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(57) ABSTRACT

An electronic printed circuit board has a memory module
and a contact strip for insertion into another electronic unit.
The memory module has at least nine identically designed
housing-encapsulated integrated semiconductor memories
configured on the printed cireuit board. The longer dimen-
sion of the housing of one ofthe semiconductor memories,
which is connected as an error correction chip, is oriented
perpendicular to the contact strip. The longer dimension of
the housings of the other semiconductor memories are
oriented parallel to the contact strip. The different orienta-
tion of the semiconductor memories makes it possible to
reduce the height ofthe printedcircuit board while enabling
the rectangular housings to keep the same physical form.

8 Claims, 3 Drawing Sheets
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ELECTRONIC PRINTED CIRCUIT BOARD
HAVING A PLURALITY OF IDENTICALLY

DESIGNED, HOUSING-ENCAPSULATED
SEMICONDUCTOR MEMORIES

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to an electronic printed circuit
board, which has a memory module and a contact strip that
can be inserted into another electronic unit. The memory
module has at least nine identically designed integrated
semiconductor memories encapsulated in identically
designed rectangular housings. The housings are each indi-
vidually connected to the printed circuit board. One of the
semiconductor memorics is connectedas an error correction
chip onthe printed circuit board and the rectangular housing
of that memory is arranged on the printed circuit board in a
manner such that the longer dimension is oriented perpen-
dicular to the contact strip.

Printed circuit boardsofthis type are inserted into moth-
erboards of personal computers or network computers and
serve as the main memory, lor example. In network
computers, the printed circuit boards are inserted into
compartment-type elements having a small height, for which
reason the printed circuit boards themselves should also
have only a small height(the dimension perpendicularto the
contact strip). Therefore, compared with their width, which
is essentially determined bythe length of the contact strip,
insertable printed circuit boards are not very high so that the
compartment-type elements can be made very flat.

‘Vhe height of a printed circuit board essentially depends
on the dimensionsofthe largest components arranged onthe
printed circuit board. The largest components that are
arranged on a printed circuit board are generally housings
for semiconductor chips containing integrated circuits. The
connections of the semiconductor chips are connected by the
housing to corresponding contacts on the printed cireuit
boardthat are significantly larger than the chip connections.
The housings themselves are also much larger than the
integrated circuits and thus concomitantly determine the
minimum height of the printed circuil board. In the case of
printed circuit boards which carry memory modules, the
largest housings are those for semiconductor memories, for
example, for SDRAMS (synchronous dynamic random
access memories). The housings therefore have a rectangu-
lar form and are always arranged on the printed circuit board
vertically, ic they are oriented with their longer dimension
perpendicular to the contactstrip.

The reason for this arrangementis that one of the semi-
conduclor memories is used as an error correction chip in
order to perform error checking on data that will be stored
in the rest of the semiconductor memories or that will be
read from the memories. The error correction chip is
arranged approximately in the center of the contactstrip, is
arranged above the contact strip, and is arranged vertically,
ic. with the longer dimensionof its housing at right angles
to the contact strip, because of prescribed lengths of the
conductor tracks which connect the error correction chip to
the contact strip.

The rest of the semiconductor memories are arranged on
bath sides of the error correction chip and also on the front
and rear sides of the printed circuit board in the same
orientation as the error correction chip, so that all of the
identically designed semiconduclor memories are lined up
along the contact strip in a conventional arrangement. ‘he
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2
contactstrip has electrical contacts on the front side and also
on the rear side of the printed circuit board. Equally, the
housing-encapsulated semiconductor memories are present
both on the front side and on the rear side of the printed
circuit board. Only a single error correction chip is provided
and is situated, for example, on the front side of the printed
circuit board.

In addition to further semiconductor chipsthat arc cncap-
sulated in smaller housings than the memory chips andthat
are arranged in proximity to the center of the contact strip,
the printed circuit board has further, still smaller
components, primarily passive components suchasresistors
and capacitors. In particular, manyresistors are arranged in
the outer regions of the contact strip. The resistors require a
short connection to corresponding contacts of the contact
strip.

By contrast, the housing-encapsulated semiconductor
memories arranged in the outer regions of the contact strip
are arranged at a somewhat larger distance from the contact
strip, since their leads to the contact strip are permitted to be
longer than the leads of the passive components to the
contact strip.

‘The distance of all of the semiconductor memories from
the contact sirip is chosen in a uniform [ashion, so that the
vertically arranged memory housings concomitantly deter-
mine a certain minimumheightofthe printed circuit board.
This is composed of the longer dimension of a memary
housing,the height ofresistors that are arranged between the
housings and the contact strip, the height of the contact strip
itself, and possibly a safety clearance between the contact
strip anc the components on the printed circuit board. This
safety clearance serves, in the event of a slightly inclined
attitude of the printed circuit board during insertion into
motherboards, to protect the nearest components on the
printed circuit board from mechanical damage, and is chosen
to be as small as possible.

In the case of this conventional arrangement, in which the
edges of the memory housings lincd up along the contact
strip arc aligned, there is no more leeway for a further
reduction of the circuit board height (the height of the
printed circuit board perpendicular to the contact strip).

SUMMARYOF‘THE INVENTION

It is accordingly an object of the invention to provide an
electronic printed circuil board having a memory module
and a contact strip thal can be inserled into another elee-
tronic unit, in which the printed circuit board overcomesthe
above-mentioned disadvantagesof the prior art apparatus of
this general type.

In particular, it is an object of the invention to reduce the
height of the printed cirevit board still further while using
the same memoryhousings.

With the foregoing and other objects in view there is
provided, in accordance with the invention, an electronic
printed circuit board configuration including: an electronic
printed circuit board having a contactstrip for insertion into
another electronic unit; and a memory module having at
least nine identically designed integrated semiconductor
memories. Each one of the semiconductor memories is
cocapsulated in a rectangular housing having a shorter
dimension and a longer dimension. The housing of each one
of the semiconductor memories is identically designed and
is individually connected to the printed circuit board. One of
the semiconductor memories is connected as an error cor-
rection chip. ‘The longer dimension of the housing of the
error correction chip is oriented perpendicular to the contact
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strip. The longer dimension ofthe housing of each oneof the
semiconductor memories, other than the error correction
chip, is oriented parallel with the contact strip.

‘The object of the invention is achieved by virtue of the
fact that, in the case of the printed circuit board of the
generic type, the housingsof the identically designed semi-
conductor memories, other than the error correction chip, are
arranged on the printed circuit board in a manner such that
theyare oriented with their longer dimension parallel to the
contact strip.

The housings of the semiconductor memories, which are
identically designed, and therefore, all have the same
dimensions,are arranged on the printed circuit board with a
different orientation. While the semiconductor memorythat
is to be connected up as the error correction chip is still
arranged vertically in order to comply with the specifications
for the conductor track lengths of its leads, the rest of the
identically designed semiconductar memaries are arranged
horizontally, that is to say parallel to the contactstrip. In this
position, the longer dimension of the rectangular housings
extend parallel to the contact strip, and cach horizontally
oriented semiconductor memory requires a smaller cireuit
board height than in the case of a vertical orientation. The
semiconductor memorythat is used as the error correction
chip and that concomitantly determines the height of the
printed circuit board still requires the same space and thus
actually, moreover, the original circuit board height.

Tlowever, this semiconductor memory, and this is some-
thing that is exploited according to the invention,is the only
one that can be broughtstill closer to the contact strip, since
no resistors have to be arranged between it and the contact
strip. As a result, the board heightis reduced bythe distance
that is taken up bythe resistors that are arranged between the
memory housings and the contact strip. Although these
resistors are present over the outer regions of the contact
strip onthe printed circuit board, the semiconductor memo-
ries that are arranged horizontally overall lie closer to the
contact strip, since they are narrower horizontally. The
semiconductor memoryused asthe error correction chip can
be brought up to the contact strip by the distance that is
required by the resistors arranged in the outer regions of the
contact strip.

‘This resulls in a certain, albeit small, narrowing of the
printed circuit board. In many cases, however, this suffices
to actually enable the incorporationinto network computers.

A preferred embodiment provides for the semiconductor
memories to be arranged such that the housing of the error
correction chip extends, as seen from the contact strip,
through to a greater distance from the contact strip than the
housings of the other identically designed semiconductor
memories.In this case, the horizontally oriented semicon-
ductor memories are brought so close to the resistors at the
contact strip that theydo not require the printed circuit board
to have a larger height than that required by the error
correction chip that is brought up to the contact strip. This
exploits the maximum space saving that can be obtained by
using the invention.

Accordingly, in a preferred embodiment, the printed cir-
cuil board has a height that is perpendicular to the contact
strip and that is composedof the sum of the longer dimen-
sion of a rectangular housing, the length of a contact of the
contact strip and a safety clearance between the error cor-
rection chip and the contact strip of less than 2 mm.
Accordingly, the error correction chip is brought up to the
contact strip in a mannerthat leaves a slight salety clearance.
‘The safety clearance servesfor, in the event that the printed
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4
cireuit board is placed in an inclined position during the
insertion or withdrawal from a motherboard, for example,
avoiding damage to the housing of the error correction chip
(or further modules arranged in the same proximity lo the
contact strip). It gocs without saying that the safety clear-
anec can be reduced to the amountthat is still just required.

‘The printed circuit board preferably has a height of 1 to
1.2 inches perpendicular to the contact strip. The height of
a printed circuit board is the length of the edge of the printed
circuit board—considered from the direction of the printed
circuit board area—which extends perpendicularly to the
contact strip. By contrast, the length of the edge parallel to
which the contact strip runs is called the board width. ‘The
board height is generally quite smaller than the board width.
The dimension of the printed circuit board perpendicular to
its surface is referred to, not as the height of the printed
cireuil board, but rather as the printed circuil board thick-ness.

The housings of the identically designed semiconductor
memories are preferably TSOP housings(thin small outline
packages). ‘hese are standardized housings of predeter-
mined dimensions (thin small outline package). Using the
present invention, the height of the printed circuit board can
be further reduced even whenthese housings continue to beused.

In a further preferred embodiment, the memory module
has nine identically designed semiconductor memories. This
embodiment allows high utilization of the printed circuit
board area in the case of a symmetrical arrangement when
two identically designed semiconductor memories are con-
figured oneachside of the error correction chip on both the
front side and also on the rear side of the printed circuit
board.

In a preferred embodiment, the printed circuit board is
configured according to the standard of the PC 133 SDRAM
registered DIMM design specification, raw card A or raw
card FE. This standardrelatesto the type of interconnection of
the individual components of the memory module and the
individual contacts of the contactstrip. This standard defines
length specifications of about 800 conductor tracks that are
laid on the printed circuit board, except for permissible
length tolerances. This standard furthermore contains speci-
fications concerning the thickness of conductor tracks, con-
cerning, the approximate course of conductor tracks and also
the time windows for the temporal sequence of signal
transmissions. The raw cards A and F, special standard
groups within the PC 133 SDRAMregistered DIMM design
specification, are defined for printed circuit boards thal
already have a very small height anyway. Using the present
invention, cven printed circuit boards that arc configured
according to these standard groups can be narrowed further.

Finally, the printed circuit board has a width of 5.25
inches. This board width has gained acceptance in the case
of memory module boards.

Other featurcs which arc considered as characteristic for
the invention are set forth in the appendedclaims.

Although the invention is illustrated and described herein
as embodied in an electronic printed circuit board having a
plurality of identically designed, housing-encapsulated
semiconductor memories, it is nevertheless not intended to
be Limited to the details shown, since various modifications
and structural changes maybe made therein without depart-
ing from the spirit of the invention and within the scope and
range of equivalents of the claims.

‘The construction and method of operation of the
invention, however, together with additional objects and
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advantages thereof will be best understood from the follow-
ing description of specific embodiments when read in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. LA shows the front side of a conventional printed
circuit board;

FIG. 1B showsthe rear side of the conventional printed
circuit board;

FIG.2 showsthe frontside of an inventive printed circuit
board; and

FIG. 3 shows the rear side of the printed circuit board
shownin ['IG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring nowto the figures of the drawing in detail and
first, particularly, to FIG. LA thereof, there is shown a plan
view of the front side 11 of a conventional printed cireuit
board 1 having, at its lower edge, a contact strip 2 inter-
rupted by two indcatations 14. If the printed circuit board is
rotated about a vertical axis extending through the right-
hand indentation 14, then the rear side 12 of the printed
circuit board becomesvisible. The rear side is illustrated in
LIG. 1B. The front side 11 and the rear side 12 overlap in a
mirror-inverted fashion, so thatthe left-hand half of the front
side 11 correspondsto the right-hand half of the rear side 12.

The printed circuit board 1 has a number of memorychips
4 on both printed circuit board areas 11, 12 and also has a
further identically designed chip, which is used as an error
correction chip 5. Furthermore, further semiconductor mod-
ules are present, for example two register chips 9, with
which memoryaddresses in the memory chips 4 are ampli-
fied synchronously, and a clock synchronization chip
6—also called PL. (phase locked loop)—for matching the
memory module to an external clock frequency. Each of

hese semiconductor modules is encapsulated in a housing
hat connects the connectionsof the semiconductor module

‘0 significantly larger contacts of the printed circuit board.
The dimensions of the housings are standardized, in which
case, ofall the semiconductor modules 4, 5, 6 arranged on

he printed circuit board, the memory modules 4, 5 have the
argest housings. For this rcason, the size of their housings

is determinative of the required height of the printed circuit
board. In FIG. 1, the housings for the respective semicon-
ductor modules 4, 5, 6 are designated by the reference
symbols of the semiconductor modules themselves, since

he housings determine their space requirement on the
rinted circuit board.

 
Onthe conventional printed circuit board 1 illustrated in

FIG.1, all of the semiconductor memories4 are arranged on
he printed circuil board vertically, ie. such that the longer

dimension of their rectangular housings is oriented perpen-
dicular to the extent of the contactstrip 2. The semiconduc-
‘or memoriesarc thus lined up parallel to one another on the
ront side andthe rear side of the printed circuit board along

the extent of the contact strip 2. In this arrangement, the
smaller edges of the housings of the semiconductor memo-
rics 4 and 5 are aligned, ic. all the memory modules 4, 5 are
arranged in a line. They are all situated at the same distance
rom the contact strip 2. This distance is predetermined by
‘he width of the resistors 8 that are arranged in between the

contact strip 2 and the memory modules 4, 5 and bythe
mechanically dictated or thermally dictated salety ¢lear-
ances on both sides of the resistors 8. ln cach case, two of
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6
these resistors 8 must be arranged between one semicon-
ductor memory4 and the contact strip 2, because the upper
limit for the length of the leads of the resistors from the
contact strip 2 permits no other arrangement.

‘The contact strip 2, the resistors 8, the larger dimension of
the housings of the semiconductor memories 4, 5 and also
certain safety clearances betweenthese together produce the
required board height of this conventionally configured
printed circuit board.

FIG. 2 shows the front side 11 of an inventive printed
circuit board. FIG. 3 shows the rear side 12 of the printed
circuit board and diagrammatically shows, an electronic unit
3, for example a motherboard, into which the contactstrip 2
of the printed circuit board 1 can be inserted.

FIGS. 2 and 3 showthe front side 11 and the rear side 12
of a printed circuit board 1 configured according to the
invention. The identically designed semiconductor memo-
ries are designated by 4a, 4and their likewise identically
designed housings are designated by 5a, 5b.

Oo the printed circuit board that is populated according to
the invention, as shown by L'IGS. 2 and 3, the housings 5aof those semiconductor memories 4a which are not con-
oected up as the error correction chip are arranged horizon-
tally on the printed circuit board 1, i.e. the respective longer
dimension I. of the rectangular housings 5a runsparallel to
the extent of the contact strip 2. Only the housing 5b of the
error correction chip 46 is arranged vertically and takes up
the same printed circuit board height as on a conventional
printed circuit board. However, the housing of the error
correction chip is brought up to the contact strip 2 as close
as possible. This is possible because, between the error
correction chip orits housing 5b and the contact strip 2, there
is no need lo arrange any passive components. In particular,
there is no need for any resistors 8, as in the case ofall of
the other identically designed semiconductor memories 4a
that are configured horizontally. By contrast, these semicon-
ductor memories 4a take up for themselves a significantly
smaller printed circuit board height than when in the vertical
orientation, so that the actual printed circuit board height is
determined only by the error correction chip 46 that is
brought up to the contactstrip 2.

As a result, the height of the printed circuit board can be
reduced from a value H, to a smaller value H., composed of
the longer dimension L ofthe identically-designed housings
5b, the length K of the contacts of the contactstrip 2 (in the
dircetion of the double arrow to L), and a safety clearance
S between the contacts of the contact strip and the resistors
8. This reduction ofthe printed circuit board height enables
incorporation into even flatter elements of e.g. network
computers.

‘The printed circuit board illustrated in FIGS. 2 and 3 is
populated in such a way that it can be connected up in
accordance with the raw card A or raw card F of the standard
“PC 133 SDRAMregistered DIMM design specification”
(133 MITz; dual inline memory module). Tt has a height of
between 1 and 1.2 inches between the lower edge, al which
the contactstrip 2 is situated, and the upper edge.

The remainder of the components illustrated and their
functions correspond to the prior art. The memory modules
4a, 4b are SDRAMs(synchronous dynamic random access
memory modules). Theyare encapsulated in TSOP housings
(thin small outline package) 5a, 5b.

The clock synchronization chip 6 (PLL; phase locked
loop) ensures that, after a few clock cycles of the clock
signal that is output from the electronic unit 3 via the contact
strip 2 to the memory modules of the printed circuit board
1, the latter can operate synchronously with the mother-
board.
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Data that is transported to the semiconductor memory
modules 4a always contain check data. The error correction
chip, namely memory module, 4 checks the correctness of
the data before the dala are passed on.

Awide variety of methods are knownaccording to which
the error correction chip, namely memory module, 4b can
operate. An example that shall be mentioned here is the ECC
method(error correcting code), in which a checkbit is added
to eight bits of data to be communicated.

L1G. 2 Lurthermore shows two register chips 9, wilh
which the memory addresses in the memory chips 4 are
amplified synchronously.

All of the components situated on the printed circuit board
are commected to one another and to the contact surip by
conductor tracks. Al the present lime, printed circuit boards
usually have six different conductor track planes lying one
above the other in which the conductor tracks are arranged.
The course of the conductor tracks is configured accordingto a suitable raw card of the above standard. The conductor
tracks are not illustrated in the figures since their specific
course is not essential with regard to the present invention.

We claim:
1. An electronic printed circuit board configuration, com-

prising:
an electronic printed circuit board having a contact strip

for insertion into another electronic unit; and

 
   

a memory module having at least nine identically
designed integrated semiconductor memories;

each one of said semiconductor memories being encap-
sulaled in a rectangular housing having a shorter
dimension and a longer dimension;

said housing of cach oneof said semiconductor memorics
being identically designed and being individually can-
nected to said printed circuit board;

one of said semiconductor memories being connected as
an error correction chip;

said longer dimension of said housing of said error
correction chip being oriented perpendicular to said
contact strip; and

10

mK wn

30

ry or

8
said longer dimensionof said housing of each one of said

semiconductor memories, other than said error correc-
ion chip, beingoriented parallel with said contactstrip.

2. The printed circuit board according to claim 1, wherein:
said housing of said error correction chip extends a

greater distance away from said contact strip than said
housing of each one of said semiconductor memories,
other than said error correction chip.

3. The printed circuit board according to claim 1, wherein:
said contact strip has a contact with a length;
said printed circuit board has a height extending perpen-

dicular to said contact strip; and
said height of said printed circuit board is equal lo a sum

of said longer dimension of said housing of said error
correction chip, said length of said contact of said
contact strip and a safety clearance between said error
correction chip and said contactstrip of less than 2 mm.

4. Theprinted circuit board according to claim 1, wherein:
said printed circuit board has a height of 1 to 1.2 inches

perpendicular to said contact strip.
§. The printed circuit board according to claim 1, wherein:
said housing of each oneof said semiconductor memories

is a TSOP housing.
6. Lhe printed circuit board according to claim 1, wherein:
said at least nine semiconductor memories define exactly

nine semiconductor memories.

7. Theprinted circuit board according to claim 1, wherein:
=said printed circuit board is configured according to a
specification selected from a group consisting of a raw
card A of a PC 133 SDRAM registered DIMM design
specification and a raw card F of the PC 133 SDRAM
registered DIMM design specification.

8. Lhe printed circuit board according to claim 1, wherein:

 
said printed circuit board has a width of 5.25 inches.
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