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Proprietary Notice 
The material in this document is the intellectual property of �'PEFW�.  It is provided solely for 
information.  You may not reproduce this document in whole or in part by any means.  
While every care has been taken in the preparation of this document, �'PEFW accepts no 
liability for any consequences of its use.  Our products are under continual improvement 
and we reserve the right to change their specification without notice. �'PEFW may not 
produce printed versions of each issue of this document. The latest version will be available 
from the �'PEFW web site. 

�'PEFW products and technology are protected by a number of worldwide patents. 
Unlicensed use of any information contained herein may infringe one or more of these 
patents and may violate the appropriate patent laws and conventions. 

�'PEFW�� is the worldwide trading name of �'PEFW Inc. Ltd. 

�'PEFW, GLINT, GLINT Gamma, PERMEDIA, OXYGEN AND POWERTHREADS are trademarks or 
registered trademarks of �'PEFW Ltd., �'PEFW Inc. Ltd or �'PEFW Inc. 

Microsoft, Windows and Direct3D are either registered trademarks or trademarks of 
Microsoft Corp. in the United States and/or other countries.  OpenGL is a registered 
trademark of Silicon Graphics, Inc.  All other trademarks are acknowledged and recognized. 

© Copyright �'PEFW Inc. Ltd. 1999.  All rights reserved worldwide. 
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Change History 

�
Document Issue Date Change 

172.1.4 1 15/02/2000 Creation 

172.1.4 2 25/07/2000 Update thermal chap 10 to R5, start final update all 
pins to R5, 150600; complete, 120700; corrected 
Thermal and Electrical data, 210700; 

172.1.4 3 15/09/2000 First full release post engineering review. 

172.1.4 4 05/03/2001 Added operating range in chap. 11, bug reports and 
software fixes from chip bringup, new R5 package 
photo, interleave mode note, minor format changes. 

Ê



GLINT R5 Reference Guide Volume IV   Contents 

�'PEFW Proprietary and Confidential v�

Ê

Table of Contents 

� PACKAGE DIAGRAMS........................................................................................................7-1 
� PIN ASSIGNMENT ...............................................................................................................8-1 

��� 3LQOLVW�E\�1XPEHU������������������������������������������������������������������������������������������������������������������������������� ��� 
��� 3LQOLVW�E\�1DPH��������������������������������������������������������������������������������������������������������������������������������� ���� 
��� *URXQG�&RQQHFWLRQV ����������������������������������������������������������������������������������������������������������������������� ���� 
��� 6FKHPDWLFV������������������������������������������������������������������������������������������������������������������������������������������ ���� 

� MEMORY SYSTEM ..............................................................................................................9-1 
��� 6WUREH�6HWXS����������������������������������������������������������������������������������������������������������������������������������������� ��� 
����� ((6�7(6%1�������������������������������������������������������������������������������������������������������������������������� 
����� ((6�7+6%1�������������������������������������������������������������������������������������������������������������������������� 
����� 7(6�7(6%1�ERH�7+6%1������������������������������������������������������������������������������������������������������� 

��� 6\VWHP�3DUDPHWHUV������������������������������������������������������������������������������������������������������������������������������ ��� 
����� %HHVIWWMRK��������������������������������������������������������������������������������������������������������������������������������� 
����� *YRGXMSREPMX]�ERH�3TXMQM^EXMSRW��������������������������������������������������������������������������������������������������� 
����� 8MQMRK�ERH�1SHI����������������������������������������������������������������������������������������������������������������������� 

��� ([DPSOH�3DUDPHWHU�9DOXHV ��������������������������������������������������������������������������������������������������������������� ��� 
����� ���1F�\����((6�7(6%1�����1&�TIV�'SRXVSPPIV����(IZMGIW�4IV�'SRXVSPPIV� �������������������������������� 
����� ��1F�\����((6�7(6%1�����1&�TIV�'SRXVSPPIV����(IZMGIW�4IV�'SRXVSPPIV� ��������������������������������� 
����� ��1F�\����((6�7+6%1��&PSGO�*MPP�[MXL�2S�'SPYQR�1EWO��2S�;VMXI�TIV�&MX������1&�TIV�

'SRXVSPPIV����(IZMGIW�4IV�'SRXVSPPIV� ������������������������������������������������������������������������������������������������������������� 
����� ��1F�\����((6�7+6%1����1&�TIV�'SRXVSPPIV����(IZMGIW�4IV�'SRXVSPPIV� ����������������������������������� 

�� RESET................................................................................................................................10-1 
���� &RQILJXUDWLRQ�3LQV���������������������������������������������������������������������������������������������������������������������������� ���� 
���� 520�VXSSRUW ������������������������������������������������������������������������������������������������������������������������������������ ���� 
���� 5$0'$&�5HVHWV ����������������������������������������������������������������������������������������������������������������������������� ���� 

�� THERMAL ..........................................................................................................................11-1 
���� 'HYLFH�&KDUDFWHULVWLFV���������������������������������������������������������������������������������������������������������������������� ���� 
���� 7KHUPDO�0RGHO���������������������������������������������������������������������������������������������������������������������������������� ���� 
���� &RROLQJ ����������������������������������������������������������������������������������������������������������������������������������������������� ���� 
���� 2SHUDWLRQ�ZLWK�+HDWVLQN����������������������������������������������������������������������������������������������������������������� ���� 
������ ,IEXWMRO�%XXEGLQIRX������������������������������������������������������������������������������������������������������������������ 
������ 'EPGYPEXMRK�GSSPMRK�VIUYMVIQIRXW �������������������������������������������������������������������������������������������������� 
������ 8IQTIVEXYVI�6ERKI��'SQQIVGMEP�)QFIHHIH�%TTPMGEXMSRW����������������������������������������������������������������� 



Contents   GLINT R5 Reference Guide Volume IV �

vi Proprietary and Confidential  �'PEFW�

�� ELECTRICAL .....................................................................................................................12-1 
���� $EVROXWH�0D[LPXP�5DWLQJV���������������������������������������������������������������������������������������������������������������� 
���� '&�6SHFLILFDWLRQV���������������������������������������������������������������������������������������������������������������������������������� 
������ 4'-�7MKREP�('�7TIGMJMGEXMSRW������������������������������������������������������������������������������������������������������ 
������ 2SR�4'-�7MKREP�('�7TIGMJMGEXMSRW ���������������������������������������������������������������������������������������������� 

���� 667/B��&ODVV�,�6LJQDOV��''5�0HPRU\�,QWHUIDFH�2QO\� ��������������������������������������������������������������� 
���� $&�6SHFLILFDWLRQV ���������������������������������������������������������������������������������������������������������������������������������� 
������ 'PSGO�8MQMRK ���������������������������������������������������������������������������������������������������������������������������� 
������ 4'-�'PSGO�6IJIVIRGIH�-RTYX�8MQMRK���������������������������������������������������������������������������������������������� 
������ 4'-�6IJIVIRGIH�3YXTYX�8MQMRK ���������������������������������������������������������������������������������������������������� 
������ %+4�6IJIVIRGIH�3YXTYX�8MQMRK��������������������������������������������������������������������������������������������������� 
������ 1)1'/398�6IJIVIRGIH�-RTYX�8MQMRK ��������������������������������������������������������������������������������������� 
������ 1)1'/398�6IJIVIRGIH�3YXTYX�8MQMRK ������������������������������������������������������������������������������������� 

�� ERRATA AND ALERTS .....................................................................................................13-2 
���� $/(57������������������������������������������������������������������������������������������������������������������������������������������������ 
������ 4VSFPIQ ������������������������������������������������������������������������������������������������������������������������������������ 
������ 7SJX[EVI�;SVOEVSYRH ���������������������������������������������������������������������������������������������������������������� 

���� 5�(51������������������������������������������������������������������������������������������������������������������������������������������������ 
������ 4VSFPIQ ������������������������������������������������������������������������������������������������������������������������������������ 
������ 7SJX[EVI�;SVOEVSYRH ���������������������������������������������������������������������������������������������������������������� 

���� 5�(51������������������������������������������������������������������������������������������������������������������������������������������������ 
������ 4VSFPIQ ������������������������������������������������������������������������������������������������������������������������������������ 
������ 7SJX[EVI�;SVOEVSYRH ���������������������������������������������������������������������������������������������������������������� 

Ê



GLINT R5 Reference Guide Volume IV   Package Diagrams 

�'PEFW Proprietary and Confidential 7-1 

�

��
���3DFNDJH�'LDJUDPV�

The R5 package is a thermally-enhanced PBGA (TEPBGA) 529 ball custom design.   

 

 
�

 Figure 7-1  Package Diagram (Top View) 
�
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Figure 7-2  Package Diagram (Top and Bottom Views) 
 

Table 7-1 Package dimensions 

%RG\�6L]H� �����[������PP�

%RG\�+HLJKW� �����PP�

6XEVWUDWH�WKLFNQHVV� �����PP�

%DOO�SLWFK� �����PP�

%DOO�SDG�RSHQLQJ� ����PP�

�

�

Figure 7-3  Package Diagram (Section View) 
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8.1 Pinlist by Number 
The table below provides a brief description of each pin.  It is organized alphabetically by 
pin number. 

The pin type definitions used are: 

I/O:  Input Signal (tolerates 2.5 and 3.3 VDC PCI and AGP4X standards) 

GND:  Ground 

VSS_3.3:  Power at 3.3V 

VSS_2.5:  Power at 2.5 Volts 

 

GROUP   BGA 
PAD 

PIN NAME TYPE DESCRIPTION 

32:(5� $��� 1&���� � �

32:(5� $��� 1&���� � �

32:(5� $��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

0(0� $��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

32:(5� $��� *1'��� 32:(5� Core and IO ground supply = 0v�
0(0� $��� 667/95()���� 32:(5� 667/�&ODVV���,�2�UHIHUHQFH�YROWDJH� �

9&&6��B�� �����Y�

32:(5� $��� 9&&7��B�B�� 32:(5� 77/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

0(0� $��� 667/93���� 32:(5� 667/�&ODVV���SUH�GULYHU,2�VXSSO\� ����Y�

32:(5� $��� *1'����� 32:(5� Core and IO ground supply = 0v�
0(0� $��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

9,'(2� $��� ')3,17(55837� ,1� *HQHUDO�SXUSRVH�LQWHUUXSW�

9,'(2� $��� 9,'(20(5*(+6<1

&1�

%,',5� +RUL]RQWDO�VWUREH�XVHG�LQ�PXOWLFKLS�

FRQILJV��WLH�RII�LI�XQXVHG��

9,'(2� $��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��
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GROUP   BGA 
PAD 

PIN NAME TYPE DESCRIPTION 

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

32:(5� $��� *1'���� 32:(5� Core and IO ground supply = 0v�
9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

32:(5� $��� 9&&7��B�B�� 32:(5� 77/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

32:(5� $��� *1'���� 32:(5� Core and IO ground supply = 0v�
9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

32:(5� $��� 9&&7��B�B�� 32:(5� 77/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� $��� 1&���� 1�&� �

32:(5� $��� 1&���� 1�&� �

32:(5� $$��� *1'����� 32:(5� Core and IO ground supply = 0v�
9,'(2� $$��� '$&6)$'-� %,',5� '$&�IXOO�VFDOH�DGMXVW���FRQQHFW�YLD�����

RKP�UHVLVWRU�WR�JURXQG��

9,'(2� $$��� '$&$*���� 32:(5� '$&�DQDORJXH�JURXQG� ��Y��LVRODWHG�IURP�

*1'��

9,'(2� $$��� 3//$*B�� 32:(5� 3//�DQDORJXH�JURXQG� ��Y��LVRODWHG�IURP�

*1'��

9,'(2� $$��� '$&$*���� 32:(5� '$&�DQDORJXH�JURXQG� ��Y��LVRODWHG�IURP�

*1'��

0(0� $$��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $$��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $$��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $$��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

32:(5� $$��� *1'���� 32:(5� Core and IO ground supply = 0v�
9,'(2� $%��� 9,'%/8(� %,',5� $QDORJXH�EOXH�FRPSRQHQW�

9,'(2� $%��� '$&9$$B�� 32:(5� '$&�DQDORJXH�SRZHU� ����Y�

9,'(2� $%��� '$&&203� 32:(5� 6HH�'$&�VSHF�IRU�GHWDLOV�

9,'(2� $%��� '$&9$$B�� 32:(5� '$&�DQDORJXH�SRZHU� ����Y�

9,'(2� $%��� '$&95()� %,',5� 6HH�'$&�VSHF�IRU�GHWDLOV�

0(0� $%��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $%��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�
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GROUP   BGA 
PAD 

PIN NAME TYPE DESCRIPTION 

0(0� $%��� 667/95()���� 32:(5� 667/�&ODVV���,�2�UHIHUHQFH�YROWDJH� �

9&&6��B�� �����Y�

0(0� $%��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� $%��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

9,'(2� $&��� 9,'*5((1� %,',5� $QDORJXH�JUHHQ�FRPSRQHQW�

9,'(2� $&��� '$&$*���� 32:(5� '$&�DQDORJXH�JURXQG� ��Y��LVRODWHG�IURP�

*1'��

9,'(2� $&��� '$&9$$���� 32:(5� '$&�DQDORJXH�SRZHU� ����Y�

32:(5� $&��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� $&��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $&��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

0(0� $&��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $&��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $&��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

32:(5� $&��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

0(0� $'��� 9,'5('� %,',5� $QDORJXH�JUHHQ�FRPSRQHQW�

$*3� $'��� 7(6702'(� ,1� 3URGXFWLRQ�WHVW�JOREDO�HQDEOH��$FWLYH�KLJK��

9,'(2� $'��� '$&$*���� 32:(5� '$&�DQDORJXH�JURXQG� ��Y��LVRODWHG�IURP�

*1'��

9,'(2� $'��� 9,'96<1&� %,',5� '$&�9HUWLFDO�V\QF�FRQILJ�ELW�

32:(5� $'��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $'��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

0(0� $'��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $'��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $'��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $'��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

32:(5� $(��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

9,'(2� $(��� 7&/.,1� %,',5� ([WHUQDO�7�FORFN�,QSXW�

9,'(2� $(��� 9&/.,1� %,',5� 3URGXFWLRQ�WHVW�9�FORFN�,QSXW�

9,'(2� $(��� 9,'+6<1&� 287� '$&�+RUL]RQWDO�V\QF�

32:(5� $(��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $(��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $(��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

$*3� $(��� 3&,5671� ,1� 567��5HVHW�����Y��

$*3� $(��� '0$6,'(%$1'���� ,1� 3ULYDWH�VLGHEDQG�SRUW��7LH�KLJK�LI�XQXVHG��

$*3� $(��� 3&,*171� ,1� *QW��*UDQW�����Y��

$*3� $(��� $*35%)1� %,',5� 5*)��5HDG�EXIIHU�IXOO��$*3�RQO\������Y��

$*3� $(��� $*36%67%1� 287� 6%B67%��6LGHEDQG�VWUREH��DJS�RQO\��

GLIIHUHQWLDO�VWUREH�XVHG�LQ�DJS�[�RQO\�

����Y���



Pin Assignment   GLINT R5 Reference Guide Volume IV �

8-4 Proprietary and Confidential �'PEFW�

GROUP   BGA 
PAD 

PIN NAME TYPE DESCRIPTION 

$*3� $(��� $*36%$���� 287� 6%$������VLGHEDQG�DGGUHVV�SRUW��DJS�RQO\��

��������Y��

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� 3&,,'6(/� ,1� �

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� 3&,)5$0(1� %,',5� )UDPH��&\FOH�)UDPH����Y��

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� $*3$'67%���� ,1� $'B67%���DJS�RQO\��

32:(5� $(��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $(��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $(��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

0(0� $(��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� $(��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� $(��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

32:(5� $(��� *1'�� 32:(5� Core and IO ground supply = 0v�
9,'(2� $)��� 0&/.,1� %,',5� ([WHUQDO�0�FORFN�LQSXW�

9,'(2� $)��� .&/.,1� %,',5� ([WHUQDO�.�FORFN�LQSXW�

9,'(2� $)��� 6&/.,1� %,',5� ([WHUQDO�0�FORFN�LQSXW�

9,'(2� $)��� 9,'(2(;7&75/� %,',5� ,QSXW�RQO\�DV�FRQILJ�

9,'(2� $)��� 9,'''&&/.� %,',5� �

9,'(2� $)��� 520:(1� 287� 520�ZULWH�HQDEOH��DFWLYH�ORZ��

9,'(2� $)��� 6%'$7$� %,',5� �

$*3� $)��� 3&,&/.� ,1� &ON�3FL&ON�����Y��

$*3� $)��� 3&,,17$1� 287� ,17$��,QWHUUXSW�$�RSHQ�GUDLQ�

$*3� $)��� $*367���� %,',5� 67�6WDWXV�EXV��DJS�RQO\����������Y��

$*3� $)��� $*36%$���� 287� 6%$������VLGHEDQG�DGGUHVV�SRUW��DJS�RQO\��

��������Y��

$*3� $)��� $*36%$���� 287� 6%$������VLGHEDQG�DGGUHVV�SRUW��DJS�RQO\��

��������Y��

$*3� $)��� $*36%$���� 287� 6%$������VLGHEDQG�DGGUHVV�SRUW��DJS�RQO\��

��������Y��

$*3� $)��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� $*3$'67%���� ,1� $'B67%������DJS�RQO\��$'�VWUREH���

XVHG�LQ�DJS�[�RQO\�����Y��

$*3� $)��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� $*39����� %,',5� $*3�,�2�5HIHUHQFH�YROWDJH� �9&&$�

���������Y�RU�����Y��
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$*3� $)��� 3&,,5'<1� %,',5� ,5'<��,QLWLDWRU�UHDG\�����Y��

$*3� $)��� 3&,3$5� %,',5� 3$5�3DULW\�����Y��

$*3� $)��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� $*395()� %,',5� $*3�,�2�5HIHUHQFH�YROWDJH� �9&&$�

����������Y�RU�����Y��

0(0� $)��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $)��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $)��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $)��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

32:(5� $*��� 9&&6��B�B� 32:(5� 667/�,2�GULYHU�VXSSO\��9&&�� ����Y�

32:(5� $*��� 1&>�@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� $*��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

$*3� $*��� 7(;785('2:1/2

$',17�

287� 7H[WXUH�GRZQORDG�LQWHUUXSW��

9,'(2� $*��� 3//',6$%/(� ,1� 'LVDEOH�3//
V�

9,'(2� $*��� 5206(/(&71� 287� 520�6HOHFW�DFWLYH�ORZ��

9,'(2� $*��� 9,'5,*+7(<(� %,',5� 5LJKW�H\H�VLJQDO�IRU�VWHUHR�FRQILJ�ELW�

$*3� $*��� 3&,),)2,1',6� %,',5� 3ULYDWH�VLGHEDQG�SRUW�LQSXW�LQ�WHVW�FRQILJ�

RQO\��OHDYH�RSHQ�LI�XQXVHG�

$*3� $*��� '0$6,'(%$1'>�@� ,1� 3ULYDWH�VLGHEDQG�SRUW�WLH�KLJK�LI�XQXVHG��

$*3� $*��� 3&,5(41� 287� 5(4��5HTXHVW>���Y@�

$*3� $*��� $*367>�@� %,',5� 67�6WDWXV�EXV��DJS�RQO\��>���9@�

$*3� $*��� $*36%$>�@� 287� 6%$������6LGHEDQG�DGGUHVV�SRUW�DJS�

RQO\�>�������9@�

$*3� $*��� $*36%$>�@� 287� 6%$������6LGHEDQG�DGGUHVV�SRUW�DJS�

RQO\�>�������9@�

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� $*3$'67%1>�@� ,1� $'B67%�����DJS�RQO\�$'�VWUREH�XVHG�

LQ�DJS�[�RQO\>���9@�

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,75'<1� %,',5� 75'<��7DUJHW�5HDG\>���Y@�

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,&%(1>�@� %,',5� &�%(�&RPPDQG�%XV�%\WH�(QDEOHV^���9�

���Y@�
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$*3� $*��� $*3$'67%1>�@� ,1� $'B67%�����DJS�RQO\�$'�VWUREH�XVHG�

LQ�DJS�[�RQO\>���9@�

$*3� $*��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������9��

0(0� $*��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $*��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $*��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

32:(5� $*��� 9&&6��B�B�� 32:(5� 667/�,2�GULYHU�VXSSO\��9&&�� ����Y�

9,'(2� $+��� 3//9$$B� 32:(5� 3//�DQDORJXH�SRZHU� ����Y�

32:(5� $+��� 1&����� 1�&� 1R�FRQQHFW�SLQV�

9,'(2� $+��� 5(1'(56<1&1� %,',5� 5DVWHUL]HU�UHV\QF�IRU�PXOWLFKLS�

VROXWLRQV�FRUH��

$*3� $+��� 7(676(/(&7>�@� ,1� 3URGXFWLRQ�WHVW�PRGH�VHOHFW�

$*3� $+��� 7(676(/(&7>�@� ,1� 3URGXFWLRQ�WHVW�PRGH�VHOHFW�

9,'(2� $+��� 5202(1� 287� 520�2XWSXW�(QDEOH�DFWLYH�ORZ��

9,'(2� $+��� 6%&/.� %,',5� �

$*3� $+��� 3&,),)2287',6� %,',5� 3ULYDWH�VLGHEDQG�SRUW�LQSXW�LQ�WHVWFRQILJ�

RQO\��OHDYH�RSHQ�LI�XQXVHG�

$*3� $+��� '0$6,'(%$1'>�@� ,1� 3ULYDWH�VLGHEDQG�SRUW�WLH�KLJK�LI�XQXVHG��

$*3� $+��� $*33,3(1� 287� 3,3(��3LSHOLQHG�UHTXHVW�DJS�RQO\�>���9@�

$*3� $+��� $*39�>[@� 32:(5� $*3�SUH�GULYHU�,2�VXSSO\� ���Y�

$*3� $+��� $*36%67%� 287� 6%B67%�6LGHEDQG�VWUREH��DJS�RQO\��

�GLIIHUHQWLDO�LQ�$*3�[�>���9����9@�

$*3� $+��� $*36%$>�@� 287� 6%$������6LGHEDQG�DGGUHVV�SRUW�DJS�

RQO\�>�������9@�

$*3� $+��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,&%(1>�@� %,',5� &�%(�&RPPDQG�%XV�%\WH�(QDEOHV^���9�

���Y@�

$*3� $+��� 3&,'(96(/1� %,',5� '(96(/��'HYLFH�VHOHFW>���9����9@�

$*3� $+��� 3&,67231� %,',5� 6723��>���Y@�

$*3� $+��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� $*39�>�@� 32:(5� $*3�SUH�GULYHU�,2�VXSSO\� ���Y�

$*3� $+��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

0(0� $+��� 0'4$>�@� %,',5� 0HPRU\�$����0+]�ELU�GLUHFWLRQDO�VWUREH�

0(0� $+��� 0'$7$>�@� %,',5� 0HPRU\�$�GDWD�DW����0+]�

32:(5� $+��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�
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32:(5� $+��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

9,'(2� $-��� 3//$*B�� 32:(5� 3//�DQDORJXH�JURXQG� ��Y��LVORODWHG�IURP�

*1'��

32:(5� $-��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� $-��� 9&&7��B�B� 32:(5� 77/�,2�GULYHU�VXSSO\��9&&�� ����Y�

$*3� $-��� 7(676(/(&7>�@� ,1� 3URGXFWLRQ�WHVW�PRGH�VHOHFW�

32:(5� $-��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

9,'(2� $-��� 9,'''&'$7$� %,',5� �

32:(5� $-��� 9&&7��B�B� 32:(5� 77/�,2�GULYHU�VXSSO\��9&&�� ����Y�

$*3� $-��� 3&,&/.6(/� ,1� &ORFN�VHOHFW�XVHG�WR�VHW�FRQILJ�FDSDELOLWLHV�

ELW�

32:(5� $-��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

$*3� $-��� $*367>�@� %,',5� 67�6WDWXV�EXV�DJS�RQO\�>���9@�

32:(5� $-��� 9&&$��B�B�� 32:(5� $*3�LQWHUIDFH�9''4�YROWDJH�OHYHO� ����Y�

RU����Y�

$*3� $-��� $*36%$>�@� 287� 6%$������6LGHEDQG�DGGUHVV�SRUW�DJS�

RQO\�>�������9@�

32:(5� $-��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

$*3� $-��� $*39�>�@� 32:(5� $*3�SUH�GULYHU�,2�VXSSO\� ���Y�

32:(5� $-��� 9&&$��B�B�� 32:(5� $*3�LQWHUIDFH�9''4�YROWDJH�OHYHO� ����Y�

RU����Y�

$*3� $-��� 3&,&%(1>�@� %,',5� &�%(�&RPPDQG�%XV�%\WH�(QDEOHV^���9�

���Y@�

32:(5� $-��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

$*3� $-��� 3&,$'>��@� %,',5� $'^������$GGUHVV�DQG�GDWD�EXV>�������Y��

32:(5� $-��� 9&&$��B�B�� 32:(5� $*3�LQWHUIDFH�9''4�YROWDJH�OHYHO� ����Y�

RU����Y�

$*3� $-��� 3&,&%(1>�@� %,',5� &�%(�&RPPDQG�%XV�%\WH�(QDEOHV^���9�

���Y@�

32:(5� $-��� *1'�� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

$*3� $-��� 3&,$'>�@� %,',5� $'^������$GGUHVV�DQG�GDWD�EXV>�������Y��

32:(5� $-��� 9&&$��B�B�� 32:(5� $*3�LQWHUIDFH�9''4�YROWDJH�OHYHO� ����Y�

RU����Y�

$*3� $-��� 3&,$'>�@� %,',5� $'^������$GGUHVV�DQG�GDWD�EXV>�������Y��

32:(5� $-��� *1'�� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

$*3� $-��� $*3=6(7� ,1� $QDORJ�UHIHUHQFH�LPSHGDQFH�UHVLVWRU��

FRQQHFW�WR�9''4�YLD������RKPV�

0(0� $-��� 0'0$>�@� %,',5� 0HPRU\�$�'DWD�ZULWH�PDVNV�DW����0+]�

32:(5� $-��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� $-��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� %��� 1&>�@� 1�&� �
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32:(5� %��� 1&>�@� 1�&� �

0(0� %��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� %��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

9,'(2� %��� 9,'(20(5*(%/$1

.�

%,',5� ')3%ODQN�RU�0HUJH�EODQN�LQSXW�RQO\�IRU�

FRQILJ�

9,'(2� %��� 9,'(20(5*(6752

%(,1����

,1� 8VHG�IRU�PXOWLFKLS�VROXWLRQV���WLH�XQXVHG�

ORZ��

9,'(2� %��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��
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9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

32:(5� %��� 1&>�@� 1�&� �

32:(5� %��� 1&>�@� 1�&� �

32:(5� &��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

0(0� &��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� &��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

9,'(2� &��� 9,'(20(5*(6752

%(,1����

,1� 8VHG�IRU�PXOWLFKLS�VROXWLRQV���WLH�XQXVHG�

ORZ��

9,'(2� &��� 9,'(20(5*(&/2&

.�

%,',5� 8VHG�IRU�ORFNLQJ�3//V�LQ�PXOWL�FKLS�

FRQILJXUDWLRQV���WLH�RII�LI�XQXVHG�

9,'(2� &��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��
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9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

0(0� &��� 0'$7$����� %,',5� 0HPRU\�$�GDWD�DW����0+]�

32:(5� &��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

0(0� '��� 0'$7%����� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� '��� 0'0%���� %,',5� 0HPRU\�%�GDWD�ZULWHPDVNV�DW����0+]�

0(0� '��� 667/93���� %,',5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ���Y�

0(0� '��� 0'$7%����� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� '��� 0'0%���� %,',5� 0HPRU\�%�GDWD�ZULWHPDVNV�DW����0+]�

0(0� '��� 0'$7%����� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� '��� 0'$7%����� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� '��� 0'0%���� %,',5� 0HPRU\�%�GDWD�ZULWHPDVNV�DW����0+]�

0(0� '��� 0'$7%���� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� '��� 0'$7%���� %,',5� 0HPRU\�%�GDWD�DW����0+]�

9,'(2� '��� 9,'(20(5*('$7$

6752%(287�

287� 6WUREH�IRU�PHUJH�GDWD�DQG�G)3�

9,'(2� '��� 9,'(20(5*(6752

%(,1����

,1� 8VHG�IRU�PXOWL�FKLS�VROXWLRQV���WLH�XQXVHG�

ORZ�

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��
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9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

0(0� '��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� '��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� '��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

32:(5� (��� *1'����� 32:(5� Core and IO ground supply = 0v�
0(0� (��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� (��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� (��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

32:(5� (��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� (��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� (��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

0(0� (��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� (��� 0'4%���� %,',5� 0HPRU\�%����0+]�ELGLUHFWLRQDO�VWUREH�

0(0� (��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

9,'(2� (��� 0'0%���� %,',5� 0HPRU\�%�GDWD�ZULWHPDVNV�DW����0+]�

9,'(2� (��� 9,'(20(5*(96<1

&1�

%,',5� 9HUWLFDO�VWUREH�XVHG�,�PXOWLSOH�FKLS�

FRQILJV���7LH�RII�LI�XQXVHG��

9,'(2� (��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��
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9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

32:(5� (��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� (��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� (��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

0(0� (��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� (��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� (��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

32:(5� (��� *1'�� 32:(5� Core and IO ground supply = 0v�
0(0� )��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� )��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� )��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� )��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

32:(5� )��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� )��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

0(0� )��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� )��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� )��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� )��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

32:(5� *��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

0(0� *��� 0%$%���� %,',5� 0HPRU\�%�%DQN�DGGUHVV�VLJQDO�

0(0� *��� 0&.(%� %,',5� 0HPRU\�%�&RQWURO�VLJQDO�

0(0� *��� 0%$%���� %,',5� 0HPRU\�%�%DQN�DGGUHVV�VLJQDO�

32:(5� *��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� *��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

0(0� *��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� *��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� *��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

32:(5� *��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

0(0� +��� 0&./%1� %,',5� 0HPRU\�%����0+]�LQYHUWHG�FORFN�RXW�

0(0� +��� 05$6%� %,',5� 0HPRU\�%�&RQWURO�6LJQDO�

0(0� +��� 0&$6%� %,',5� 0HPRU\�%�&RQWURO�6LJQDO�

0(0� +��� 0'6)%� %,',5� 0HPRU\�%�&RQWURO�6LJQDO�

0(0� +��� 0:(%� %,',5� 0HPRU\�%�&RQWURO�6LJQDO�

0(0� +��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� +��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�
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0(0� +��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� +��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� +��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

32:(5� -��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

0(0� -��� 0$''5%����� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� -��� 0$''5%����� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� -��� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� -��� 0&./%� %,',5� 0HPRU\�%����0+]�LQYHUWHG�FORFN�RXW�

0(0� -��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� -��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� -��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� -��� 667/95()���� 32:(5� 667/�&ODVV���,2�UHIHUHQFH�YROWDJH� �

9&&6����� �����Y�

32:(5� -��� *1'�� 32:(5� Core and IO ground supply = 0v�
0(0� .��� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� .���� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� .��� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� .��� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� .��� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� .��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� .��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� .��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� .��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� .��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� /���� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� /���� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� /���� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� /��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� /���� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� /��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� /��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� /��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� /��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� /��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� 0��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 0��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 0��� 0'0%���� %,',5� 0HPRU\�%�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� 0��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� 0��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 0��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�
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0(0� 0��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 0��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 0��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 0��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 1��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 1��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 1��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 1��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 1��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 1��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� 1��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� 1��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 1��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 1��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� 3��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� 3��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 3��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 3��� 0'0%���� %,',5� 0HPRU\�%�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� 3��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 3���� 0$''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 3��� 0$''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 3��� 0$''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 3���� 0$''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 3���� 0$''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 5��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 5��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 5��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 5��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 5��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 5��� 0''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 5��� 0''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 5��� 0''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 5��� 0''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 5��� 0''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 7��� 667/95()���� 32:(5� 667/�&ODVV���,2�UHIHUHQFH�YROWDJH� �

9&&6����� �����Y�

0(0� 7��� 0'0%���� %,',5� 0HPRU\�%�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� 7��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� 7��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� 7��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�
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GROUP   BGA 
PAD 

PIN NAME TYPE DESCRIPTION 

0(0� 7��� 0&/.$� %,',5� 0HPRU\�$����0+]�&ORFN�RXW�

0(0� 7��� 0&/.$1� %,',5� 0HPRU\�$����0+]�,QYHUWHG�&ORFN�RXW�

0(0� 7��� 0''5$����� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 7��� 0''5$����� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 7��� 0'6)$� %,',5� 0HPRU\�$�&RQWURO�6LJQDO�

0(0� 8��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 8��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 8��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 8��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 8��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 8��� 0:($� %,',5� 0HPRU\�$�&RQWURO�VLJQDO�

0(0� 8��� 0&.($� %,',5� 0HPRU\�$�&RQWURO�VLJQDO�

0(0� 8��� 0%$$���� %,',5� 0HPRU\�$�%DQN�$GGUHVV�VLJQDO�

0(0� 8��� 0&$6$� %,',5� 0HPRU\�$�&RQWURO�VLJQDO�

0(0� 8��� 05$6$� %,',5� 0HPRU\�$�&RQWURO�VLJQDO�

0(0� 9��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 9��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� 9��� 0'0%���� %,',5� 0HPRU\�%�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� 9��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 9��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 9��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 9��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 9��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 9��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 9��� 0%$$���� %,',5� 0HPRU\�$�%DQN�$GGUHVV�VLJQDO�

9,'(2� :��� ;7$/���� %,',5� ([WHUQDO�&U\VWDO�FRQQHFWLRQ�

0(0� :��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� :��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� :��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� :��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� :��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� :��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� :��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� :��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� :��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

9,'(2� <��� ;7$/���� %,',5� ([WHUQDO�FU\VWDO�FRQQHFWLRQV�

0(0� <��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� <��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� <��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

32:(5� <��� 3//9$$B�� 32:(5� 3//�DQDORJXH�SRZHU����Y�
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PIN NAME TYPE DESCRIPTION 

0(0� <��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� <��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� <��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� <��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� <��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�
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8.2 Pinlist by Name 
The table below provides a brief description of each pin.  It is organized alphabetically by 
pin name.  The block of GND pins from M12 to V18 is not included - these are listed in 
section 8.3, Ground Connections. 

 

GROUP   BGA 
PAD 

PIN NAME TYPE DESCRIPTION 

$*3� $(��� $*3$'67%���� ,1� $'B67%������DJS�RQO\��$'�VWUREH���

XVHG�LQ�DJS�[�RQO\�����Y��

$*3� $)��� $*3$'67%���� ,1� $'B67%������DJS�RQO\��$'�VWUREH���

XVHG�LQ�DJS�[�RQO\�����Y��

$*3� $*��� $*3$'67%1>�@� ,1� $'B67%�����DJS�RQO\�$'�VWUREH�XVHG�

LQ�DJS�[�RQO\>���9@�

$*3� $*��� $*3$'67%1>�@� ,1� $'B67%�����DJS�RQO\�$'�VWUREH�XVHG�

LQ�DJS�[�RQO\>���9@�

$*3� $+��� $*33,3(1� 287� 3,3(��3LSHOLQHG�UHTXHVW�DJS�RQO\�>���9@�

$*3� $(��� $*35%)1� %,',5� 5*)��5HDG�EXIIHU�IXOO��$*3�RQO\������Y��

$*3� $)��� $*36%$���� 287� 6%$������VLGHEDQG�DGGUHVV�SRUW��DJS�RQO\��

��������Y��

$*3� $)��� $*36%$���� 287� 6%$������VLGHEDQG�DGGUHVV�SRUW��DJS�RQO\��

��������Y��

$*3� $(��� $*36%$���� 287� 6%$������VLGHEDQG�DGGUHVV�SRUW��DJS�RQO\��

��������Y��

$*3� $)��� $*36%$���� 287� 6%$������VLGHEDQG�DGGUHVV�SRUW��DJS�RQO\��

��������Y��

$*3� $*��� $*36%$>�@� 287� 6%$������6LGHEDQG�DGGUHVV�SRUW�DJS�

RQO\�>�������9@�

$*3� $-��� $*36%$>�@� 287� 6%$������6LGHEDQG�DGGUHVV�SRUW�DJS�

RQO\�>�������9@�

$*3� $*��� $*36%$>�@� 287� 6%$������6LGHEDQG�DGGUHVV�SRUW�DJS�

RQO\�>�������9@�

$*3� $+��� $*36%$>�@� 287� 6%$������6LGHEDQG�DGGUHVV�SRUW�DJS�

RQO\�>�������9@�

$*3� $+��� $*36%67%� 287� 6%B67%�6LGHEDQG�VWUREH��DJS�RQO\��

�GLIIHUHQWLDO�LQ�$*3�[�>���9����9@�

$*3� $(��� $*36%67%1� 287� 6%B67%��6LGHEDQG�VWUREH��DJS�RQO\��

GLIIHUHQWLDO�VWUREH�XVHG�LQ�DJS�[�RQO\�

����Y���

$*3� $)��� $*367���� %,',5� 67�6WDWXV�EXV��DJS�RQO\������Y��

$*3� $-��� $*367>�@� %,',5� 67�6WDWXV�EXV�DJS�RQO\�>���9@�

$*3� $*��� $*367>�@� %,',5� 67�6WDWXV�EXV��DJS�RQO\��>���9@�

$*3� $)��� $*39����� %,',5� $*3�,�2�5HIHUHQFH�YROWDJH� �9&&$�

���������Y�RU�����Y��
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GROUP   BGA 
PAD 

PIN NAME TYPE DESCRIPTION 

$*3� $+��� $*39�>�@� 32:(5� $*3�SUH�GULYHU�,2�VXSSO\� ���Y�

$*3� $-��� $*39�>�@� 32:(5� $*3�SUH�GULYHU�,2�VXSSO\� ���Y�

$*3� $+��� $*39�>[@� 32:(5� $*3�SUH�GULYHU�,2�VXSSO\� ���Y�

$*3� $)��� $*395()� %,',5� $*3�,�2�5HIHUHQFH�YROWDJH� �9&&$�

����������Y�RU�����Y��

$*3� $-��� $*3=6(7� ,1� $QDORJ�UHIHUHQFH�LPSHGDQFH�UHVLVWRU��

FRQQHFW�WR�9''4�YLD������RKPV�

9,'(2� $'��� '$&$*���� 32:(5� '$&�DQDORJXH�JURXQG� ��Y��LVRODWHG�IURP�

*1'��

9,'(2� $&��� '$&$*���� 32:(5� '$&�DQDORJXH�JURXQG� ��Y��LVRODWHG�IURP�

*1'��

9,'(2� $$��� '$&$*���� 32:(5� '$&�DQDORJXH�JURXQG� ��Y��LVRODWHG�IURP�

*1'��

9,'(2� $$��� '$&$*���� 32:(5� '$&�DQDORJXH�JURXQG� ��Y��LVRODWHG�IURP�

*1'��

9,'(2� $%��� '$&&203� 32:(5� 6HH�'$&�VSHF�IRU�GHWDLOV�

9,'(2� $$��� '$&6)$'-� %,',5� '$&�IXOO�VFDOH�DGMXVW���FRQQHFW�YLD�����

RKP�UHVLVWRU�WR�JURXQG��

9,'(2� $&��� '$&9$$���� 32:(5� '$&�DQDORJXH�SRZHU� ����Y�

9,'(2� $%��� '$&9$$B�� 32:(5� '$&�DQDORJXH�SRZHU� ����Y�

9,'(2� $%��� '$&9$$B�� 32:(5� '$&�DQDORJXH�SRZHU� ����Y�

9,'(2� $%��� '$&95()� %,',5� 6HH�'$&�VSHF�IRU�GHWDLOV�

9,'(2� $��� ')3,17(55837� ,1� *HQHUDO�SXUSRVH�LQWHUUXSW�

$*3� $(��� '0$6,'(%$1'���� ,1� 3ULYDWH�VLGHEDQG�SRUW��7LH�KLJK�LI�XQXVHG��

$*3� $*��� '0$6,'(%$1'>�@� ,1� 3ULYDWH�VLGHEDQG�SRUW�WLH�KLJK�LI�XQXVHG��

$*3� $+��� '0$6,'(%$1'>�@� ,1� 3ULYDWH�VLGHEDQG�SRUW�WLH�KLJK�LI�XQXVHG��

32:(5� $$��� *1'���� 32:(5� Core and IO ground supply = 0v�
32:(5� $��� *1'���� 32:(5� Core and IO ground supply = 0v�
32:(5� $��� *1'����� 32:(5� Core and IO ground supply = 0v�
32:(5� $��� *1'���� 32:(5� Core and IO ground supply = 0v�
32:(5� (��� *1'����� 32:(5� Core and IO ground supply = 0v�
32:(5� $$��� *1'����� 32:(5� Core and IO ground supply = 0v�
32:(5� (��� *1'�� 32:(5� Core and IO ground supply = 0v�
32:(5� $��� *1'��� 32:(5� Core and IO ground supply = 0v�
32:(5� -��� *1'�� 32:(5� Core and IO ground supply = 0v�
32:(5� $-��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

32:(5� $(��� *1'�� 32:(5� Core and IO ground supply = 0v�
32:(5� $-��� *1'�� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

32:(5� $-��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

32:(5� $-��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

32:(5� $-��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�
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PIN NAME TYPE DESCRIPTION 

32:(5� -��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

32:(5� $(��� *1'��� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

32:(5� $-��� *1'�� 32:(5� &RUH�DQG�,2�JURXQG�VXSSO\� ��Y�

9,'(2� $)��� .&/.,1� %,',5� ([WHUQDO�.�FORFN�LQSXW�

0(0� 3���� 0$''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 3���� 0$''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 3��� 0$''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 3���� 0$''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 3��� 0$''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� /���� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� /���� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� -��� 0$''5%����� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� -��� 0$''5%����� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� /���� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� /���� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� .���� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� .��� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� .��� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� .��� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� .��� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� -��� 0$''5%���� %,',5� 0HPRU\�%�$GGUHVV�VLJQDO�

0(0� 8��� 0%$$���� %,',5� 0HPRU\�$�%DQN�$GGUHVV�VLJQDO�

0(0� 9��� 0%$$���� %,',5� 0HPRU\�$�%DQN�$GGUHVV�VLJQDO�

0(0� *��� 0%$%���� %,',5� 0HPRU\�%�%DQN�DGGUHVV�VLJQDO�

0(0� *��� 0%$%���� %,',5� 0HPRU\�%�%DQN�DGGUHVV�VLJQDO�

0(0� 8��� 0&$6$� %,',5� 0HPRU\�$�&RQWURO�VLJQDO�

0(0� +��� 0&$6%� %,',5� 0HPRU\�%�&RQWURO�6LJQDO�

0(0� 8��� 0&.($� %,',5� 0HPRU\�$�&RQWURO�VLJQDO�

0(0� *��� 0&.(%� %,',5� 0HPRU\�%�&RQWURO�VLJQDO�

0(0� -��� 0&./%� %,',5� 0HPRU\�%����0+]�LQYHUWHG�FORFN�RXW�

0(0� +��� 0&./%1� %,',5� 0HPRU\�%����0+]�LQYHUWHG�FORFN�RXW�

0(0� 7��� 0&/.$� %,',5� 0HPRU\�$����0+]�&ORFN�RXW�

0(0� 7��� 0&/.$1� %,',5� 0HPRU\�$����0+]�,QYHUWHG�&ORFN�RXW�

9,'(2� $)��� 0&/.,1� %,',5� ([WHUQDO�0�FORFN�LQSXW�

0(0� $*��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $'��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $'��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $%��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $%��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $&��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�
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0(0� $&��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $&��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $$��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $$��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $$��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $*��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $$��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� <��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� <��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� <��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� :��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� :��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� :��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� :��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 9��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� )��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 9��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $)��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 9��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 9��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 1��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 1��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 0��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 0��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 0��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 0��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� 0��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� /��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $*��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� /��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� /��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� .��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� .��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� .��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� .��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� .��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� -��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� +��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� +��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $)��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�
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0(0� +��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� +��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� *��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� *��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� *��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� )��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� )��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� (��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� (��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� (��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $)��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� '��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� '��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� '��� 0'$7$����� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� &��� 0'$7$����� %,',5� 0HPRU\�$�GDWD�DW����0+]�

0(0� $)��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $'��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $'��� 0'$7$���� %,',5� 0HPRU\�$�'DWD�DW����0+]�

0(0� $+��� 0'$7$>�@� %,',5� 0HPRU\�$�GDWD�DW����0+]�

0(0� %��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� '��� 0'$7%���� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� (��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� '��� 0'$7%����� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� %��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� '��� 0'$7%����� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� &��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� $��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� $��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� '��� 0'$7%����� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� &��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� '��� 0'$7%����� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� (��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� (��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� (��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�
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0(0� )��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� )��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� )��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 0��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 0��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 0��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 1��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 1��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 1��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 1��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 1��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� (��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 3��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 3��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 3��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 5��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 5��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 5��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 5��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 5��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 7��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 8��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� '��� 0'$7%���� %,',5� 0HPRU\�%�GDWD�DW����0+]�

0(0� 8��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 8��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 8��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 8��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 9��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 9��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 9��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� :��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� :��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� <��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� &��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� :��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� :��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� <��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� <��� 0'$7%����� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�



GLINT R5 Reference Guide Volume IV   Pin Assignment 

�'PEFW Proprietary and Confidential 8-23 

GROUP   BGA 
PAD 

PIN NAME TYPE DESCRIPTION 

0(0� &��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� %��� 0'$7%���� %,',5� 0HPRU\�%�'DWD�DW����0+]�

0(0� 7��� 0''5$����� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 7��� 0''5$����� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 5��� 0''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 5��� 0''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 5��� 0''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 5��� 0''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� 5��� 0''5$���� %,',5� 0HPRU\�$�$GGUHVV�VLJQDO�

0(0� $(��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� $%��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� :��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� 1��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� /��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� +��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� )��� 0'0$���� %,',5� 0HPRU\�$�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� $-��� 0'0$>�@� %,',5� 0HPRU\�$�'DWD�ZULWH�PDVNV�DW����0+]�

9,'(2� (��� 0'0%���� %,',5� 0HPRU\�%�GDWD�ZULWHPDVNV�DW����0+]�

0(0� '��� 0'0%���� %,',5� 0HPRU\�%�GDWD�ZULWHPDVNV�DW����0+]�

0(0� '��� 0'0%���� %,',5� 0HPRU\�%�GDWD�ZULWHPDVNV�DW����0+]�

0(0� '��� 0'0%���� %,',5� 0HPRU\�%�GDWD�ZULWHPDVNV�DW����0+]�

0(0� 0��� 0'0%���� %,',5� 0HPRU\�%�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� 3��� 0'0%���� %,',5� 0HPRU\�%�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� 7��� 0'0%���� %,',5� 0HPRU\�%�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� 9��� 0'0%���� %,',5� 0HPRU\�%�'DWD�:ULWH�0DVNV�DW����0+]�

0(0� $(��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� $%��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� <��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� 1��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� /��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� -��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� )��� 0'4$���� %,',5� 0HPRU\�$����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� $+��� 0'4$>�@� %,',5� 0HPRU\�$����0+]�ELU�GLUHFWLRQDO�VWUREH�

0(0� &��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� (��� 0'4%���� %,',5� 0HPRU\�%����0+]�ELGLUHFWLRQDO�VWUREH�

0(0� %��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� &��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� /��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� 3��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� 7��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�
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0(0� 9��� 0'4%���� %,',5� 0HPRU\�%����0+]�EL�GLUHFWLRQDO�VWUREH�

0(0� 7��� 0'6)$� %,',5� 0HPRU\�$�&RQWURO�6LJQDO�

0(0� +��� 0'6)%� %,',5� 0HPRU\�%�&RQWURO�6LJQDO�

0(0� 8��� 05$6$� %,',5� 0HPRU\�$�&RQWURO�VLJQDO�

0(0� +��� 05$6%� %,',5� 0HPRU\�%�&RQWURO�6LJQDO�

0(0� 8��� 0:($� %,',5� 0HPRU\�$�&RQWURO�VLJQDO�

0(0� +��� 0:(%� %,',5� 0HPRU\�%�&RQWURO�6LJQDO�

32:(5� $��� 1&>�@� � �

32:(5� $+��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� $��� 1&>�@� � �

32:(5� %��� 1&>�@� � �

32:(5� %��� 1&>�@� � �

32:(5� $��� 1&>�@� � �

32:(5� %��� 1&>�@� � �

32:(5� $��� 1&>�@� � �

32:(5� %��� 1&>�@� � �

32:(5� $*��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� $-��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� $+��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� $+��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� $-��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� $-��� 1&>��@� 1�&� 1R�FRQQHFW�SLQV�

32:(5� $*��� 1&>�@� 1�&� 1R�FRQQHFW�SLQV�

$*3� $*��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������9��

$*3� $+��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��
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$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $(��� 3&,$'����� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $*��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $+��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $)��� 3&,$'���� %,',5� $'�������DGGUHVV�DQG�GDWD�EXV���������Y��

$*3� $-��� 3&,$'>��@� %,',5� $'^������$GGUHVV�DQG�GDWD�EXV>�������Y��

$*3� $-��� 3&,$'>�@� %,',5� $'^������$GGUHVV�DQG�GDWD�EXV>�������Y��

$*3� $-��� 3&,$'>�@� %,',5� $'^������$GGUHVV�DQG�GDWD�EXV>�������Y��

$*3� $*��� 3&,&%(1>�@� %,',5� &�%(�&RPPDQG�%XV�%\WH�(QDEOHV^���9�

���Y@�

$*3� $-��� 3&,&%(1>�@� %,',5� &�%(�&RPPDQG�%XV�%\WH�(QDEOHV^���9�

���Y@�

$*3� $+��� 3&,&%(1>�@� %,',5� &�%(�&RPPDQG�%XV�%\WH�(QDEOHV^���9�

���Y@�

$*3� $-��� 3&,&%(1>�@� %,',5� &�%(�&RPPDQG�%XV�%\WH�(QDEOHV^���9�

���Y@�

$*3� $)��� 3&,&/.� ,1� &ON�3FL&ON�������Y��

$*3� $-��� 3&,&/.6(/� ,1� &ORFN�VHOHFW�XVHG�WR�VHW�FRQILJ�FDSDELOLWLHV�

ELW�

$*3� $+��� 3&,'(96(/1� %,',5� '(96(/��'HYLFH�VHOHFW>���9����9@�

$*3� $*��� 3&,),)2,1',6� %,',5� 3ULYDWH�VLGHEDQG�SRUW�LQSXW�LQ�WHVW�FRQILJ�

RQO\��OHDYH�RSHQ�LI�XQXVHG�

$*3� $+��� 3&,),)2287',6� %,',5� 3ULYDWH�VLGHEDQG�SRUW�LQSXW�LQ�WHVWFRQILJ�

RQO\��OHDYH�RSHQ�LI�XQXVHG�

$*3� $(��� 3&,)5$0(1� %,',5� )UDPH��&\FOH�)UDPH����Y��

$*3� $(��� 3&,*171� ,1� *QW��*UDQW�����Y��

$*3� $(��� 3&,,'6(/� ,1� �

$*3� $)��� 3&,,17$1� 287� ,17$��,QWHUUXSW�$�RSHQ�GUDLQ�

$*3� $)��� 3&,,5'<1� %,',5� ,5'<��,QLWLDWRU�UHDG\�����Y��

$*3� $)��� 3&,3$5� %,',5� 3$5�3DULW\�����Y��

$*3� $*��� 3&,5(41� 287� 5(4��5HTXHVW>���Y@�

$*3� $(��� 3&,5671� ,1� 567��5HVHW�����Y��

$*3� $+��� 3&,67231� %,',5� 6723��>���Y@�

$*3� $*��� 3&,75'<1� %,',5� 75'<��7DUJHW�5HDG\>���Y@�
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9,'(2� $-��� 3//$*B�� 32:(5� 3//�DQDORJXH�JURXQG� ��Y��LVORODWHG�IURP�

*1'��

9,'(2� $$��� 3//$*B�� 32:(5� 3//�DQDORJXH�JURXQG� ��Y��LVRODWHG�IURP�

*1'��

9,'(2� $*��� 3//',6$%/(� ,1� 'LVDEOH�3//
V�

9,'(2� $+��� 3//9$$B� 32:(5� 3//�DQDORJXH�SRZHU� ����Y�

32:(5� <��� 3//9$$B�� 32:(5� 3//�DQDORJXH�SRZHU����Y�

9,'(2� $+��� 5(1'(56<1&1� %,',5� 5DVWHUL]HU�UHV\QF�IRU�PXOWLFKLS�

VROXWLRQV�FRUH��

9,'(2� $+��� 5202(1� 287� 520�2XWSXW�(QDEOH�DFWLYH�ORZ��

9,'(2� $*��� 5206(/(&71� 287� 520�6HOHFW�DFWLYH�ORZ��

9,'(2� $)��� 520:(1� 287� 520�ZULWH�HQDEOH��DFWLYH�ORZ��

9,'(2� $+��� 6%&/.� %,',5� �

9,'(2� $)��� 6%'$7$� %,',5� �

9,'(2� $)��� 6&/.,1� %,',5� ([WHUQDO�0�FORFN�LQSXW�

0(0� 7��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� 0��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� '��� 667/93���� %,',5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ���Y�

0(0� $��� 667/93���� 32:(5� 667/�&ODVV���SUH�GULYHU,2�VXSSO\� ����Y�

0(0� -��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� 1��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� <��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� $(��� 667/93���� 32:(5� 667/�&ODVV���3UH�GULYHU�,2�VXSSO\� ����Y�

0(0� 7��� 667/95()���� 32:(5� 667/�&ODVV���,2�UHIHUHQFH�YROWDJH� �

9&&6����� �����Y�

0(0� $��� 667/95()���� 32:(5� 667/�&ODVV���,�2�UHIHUHQFH�YROWDJH� �

9&&6��B�� �����Y�

0(0� -��� 667/95()���� 32:(5� 667/�&ODVV���,2�UHIHUHQFH�YROWDJH� �

9&&6����� �����Y�

0(0� $%��� 667/95()���� 32:(5� 667/�&ODVV���,�2�UHIHUHQFH�YROWDJH� �

9&&6��B�� �����Y�

9,'(2� $(��� 7&/.,1� %,',5� ([WHUQDO�7�FORFN�,QSXW�

$*3� $'��� 7(6702'(� ,1� 3URGXFWLRQ�WHVW�JOREDO�HQDEOH��$FWLYH�KLJK��

$*3� $+��� 7(676(/(&7>�@� ,1� 3URGXFWLRQ�WHVW�PRGH�VHOHFW�

$*3� $-��� 7(676(/(&7>�@� ,1� 3URGXFWLRQ�WHVW�PRGH�VHOHFW�

$*3� $+��� 7(676(/(&7>�@� ,1� 3URGXFWLRQ�WHVW�PRGH�VHOHFW�

$*3� $*��� 7(;785('2:1/2

$',17�

287� 7H[WXUH�GRZQORDG�LQWHUUXSW��

32:(5� $-��� 9&&$��B�B�� 32:(5� $*3�LQWHUIDFH�9''4�YROWDJH�OHYHO� ����Y�

RU����Y�
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32:(5� $-��� 9&&$��B�B�� 32:(5� $*3�LQWHUIDFH�9''4�YROWDJH�OHYHO� ����Y�

RU����Y�

32:(5� $-��� 9&&$��B�B�� 32:(5� $*3�LQWHUIDFH�9''4�YROWDJH�OHYHO� ����Y�

RU����Y�

32:(5� $-��� 9&&$��B�B�� 32:(5� $*3�LQWHUIDFH�9''4�YROWDJH�OHYHO� ����Y�

RU����Y�

32:(5� $*��� 9&&6��B�B� 32:(5� 667/�,2�GULYHU�VXSSO\��9&&�� ����Y�

32:(5� $��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� $&��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� &��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� *��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� *��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� &��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� $&��� 9&&6��B�B�� 32:(5� 667/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� $*��� 9&&6��B�B�� 32:(5� 667/�,2�GULYHU�VXSSO\��9&&�� ����Y�

32:(5� $-��� 9&&7��B�B� 32:(5� 77/�,2�GULYHU�VXSSO\��9&&�� ����Y�

32:(5� $-��� 9&&7��B�B� 32:(5� 77/�,2�GULYHU�VXSSO\��9&&�� ����Y�

32:(5� $��� 9&&7��B�B�� 32:(5� 77/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� $��� 9&&7��B�B�� 32:(5� 77/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

32:(5� $��� 9&&7��B�B�� 32:(5� 77/�,�2�'ULYHU�VXSSO\��9&&� ���Y�

9,'(2� $(��� 9&/.,1� %,',5� 3URGXFWLRQ�WHVW�9�FORFN�,QSXW�

32:(5� (��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� (��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� (��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� (��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� (��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� )��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� *��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $&��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $'��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $(��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $(��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $(��� 9''��� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� (��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� )��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� *��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $&��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $'��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $(��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

32:(5� $(��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�
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32:(5� $(��� 9''�� 32:(5� &RUH�ORJLF�SRZHU� ����Y�

9,'(2� $%��� 9,'%/8(� %,',5� $QDORJXH�EOXH�FRPSRQHQW�

9,'(2� $)��� 9,'''&&/.� %,',5� �

9,'(2� $-��� 9,'''&'$7$� %,',5� �

9,'(2� $)��� 9,'(2(;7&75/� %,',5� ,QSXW�RQO\�DV�FRQILJ�

9,'(2� %��� 9,'(20(5*(%/$1

.�

%,',5� ')3%ODQN�RU�0HUJH�EODQN�LQSXW�RQO\�IRU�

FRQILJ�

9,'(2� &��� 9,'(20(5*(&/2&

.�

%,',5� 8VHG�IRU�ORFNLQJ�3//V�LQ�PXOWL�FKLS�

FRQILJXUDWLRQV���WLH�RII�LI�XQXVHG�

9,'(2� %��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��
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9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��
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GROUP   BGA 
PAD 

PIN NAME TYPE DESCRIPTION 

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� (��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��
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GROUP   BGA 
PAD 

PIN NAME TYPE DESCRIPTION 

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� %��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� &��� 9,'(20(5*('$7$

���

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� $��� 9,'(20(5*('$7$

��

%,',5� 0HUJH�����ELWV��DQG�')3�GDWD�����ELWV��

FRQILJ��

9,'(2� '��� 9,'(20(5*('$7$

6752%(287�

287� 6WUREH�IRU�PHUJH�GDWD�DQG�G)3�

9,'(2� $��� 9,'(20(5*(+6<1

&1�

%,',5� +RUL]RQWDO�VWUREH�XVHG�LQ�PXOWLFKLS�

FRQILJV��WLH�RII�LI�XQXVHG��

9,'(2� '��� 9,'(20(5*(6752

%(,1����

,1� 8VHG�IRU�PXOWL�FKLS�VROXWLRQV���WLH�XQXVHG�

ORZ�

9,'(2� &��� 9,'(20(5*(6752

%(,1����

,1� 8VHG�IRU�PXOWLFKLS�VROXWLRQV���WLH�XQXVHG�

ORZ��

9,'(2� %��� 9,'(20(5*(6752

%(,1����

,1� 8VHG�IRU�PXOWLFKLS�VROXWLRQV���WLH�XQXVHG�

ORZ��

9,'(2� (��� 9,'(20(5*(96<1

&1�

%,',5� 9HUWLFDO�VWUREH�XVHG�,�PXOWLSOH�FKLS�

FRQILJV���7LH�RII�LI�XQXVHG��

9,'(2� $&��� 9,'*5((1� %,',5� $QDORJXH�JUHHQ�FRPSRQHQW�

9,'(2� $(��� 9,'+6<1&� 287� '$&�+RUL]RQWDO�V\QF�

0(0� $'��� 9,'5('� %,',5� $QDORJXH�JUHHQ�FRPSRQHQW�

9,'(2� $*��� 9,'5,*+7(<(� %,',5� 5LJKW�H\H�VLJQDO�IRU�VWHUHR�FRQILJ�ELW�

9,'(2� $'��� 9,'96<1&� %,',5� '$&�9HUWLFDO�V\QF�FRQILJ�ELW�

9,'(2� <��� ;7$/���� %,',5� ([WHUQDO�FU\VWDO�FRQQHFWLRQV�

9,'(2� :��� ;7$/���� %,',5� ([WHUQDO�&U\VWDO�FRQQHFWLRQ�

8.3 Ground Connections 
�

GND designates pins where core and IO ground supply = 0v 

The following pins are GND:  AJ5, A5, A9, A21, A25, AA1, AA29, AE1, AE29, AJ21, AJ25, 
AJ5, AJ9, E1, E29, J1, J29, M12, M13, M14, M15, M16, M17, M18, N12, N13, N14, N15, 
N16, N17, N18, P12, P13, P14, P15, P16, P17, P18, R12, R13, R14, R15, R16, R17, R18, 
T12, T13, T14, T15, T16, T17, T18, U12, U13, U14, U15, U16, U17, U18, V12, V13, V14, 
V15, V16, V17, V18 
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8.4 Schematics 
The following pages contain a typical set of GLINT R5 schematics for a single-processor 
board with 64MB of DDR memory.  These schematics are supplied for illustration purposes 
only and are neither specifications nor working drawings.1 

�����������������������������������������������������������������
���,I�YLHZLQJ�WKLV�GRFXPHQW�RQ�VFUHHQ��LQVHUW�VFKHPDWLFV�IURP�WKH�VHSDUDWH�GUDZLQJ�EXQGOH�RQ�WKH�EODQN�SDJHV�IROORZLQJ�
�
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��
��0HPRU\�6\VWHP��

� ��

The GLINT R5 memory system is intended for use with Synchronous Dynamic Memories. 
The memories can be SGRAM or SDRAM devices and both single- and double- data rate 
devices are supported.  Configuration for SDR or DDR is via pull-up or pull-down resistors 
on pins: 

 

Pin Name Function 
VideoMergeData14 DDR Enable (0=SDR) 

VideoMergeData15 Use common strobes (DDR SGRAMS, active = high) 

VideoMergeData16 Use internal strobes (SDRAMS, active = high) 

 Table 9.1  Configuration Pins 

The system uses two distinct controllers, each of which supports up to 4 banks in one 
64MB memory block.  There is no ChipSelect parameter.  Halfwidth is supported by simply 
disabling the B controller.   

Each controller has its own Address Bus, Control Signals and full register set.  This 
theoretically allows asymetric memory configurations or the use of different device types on 
each controller (not tested and not recommended).  Data strobes are supplied per byte for 
DDR memories, but SDR SDRAMs do not use external strobes.   and can be configured for: 

• DDR SDRAM 

• DDR SGRAM 

• SDR SGRAM and SDRAM 

�

9.1 Strobe Setup 
�

Strobes are supplied from memory on data transitions and repositioned to bisect the data 
using delay chains.  There is a register bitfield group for each strobe or byte enable 
(depending on device type).  See below for a typical clock delay chain register.   
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�

1DPH� 7\SH� 2IIVHW� )RUPDW�

/RFDO0HP$'HOD\2XW�� 0HPRU\�&RQWURO� �[��$�� %LWILHOG�

� &RPPDQG�UHJLVWHU� �

� � � �

%LWV�

�

1DPH� 5HDG� :ULWH� 5HVHW� 'HVFULSWLRQ�

����� 6WUREH'HOD\�� ✓ ✓ �� %LW�FRGH�RI�GHOD\���� ���WDSV����� ����WDSV�

�� 6WUREH,QYHUW�� ✓ ✓ �� �� �QR�LQYHUW� �� �LQYHUW�

����� 6WUREH'HOD\�� ✓ ✓ �� %LW�FRGH�RI�GHOD\���� ���WDSV����� ����WDSV�

�� 6WUREH,QYHUW�� ✓ ✓ �� �� �QR�LQYHUW� �� �LQYHUW�

������� &ORFN'HOD\� ✓ ✓ �� %LW�FRGH�RI�GHOD\���� ���WDSV����� ����WDSV�

��� &ORFN,QYHUW� ✓ ✓ �� �� �QR�LQYHUW� �� �LQYHUW�

������� 5HVHUYHG� ✓ ✕ �� �

In each channel, a 5-bit delay field allows 0 to 15 delays of 1/4 ns each.  The 5th bit allows 
strobe inversion, so the maximum delay = 1/2 clock plus 3-3/4 ns.  Two adjacent registers 
(-0 and -1) are used to accommodate the full set of strobe and clock delays, with 
ClockDelay in the upper bits. 

Note: There is no clock In delay 

������ ''5�6'5$0�
This configuration uses a full set of 4 individual strobes plus clock out.  There is one delay 
register for each byte lane and controller.  The memory devices are 4-bank x 16 bit. 

 

 

 

 

 

  

 

 

 

 

 Figure 9.1  Non-common Strobes (DDR SDRAM) 

�
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������ ''5�6*5$0�
For sigle-strobe devices the strobe is replicated internally on input to supply the 4 strobe 
lines.  DDR SGRAMs are not frequently encountered because they tend to use arbitrary 
blockfill without support for byte masking. 

 

 

�

�

�

�

�

�

�

�

�

 Figure 9.2  Common Strobes (DDR SGRAM) 
�

������ 6'5�6'5$0�DQG�6*5$0�
Single Data-rate devices use internal strobes as shown: 

 

 

 

 

 

 

 

 

 Figure 9.3  Internal Strobes (SDR SGRAM and SDRAM) 
 

The diagrams show a single controller driving a device or devices which may have up to 4 
banks in 1 block.   Normally two controllers are used in a symmetric pair configuration, 
although symmetry is not strictly required.  The maximum total configuration is 128Mbytes 
SDRAM or  SGRAM, however configurations down to 2MB are supported.  

The memory array requires no external logic and has been designed to deliver optimum 
performance on low cost boards by minimizing susceptibility to signal skew. 

9.1 System Parameters 
The Memory System employs a comprehensive set of registers which allow for a wide 
range of memory configurations. The timing parameters used to control synchronous 
memories can be adjusted to allow for optimum performance depending on memory type, 
speed grade, data rate and the system clock frequency (MClk). Memory functionally can be 

�
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�
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enabled depending on the type fitted. Full addressing control is available so that virtually 
any memory configuration can be fitted. 

The following parameters are used to control accesses to the memory. These values fall 
into three categories 

• Addressing 
• Functionality and Optimizations 
• Timing and Mode 

������ $GGUHVVLQJ�
These parameters are specified in the LocalMemCaps registers 

�������� &ROXPQ$GGUHVV��&$6��
This defines the number of address bits required to generate the column addresses for the 
memory devices fitted:  

 

Address Bits Parameter 

8 0 

9 1 

10 2 

11 3 

 

�������� 5RZ$GGUHVV��5$6��
This defines the number of address bits required to generate the row addresses for the 
memory device fitted. This parameter is normally quoted in the memory device data sheet.  
For example RA8~RA0 therefore the Row Address parameter would be 9 

 

Address Bits Parameter 

10 0 

11 1 

12 2 

 

�������� %DQN$GGUHVV�
This parameter defines the number of address bits required to generate the bank addresses 
for the memory device fitted. This parameter is normally quoted in the memory device data 
sheet.  

 

Banks Parameter 

2 0 (i.e. 1-bit address) 

4 1 (i.e. 2-bit address) 
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�������� 3DJH6L]H�
This parameter defines the address range for a memory page of the memory array fitted. 
The value can be calculated as (column address bits of device – 5).  

�������� 5HJLRQ6L]H�
This parameter defines the addressing range for each of the four page-detectors 
implemented in each memory controller. The minimum region a page-detector can be 
assigned to is one internal bank, the maximum is all of the memory fitted. There are some 
memory configurations where not all the page-detectors can be deployed, for example 
when three blocks of memory devices are used.  

The region size value can be calculated as:  

Ê

8�iÀiÊ0�Í>�Ê i��ÀßÊ rÊÊ 0�iÊÍ�Í>�ÊÃ�ãiÊ�vÊ�i��ÀßÊv�ÍÍi`Ê��Ê

�i}>LßÍiÃÊ


ßÍiÃÊ«iÀÊ i��ÀßÊ8�`Í�Ê rÊ£ÈÊÊÊ £ÔnÊÉÊn®ÊÊ

-i}���ÃÊ2Ãi`Ê rÊ�vÊÍ�Í>�Ê�Ö�LiÀÊ�vÊ
>��ÃÊ
��V�ÃÊv�ÍÍi`®ÊÊ

Ê Ê Ê 0�i�ÊÊ 
��V�ÃÊ��ÍÍi`Ê

Ê Ê Ê i�ÃiÊÊÊ 0�Í>�Ê
>��ÃÊ

Ê Ê Ê ®Ê

Ê

This can be represented as a table: 

Region Size Parameter 

£È 
Ê £xÊ

n 
Ê £{Ê

{ 
Ê £ÏÊ

Ô 
Ê £ÔÊ

£ 
Ê ££Ê

#Í�iÀÃÊÊ >Ü>��>L�iÊ

������ )XQFWLRQDOLW\�DQG�2SWLPL]DWLRQV�
These parameters are specified in the LocalMemCaps registers 

�������� 1R3UHFKDUJH2SW�
This flag when set will disable the back to back READ - PRECHARGE optimization, 
inserting clocks to the value of the CAS Latency between the commands. If the memory 

x
`-i}���Ã2Ãi�8�`Í�
ßÍiÃ«iÀ i

ß0�Í>� i��À
��}Ô −






×
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devices fitted are capable of executing a READ command directly followed by a 
PRECHARGE command, this flag should be left clear for optimal performance. 

�������� 6SHFLDO0RGH2SW�
This flag when set enables the memory controller to issue a Special Mode Register Set 
(SMRS) command, without regard to the current state of the internal banks of the SGRAM. 
Some memory devices require all internal banks to be in the same state before an SMRS 
command is issued. For these devices, ensure that the flag is cleared. The memory 
controller will issue a PRECHARGE command to the devices to ensure all internal banks 
are in the IDLE mode before issuing the SMRS command. If the memory devices fitted are 
capable of this function, optimally this flag should be set. 

�������� 7ZR&RORU%ORFN)LOO�
This flag when set allows the memory controller to utilize the 2 internal Color Registers that 
some SGRAM devices are equipped with. If the memory devices fitted only have 1 Color 
Register, this flag should be cleared. When this flag is cleared the memory controller will 
fully emulate the two color fill operations. 

�������� 1R:ULWH0DVN�
This flag when set disables the memory controller from using the internal MASK Register of 
an SGRAM. This flag must be set if SDRAMS are fitted (and will generally be set for DDR 
SGRAMs). When set, the memory controller emulates write mask operation. This is only a 
partial emulation using the byte enables so bit precision is not achieved. 

�������� 1R%ORFN)LOO�
This flag when set disables the memory controller from issuing a Block Fill command to the 
memories. This flag must be set if SDRAMS are fitted. When this flag is set the memory 
controller will fully emulate the block fill operations. 

�������� 1R/RRN$KHDG�
This flag when set disables the memory controller from issuing command to one bank of 
memory, whilst another bank is in the process of PRECHARGHING. Nominally for 
performance, this flag should be left cleared.  

������ 7LPLQJ�DQG�0RGH�
These parameters are specified in the LocalMemTiming and LocalMemControl registers. 

�������� 7XUQ2Q��:ULWH�WR�5HDG�WUDQVLWLRQ��
This parameter defines the number of MClk cycles that need to be inserted between issuing 
a READ command to one block of memory devices to a READ of another Block. (Block to 
Block Read Delay). Two parameters from the memory device data sheet must be used to 
determine what value TurnOn must be set to. The timing parameter tHZ defines the tri-state 
time and the parameter tLZ defines the drive time of the device. If tLZ is greater than tHZ, 
then this parameter can safely be set to zero. 
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�������� 7XUQ2II��5HDG�WR�:ULWH�WUDQVLWLRQ����
This parameter defines the number of MClk cycles that need to be inserted between issuing 
a READ and a WRITE command (Read – Write turn around). This parameter is defined in 
the memory device data sheet, usually as tHZ. 

�������� 5HJLVWHU/RDG��5/��
This parameter defines the number of MClk cycles that need to be inserted between issuing 
a SMRS and another command. This parameter is usually detailed in the memory device 
data sheet as tRSC. If tRSC is quoted including the SMRS cycle, then RegisterLoad should 
be calculated as tRSC (in MClk cycles) – 1. 

�������� %ORFN:ULWH��%:��
This parameter defines the number of MClk cycles that need to be inserted between issuing 
a BLOCK WRITE and another command. This parameter is usually detailed in the memory 
device data sheet as tBWC. If tBWC is quoted including the SMRS cycle, then BlockWrite 
should be calculated as tBWC (in MClk cycles) – 1. 

�������� $FWLYDWH7R&RPPDQG��$7&��
This parameter defines the number of MClk cycles that need to be inserted between issuing 
an ACTIVATE and a command. This parameter is usually detailed in the memory device 
data sheet as tRCD. If tRCD is quoted including the ACTIVATE cycle, then 
ActivateToCommand should be calculated as tRCD (in MClk cycles) – 1. 

�������� %ORFN:ULWH7R3UHFKDUJH��%73��
This parameter defines the number of MClk cycles that need to be inserted between issuing 
a BLOCKWRITE and a PRECHARGE command. This parameter is usually detailed in the 
memory device data sheet as tBPL (tBWR). If tBPL is quoted including the BLOCKWRITE 
cycle, then BlockWriteToPrecharge should be calculated as tBPL (in MClk cycles) – 1. 

�������� :ULWH7R3UHFKDUJH��:73��
This parameter defines the number of MClk cycles that need to be inserted between issuing 
a WRITE and a PRECHARGE command. This parameter is usually detailed in the memory 
device data sheet as tRDL (tWR). If tRDL is quoted including the WRITE cycle, then 
WriteToPrecharge should be calculated as tRDL (in MClk cycles) – 1. 

�������� $FWLYDWH7R3UHFKDUJH��$73��
This parameter defines the number of MClk cycles that need to be inserted between issuing 
an ACTIVATE and a PRECHARGE command. This parameter is usually detailed in the 
memory device data sheet as tRAS. If tRAS is quoted including the ACTIVATE cycle, then 
ActivateToPrecharge should be calculated as tRAS (in MClk cycles) – 1. 

�������� 5HIUHVK&\FOH��5&��
This parameter defines the number of MClk cycles that need to be inserted between issuing 
a REFRESH and an ACTIVATE command. This parameter is usually detailed in the 
memory device data sheet as tRC. If tRC is quoted including the REFRESH command 
cycle, then RefreshCycle should be calculated as tRC (in MClk cycles)/32 – 1.  It must be 
enabled by setting the Enable bit in LocalMemRefresh 



Memory System   GLINT R5 Reference Guide Volume IV �

9-8 Proprietary and Confidential �'PEFW�

��������� $FWLYDWH7R$FWLYDWH��$7$��
This parameter defines the number of MClk cycles that need to be inserted between issuing 
an ACTIVATE and a subsequent ACTIVATE command. This parameter is usually detailed 
in the memory device data sheet as tRRD. If tRRD is quoted including the ACTIVATE cycle, 
then ActivateToActivate should be calculated as tRRd (in MClk cycles) – 1. 

��������� &DV/DWHQF\��&/��
This parameter determines the CAS latency expected by the memory controller. The 
CasLatency parameter can be loaded directly with the appropriate value from the memory 
device data sheet plus 1.  For example, if a CAS latency of 2 is required then the 
CasLatency parameter should be set to 3. 

��������� ,QWHUOHDYH�
Where the full complement of 64MB per controller is fitted, Interleave allows the banks on 
each controller to function as a single page.  For example, controller A with 4-bank SDRs x 
2k would, with Interleave enabled, function as a controller with one bank of 8k. 

On some boards Interleave with 64MB RAM is set up to create a 128MB framebuffer (for 
Bypass operations) dispersed into 16MB chunks totalling 64MB.  The chunks can be used 
and replicated for a variety of purposes depending on the API.   

Boards may require a supplementary resistor to work properly in Interleave mode. 

��������� 0RGH��
This parameter defines the value of the Mode Register loaded into the SGRAM or SDRAM 
at the end of the boot sequence.  Bits 22 to 31 map to bits 0 to 9 of the Mode register.  

Note:  Burst type should be sequential, burst length should be set to a value of one2 
and CAS latency should be consistent with the CASLatency parameter.  

 For devices that have a ColorRegister field, this should be consistent with the 
TwoColorBlockFill flag.  All other bits in the Mode field should be set low. 

��������� ([WHQGHG�0RGH��3DUDPHWHUV�
These fields control the DLL enables, Driver Impedance control (DIC) and QFC.  DLL and 
DIC are enabled, QFC is disabled. 

��������� 5HIUHVK(QDEOH�
This flag should be set for Refresh commands to be issued by the memory controller. 

��������� 5HIUHVK&RXQW�
This parameter defines the period between AUTO-REFRESH commands being issued to 
the synchronous memories. The count is in ((MClks/32) + 16) i.e. if RefreshCount = 1, the 
synchronous memories will be refreshed every 48 MClk cycles. For the required refresh 
rate see the synchronous memory data sheet. 

�����������������������������������������������������������������
��:LWK�''5�GHYLFHV��WKLV�YDOXH�LPSOLHV���DFFHVVHV���:LWK�6'5V��LW�LPSOLHV���DFFHVV��
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9.2 Example Parameter Values  
The following device types and values are given as examples and should not be taken as 
recommendations. 

������ ���0E�[����''5�6'5$0�����0%�SHU�&RQWUROOHU����'HYLFHV�3HU�
&RQWUROOHU���
 

 Table 9.1 For a GLINT R5 device running 128Mb x 32 DDR SDRAM - 64MB per 
Controller 

3DUDPHWHU� 9DOXH��ELQDU\�� &RPPHQW�

&ROXPQ$GGUHVV� ����� ��

5RZ$GGUHVV� ����� ���

%DQN$GGUHVV� ����� ��ELW�$GGU�����%DQNV���

3DJH6L]H� ����� ��������

5HJLRQ6L]H� ����� ��������0%��

,QWHUOHDYH� �� 2SWLRQDO�

 
)XQFWLRQDOLW\�3DUDPHWHUV� 9DOXH��ELQDU\�� &RPPHQW�

1R3UHFKDUJH2SW� �� 3UHIHUUHG�

6SHFLDO0RGH2SW� �� 3UHIHUUHG�

7ZR&RORU%ORFN)LOO� �� 6'5$0�

1R:ULWH0DVN� �� 6'5$0�

1R%ORFN)LOO� �� 6'5$0�

1R/RRN$KHDG� �� 3UHIHUUHG�

�

���v�}ÖÀ>Í���Ê-iÃ�ÃÍiÀÊ 7>�ÖiÊÊ ����i�ÍÊ

-Ê��>L�iÊ £Ê��}�®Ê -ÊiÜ�ViÃÊ

2ÃiÊV�����ÊÃÍÀ�LiÃÊ äÊ��Ý®Ê .-� Ê2��µÖiÊ,.Ê

2ÃiÊ��ÍiÀ�>�ÊÃÍÀ�LiÃÊ äÊ��Ý®Ê -Ê2ÃiÊ�ÞÍiÀ�>�Ê,.Ê

�
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������ ��0E�[����''5�6'5$0�����0%�SHU�&RQWUROOHU����'HYLFHV�3HU�
&RQWUROOHU��
. 

Table 9.2  64Mb x 16 DDR SDRAM - 32MB per Controller (4 Devices Per Controller)  
 

$GGUHVVLQJ�3DUDPHWHUV� 9DOXH��ELQDU\�� &RPPHQW�

&ROXPQ$GGUHVV� ����� ��

5RZ$GGUHVV� ����� ���

%DQN$GGUHVV� ����� ��ELW�$GGU�����%DQNV���

3DJH6L]H� ����� ��������

5HJLRQ6L]H� ����� �������0%��

,QWHUOHDYH� �� 1$�

�

)XQFWLRQDOLW\�3DUDPHWHUV� 9DOXH��ELQDU\�� &RPPHQW�

1R3UHFKDUJH2SW� �� 3UHIHUUHG�

6SHFLDO0RGH2SW� �� 3UHIHUUHG�

7ZR&RORU%ORFN)LOO� �� 6'5$0�

1R:ULWH0DVN� �� 6'5$0�

1R%ORFN)LOO� �� 6'5$0�

1R/RRN$KHDG� �� 3UHIHUUHG�

 
&RQILJXUDWLRQ�5HVLVWHU� 9DOXH�� &RPPHQW�

''5�(QDEOH� ���+LJK�� ''5�'HYLFHV�

8VH�FRPPRQ�VWUREHV� ���/RZ�� 6'5$0�8QLTXH�'46�

8VH�LQWHUQDO�VWUREHV� ���/RZ�� ''5�8VH�([WHUQDO�'46�

�
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������ ��0E�[����''5�6*5$0��%ORFN�)LOO�ZLWK�1R�&ROXPQ�0DVN��1R�:ULWH�
SHU�%LW������0%�SHU�&RQWUROOHU����'HYLFHV�3HU�&RQWUROOHU��
. 

Table 9.3   64Mb x 32 DDR SGRAM (Block Fill with No Column Mask, No Write per Bit) 
$GGUHVVLQJ�3DUDPHWHUV� 9DOXH��ELQDU\�� &RPPHQW�

���Ö���``ÀiÃÃÊ ääääÊ nÊ

-�Ý�``ÀiÃÃÊ äää£Ê ££Ê


>���``ÀiÃÃÊ äää£Ê ÔÊL�ÍÊ�``ÀÊÊ{Ê
>��ÃÊ®Ê

+>}i.�ãiÊ ää£äÊ ÔÊ£Ôn®Ê

-i}���.�ãiÊ ££ä£Ê £ÏÊÊ{Ê 
®Ê

��ÍiÀ�i>ÜiÊ äÊ !�Ê

�

)XQFWLRQDOLW\�3DUDPHWHUV� 9DOXH��ELQDU\�� &RPPHQW�

!�+ÀiV�>À}i#«ÍÊ äÊ +ÀiviÀÀi`Ê

.«iV�>� �`i#«ÍÊ äÊ -iµÖ�Ài`Ê. -.Ê

0Ý�����À
��V�����Ê äÊ !�Ê

!�8À�Íi >Ã�Ê £Ê !�Ê

!�
��V�����Ê äÊ .�-� Ê!�Ê���Ö��Ê

 >Ã�®Ê

!�������i>`Ê äÊ +ÀiviÀÀi`Ê

�

���v�}ÖÀ>Í���Ê-iÃ�ÃÍiÀÊ 7>�ÖiÊÊ ����i�ÍÊ

-Ê��>L�iÊ £Ê��}�®Ê -ÊiÜ�ViÃÊ

2ÃiÊV�����ÊÃÍÀ�LiÃÊ £Ê��}�®Ê .�-� Ê£Ê,.Ê«iÀÊ`iÜ�ViÊ

2ÃiÊ��ÍiÀ�>�ÊÃÍÀ�LiÃÊ äÊ��Ý®Ê -Ê2ÃiÊ�ÞÍiÀ�>�Ê,.Ê
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������ ��0E�[����''5�6*5$0����0%�SHU�&RQWUROOHU����'HYLFHV�3HU�
&RQWUROOHU��
. 

Table 9.3   64Mb x 32 DDR SGRAM (Block Fill with No Column Mask, No Write per Bit) 
$GGUHVVLQJ�3DUDPHWHUV� 9DOXH��ELQDU\�� &RPPHQW�

���Ö���``ÀiÃÃÊ ääääÊ nÊ

-�Ý�``ÀiÃÃÊ äää£Ê ££Ê


>���``ÀiÃÃÊ ääääÊ £ÊL�ÍÊ�``ÀÊÊÔÊ
>��ÃÊ®Ê

+>}i.�ãiÊ ää£äÊ ÔÊ£Ôn®Ê

-i}���.�ãiÊ ££ä£Ê £ÏÊÊ{Ê 
®Ê

��ÍiÀ�i>ÜiÊ äÊ !�Ê

�

)XQFWLRQDOLW\�3DUDPHWHUV� 9DOXH��ELQDU\�� &RPPHQW�

!�+ÀiV�>À}i#«ÍÊ äÊ +ÀiviÀÀi`Ê

.«iV�>� �`i#«ÍÊ äÊ -iµÖ�Ài`Ê. -.Ê

0Ý�����À
��V�����Ê äÊ !�Ê

!�8À�Íi >Ã�Ê äÊ .�-� Ê

!�
��V�����Ê äÊ .�-� ÊÊ

!�������i>`Ê äÊ +ÀiviÀÀi`Ê

�

���v�}ÖÀ>Í���Ê-iÃ�ÃÍiÀÊ 7>�ÖiÊÊ ����i�ÍÊ

-Ê��>L�iÊ äÊ��Ý®Ê .-ÊiÜ�ViÃÊ

2ÃiÊV�����ÊÃÍÀ�LiÃÊ äÊ��Ý®Ê !�Ê

2ÃiÊ��ÍiÀ�>�ÊÃÍÀ�LiÃÊ äÊ��}�®Ê .-Ê2ÃiÊ��ÍiÀ�>�Ê���V�Ê

 

�
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���
��� 5HVHW�

Specific signal pins are read on the trailing edge of a reset and the values present (due to 
pull-ups or pull-downs) are used to initialized bits of particular registers.  Most of the 
sampled values from the I/O pins are read into the ChipConfig register - for details refer to 
volume III.  In some cases they do not - e.g. CfgMaxLat and CfgMinGrant which directly 
update hardware registers only.  

During software bus reset both the bus master and the bus slave state machines continue 
to run.  However, the Region Zero registers within the PCI bus interface are reset as will as 
the GP Input and Output FIFOs.  Driver software must write to a PCI configuration register 
to disable the bus master before asserting a software reset.  This ensures that the master is 
not trying to load the GP Input FIFO during such a reset. 

Note: When bus retries are disabled the current implementation will accept and 
then discard all write accesses to the GP Input FIFO — this is different from 
the manner in which Bypass accesses are handled.  The situation only occurs 
if driver sofware performs a soft reset and does not check that it has 
completed before writing to the FIFO.] 

At chip reset the BusMasterEnable bit in the CFGCommand register must be set to allow 
DMA to operate.  

10.1 Configuration Pins 
A number of parameters for the bus interface are set at reset time: the reset state is 
configured using resistors connected to configuration pins.  These pins normally form part 
of the pixel bus but are tri-state at reset.  The state of these pins is sampled on the trailing 
edge of reset.  The configuration pins are listed below and the associated register bits are 
described in Volume II of the GLINT R5 Reference Guide. 

Most of the sampled values from these configuration pins are loaded into the ChipConfig 
register, on the trailing edge of reset.  This register can then be read back over the PCI bus 
and modified by the host processor if required.  BaseAddress1Size and 
BaseAddress2Size are not loaded into ChipConfig but feed directly to the PCI interface to 
define the sizes of Base Addresses 1 and 2. 

All internal functions which sample these values take them from the ChipConfig register. 
This allows boot time software to change the default power-on values where appropriate. 

10.2 ROM support 
R5 uses a Flash ROM to store code needed for device-specific initialization and the SVGA 
BIOS.  This is configured via the VideoMergeBus pins and a QuickSwitch controlled via 
ROMSelectN (30pf) should be used to allow access to the ROM configuration or remove 
the load from the bus.  

The pins used by the configuration resistors are shared with the address lines going to the 
ROM device. The bottom 32 bits of the merge bus are located behind the quickswitch to 
isolate the video merge bus from the ROM during normal video operation.  
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The ROM address lines are on VideoMergeData pins 0 to 15. The ROM data lines are on 
VideoMergeData pins 16 to 23 (these must not have config resistors fitted). 
VideoMergeData pins 0 to 15 and 24 to 31 are available for config resistors. 
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�

�

 

The configuration pins are mapped to real device pins as follows: 

 Table  10- 1  Reset Signal Pins 

Name Pin  Description 

%DVH&ODVV=HUR� 9LGHR0HUJH'DWD���� �� �IRUFH�3&,�%DVV�&ODVV�&RGH�WR�EH�]HUR�

9*$(QDEOH� 9LG5LJKW(\H� �� �LQWHUQDO�9*$�VXEV\VWHP�SUHVHQW�

9*$)L[HG� 9LGHR0HUJH'DWD����� �� �HQDEOH�9*$�IL[HG�DGGUHVV�GHFRGLQJ�

9*$1R$OLDV� 9LGHR0HUJH'DWD����� �� ����ELW�9*$�,�2�'HFRGH��DOLDVLQJ�HQDEOHG��

�� ����ELW�9*$�,�2�'HFRGH��DOLDVLQJ�GLVDEOHG��

5HWU\�'LVDEOH� 9LGHR0HUJH'DWD����� �� �'LVDEOH�3&,�5HWU\�XVLQJ��'LVFRQQHFW�:LWKRXW�

'DWD��

6KRUW5HVHW� 9LGHR0HUJH'DWD����� �� �JHQHUDWH�VKRUW��$5HVHW��SXOVH��%XV5HVHW������

FORFNV��

$*3�;FDSDEOH� 9LGHR0HUJH'DWD����� �� �$*3��;FDSDEOH�

$*3�;FDSDEOH� 9LGHR0HUJH'DWD����� �� �$*3��;�&DSDEOH�

$*3�;FDSDEOH� 9LGHR0HUJH'DWD����� �� �$*3��;&DSDEOH���WKLV�VKRXOG�QHYHU�EH�VHW�RQ�

DQ�5���XQOHVV��;�GULYHUV�DUH�DGGHG�

6%$&DSDEOH� 9LGHR0HUJH'DWD����� �� �$*3�6LGHEDQG�$GGUHVVLQJ&DSDEOH�

6XEV\VWHP)URP5RP� ')3%ODQN� �� �/RDG�VXEV\VWHP�9HQGRU�,'�DQG�6XEV\VWHP�

,'�IURP�520����

�� �/HDYH�DV�UHVHW�YDOXHV�

:&(QDEOH� 9LGHR0HUJH'DWD������ �� �8SSHU�KDOI�RI�UHJLRQ�=HUR�LV�E\WH�VZDSSHG�

� �8SSHU�KDOI�RI�UHJLRQ�=HUR�IODJJHG�LQWHUQDOO\�DV�

ZULWH�FRPELQHG�

3UHIHWFK(QDEOH� 9LGHR0HUJH'DWD������ �� �%DVH�$GGUHVV�UHJLVWHUV���DQG���PDUNHG�DV�

SUHIHWFKDEOH�

$OWHUQDWH�'HYLFH,'� 9LG([W&WUO� �� �5��GHYLFH�,'�LV��[�����

�� �5��GHYLFH�,'�LV��[�����

$XWR&DO(QDEOH� 9LGHR0HUJH'DWD������ �� �$XWR&DO�GLVDEOH�

�� �$XWR&DO�HQDEOH�

''5�(QDEOH� 9LGHR0HUJH'DWD������ �� �''5�0HPRU\�QRW�ILWWHG�

�� �''U�0HPRU\�ILWWHG�

&RPPRQ�6WUREHV� 9LGHR0HUJH'DWD������ �� �0HP&RQILJ�&RPPRQ�6WUREHV� �IDOVH�

�� �0HP&RQILJ�&RPPRQ�6WUREHV� �WUXH�

,QWHUQDO�6WUREHV� 9LGHR0HUJH'DWD������ �� �0HP&RQILJ�,QWHUQDO�6WUREHV� �IDOVH�

�� �0HP&RQILJ�,QWHUQDO�6WUREHV� �WUXH�

&KLS,'������ 3&,),)22XW'LV�ELW���

3&,),)2,Q'LV�%LW���

9LG96\QF�ELW���

6HWV�WKH�,'�IRU�WKLV�FKLS�LQ�D�PXOWL�FKLS�DGDSWHU��

VWDUWLQJ�DW���IRU�WKH�SULPDU\�DQG�LQFUHDVLQJ�E\���DV�

ZH�PRYH�GRZQ�WKH�FKDLQ����
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Name Pin  Description 

%DVH$GGUHVV��6L]H���

���

�

�

9LGHR0HUJH'DWD���������

%DVH$GGUHVV��6L]H���

���

9LGHR0HUJH'DWD���������

,QGLFDWHV�WKH�VL]H�RI�WKH�3&,�%DVH�$GGUHVV�

5HJLRQ��

�� �QRW�HQDEOHG� � �� ���0%�

�� ���0%� � �� ����0%�

��������5HVHUYHG�

�

A hard-wired configuration pin also exists (Table 10-2). PCIClkSel sets bit 5 of the 
CFGStatus register, which is Read-only.   

 

 Table 10-2  Hard Configuration Pin 

Name Pin Description 

3&,&ON���� 3&,&ON6HO� �� �XS�WR���0+]�

�� ����0+]�

10.3 RAMDAC Resets 
�

RAMDAC signals are reset on either program soft resets or hard (power-on) reset, with 
exceptions.  The following signals are reset following power-on only: 

 

RDDClkSetup[1-2] 

RDDClkControl 

RDDClk0PreScale 

RDDClk0FeedBackScale 

RDDClk0PostScale 

RDDClk1PreScale 

RDDClk1FeedBackScale 

RDDClk1PostScale 

RDDClk2PreScale 

RDDClk2FeedBackScale 

RDDClk2PostScale 

RDDClk3PreScale 

RDDClk3FeedBackScale 

RDDClk3PostScale 

RDDKClkControl 

RDKClkPreScale 

RDKClkSetup[1-2] 

 RDKClkFeedBackScale 

RDKClkPostScale 

RDMClkControl 

RDSClkControl 

RDTClkControl 

RDTClkPreScale 

RDTClkFeedbackScale 

RDTClkPostScale 

 

 

Three phase locked loops (PLLs) are included in the RAMDAC unit, dedicated to generating 
DClk (Pixel clock) and a derived Video clock (VClk) as well as the Core and Timing (Kclk 
and TClk) Plls.  

The DClk PLL has four sets of control registers (e.g. RDDclk3Prescale).  The set selection 
is defined by two control bits from outside the unit.  

The reset states for the DClk PLL control regsiters are: 
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Register set Frequency 

�� ������0+]�

�� ������0+]�

�� 8QGHILQHG�

�� 8QGHILQHG�

 

The KClk and TClk PLLs reset to approximately 50MHz. All figures assume a 14.31818MHz 
external reference. 

An external signal can put the PLLs into bypass mode.  In this mode Tclk, KClk and DClk 
are taken from pins and the PLLs have no effect. 

 

�
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���
��� 7KHUPDO�

The maximum junction temperature must be kept below Tj(max)and this can only be 
guaranteed by proper analysis of the operating environment and the thermal path between 
the die and the air surrounding it.   

Data shown below are provisional for R5 pending the availability of actual test results.  A 
summary table for various installations is shown below, followed by the relevant equations 
for reference use. 

 Thermal Resistance (deg.C/Watt) = θja 

 0 m/s 1 m/s 2 m/s 

No heatsink 10.9 9.1 7.7 

Heatsink (37mm sq.x 2mm 9.2 7.2 6.2 

 Table 10-1  R5 Package (529 HSBGA) Thermal Performance 

11.1 Device Characteristics 
These are fixed characteristics of the device and are independent of the operating 
environment or the characteristics of any heatsink:- 

Maximum Junction Temperature Tj(max) = 125 °C. 
Maximum Power Dissipation (provisional) Pd(max) = 7 Watts  
Nominal memory clock frequency fMClk =  166 MHz 
Nominal core clock frequency fKClk = 200 MHz 
Junction to top of case resistance (provisional) θjt = 1°C/Watt 

11.2 Thermal Model 
The formula used to calculate the junction temperature (Tj) for an ambient temperature of 
40°C is:  

 
Tj =  Ta + Pdθja 
  = 40 + 7(10.9) 
 = 116°C 

Where: 

Tj  = Junction temperature (°C) 
Ta  = Ambient  temperature (°C) 
Pd  = Power dissipation (Watts) 
θjt = Junction to top of case  
  thermal resistance (°C/Watt) 
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θcs = Case to Heatsink  
  thermal resistance (°C/Watt) 
θsa  = Heatsink to Air   
  thermal resistance (°C/Watt) 
θja  = Total Junction to Air thermal resistance (°C/Watt) 
 

11.3 Cooling 
GLINT R5 should not require an attached heatsink or fan when used in an ordinary office 
environment.  If ambient temperatures are expected to routinely exceed 40° C then a 
heatsink may be fitted. 

11.4 Operation with Heatsink 

������� +HDWVLQN�$WWDFKPHQW�
The following method has been approved for the purpose of attaching a heatsink directly 
onto the HSBGA package: 

Thermally conductive epoxy using either Loctite Output 315 with Loctite 7386 or type EG 
7655 from  A.I. Technology Inc. The thickness of the epoxy layer should be between 
0.05mm and 0.15mm with 95% coverage of the contact area. 

Typical achievable θcs using this method is 1.0 ° C/Watt 

������� &DOFXODWLQJ�FRROLQJ�UHTXLUHPHQWV�
With a heatsink attached to the device the junction temperature will depend on θcs and θsa  
where θcs is the thermal resistance of the join between the heatsink and the case and θsa 
is the thermal resistance of the heatsink, which will be a function of system airflow.   

Typically,  

Tj =  Ta + Pd (θjt + θcs + θsa) 
Hence with no heatsink:at 55°C: 

Tj =  55 + 7*10.9 = 131.3 
…which is excessive.  So a heatsink: having, e.g. θsa = 6°C/W 

Tj =  55 + 7*(1+1+6) = 111°C/W 
…or a fan: 

Tj =  55 + 7*(1+1+3.5) = 93.5°C/W 
…is required 

������� 7HPSHUDWXUH�5DQJH��&RPPHUFLDO�(PEHGGHG�$SSOLFDWLRQV��
R5 is operational in embedded use under a wide range of ambient air temperatures: 

Operating Range: -55°C (no heatsink) to 88.5°C (heatsink and fan, 2m/s airflow) 

Storage Range:  -65°C to 150°C (suitably packed)
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���
��� (OHFWULFDO�

Provisional values may be subject to change and should be checked against current values 
on the 3Dlabs website3.   

12.1 Absolute Maximum Ratings 
�

-XQFWLRQ�7HPSHUDWXUH� ����&�

6WRUDJH�7HPSHUDWXUH� ����&�WR�����&�

9&&���'&�6XSSO\�9ROWDJH� ���9�

9&&���'&�6XSSO\�9ROWDJH� ���9�

9''�'&�6XSSO\�9ROWDJH� ���9�

,�2�3LQ�9ROWDJH�ZLWK�UHVSHFW�WR�*1'� ����9�WR�9&&���������9�

12.2 DC Specifications 
 

6\PERO� 3DUDPHWHU� 0LQ� 0D[� 8QLW�

9&&��� 6XSSO\�9ROWDJH� ���� ���� 9�

9&&��� 6XSSO\�9ROWDJH� ����� ����� 9�

9''������ 6XSSO\�9ROWDJH� ����� ����� �

/3,1� 3LQ�,QGXFWDQFH� � ��� Q+�

,&&���9�� 3RZHU�6XSSO\�&XUUHQW� � �� $�

,&&�����9�� 3RZHU�6XSSO\�&XUUHQW� � ���� $�

������� 3&,�6LJQDO�'&�6SHFLILFDWLRQV�
 

6\PERO� 3DUDPHWHU� 0LQ� 0D[� 8QLW�

93,/� ,QSXW�/RZ�9ROWDJH� � ���� 9�

93,+� ,QSXW�+LJK�9ROWDJH� ���� � 9�

932/� 2XWSXW�/RZ�9ROWDJH� � ���� 9�

932+� 2XWSXW�+LJK�9ROWDJH� ���� � 9�

,3,/� ,QSXW�/RZ�&XUUHQW� � ���� X$�

,3,+� ,QSXW�+LJK�&XUUHQW� � ���� X$�

&3,1� ,QSXW�&DSDFLWDQFH� � ��� S)�

&&/.� 3&,�&ORFN�,QSXW�&DSDFLWDQFH� � ��� S)�

&,'6(/� 3&,�,GVHO�,QSXW�&DSDFLWDQFH� � �� S)�

�����������������������������������������������������������������
��$W���KWWS���ZZZ��GODEV�FRP�
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������� 1RQ�3&,�6LJQDO�'&�6SHFLILFDWLRQV�
 

6\PERO� 3DUDPHWHU� 0LQ� 0D[� 8QLW�

9,/� ,QSXW�/RZ�9ROWDJH� � ���� 9�

9,+� ,QSXW�+LJK�9ROWDJH� ���� � 9�

92/� 2XWSXW�/RZ�9ROWDJH� � ���� 9�

92+� 2XWSXW�+LJK�9ROWDJH� ���� � 9�

,,/� ,QSXW�/RZ�&XUUHQW� � ���� X$�

,,+� ,QSXW�+LJK�&XUUHQW� � ���� X$�

,,+3'� 3XOOGRZQ�,QSXW�+LJK�&XUUHQW� � ���� X$�

,,/38� 3XOOXS�,QSXW�/RZ�&XUUHQW� � ���� X$�

&,1� ,QSXW�&DSDFLWDQFH� � ��� S)�

12.3 SSTL_2 Class I Signals (DDR Memory Interface Only) 
�

6\PERO� 3DUDPHWHU� 0LQ� 0D[� 8QLWV�

9''4� 2XWSXW�6XSSO\�9ROWDJH�

�9&&����

����� ����� 9�

95()� 5HIHUHQFH�9ROWDJH�

�95() ���[9''4��

������ ������ 9�

9,/� $&�,QSXW�/RZ�9ROWDJH� � 95()����P9� 9�

9,+� $&�,QSXW�+LJK�9ROWDJH� 95()����P9� � 9�

9,/� '&�,QSXW�/RZ�9ROWDJH� ����� 95()����P9� 9�

9,+� '&�,QSXW�+LJK�9ROWDJH� 95()����P9� 9''4����� 9�

,2/� /RZ�/HYHO�2XWSXW�&XUUHQW� � ���� P$�

,2+� +LJK�/HYHO�2XWSXW�&XUUHQW� � ��� P$�

,,/� /RZ�/HYHO�,QSXW�&XUUHQW� � �� X$�

,,+� +LJK�/HYHO�,QSXW�&XUUHQW� � �� X$�

&LQ� ,QSXW�&DSDFLWDQFH� � ��� S)�

�

12.4 AC Specifications 
 

3LQ�1DPH� &DSDFLWLYH�/RDG�

3&,$'>����@��3&,&%(1>���@��3&,3DU��3&,)UDPH1�3&,,5G\1��3&,75G\1��

3&,6WRS1��3&,,GVHO��3&,'HYVHO1��3&,5HT1��3&,*QW1��

3&,,QW$1��$*33LSH1��$*35EI1��$*36%$>���@��

��S)�LQ�3&,����

V\VWHP���S)�LQ�$*3�

V\VWHP�

$OO�RWKHU�RXWSXWV� ��S)�
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������� &ORFN�7LPLQJ�
 

6\PERO� 3DUDPHWHU� 0LQ� 0D[� 8QLWV� 1RWHV�

73&\F� 3&,&ON�&\FOH�7LPH� ��� �� QV� �

73+LJK� 3&,&ON�+LJK�7LPH� �� �� QV� �

76/RZ� 3&,&ON�/RZ�7LPH� �� �� QV� �

70&\F� 0&ONLQ�&\FOH�7LPH� �� �� QV� �

70+LJK� 0&ONLQ�+LJK�7LPH� �� �� QV� �

70/RZ� 0&ONLQ�/RZ�7LPH� �� �� QV� �

76&\F� 6&ONLQ�&\FOH�7LPH� ��� �� QV� �

76+LJK� 6&ONLQ�+LJK�7LPH� �� �� QV� �

76/RZ� 6&ONLQ��/RZ�7LPH� �� �� QV� �

7'&\F� '&ON�&\FOH�7LPH� �� �� QV� �

7'+LJK� '&ON�+LJK�7LPH� �� �� QV� �

7'/RZ� '&ON��/RZ�7LPH� �� �� QV� �

�

�

0�0.Ö

���V�

��«ÖÍ

 
Figure 12.1  Input Timing Parameters 
�

0#�

���V�

.�}�>�

07>� 0#vv

 
Figure 12.2  Output Timing Parameters 
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������� 3&,�&ORFN�5HIHUHQFHG�,QSXW�7LPLQJ�
 

3DUDPHWHU� 76X�0LQ� 7+�0LQ� 8QLWV�

3&,$'��������3&,&%(1�������3&,3DU��

3&,)UDPH1��3&,,5G\1��3&,75G\1��

3&,6WRS1��3&,,GVHO��3&,'HYVHO1��

$*36W����

�� �� QV�

3&,*QW1� �� �� QV�

3&,5VW1� �� �� QV�

Note:  PCIRstN is resynchronised internally. The timings given, when met, ensure 
that the reset is detected in the current cycle. 

������� 3&,�5HIHUHQFHG�2XWSXW�7LPLQJ�
� 79DO� � 72Q� � 72II� � �

3DUDPHWHU� 0LQ� 0D[� 0LQ� 0D[� 0LQ� 0D[� 8QLWV�

3&,$'��������

3&,&%(1�������

3&,3DU��

3&,)UDPH1��

3&,,5G\1��

3&,75G\1��

3&,6WRS1��3&,,GVHO��

3&,'HYVHO1�

�� ��� �� ��� �� ��� QV�

3&,5HT1� �� ��� � � � � QV�

3&,,QW$1� �� ��� � � � � QV�

Note:  Timings given are for falling edges of the open drain signal. Rise times are 
dependent on the external pull-up resistor. 

������� $*3�5HIHUHQFHG�2XWSXW�7LPLQJ�
� 79DO� � 72Q� � 72II� � �

3DUDPHWHU� 0LQ� 0D[� 0LQ� 0D[� 0LQ� 0D[� 8QLWV�

3&,$'��������

3&,&%(1�������

3&,3DU��

3&,)UDPH1��

3&,,5G\1��

3&,75G\1��

3&,6WRS1��

3&,,GVHO��

3&,'HYVHO1�

���� �� ���� �� ���� ��� QV�

3&,5HT1� ���� �� � � � � QV�

3&,,QW$1� ���� �� � � � � QV�
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Note:  Timings given are for falling edges of the open drain signal. Rise times are 
dependent on the external pull-up resistor. 

������� 0(0&.287�5HIHUHQFHG�,QSXW�7LPLQJ�
All timings below are with respect to MEMCKOUT, which is a delayed version of MClk. 

 

3DUDPHWHU� 76X�0LQ� 7+�0LQ� 8QLWV� 1RWHV�

0'$7>����@� �� �� QV� �

������� 0(0&.287�5HIHUHQFHG�2XWSXW�7LPLQJ�
All timings below are with respect to MEMCKOUT, which is a delayed version of MClk. 

 

� 79DO� � 72Q� � 72II� � � �

3DUDPHWHU� 0LQ� 0D[� 0LQ� 0D[� 0LQ� 0D[� 8QLWV� 1RWHV�

$OO�PHPRU\�FRQWURO��

GDWD�DQG�DGGUHVV�

OLQHV�

� ���� � � � � QV� �

�
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���
��� (UUDWD�DQG�$OHUWV�

Alerts are part of 3Dlabs’ commitment to providing comprehensive and useful information 
about chipset products.  Alerts describe issues arising when the chip is used outside normal 
operating parameters and may be of interest to driver programmers. 

13.1 ALERT001  

������� 3UREOHP�
The Delta unit has a bug relating to the way anti-aliased lines are drawn when the primitive 
type is a quad strip.  

������� 6RIWZDUH�:RUNDURXQG�
Set the AALineQuadFix bit in the TextureFormatControl register.  This works around the 
bug by sending a dummy message before each Render command. 

. 

13.2 R5ERN001  

������� 3UREOHP�
There is a DMA hanging problem in Winbench and Speedy FONT caused by (unconfirmed) 
the input FIFO count returning incorrect values.  

������� 6RIWZDUH�:RUNDURXQG�
When reading a value back from the input FIFO, check to see whether it is less than 4, if it 
is then report that it is zero. This means that the input FIFO never actually reaches zero. 

Files changed: glint.h. 

13.3 R5ERN002  

������� 3UREOHP�
 (Unconfirmed)  The input FIFO count returns incorrect values 

������� 6RIWZDUH�:RUNDURXQG�
Wait for FIFO space on R5 before starting a hostin DMA or before doing a DMA continue. 

 Files changed:  pxrx.c 
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