
���������	��

������������� ������� ��������

��
���

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

�/����

���0�21

3	4 57698;:<8"=?>;698;69@BAC6ED
FBG

HJILK
M"IONPM 3 K7QRITS 3VUXW

KZY F7[ :\A]A]69D�AC^_A]576 Q >]`aD Y `bA]6 Kdc 57^Z^feg^ahXAC576
i @
:\jf6E>]8;:\A G ^ahlk*`a8;8C` c 5 Y 8;6EA;AC8m3 [ 576E>]8LA":\@onp`a>;A]:q`aerh Y e\s7e<e [ 69@BA

^ahXAC576t>]6Eu Y :<>;6 [ 69@BAC8 hv^f>wA]576tD769xf>;696P^ah

k$3 K 4JW Hzyt{|K7}OI W?~ } W I ~�W?U�W } 4 H�IL} 3VU/3m~V� } y k*= i 4JW H W�~ QtI ~"W?W HJI ~ Q

�m6 c 6 [�F 69>��a�a�a�

W�e<6 c AC>;: c `aeg`a@7D } ^ [ n Y A]69>�W�@7xf:\@7696E>]:<@
x

���������r�������������������a�������]�w����� � ¡¢���¤£ ¥§¦9¥O�����©¨rª�«��¤ª��L�;���¤ª�«?¬g�]�­�]¡¢�T®T��¯��Lª9���;���±°r���E«��T¡¢����²B�����´³X¡¢���¤��ªµ¡�£
¶ ®L� �;ªµ®��P·µ����ªb��¡¸��� �Eª��µªµ�¹�L�V³ ¶ ·�¡C��¡¢�T�.ªº���§¦b�;�"»�¼ 1 ¼º½C¾º½¹¿oÀ�ªº¥������¤ª��¤��ªµ�;Á�Âµªµ�¹�¤ª�«E�;Ág®��Eªµ®�£¤�µ��� �Eªµ�LÁ��E����;®��E�w�O�;ªµ��¡¢���¤��ªµ�g�LÃ¹�����]�����;�m�¤ªm���µ�¤�©� ¡¸���;����¡¢£
¡¢���l�����9�­�§�¢²7���µ�§¡¢�������E����¡�ªµ�t�¹��ª��¢�Xªµ�;®��]����¡¢���¤£ ¥"���LÄµ�;®��
���µ�E���´��²d�����?³X¡¢���¤��ªµ¡�£ ¶ ®��¤�Lªb®���·��E��ªµ��¡¢���¤��ª�¿



c� } ^fn G >]:\xf5BA FBG H :<8;57: N 5p`a8;xf:��O`ae<6R�a�f�a�
3Ve\e H :<xf5BAC8 H 698;69>Ljf69D



���������	��

������������� ������� ��������

��
���

��� � �!�"���$#
�%��� ' �(����)	�$� �������,� ��+-+ ��

�/�-� 

�&�0�

3	4 57698;:<8"=?>;698;69@BAC6ED
FBG

HJILK
M"IONPM 3 K7QRITS 3VUXW

3Vn
n7>]^¹jf6ED(`a8 A]^.8LA G e<6 `a@7D c ^f@BA]69@BA FBG��

HJY 8]8;69e<e Q � 4X698;8]:<6E> � } 5p`a:\>

K A]69n7576E@�� � { >C`b8]:<6E> � k$6 [�F 69>

S ` G @76 = ��� Y >]e\698]^a@ � k$6 [�F 6E>

K 6E8]5 Y ��� �m6E8 Y � �m6Enp`a>LA [ 69@BA } 5p`a:\>W�e<6 c AC>;: c `aeg`a@7D } ^ [ n Y A]69>JW�@7xf:\@7696E>]:<@
x



��� �"�������/�

���������	��

������������� ������� ��������

��
���

��� � �!�"���$#
�%��� ' �(����)	�$� �������,� ��+-+ ��

�/�-� 

�&�0�

�RW } W�k � W H �a�f�a�

HJILK
M"IONPM 3 K7QRITS 3VUXW

��� W � � k$3 i U�3V~"3z3 � 3V� } y U�U�W Q W yR{ 4JW }wM ~ y U ytQ�� � H W QRILy ~"3mU
W?~ QRI ~VW?W HJI ~ Q } y U�UXW Q W�� H W }�� ��� MVy =r3mU � I ~V� I 3

k � K � W � } � W � � i ~ I	� W H"KdI 4 � yt{ k$3 K7K 3 }wM"imK W�4 4 K 3Rk M W HVK 4

�m:<>;6 c AC69D FBG�� =�>;^ahv698;8]^f> HJY 8]8;69e<e Q � 4X698;8]:<6E>

4©^a>]@p`aD
^ � 5p`�
9`a>]D7^ Y 8 �§6º`µAC576E>(`a@7D
�p^Z^dD,D76EA]6 c AC:<^a@�>]`aDp`a> 8 G 8;A]6 [ 8*D76 [ `b@7D�5
:<xf5��
AC5
>]^ Y xa57n Y At8 Y 8;AC`a:<@p` F e<6 � 57:<xf5�� 8]nr696ED�Dp`bA¸`�` c u Y :<8;:\A]:<^f@�`a@
D-n
>]^ c 698;8]:\@7xo8 G 8;A]6 [ 8 � 4 576E8]6
8 G 8LAC6 [ 8�@7696ED|A]^ F 6 c `anp` F e\6%^ah": [ n7e<6 [ 6E@BAC:<@
x$nr^ �O6E>;h Y e 8;:<xf@p`bewn7>]^ c 6E8]8;:<@7x-`ae\xf^f>]: AC5 [ 8
:<@ >;6º`ae��TA]: [ 6 ^f@(A]576_>C` �!Dp`bAC` c ^fe\e<6 c AC6ED F�G AC576E8]6_>C`bDp`a>]8 � KdY n7n�^a>;Amhv^f>V57:<xf5�� 8]nr696ED�@76EA��
�§^f>��.h­` c :\e<:\A]:<6E8?hv^a>w>]69`ae���AC: [ 6JDp`bAC`�D7:<8;8]6 [ :<@7`bAC:\^f@ A]^�AC576m6E@7D�� Y 8]6E>�:\8O6��
nr6 c AC6ED hv^f>§AC: [ 69e G
`a@7D,` cEc9Y >]`bAC6�D76�AC6 c AC:\^f@�^ah : [.[ :\@769@BA �O69`bAC576E>$D
:<8C`b8;AC6E>]8 � �m698;:<xf@7:\@7x�`/Dp`bAC`�` c u Y :\8]:��
AC:\^f@-`a@7D-n7>]^ c 6E8]8;:<@7x$8 G 8;A]6 [ AC^ [ 6E6EAtAC5
698]6 >]6Eu Y :<>]6 [ 6E@BAC8P5p`a8 F 6E69@ [ `aD
6�hv69`a8]: F e<6_D Y 6
AC^ A]576�>]6 c 69@BA D76Eja69e\^fn [ 69@BAC8 :<@ sp6Ee<D78o^ahP@76�A �O^a>���:<@7x�`a@7D,>]6 c ^f@dspx Y >]` F e<6 c ^ [ n Y AC:\@7x �
4 57:\8 �O^f>���D76E8 c >]: F 698�` 8;:<@7xfe\6 c :<> cEY :\A c `a>;D � >]69`ae���AC: [ 6 ` c u Y :\8]:\A]:<^f@/`a@7D n7>;^ c 698]8;:<@7x�8 G 8��
AC6 [ �J: AC5 c `anp` F :<e\:\AC:\698J^ah?>;6º`ae��TAC: [ 6RD7`bA¸`�D
:<8;A]>]: F Y AC:\^f@ � H 6 [ ^aAC6�� 57^f8LA F `a8]6ED c ^f@BAC>;^fel`b@7D
>]6 [ ^bAC6��T>]6 c ^f@
s7x Y >C` F :<e\:\A G ^ah�AC5
6"8 G 8LAC6 [ h Y >;AC5
69>§`a8]8;:<8;A§:<@ [ 696EA]:<@7xtAC5
6"x Y :<D76Ee<:<@
698�^ah�8 Y7c 5

:\j



`an7n
e<: c `bAC:\^f@78 � 4 576Pxf^B`ae�^ahXAC57:\8 >]698;6º`a> c 5 �§^f>���:<8wAC^�n7>;^¹jd:\D76RAC576P�m:\8;AC>;: F Y AC69D } ^ae<eq` F ^f>]` �
AC: jf6 3VDp`andAC:\ja6 K 6E@78]:\@7x �­� } 3 K � >C`aDp`b>]8 F 69:\@7x�D
6Ejf6Ee<^fnr69D FBG AC576 W�@7xf:<@
6969>;:<@7x H 6E8]69`a> c 5
} 69@BA]69> ��W H }�� hv^f> } ^fe<e<` F ^a>C`bA]:\jf6�3VD7`an
AC: jf6 K 6E@78]:\@7x_^ah�AC5
6R3wA [ ^f8]n75
69>]6 � } 3 K 3 � `bA AC5
6
i @
:\jf6E>]8;:\A G ^bh�k$`a8]8]` c 5 Y 8]6�A]AC8�� 3 [ 576E>]8LA �J: AC5�`mnr^ �§69>Lh Y e7Dp`µA¸`R` c u Y :<8]: AC:\^f@�`a@
D.n
>]^ c 698;8]:\@7x
8 G 8LAC6 [ �

j



� �,����� �&� �|�������*�����

�������

�	��

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

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

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

��)*� � �  �

+-, �/. ������0 % ��� � � . � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � +

1
, �2�	��3 # �	� %4. 0 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �65
� �87 H `bDp`a> K G 8;A]6 [ y jf6E>;jZ:<6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � ` c ��xf>;^ Y @7D �O^a>�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �:9

;
, �	�	0<���=
?>@

�  BA 
 �" � � � � ���C� � � . 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��D
E �87 H `bDp`a> K G 8;A]6 [ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �:FE � � H `bDp`a> 4X69> [ :<@
^fe<^fx G �m6�sp@7: AC:<^a@78 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �:FE � E H `bDp`a> K nr6 c :\s c `bAC:\^f@78 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �HGE � � �R`bA¸`�3 c u Y :\8]:\A]^f@ K G 8;A]6 [ { 6º`bA Y >]6E8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �HG

5 , 0<�C���I����J %&� 
 � � � � . 
K>@

�  BA ���	��) � �  ��� % �  � � � � � � � � � � � � � � +L1
� �87 H `bDp`a> I @BAC6E>;h­` c 6 `b@7D$3"@p`ae\^fx K 6 c AC:\^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �/7 �� � � { = Q 3 7 `a@7D { = Q 3m� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �/7 �� � E k$: c >]^ c ^f@BA]>]^fe\e<69> � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �/7'9

M
, 
K>@

�  �A � �" �	�C� � � . � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � + D
9 �87 3 H k k : c >;^ c ^f@BAC>;^fe<e\69> � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �/7'F

9 �87 �N7 I @BA]>]^ZD Y7c A]:<^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �/7'F
9 �87 � � WlA]5769>;@76EAmk$69D
:q`_3 cEc 698;8 } ^f@BA]>]^fe\e<69> ��W�k$3 }�� � � � � � � � � � � � � � � � � � � �/7$O
9 �87 � E i @7:\ja69>;8C`ae K 6E>]:<`ae � Y 8 � imK � �J} ^f@BA]>]^fe\e<69> � � � � � � � � � � � � � � � � � � � � � � �/7$O

jZ:



9 �N7 � E �87 iVK � M ^f8LAV=X^f>;A � iVM = � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �/7$O
9 �N7 � E � � iVK � �m6EjZ: c 6t=©^f>LA � i �R= � � � � � � � � � � � � � � � � � � � � � � � � � � � � �a�

9 �87 � � �m6 F Y x i @
:\A ��� � QPi � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �a�
9 �87 � 9 i @7:\ja69>;8C`ae K G @ c 5
>]^f@7^ Y 8V3"8 G @ c 57>;^f@7^ Y 8 H 6 c 6E:\jf6E>J4©>]`a@78 c 69: jf69>

� imK 3 H 4 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 7
9 �87 � � k 6 [ ^f> G k$`an � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �f�

9 �N7 � � �87 I @BA]69>]@7`aeXk$6 [ ^f> G k*`an7n
:<@7x � � � � � � � � � � � � � � � � � � � � � � � � � � �f�
9 �N7 � � � � W �ZAC6E>]@p`be � Y 8 I @�A]69>Lh­` c 6 ��W � I�� � � � � � � � � � � � � � � � � � � � � � � � �b�
9 �N7 � � � E k 6 [ ^f> G 3"e<e\^ c `bAC:\^f@ hv^f>J=X69>;:<n7576E>C`ae\8 � � � � � � � � � � � � � � � � � � � 9

9 �87 � F k : c >;^ c ^f@BAC>;^fe<e\69> y nr69>]`bAC:\^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 9
9 �N7 � F �87 y nr69>]`bAC:\@7x K G 8;A]6 [ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

9 � � { :<6Ee<Do=�>]^axf>C` [.[ ` F e<6 Q `µAC6R3V>;>C` G 8 � { = Q 3V8 � � � � � � � � � � � � � � � � � � � � � � � � � � � �

9 � � �N7 { = Q 3 7 3"> c 57: AC6 c A Y >;6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � F
9 � � � � { = Q 3R��3"> c 57: AC6 c A Y >;6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � F

9 � � � � �87 Q :<xf` F :\AwWlAC576E>]@76�A } ^f>;6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � O
9 � � � � � � I �RW } ^f@BAC>;^fe<e\69> � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � O

9 � E W �dA]69>;@p`ae y @�� F ^B`a>;D$k$6 [ ^f> G H 6E8]^ Y > c 6E8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E �
9 � � K G 8;A]6 [ y n�6E>C`bA]:<^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E 7

�
, � ���  �=
 %	����� >=� �/� �  � �/. # � . 0 0 � 

��� � � % � � � .
A  ��) � . � 
 A � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ;�1

� �87 =©^ �§69> KdY n7n7e G spe AC69>;:<@7x�hv^a>J�m:<xf: A¸`aer8]6 c AC:\^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � E �
� � � =©^ �§69> KdY n7n7e G spe AC69>;:<@7x�hv^a> 3V@p`ae\^fx_8]6 c A]:<^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � E 9
� � E I 8]^fe<`bAC:\^f@ K 57:\69e\D78 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E F
� � � W �dA]69>;@p`ae�=©^ �§69> KdY n7n7e G U Y xf8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E G

D , � � ����3 0 � 

��� � � % � � � . A  ��) � . � 
 A � � � � � � � � � � � � � � � � � � � � � � � � � ;��

F �87 k$: c >]^ c ^f@BA]>]^fe\e<69> c e\^ c �%D
:<8;A]>]: F Y AC:\^f@ [ 6 c 5p`b@7:<8 [ � � � � � � � � � � � � � � � � � � � � � � � � E O
F � � } e<^ c ��D7:\8;A]>]: F Y AC:\^f@ [ 6 c 5p`a@7:\8 [ hv^a> { = Q 3"8"`b@7D�AC576E:<> nr69>]:\n7576E>C`ae\8 � � � � � � � � �B�
F � E K ` [ n7e<:\@7x } e\^ c �%D
:<8;A]>]: F Y AC:\^f@ [ 6 c 5p`b@7:<8 [ � � � � � � � � � � � � � � � � � � � � � � � � � � � � �f�
F � � Q :\xB` F : A WlAC5
69>]@
6EA c ^f>;6 c e<^ c �%D7:\8;A]>]: F Y AC:\^f@ [ 6 c 5p`a@7:\8 [ � � � � � � � � � � � � � � � � � � �f�

�
, 
K>@

�  �A ������� %&� 
 �"�	�C�  �# > � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �B5 �

G �87 k$: c >]^ c ^f@BA]>]^fe\e<69> � ^Z^aA Y n � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
G � � { = Q 3 c ^f@
spx Y >C`bA]:<^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � F

jd:\:



G � � �N7 } ^a@
spx Y >]`bAC:\^f@�jZ:q` �a4©3 Q n�^f>LA � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � F
G � � � � � G @p` [ : cRH 6 c ^f@dspx Y >]`bAC:\^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � F
G � � � E H 6 [ ^aA]6�� i 8]6E> F `a8]6ED � � G @p` [ : cRH 6 c ^f@
spx Y >C`bA]:<^f@ � � � � � � � � � � � � � � � � � � G

�
, 
 � A %&� �C� � � . 
  � %	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �B5 �

O �87 K : [ Y eq`bA]:<^f@ { e<^ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � O
O � � K : [ Y eq`bA]:<^f@%k$^ZD Y e<6E8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �H9 7

O � � �N7 4X^Z^fe<8 i 8]69D � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �H9 E

+�� , �6� . � �$#&% �	�C� � � . 

����� � 
 � . 0�� %&A �" � 
  ��� �/. # 
 � � � � � � � � M 5
+�+-, �  

� � . # � . 0 0  � %*# #	� . # ��)  )*����0 � ���  
?>@

�  BA � � � � � M��

7 7 �87 �m6 F Y xfxf:<@
x�hv6º`bA Y >]6E8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �H9 O
7 7 �87 �87 W �ZAC6E>]@p`be©=X^ �O6E>"8 Y n7n7e G�[ 6 c 5p`a@7:\8 [ � � � � � � � � � � � � � � � � � � � � � � � � � � �H9 O
7 7 �87 � � �m6 F Y xfxa:<@7x�hv69`bA Y >;698�^ahXAC576tD76E8]:<xa@ � � � � � � � � � � � � � � � � � � � � � � � � � � � �H9 O

7 7 � � �m6 F Y xfxf:<@
x�AC^Z^fe<8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
7 7 � E =�>]69e\: [ :<@p`b> G jf6E>]:\s c `bA]:<^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
7 7 � ��4©6E8;A]:<@7x_AC5
6 k : c >;^ c ^f@BAC>;^fe<e\69> `a@
D$: AC8 :<@BA]69>;h­` c 698 � � � � � � � � � � � � � � � � � � � � � � � � � 7

7 7 � � �87 Ug^B`bD7:<@7x�A]576 � ^Z^aA c ^ZD76 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
7 7 � � � � 4X698LAC:\@7x.A]576 7 ��� 7 �f��k F n78�WlAC5
69>]@
6EA":<@BAC6E>;h­` c 6 `b@7D$e<` Y @ c 5
:<@7xUg:<@ Y ��^f@�AC576 [ : c >;^ c ^f@BAC>;^fe<e\69> � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 9

7 7 � 9 4©6E8;A]:<@7x_AC5
6 { = Q 3V8�`a@
D*=?U�� c ^f@7@76 c A]:\jZ:\A G � � � � � � � � � � � � � � � � � � � � � � � � � � � �
7 7 � � 4©6E8;A]:<@7x_AC5
6 k : c >;^ c ^f@BAC>;^fe<e\69> � { = Q 3	:<@BAC6E>;h­` c 6 � � � � � � � � � � � � � � � � � � � � � � � � � �
7 7 � F 4©6E8;A]:<@7x_AC5
6P3"@p`ae\^fx�8]6 c AC:\^f@ `a@7D { = Q 3 7 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
7 7 � G 4©6E8;A]:<@7x_AC5
6 Q :<xf` F :\AwWlAC576E>]@76�AV:\@�A]69>Lh­` c 6P`a@7D { = Q 3R� � � � � � � � � � � � � � � � � � � � � F

+L1
, �  
 %&� �6
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7 � �87 =©^ �§69>�D7:<8LAC>]: F Y A]:<^f@�D76E8]:\xf@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � O
7 � � � H 6E8 Y e AC8 hv^f> [ : c >]^ c ^f@BAC>;^fe<e\69>§`a@7D :\A]8 :<@BAC6E>;h­` c 698 � � � � � � � � � � � � � � � � � � � � � � � � � O

7 � � � �87 Ug^B`bD7:<@7x [ : c >]^ c ^f@BA]>]^fe\e<69> F ^Z^aA c ^dD
6tjZ:<`�D
6 F Y x.8]6E>]:<`ae�nr^f>;A � � � � � � � � � O
7 � � � � � 7 ��� 7 �f��k F n78�:<@BAC6E>;h­` c 6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �HF �
7 � � � � E =X^f>;A]:<@7x.Ug:<@ Y ��AC^�AC576 [ : c >]^ c ^f@BAC>;^fe<e\69> � � � � � � � � � � � � � � � � � � � � � � � � �HF �
7 � � � � � k : c >;^ c ^f@BAC>;^fe<e\69> � � ^d^aA { eq`b8]5o`a@7D K � H 3Rk :<@BAC6E>;h­` c 6 � � � � � � � � � � � � �HF �
7 � � � � 9 k : c >;^ c ^f@BAC>;^fe<e\69> � { = Q 3�:<@BAC6E>;h­` c 6 � � � � � � � � � � � � � � � � � � � � � � � � � � � �HF �

7 � � E =?U���� { = Q 3 7 � { = Q 3R� �a4X3 Q0c 5p`a:<@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �HF �
7 � � � H 6E8 Y e AC8 hv^f>wA]576t3 AC^.� c 57`a@7@76Ee<8"`a@7D { = Q 3 7 � � � � � � � � � � � � � � � � � � � � � � � �HF �

jZ:<:\:



7 � � 9 H 6E8 Y e AC8 hv^f> { = Q 3R�_`a@7D Q :<xB` F :\AwW�A]5769>;@76EA":<@BA]69>;h­` c 6 � � � � � � � � � � � � � � � � � � �HF 7
+L;
, 
 %&A A ����> � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��D ;

7 E �87 } ^f@ c e Y 8;:<^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �HF E
7 E � � {pY A Y >;6 S ^a>�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �HF �

� �"�� B. 0 � �  


� , 
 ��)  BA �"� � �6
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��D �� , �������	0 �"� ��� % �  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � + � 1

� � � � � � # ��� � )&> � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � + � ;

:��



��

�"� ��� �������.���

� � ��� � �������

9 �87 3Ve AC69>]` K AC>]`bAC:��oW?= 7 K �B� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

O �87 �m698;:<xf@o4X^d^fe\8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �H9 E

7 � �87 K nr6969D�� 8;A]>C`an 8]6�A]A]:<@7xf8 hv^f> 3 Y AC^ ��~"6Exf^aA]:q`bA]:<^f@%D
:<8C` F e<6ED � � � � � � � � � � � � � � � � � � �H9 �

7 � � � K nr6969D�� 8;A]>C`an 8]6�A]A]:<@7xf8 hv^f> 3 Y AC^ ��~"6Exf^aA]:q`bA]:<^f@%6E@p` F e\69D � � � � � � � � � � � � � � � � � � �H9 �

�



��

�"� ��� ��

���������

� � �����'� �������

� �87 �R`µA¸`_3 c u Y :<8]: AC:\^f@ F ^f`a>]Do:<@BA]69xf>]`bAC6ED �J: AC5 `_>C`aDp`b> Y @7:\A � � e<^ c �D7:q`axa>C` [ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 9

E �87 � e<^ c ���m:q`axa>C` [ ^ah´�R`bA¸`_3 c u Y :<8;:\A]:<^f@ K G 8LAC6 [ � � � � � � � � � � � � � � � � � � � � � � � � �HO

� �87 � e<^ c ���m:q`axa>C` [ ^ah´�R`bA¸`_3 c u Y :<8;:\A]:<^f@ K G 8LAC6 [ � � � � � � � � � � � � � � � � � � � � � � � �/7 E

9 �87 3 H k k$: c >]^ c ^a@�A]>]^fe\e<6E>w3V> c 57:\A]6 c A Y >]6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �/7$G

9 � � W �ZAC6E>]@p`be´k 6 [ ^f> G 3">]69`a8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E

9 � E I @BA]69>]@7`ae©k$6 [ ^f> G k*`an � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �b�

9 � � { = Q 3 7 3"> c 57: AC6 c A Y >;6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G

9 � 9 { = Q 3R��3"> c 57: AC6 c A Y >;6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � O

� �87 3	A]^ � } ^f@Bjf6E>;A]69> K n�6 c :\s c `bA]:<^f@78 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E E

� � � 3�4��!=X^ �§69>�spe\A]69>;:<@7x � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E �

� � E =X^ �O6E>�spe AC6E>]:<@
x�hv^a>J�m:<xf: A¸`ae±8]6 c A]:<^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E 9
� � � =X^ �O6E>�spe AC6E>]:<@
x�hv^a> 3V@p`ae\^fx_8]6 c A]:<^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E �

� � 9 � ^ae\A¸`bxf698whv^f> 3"@p`ae\^fx_8]6 c AC:\^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E F

F �87 k : c >;^ c ^f@BAC>;^fe<e\69> } e\^ c ��:<@
x [ 6 c 5p`a@7:\8 [ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �B�

F � � } e\^ c ��D7:<8LAC>]: F Y A]:<^f@ [ 6 c 5p`b@7:<8 [ � } e<^ c � { `a@7^ Y A � Y�� 69> � � � � � � � � � � � � � � � � � 7

�d:



F � E } e\^ c ��D7:<8LAC>]: F Y A]:<^f@ [ 6 c 5p`b@7:<8 [ � { = Q 3 7 =?UXU c e<^ c �%D7:\8;A]>]: F Y AC:\^f@�­3VD7`an
AC6ED hv>;^ [ U Y �b^ N >]@7`a@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

F � � } e\^ c ��D7:<8LAC>]: F Y A]:<^f@ [ 6 c 5p`b@7:<8 [ � { = Q 3R�_=?UXU c e<^ c �%D7:\8;A]>]: F Y AC:\^f@
�­3VD7`an
AC6ED hv>;^ [ U Y �b^ N >]@7`a@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � E

F � 9 } e\^ c ��D7:<8LAC>]: F Y A]:<^f@ [ 6 c 5p`b@7:<8 [ � K ` [ n7e\:<@7x } e\^ c � c e<^ c �%D7:\8;A]>]: F Y AC:\^f@
[ 6 c 5p`a@7:\8 [ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 9

O �87 K : [ Y e<`bAC:\^f@ K 6�A Y n � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �H9 �

7 7 �87 4X698LAV8;6EA Y n � � ^Z^aA c ^dD
6 `b@7D 7 ��� 7 �f��k F n78"W�A]5769>;@76EA � � � � � � � � � � � � � � � � � � � �

7 7 � � 4X698LAV8;6EA Y n � { = Q 3 7 `a@7Do3"@p`ae<^ax_8]6 c AC:\^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � F

7 7 � E 4X698LAV8;6EA Y n � { = Q 3R�_`a@7D Q :<xB` F :\AwW�A]5769>;@76EA I @BAC6E>;h­` c 6 � � � � � � � � � � � � � � � � � � F

7 � �87 3"@p`ae\^fx_8]6 c AC:\^f@oAC698LA�>]698 Y e\A � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �HF 7

3 �87 3wA]^B� } ^f@Bjf69>LAC6E> � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �HF F
3 � � H `aDp`b> I @�A]69>Lh­` c 6��0=X^ �§69>�spe\A]69>;:<@7x �v3V@p`ae\^fx_8]6 c A]:<^f@ � � � � � � � � � � � � � � � � � � �HF G
3 � E =X^ �O6E>�spe AC6E>]:<@
x �v3V@p`be<^fx_8;6 c A]:<^f@ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �HF O
3 � � } e\^ c ��D7:<8LAC>]: F Y A]:<^f@ [ 6 c 5p`b@7:<8 [ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G �

3 � 9 � Y `ae���=©^a>;A H 3Rk `a@7D { = Q 3 } ^f@
spx � �­=�U���� { Ug3 KdM�� � � � � � � � � � � � � � � � � G 7
3 � � { = Q 3 K
H 3Rk$8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G �

3 � F Q :<xf` F :\AwWlAC576E>]@76�A I @BAC6E>;h­` c 6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G E

3 � G WlA]5769>;@76EA I @BAC69>Lh­` c 6�� Q k I;I AC6E> [ :<@p`µAC:<^a@78 � � � � � � � � � � � � � � � � � � � � � � � � � � � G �

3 � O I �RW I @�A]69>Lh­` c 6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G 9
3 �87 � I �RW�4©6E> [ :<@p`bA]:<^f@
8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G �

3 �87 7 H `aDp`b> n�^f8;:\A]:<^f@76E> `a@p`be<^fx c 5p`b@7@769e � I @7n Y A"=X^ �§69>"8 Y n
n7e G `b@7D*W �ZAC6E>]@p`be=©^ �O6E>"8LA Y F 8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G F

�
:\:



3 �87 � { = Q 3 7 � } ^f@
spx Y >C`bA]:<^f@ � k$: c >]^ c ^a@�A]>]^fe\e<6E> � H `bDp`a> =X^f8]: AC:<^a@769>w:\@BAC69>Lh­` c 6`a@7D$�m:\hv69>;69@BAC:<`ae H 6 c 69: jf69>;8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � G G
3 �87 E { = Q 3 7 � K
H 3mk 7 � � � E `a@7D H `aDp`a> :\@�A]69>Lh­` c 6 � � � � � � � � � � � � � � � � � � � � � � � G O
3 �87 � { = Q 3 7 � 3V@p`ae G 
969> � { = Q 3m�_`a@7D$UXW?��:<@BAC6E>;h­` c 6 � � � � � � � � � � � � � � � � � � � � � � O �

3 �87'9 { = Q 3R� � } ^f@
spx Y >C`bA]:<^f@ � k$: c >]^ c ^f@BAC>;^fe<e\69> `b@7D I �RW&:<@BAC6E>;h­` c 6 � � � � � � � � � � � O 7
3 �87 � { = Q 3R� � K
H 3mk `b@7D*�R= H 3Rk :<@BAC6E>;h­` c 6 � � � � � � � � � � � � � � � � � � � � � � � � � � � � O �

3 �87'F { = Q 3m� � 3V@7`ae G 
96E> � U�W?�!`b@7D Q :<xf` F :\AwWlAC576E>]@76�AV= M�� :\@BAC69>Lh­` c 6 � � � � � � � � � O E

3 �87$G 3�4 O 7 H k O �a�f� �Ok$: c >]^ c ^a@�A]>]^fe\e<6E> � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � O �

3 �87$O k : c >;^ c ^f@BAC>;^fe<e\69> � � Y 8 F Y�� 69>;8 � �a4©3 Q :\@BAC69>Lh­` c 6t`b@7D H 698;6EA c ^a@�A]>]^fe\e<6E> �
O 9

3 � �a� k : c >;^ c ^f@BAC>;^fe<e\69> K � H 3Rk 8 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � O �

3 � � 7 Ug:\@ Y � { Ug3 K
M � K 69>;:q`ae �0�m6 F Y x K 69>]:<`ae�nr^f>LAC8�`a@7D imK � M ^a8;A � �m6�jd: c 6:<@BAC6E>;h­` c 698 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � O F
3 � �f�0k : c >;^ c ^f@BAC>;^fe<e\69> � ^Z^aA { Ug3 K
M � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � O G
3 � � E K ` [ AC6 ctc ^f@7@
6 c A]^f>]8Jhv^f>JUg^fxf: c 3V@7`ae G 
96E>�`a@7D$UXW?��D7>]: jf6E>]8 � � � � � � � � � � � � � � O O
3 � �b� { = Q 3 7 `a@
D { = Q 3R��D76 c ^ Y n
e<:<@
x c `anp` c :\A]^f>]8 � � � � � � � � � � � � � � � � � � � � � � � �'7 �a�

3 � � 9 { = Q 3 7 `a@
D { = Q 3R�_=?U�U�n�^ �§69> spe AC69>;:<@7x � � � � � � � � � � � � � � � � � � � � � � � � �'7 � 7

���87 �R`bA¸`�3 c u Y :\8]:\A]:<^f@ � ^f`a>]D � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �'7 �f�

�d:<:\:



��)��,+ ���*� �


B����� ������� ��

���

�R`bA¸`�` c u Y :\8]:\A]:<^f@ 8 G 8LAC6 [ 8t`a>;6�`a@ :\@�A]69xf>]`ae�np`a>LAm^ah?>]`aDp`a>V`an7n7e\: c `µAC:<^a@78�� � ��� � 7 � � � �a� � �
4 576�>]` �z`a@p`ae\^fx D7`bA¸` ` c u Y :\>]69D F�G `�>]`aDp`a>�8 G 8LAC6 [ c `a@ F 6 c `a8LAR:<@BA]^ [ 6º`a@7:\@7xah Y e � :<@BAC6Ee��
e<:\xf: F e<6 D7`bA¸` np` c �a6�AC8�^a@7e G `µh AC69>t: A 57`a8 F 696E@/D7:\xf:\A]: 
96ED�`a@7D n7>]^ c 6E8]8]6ED�`a@7D c `a@-AC576E@ F 6
8;A]^f>]6ED&`µA_8 Y : A¸` F e<6%e\^ c `bAC:\^f@78 � 3Ve\e§A]57698;6$n7>;^ c 698;8]698.8]5
^ Y e<D F 6�h­`a8;A�6E@7^ Y xa5�A]^�8 Y n7nr^f>LA
57:\xf5 >C`bA]6�`a@p`be<^fx(D7`bA¸` :<@
n Y AC8�� 7 E�� `a@7D 8;57^ Y e\D F 6 c ^ [ n7e\6EA]69D :<@ >;6º`ae��TA]: [ 6 � 6E8]nr6 c :q`ae\e G
hv^f>J`an
n7e<: c `bA]:<^f@78O8 Y7c 5*`a8V`µA [ ^f8]n75
69>]: c 8]6E@78]:\@7x � :<@Bja^fe\ja69D*:\@ c >]: AC: c `ae �O69`bAC576E>"n
>]69D
: c A]:<^f@
8
8 Y
c 5�`a8lA]^f>]@7`aD7^tD76EA]6 c AC:<^a@ `b@7D �w`a>;@7:<@
x�� 7 � � � 4 5
6�n
>]^ c 698;8]6ED Dp`µA¸`R>]6Eu Y :<>]6E8 F Y e � �T8;A]^f>C`axa6
D76�jd: c 6E8thv^a>Rn�^f8LA��Tn7>]^ c 6E8]8]:\@7x `a@7D-`a@p`be G 8]:\8 � I @�AC576_6�jf6E@�APAC5
6.8LAC^f>]`axf6_>;698]^ Y > c 698 `a>]6_@7^bA
` cEc 698;8]: F e<6�e<^ c `ae\e G � `"@76�A �O^a>��t:<@BAC6E>;h­` c 6?:<8�@7696ED769D AC^"` c9c 698]8XAC576E8]6§>]6 [ ^aA]6 F Y e � � 8LAC^f>]`axf6?D76��
jZ: c 698 � {pY >LAC576E> � AC5
698]6Pn7>;^ c 698]8;698">]69u Y :\>]6Rjb`a>]:\^ Y 8 c ^f@BAC>]^ae�8]:\xf@p`ae\8J`a@7D np`a>C` [ 6�AC69>;8 � �J5
: c 5
@76 c 698;8]: A¸`bA]698R`a@*6�� c :\69@BA � >]69e\:q` F e<6 c ^ [.[ Y @
: c `µAC:<^a@ 8 G 8;AC6 [ hv^a>�A]576_` c u Y :<8]: AC:\^f@ Y @7:\A � 3"e<e
AC5
6�` F ^�ja6�h Y @ c AC:\^f@78 c ^ Y n7e\69D�A]^fxf6�AC576E>�D76Es7@76�AC5
6%n Y >;n�^f8;6�`a@7D : [ nr^f>LA¸`a@ c 6 ^bhJ`*Dp`bAC`
` c u Y :<8]: AC:\^f@�8 G 8;A]6 [ :<@o`�>C`bDp`a>J`an7n
e<: c `bAC:\^f@ �

I @�AC5
6Vnp`a8LA � AC576"D76EjZ: c 698O`a@7D c ^ [ n�^f@
69@BAC8§`ºja`b:<eq` F e<6whv^f> c ^a@78;A]> Y7c AC:<@
x�` D7`bA¸` ` c u Y :\8]:��
AC:\^f@t8 G 8;A]6 [ c ^ Y e<Dt@7^aAX8 Y n7nr^f>;A©57:<xa5PD7`bA¸` >C`µAC698 � c ^ [ n
e<6��mn7>]^ c 6E8]8;:<@7x"@7696ED78 � eq`a>;xf6�8;A]^f>C`axa6
c `bnp` c : AC:\698�`b@7D 57:<xa5�� 8;n�6E69D/>;69e<:<` F e\6 @76�A �O^a>���:\@BAC69>Lh­` c 6E8	� F � � 4 5
6�n7>]^ F e<6 [ �O`a8�h Y >LAC576E>
`axfxa>C`ºjb`bAC6ED$D Y 6PA]^.A]576 e<`a>]xa6Rn75 G 8;: c `ae©D
: [ 69@78;:<^f@78J`b@7D*nr^ �O6E> c ^f@78 Y [ n
A]:<^f@ ^ah©AC576 `a@p` �
e<^axo`a@7D-D7:<xf: A¸`ae c ^ [ nr^f@769@BA]8 >;69u Y :<>;69D � S : AC5�AC6 c 5
@7^fe<^axf: c `ael`aDdja`b@ c 6 [ 6E@�A]8 � 57:<xf5�� 8]nr696ED
D76�jd: c 6E8 �J:\A]5/e<: [ : AC69D n
5 G 8;: c `beOD7: [ 6E@78]:\^f@78 `a@7D/6�� c 69e\e<69@BA n�^ �§69>�nr69>Lhv^f> [ `a@ c 6�`a>;6�@7^ �
`ºjb`a:<e<` F e<6J^ � �TA]576��T8]576Ee\h � S : AC5�A]576R`a>;>]: ja`be�^ah�5
:<xf5%8;n�6E69D WlAC576E>]@76�A�`a@7D Q :<xB` F :\A§WlAC576E>]@76�A
:<@BA]69>;h­` c 698 � >;69e<:<` F e\6 � 57:\xf5��T8]nr6969D @76EA �§^f>��-8 Y n7nr^f>;A :<8P`ae\8]^onr^f8]8;: F e\6 � 3Ve<elA]57698;6�: [ n7>;^¹jf6��

7



[ 69@BAC8R5p`ºja6 [ `aD76 AC576_D76�jf6Ee<^fn [ 69@BAt^ahO` c ^ [ n7e\6EA]6�Dp`bAC`�` c u Y :\8]:\A]:<^f@*8 G 8;A]6 [ �J:\A]5 57:<xa5
n7>;^ c 698]8;:<@7x.nr^ �§69>�`a@
D*`_e<^ �,hv^f> [ �Th­` c AC^a> `a@ ` c 57:\6Ejb` F e\6Rn7>]^fnr^f8]`ae �

4 576"A �§^ [ ^f8;A c ^ [ [ ^f@7e G Y 8;69D%D76�jZ: c 6E8w^f@�`PDp`µA¸` ` c u Y :<8;:\A]:<^f@.8 G 8;A]6 [ `a>]6 { :\69e<D.=�>]^ �
xf>]` [ [ ` F e\6 Q `bAC6 3">]>]` G 8 � { = Q 3V8 � ^f>�xf6E@769>]`aepn Y >;n�^f8;6Jn7>]^ c 6E8]8]^a>]8§`a@7D [ : c >]^ c ^a@�A]>]^fe\e<6E>]8
� � F � � 3 �§69e\e�� n
eq`a@7@
69D�D7698;:<xf@ �J:\A]5 �O6Ee<e��T^f>]xf`a@7: 
E69D D7:\8;A]>]: F Y AC:\^f@ ^ahOAC`a8���8 F 6�A �O6E69@�A]57698;6
D76�jd: c 6E8wnp`ºjf6E8OAC576 �w` G hv^f>§` 8;AC`bAC6�� ^ah ��AC576���`a>LA§D7`bA¸` ` c u Y :\8]:\A]:<^f@ `a> c 57:\A]6 c A Y >]6 � K nr6 c :<`ae<: 
96ED
5p`a>;D �O`a>]6 hv^a>"57:\xf5��T8]nr6969D D7`bA¸`.n7>]^ c 6E8]8]:\@7x%A¸`b8���8R`a@7D*^fn�6E>C`bA]:<^f@
8">;69u Y :<>;:<@7x.sp@76�� xf>]`a:<@76ED
AC: [ :\@7x c ^f@BAC>]^ae c `a@ F 6o6 � 6 c AC: jf69e G�[ ^ZD76Ee<69D FBG ` c ^ [ F :<@p`µAC:<^a@ ^ahR`an
n7e<: c `bA]:<^f@/8;n�6 c : s c
5p`a>;D �O`a>]6�`a@7D ` >]6 c ^f@
spx Y >C` F e<6.n7>]^ c 6E8]8]^a> � �J57: c 5 `aD7D
8 AC5
6�D7: [ 6E@78]:\^f@ ^bh >]6 c ^f@
s7x Y >C` �
F :\e<:\A G A]^%AC576�`b> c 57: AC6 c A Y >;6�`a@7D�`ae\e<^ �J8Vhv^f>"8 G 8;A]6 [ �p6��d: F :\e<:\A G � M :\xf5��Te<6Eja69eXh Y @ c A]:<^f@
8VAC5p`µA
:<@ c e Y D76 `aD [ :<@
:<8;A]>C`bA]:<@7x�`a@7D�8 G @ c 5
>]^f@7: 
9:\@7x|A]576 �§^f>���:<@
x|^bh�`ae\e"A]57698;6-D
6EjZ: c 698 c `a@ F 6
` c 57:\6Eja69D FBG A]576 Y 8;6�^ah�` [ : c >;^ c ^f@BAC>;^fe<e\69> � 4 5 Y 8 � `a@ :<@BA]69e<e\:<xf6E@BAV`b>]>C`b@7xf6 [ 69@BAV^ah�`an7n7e\:��
c `µAC:<^a@$8;n�6 c :\s c 5p`a>;D �O`a>]6 `a@7D(>;6 c ^a@
spx Y >]` F e\6 n7>;^ c 698;8]^f>;8 � `bD [ :\@7:<8LAC6E>]69D FBG ` [ : c >;^ c ^f@��
AC>;^fe<e\69> � `a8RD
6Ejf6Ee<^fnr69D�:\@*AC57:\8mn7>;^��;6 c A � c `b@ c >]69`bAC6�`�5
:<xf57e G 6 � 6 c A]:\ja6 `b@7D n�^ �§69>Lh Y elDp`bAC`
` c u Y :<8]: AC:\^f@�8 G 8;A]6 [ �

{ ^f>�A]57:<8JAC5
698]:\8Vn7>;^��;6 c A � �O6 5p`ºjf6�D76�jf6Ee<^fnr69D `.Dp`bAC`�` c u Y :<8]: AC:\^f@$8 G 8;AC6 [ A]^ [ 696�AVAC5
6
>]6Eu Y :<>;6 [ 69@BAC8R^ah�`b@ `bA [ ^f8;n75769>;: c [ ^f@
:\AC^a>]:<@
x >]`aDp`a>V`an7n7e\: c `µAC:<^a@ � A]576_�m:\8;AC>;: F Y AC69D } ^fe��
eq` F ^f>]`bAC: jf6J3VD7`an
AC: jf6 K 69@78;:<@7x ��� } 3 K � >]`aDp`a>;8 � 7 E � � F 69:\@7x D76�jf6Ee<^fnr69D�`µAOAC5
6mW�@7xf:\@7696E>]:<@
x
H 698]69`a> c 5 } 69@BAC6E> hv^f> } ^fe\eq` F ^f>C`µAC:\ja6�3VD7`an
AC: jf6 K 69@
8]:<@
x$^ah§AC576.3wA [ ^f8;n75769>;6 � } 3 K 3 � `µA
AC5
6 i @7:\ja69>]8;:\A G ^ahXk$`a8]8]` c 5 Y 8]6�A]AC8�� 3 [ 576E>]8LA � 4 57:<8�>C`aD7`a>§8 G 8;AC6 [ :\8 F 6E:<@7xPD76Eja69e\^fn�6ED �J:\A]5
AC5
6V`a: [ ^ah�AC: [ 69e G n
>]69D
: c A]:<^f@ `a@7D D76EA]6 c AC:<^a@ ^ah�AC^f>;@p`aD7^a8 � 5p`�
º`b>]D7^ Y 8 �§6º`bA]5769> c ^f@
D7:\A]:<^f@78
`a@7D �p^d^ZD78 � 4 576wD7`bA¸`"` c u Y :\8]:\A]^f@�`b> c 57: AC6 c A Y >;6w5p`a8 F 6E69@_: [ n7e\6 [ 69@BAC6ED Y 8]:<@
xm^ � �TAC5
6�� 8;5769e h
c ^ [ nr^f@76E@�A]8O8 Y7c 5o`a8�3 H k �­3"D
jb`a@ c 6ED HJILK7} k*` c 57:\@76 � F `a8;69Dok$: c >;^ c ^f@BAC>]^ae<e<6E>?`a@7D { = �
Q 3V8 � 4 57698;6 A �§^ c ^ [ nr^f@76E@�A]8 c ^ [ n7>]:\8]6RAC5
6 [ `a:<@on7>;^ c 698;8]:<@
x%`a@7D c ^a@�A]>]^fe\e<:\@7x_n�^ �§69>�^ah
AC5
:<8P`a> c 5
:\AC6 c A Y >]6 � 3 jb`a>;:<6�A G ^ah c ^ [.[ Y @7: c `bA]:<^f@ :\@�A]69>Lh­` c 6E8 5p`ºja6 F 6969@ :<@ c ^f>]nr^f>]`bAC6ED :\@
AC5
6"D76E8]:\xf@ hv^f>�A]576V69`a8]6�^ah c ^f@BAC>]^ae<e<:\@7xmAC5
6"8 G 8LAC6 [ `a@
D�>]^ Y AC:\@7x `b@7D�8LAC^f>;:<@7xPDp`bAC` `bA§8 Y :\A��
` F e\6me<^ c `µAC:<^a@78 � 3 c `a>;6Eh Y egD7:\8;A]>]: F Y AC:\^f@�^ah©n7>;^ c 698]8;:<@7x�>;69u Y :<>;6 [ 69@BAC8J`b@7D c ^ [.[ Y @7: c `bA]:<^f@

�



:<@BA]69>;h­` c 698 F 6EA �§6969@ A]576 [ : c >]^ c ^f@BA]>]^fe\e<69> `a@7D|AC576 { = Q 3"8 5p`b8 F 696E@ D7698;:<xf@
69D � H `aDp`a>
Dp`bAC`Pn
>]^ c 698;8]:\@7x � @76EA �§^f>���:\@�A]69>Lh­` c 6 jZ:q`P` Q :<xf` F :\A�W�A]5769>;@76EA � e\^ � � e<6�jf6Eep5p`a>]D�� D7:\8�� c ^a@�A]>]^fe
6EA c � 57`¹ja6 F 6E69@�`a8;8]:\xf@769D(A]^�AC5
6 { = Q 3V8 � M :<xa5�� e\6Ejf6Ee©^an�6E>C`bA]:<^f@78�e<: �a6 5p`a>]D�� D7:\8��o8;A]^f>C`axa6
5p`a@
D7e<:\@7x � >C`bDp`a> c ^a@�A]>]^fe?@76�A �O^a>�� Y n7e\^B`aD �µD7^ �J@7e<^B`bD�jZ:<` { `a8LA W�A]5769>;@76EA � iVK � 6EA c � 5p`b8
F 6969@ c ^a@
sp@76ED$AC^_A]576t3 H k [ : c >]^ c ^f@BAC>;^fe<e\69> �

� 6Ehv^a>]6$h­` F >]: c `bA]:<^f@ � AC576oh Y @ c AC:\^f@p`ae\:\A G ^ahVAC576$Dp`bA¸` ` c u Y :\8]: AC:<^a@�8 G 8LAC6 [ D76E8]:\xf@ �O`a8
jf6E>]: sp69D.AC57>;^ Y xf5.8]: [ Y eq`µAC:<^a@78 � 4X^PA]698;A�AC5
6Jh­` F >]: c `bA]69D F ^B`b>]D � D Y [ [ G { = Q 3,`ae\xf^f>]: AC5 [ 8
`a@7D�3 H k D7:<`axf@7^f8LAC: c 8]^ah A �O`a>]6 �O6E>]6 �J>;:\A;AC69@|AC^-AC698LA�jb`a>;:<^ Y 8�5p`b>]D �O`a>]6$:<@BAC6E>;h­` c 698 ^f@
AC5
6 F ^B`a>;D � 4 576.Dp`bAC`$` c u Y :<8;:\A]:<^f@ F ^B`a>]D-8 G 8LAC6 [ `a@
D�:\A]8Rja`b>]:<^ Y 8R:<@BAC6E>;h­` c 698P5p`ºjf6 F 6E69@
AC6E8;A]69D � 4 57:<8V8 G 8;A]6 [ @
^ �!>]69`aD G AC^ F 6�:<@BA]69xf>]`bAC6ED �J:\A]5(AC576_� } 3 K >C`aD7`a>]8R`b@7D�`an7n7e\:<6ED
AC^.`�>]69`ae���AC: [ 6�69@BjZ:<>]^a@ [ 6E@BA �

4 57:<8 >]6En�^f>LA�:\8 ^f>;xB`a@7: 
969D�`a8 hv^ae<e<^ �J8 � } 5p`bn
AC6E>_�$D76E8 c >]: F 698 n7>]6�jd:\^ Y 8 �O^f>�� D
^f@76%:\@
AC5
:<8 sp69e\D(`a@
D A]576 `bn7n7e<: c `bA]:<^f@�^bh´AC5
:<8�D7698;:<xf@ � 4 576 >;69u Y :\>]6 [ 69@BA]8V`a@
D*8]nr6 c :\s c `bAC:\^f@78J8]6�A
FBG AC5
6_>C`aDp`b> Y @7:\ARhv^a>VAC57:\8RDp`bAC`�` c u Y :\8]:\A]:<^f@ 8 G 8;AC6 [ `a>]6_e\:<8LAC69D :\@ } 5p`an
A]69> E � } 57`an
AC6E>
��D7698 c >;: F 698"`a@*`b> c 57: AC6 c A Y >;6RAC^ [ 6E6EA AC5
698]6P>]6Eu Y :<>;6 [ 69@BAC8 � 4 576 c ^a@
spx Y >]`bAC:\^f@ � h Y @ c A]:<^f@��
:<@
x/`a@7D&^fn�6E>C`bA]:<^f@
8�nr69>;hv^a> [ 69D FBG 6º` c 5�8;6 c A]:<^f@&^ahRAC57:\8�D76E8]:\xf@�`a@7D�AC576(8 G 8;AC6 [ `a8�`
�J57^fe\6�`a>]6_D
:<8 cEY 8]8;69D-:<@ D76�A¸`a:\el:<@ } 57`an
AC6E> 9 � 4 5
6.nr^ �O6E>Rspe\A]69>]:\@7x [ 6 c 5p`b@7:<8 [ `a@7D AC5
6
c e\^ c ��D7:\8;A]>]: F Y AC:\^f@ 8 c 576 [ 6mD76�jf6Ee<^fnr69D%hv^f>?AC5
:<8�8 G 8;A]6 [ `b>]6VD
:<8 cEY 8]8;69D�:\@ c 5p`an
A]69>;8 � `a@
D F
>]6E8]nr6 c AC:\ja69e G � } 57`an
AC6E> G nr69>LA¸`a:\@78�A]^�AC5
6 F ^d^aA Y n*8LAC>]`bAC6Ex G 6 [ n
e<^ G 6ED*hv^f>�D7: � 69>;69@BA c ^ [ �
nr^f@769@BA]8P:\@ c e Y D76ED-:\@(AC57:\8RD7698;:<xf@ � 4 57:<8 �J:\e<e F 6_hv^fe\e<^ �O6ED �J:\A]5 `%D
:<8 cEY 8]8;:<^f@-:<@ } 57`an
AC6E>

O � ^a@�AC576�8;AC6En78 hv^fe\e<^ �§69D�hv^f>PD76E8]:<xa@7:<@7x(`a@7D/8;: [ Y e<`bAC:\@7x�AC576�8 G 8;A]6 [ � } 5p`an
A]69> 7 �*e<:\8;AC8
AC5
6 c ^f@dspx Y >]`bAC:\^f@ 8;A]>C`an&8]6EA;AC:\@7xf8%@76E69D76ED�AC^ F 6(nr69>;hv^a> [ 69D ^f@ A]576(5p`b>]D �O`a>]6*8 G 8;A]6 [ �
4 576mA]698;A]:<@7x�`b@7D�D76 F Y xfxf:\@7x_8;A]>C`bA]69x G AC5p`µA �w`b8 6 [ n7e<^ G 6ED�hv^f>§A]576mh­` F >;: c `µAC69D F ^B`b>]D78 5p`b8
F 6969@�D
6º`ae A �J:\A]5�:<@ c 5p`an
A]69> 7 7 hv^ae<e<^ �§69D FBG AC576V>]698 Y e\A]8wAC5p`µA �§69>]6Rxa69@76E>C`bA]69D�D Y >;:<@7x AC57:\8
AC6E8;A]:<@7x��µD76 F Y xfxf:<@
x n757`a8]6P:<@ c 5p`an
A]69> 7 � � 4 5
:<8�>]69nr^f>LA c ^f@ c e Y D76E8V:\@ } 5p`bn
AC6E> 7 E � �J: AC5$`
8 Y [ [ `a> G ^ah©A]576P:<D769`a8�`a@7D xf^B`ae\8 D7>]: jd:\@7x_AC57:\8Jn7>]^��;6 c AV`a@7D$`�hv6 �	8 Y xfxf698LAC:\^f@78J^f@$h Y A Y >;6
A¸`b8���8�A]5p`bA c `a@ F 6t: [ n7e<6 [ 6E@BAC69D �

E



��)��,+ ���*� �

�|�����	��� �����	�

��� � �����	��
 ����
������ ������
��������
4 576�n7>]^an�^f8;69D,Dp`bAC` ` c u Y :\8]:\A]:<^f@�8 G 8;AC6 [ �J:<e\e F 6 :<@BAC6Exf>C`µAC69D �J: AC5�AC576��m:\8;A]>]: F Y AC6ED

} ^fe\eq` F ^f>C`µAC:\ja6O3"Dp`an
A]:\jf6 K 69@78;:<@7x ��� } 3 K � >C`aD7`a>]8 � 7 E � � � } 3 K 8 G 8LAC6 [ 8�:<@Bjf^ae\jf6 e\^ � � c ^a8;A �
8 [ `ae\e�>C`aDp`b>]8PD769n7e\^ G 69D ^a@ c 6Ee<e?n757^a@76 A]^ �§69>;8 ^f>P^aA]5769> :<@
hv>]`a8;A]> Y7c A Y >;6�`a@
D�D76E8]:<xa@769D�A]^
^ F 8;69>Ljf6$`a@7D|D76EA]6 c A.5p` 
º`a>;D7^ Y 8 �§6º`bA]5769> `a@7D �p^Z^dD
8 ��� �"!$#&%'�&(*)+#-,/. >;6Ehv6E>]8_AC^ AC5
6 Y 8]6o^ah
` D769@
8]6 @76EA �§^f>���^ahV>]`aDp`a>;8 c `an7` F e<6�^bhV57:\xf5 8]n7`bAC:<`ae `a@7D A]6 [ n�^f>]`aeO>;698;^fe Y A]:<^f@ � 4 576E8]6
8 G 8LAC6 [ 8 �J:\e<eg^fnr69>]`bAC61032546487 ( 2 % 7 #9�6:;, 4=< �J: AC57:\@*`.D G @p` [ : c :<@
hv^f> [ `µAC:<^a@%AC6 c 5
@7^fe<^ax G :<@
hv>]`a8��
AC> Y7c A Y >]6 � 7 . 7$> #&�6?A@ AC^ c 5p`a@7xf:\@7x c ^f@7D
:\AC:\^f@78R:\@ ` [ `a@7@76E>tA]5p`bA [ 696�AC8 c ^ [ n�6�AC:\@7x�@7696ED78
^ahJ6E@7D Y 8]6E>]8*B�AC576�xf^¹jf69>;@ [ 69@BA � n7>;:\jb`bAC6 :<@7D Y 8;A]> G � `b@7D/AC576�n Y F e\: c � K 6 c ^f@7D�xf69@
69>C`µAC:<^a@
� } 3 K 8 G 8;A]6 [ 8 �J:<e\elhv^ cEY 8 ^f@-jf^fe Y [ 6EAC>;: c `ae<e G 8]6E@78]:\@7x �J:\@7D `a@7D-AC576E> [ ^dD G @7` [ : c jb`a>;:��
` F e\698P:<@�` n7>;6��T8;AC^a> [ 69@BjZ:<>;^f@ [ 69@BA � ^f> c e<69`a> `b:<> � 32AC5
:<>]D-:<@
8;A¸`b@�A]:q`bA]:<^f@�^ah � } 3 K �J:\e<e
:<@Bja^fe\ja6 [ ^ F :\e<6Vja^fe Y [ 6EA]>]: c 8]69@
8]^f>;8VAC5p`µA c `a@ c ^ [.[ Y @7: c `bA]6 �J:\AC5 xf>;^ Y @7D�� F `a8;69D*8;69@78;^f>]8 �
4 5 Y 8 � 8;A Y D G :<@7x-`a@
D [ ^f@7: AC^f>;:<@7x AC576oe\^ �§69>�A]>]^fnr^f8;n75769>;6 � AC576�n7`a>;A�^ahJA]576 `bA [ ^f8]n
5769>;6
AC57`bA c ^f@BA¸`b:<@78 [ ^a8;A�@p`bA Y >C`aeX`a@
D [ `a@ [ `aD
6 5p` 
º`a>;D78 � hv^f>�` cEc9Y >]`bAC6 `a@7D$A]: [ 69e G A]^f>]@p`bD7^
`a@7D �p^Z^dDoD76�AC6 c AC:\^f@ `a@7D$`aeq`b> [ 8w:<8wA]576txf^B`ae�^bh©A]57698;6 >]`aDp`a>;8 �

{ ^f>m6 � 6 c AC: jf6�`a@7D A]: [ 69e G �§6º`µAC576E>P57`�
º`a>;D�n7>]6ED7: c AC:<^a@78 � A]576�Dp`µA¸` F 6E:<@7x c ^fe\e<6 c AC6ED F�G
AC5
698]6">C`aD7`a>]8?@76E69D A]^ F 6�D7:<xf: AC: 
969D � n7>]^ c 6E8]8;69D%:\@�A]^ n7` c �a6�AC8O^bh c ^a@ c :\8]6 � 8 Y
c9c :\@ c A§Dp`bAC` `b@7D
D7:\8]np`bA c 5769D(A]^ A]576 6E@7D Y 8;69>V:\@*>;6º`ae��TAC: [ 6 � 4 576E8]6_`a>;6PA]576 h Y @7Dp` [ 69@BA¸`be©xf^f`ae<8 AC57`bAmD7>;:\ja6
AC5
6PD
698]:\xf@ ^ahl`_Dp`µA¸`�` c u Y :\8]: AC:<^a@�8 G 8;A]6 [ hv^f> 8 Y
c 5*>C`bDp`a>]8 �

4 576|n7>]^fnr^f8;69D�8 G 8;A]6 [ 69u Y :\n7nr69D �J:\AC5	5
:<xf5��TD769@
8]:\A G � 57:\xf5�� nr69>Lhv^f> [ `a@ c 6 � h­`a8;A � >]6��
c ^a@
spx Y >]` F e\6 5p`b>]D �O`a>]6 � { = Q 3V8 � � E � � `a@ :<@BAC6Ee<e\:<xf6E@�A � 6 [�F 69D7D
69D � hv69`bA Y >]6.>]: c 5 � [ `a8;A]69>��

�



c ^a@�A]>]^fe\e<6E> ��k : c >;^ c ^f@BAC>;^fe<e\69> � � O � `a@
D c ^f@BAC6 [ nr^f>]`a> G 57:<xf5�� 8]nr696ED c ^ [.[ Y @
: c `µAC:<^a@�:<@BA]69>��
h­` c 698%e\: �a6 Q :\xB` F : A `a@7D 7 ��� 7 �f�/k F n78oWlAC576E>]@76�A � i @7: jf6E>]8C`be K 6E>]:q`be � Y 8 � imK � � � K 69>;:q`ae
=©^a>;AC8§`a@7D I @BAC6Exf>C`bA]69D��m>]:\ja6�W?e\6 c AC>]^a@7: c 8 � I �RW � � :<8?:\D76º`ae\e G 8 Y : AC6ED.hv^f>�A]576J:<@BAC6E@7D769D�`an7n7e\:��
c `µAC:<^a@ � 3�5
:<xf5��Te<6�jf69e±>;69n7>;698]6E@BA¸`bA]:<^f@�^ahX` Dp`bA¸` ` c u Y :\8]:\A]:<^f@.8 G 8LAC6 [ :<@BAC6Exf>C`µAC69D�:<@�`P>C`aDp`b>
Y @7: AJ:<8J`a8J8;57^ �J@*:<@�spx Y >]6P� �87

Hard Disk

Digitization Packet RoutingProcessing

TX/RX 
ANTENNA

Serial Port

Gigabit Ethernet

USB Port

RADAR

CONTROL
RADAR

SYSTEM

DATA ACQUISITION/ PROCESSING

Control

Data

10/100 Mbps Ethernet

Ethernet 
Switch

� � � ���'� 1
, +�, �R`bAC` 3 c u Y :<8;:\A]:<^f@ F ^f`a>]D.:<@BAC6Exf>C`µAC69D �J:\AC5 ` >]`aDp`a> Y @7: A � � e\^ c �_D7:<`axf>]` [ �

���-� � � ����� 
��	��
 � ��� 
 �
=�>]:<^a> �O^a>��m^f@RD
698]:\xf@7:\@7x Dp`bAC`�` c u Y :<8;:\A]:<^f@m8 G 8;AC6 [ 8ghv^f> �O69`bAC576E>X`a@7Dt^ c 6º`a@ [ ^f@7: AC^f>;:<@7x

>C`bDp`a> 8 G 8LAC6 [ 8�:<@ c e Y D76�� � � � `b@7D c ^ [.[ 6E> c :q`ae�8]^fe Y AC:\^f@78 e<: �a6�� 7'9 � � 4 576t8 G 8;A]6 [ D76�jf69e\^fnr69D
:<@ � � � � :<8P69u Y :\n7n�6ED �J:\A]5�>;6 c ^a@
spx Y >]` F e\6 5p`b>]D �O`a>]6 � { = Q 3V8 � � n
>]^ c 698;8]^f> F `a8;69D/8 G 8LAC6 [
c ^a@�A]>]^fe�`a@
D�5p`b8 c ^ [ [ Y @7: c `bAC:\^f@ :<@BA]69>;h­` c 698.8 Y
c 5�`a8.` 7 ��� 7 �f�-k F n78%WlAC5
69>]@
6EA � 8]69>;:q`ae
nr^f>;A]8 `b@7D I �RW c 5p`a@7@76Ee<8 � 4 576 7 � F :\A � 9 k K = K 3wAC^B� :<@7n Y A c 5p`a@7@
69e<8.: [ n7e\6 [ 69@BAC6ED
:<@/A]57:<8 8 G 8;A]6 [ D7^ @7^bA [ 6E6EA�A]576 7 � F :\A 7 �f��k K = K >]6Eu Y :<>;6 [ 69@BA � 7 E � ^ahJAC5
:<8_`an
n7e<: c ` �
AC:\^f@ � {±Y >;AC5
69> � n7>]^ c 6E8]8;^f>�8;n�6E69D��vn7>]^ c 6E8]8]^a> > Y @7@7:\@7x�`µA 9 � k M 
 � � [ 6 [ ^f> G `a@7D|Dp`bAC`
^ Y A]n Y AV:<@BAC6E>;h­` c 698me<` c � A]576�` F :<e\:\A G AC^ c ^fnr6 �J: AC5*A]576�57:\xf5*Dp`µA¸`�>]`bAC6E8 � 7 E � `b@7D c ^ [ n7e\6��
8]:\xf@p`ae±n7>;^ c 698;8]:<@
x_`ae<xa^f>]: AC5 [ 8 � 7'F � >]69u Y :\>]6ED�hv^f>�: [ n7e<6 [ 6E@�AC`bAC:\^f@_^f@ F Y e ��Dp`µA¸` :\@7n Y A]8�hv^a>
AC5
:<8�`an7n7e\: c `bAC:\^f@ � } ^ [ [ 69> c :<`ae�8]^ae Y A]:<^f@78 e\: �b6 � 7'9 � 5p`ºja6 57:\xf5�� D
69@78;:\A G � 5
:<xf5��T8]nr696ED �m:\e<:\@��
� :\>;A]6�� � I;IV{ = Q 3 [ ^ZD Y e\698 � { ^a> c ^f@Bjf6E>;A]:<@7x*`a@p`ae\^fx�:<@7n Y AC8mhv>;^ [ `�>C`aD7`a>RAC^�AC576�D7:\xf:\AC`ae

9



D7^ [ `a:\@ � AC57:\8 n7>;^dD Y7c A @7696ED78 A]^ F 6 :\@BAC69xa>C`bA]69D A]^*Dp` Y xf5BAC6E>�= } � 8 A]5p`bA `aD7D ^f@ A]^$AC5
6
c ^a8;AJ`a@
DoA]576 c ^ [ n
e<6��d: A G ^bhXA]576m8 G 8LAC6 [ � imK � `b@7D�np`a>]`ae<e\69e±n�^a>;Aw:\@BAC69>Lh­` c 6E8J`a>]6"AC576m^a@7e G
Dp`bAC`%^ Y A]n Y A c 5p`b@7@769e\8t`ºja`b:<eq` F e<6 � 4 576_Dp`µA¸`%` c u Y :<8;:\AC^a@ `a> c 5
:\AC6 c A Y >]6_D76�jf6Ee<^fnr69D hv^f>�AC57:\8
n7>;^��;6 c A c ^f8LAC8 ` F ^ Y A iVK � � � �b�B� n�6E> F ^B`a>]D � 4 5 Y 8 � AC576 c ^ [.[ 6E> c :q`ae�8;^fe Y A]:<^f@
8 `a>;6�@7^bA
^f@7e G 6��dn�6E@78]: jf6 � iVK � 7'9 � 9 �f�"hv^f>XAC576 F `a8]: c 8 G 8;A]6 [ `b@7D�`a@�`aD7D
:\AC:\^f@p`ae iVK � 7 �N7 �f�Vhv^f>©A �§^
3 AC^ � :<@BAC6E>;h­` c 6.D7` Y xf5BAC6E> F ^B`b>]D78 � F Y AP`ae<8;^oeq` c �*A]576�8 Y nr69>;:<^f>Rnr69>Lhv^f> [ `a@ c 6�`a@7D-6º`a8;6
^ah c ^f@BAC>;^fe�>]6E@7D769>;69D F�G ` [ : c >;^ c ^f@BAC>]^ae<e<6E>w`a@
D A]576 n
>]698;69@ c 6�^ah´57:<xf5�� 8]nr696ED c ^ [.[ Y @7: c ` �
AC:\^f@-:<@BAC6E>;h­` c 698 � 8 Y
c 5 `a8tAC576 Q :\xB` F : AtWlAC576E>]@76�A�:\@�A]69>Lh­` c 6 � ` @76 c 698]8;:\A G hv^f>RAC5
6 :\@�A]69@7D
69D
`an7n
e<: c `bAC:\^f@ �

�



��)��,+ ���*� �

��������� � �!�"���$# ��+ ���/
B��

�/����

���0�

� � � �����	��
 ����
������
�R`bA¸`|` c u Y :<8]: AC:\^f@�8 G 8;A]6 [ 8(^ah AC6E@�:\@�A]69>Lh­` c 6 �J:\A]5�>]`aDp`a> Y @7: AC8oAC^�hv^f> [ ` c ^ [ n7e\6EAC6

ymc 69`a@ �b3wA [ ^f8;n7576E>]6 [ ^a@7:\A]^f>]:\@7x >]`aDp`a>�8 G 8;A]6 [ � � ��� � 7 � � � 7 � � � �f� � � =�>;69D7: c AC:\@7x/AC^a>]@p` �
D7^f8 � 7 E � :\8�AC576 [ `a:<@ n Y >]nr^f8]6o^ah"AC57:\8�`an7n7e\: c `bAC:\^f@ � { ^f> AC: [ 69e G `b@7D�6 � 6 c A]:\jf6�A]^f>]@p`bD7^
�O`a>]@7:\@7xf8?AC576">C`aD7`a>�`a@p`ae\^fxtDp`bA¸`P@7696ED78§A]^ n7>;^ c 698;8]69D FBG `te<^ ��eq`µAC69@ c G �­:\@.A]576V^a>]D76E>§^ah�`
[ :<e<e\:<8;6 c ^a@7D � D7`bA¸`"` c u Y :\8]:\A]:<^f@R8 G 8;AC6 [ � 4 5 Y 8 � >;6º`ae��TAC: [ 6´Dp`bA¸`Jn7>;^ c 698]8;:<@7x":<8X` [ Y 8;AXhv^f>gAC5
6
n7>;^fn�^a8]69D%` c u Y :\8]:\A]:<^f@.8 G 8LAC6 [ � I @7:\A]:q`aep6E8;A]: [ `bAC6E8§8LA¸`bA]6VAC5p`µA§A]576V>]`aDp`a> �J:<e<epxa69@76E>C`bA]6VDp`bAC`
`bA"`�>C`bA]6P^bhl` F ^ Y A 7 �a� k F :\A]8"nr69>J8]6 c ^f@
D � 7 E � � { ^f> Y 8;6Eh Y eX:<@dhv^f> [ `bAC:\^f@�A]^ F 6P6��ZAC>]` c A]69D
hv>]^ [ AC5
6t`a@p`ae\^fx�Dp`bAC` � c ^ [ n
e<6��%8]:\xf@p`ae�n7>]^ c 6E8]8]:\@7x.`ae<xa^f>]: AC5 [ 8 [ Y 8;A F 6R: [ n7e<6 [ 6E@�A]69D�A]^
n7>;^ c 698]8lA]576OD7`bA¸` � 7'F � � 4 5
6 F `a8;: c >;69u Y :\>]6 [ 69@BA�:\8©A]^mD76Eja69e\^fn�`Vnr^ �§69>Lh Y e � 57:<xf5�� 8]nr696ED�Dp`bAC`
` c u Y :<8]: AC:\^f@%8 G 8LAC6 [ �J: AC5o` F Y @7Dp`a@BAJ>;698]^ Y > c 698JAC^_8 Y n7n�^a>;A c ^ [ n7e\6��%8]:<xa@p`ae�n
>]^ c 698;8]:\@7x.`ae��
xf^f>;:\A]5 [ 8 `a@7D n
>]^¹jZ:<D76�8LA¸`a@7D7`a>]D � 5
:<xf5��T8]nr696ED c ^ [.[ Y @7: c `bA]:<^f@-:<@BA]69>;h­` c 698�hv^a> n7>;^ c 698]8;69D
Dp`bAC` >]^ Y AC:\@7x � { >]^ [ A]576 Y 8;69>wnr^f:\@�AO^ahgjZ:<6 � � :\A§8]5
^ Y e<D F 6m`�e\^ � � c ^a8;Aw8 G 8;AC6 [ [ `aD76�hv>]^ [
^ � �TA]576��T8]576Ee\h c ^ [ n�^a@769@BAC8 �J: AC5o6º`a8;6t^ah c ^f@BAC>;^fe�`a@7D n7>]^axf>C` [.[ ` F :<e\:\A G �

� �-� �����	��
,� ��
 � � 
 ��� � � � � ��� 
	� � � � 
 


� 6Ehv^a>]6Rn7>;^ c 6969D
:<@7x_AC^�A]576mAC6 c 57@7: c `ae�8;n�6 c : s c `bA]:<^f@
8J`a@7Donp`a>]` [ 6�AC6E>]8w8;6EA FBG AC5
6R>C`aDp`b>
Y @7: A hv^f>PAC57:\8�` c u Y :<8;:\AC:\^f@�8 G 8;AC6 [ � A]57:<8 8]6 c AC:\^f@ D76Es7@7698 c 69>;AC`a:<@�>C`aDp`b> >]6Eeq`bA]69D�A]6 c 57@
: c `be
AC6E> [ :<@7^ae<^fxf:\698 �

7 � = Y e\8]6 H 6En�6�AC:\A]:<^f@ { >;69u Y 69@ c G ��= H�{ � � = H�{ :\8?A]576 hv>]6Eu Y 69@ c G `bA �J57: c 5 >]`aDp`a>?n Y e<8]6E8
`a>;6mAC>]`a@78 [ :\A;AC6ED � � � � �

F



� � H `a@7xf6 Q `bA]6 � 4 576�AC>]`a@78 [ :\A;AC6ED(n Y e\8]698t>;6 �p6 c A F ` c � hv>]^ [ AC576 A¸`a>;xf6EAt`b@7D�@7696ED�A]^
F 6J8C` [ n7e<6ED�:<@_AC576 �J:<@
D7^ � F 6EA �§6969@ A �O^PAC>C`b@78 [ :\A;AC69D�n Y e<8]6E8 � 4 576J8]` [ n
e<698 �J: AC57:\@
A]576t8C` [ n7e<:\@7x �J:\@7D7^ � :\8 c `ae\e<69D�A]576 H `a@
xf6 Q `µAC698�� � ��� �

E � H `a@7xf6 H 6E8]^fe Y AC:\^f@ � H `a@7xa6(>]6E8]^fe Y AC:\^f@ :<8�D
6Esp@76ED�`b8%AC576 D7:\8;AC`a@ c 6 F 6EA �§696E@,A �§^
c ^f@78]6 c9Y A]:\ja6 >]`aDp`a> 8]` [ n
e<698�� � ��� �

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

{ ^fe<e\^ �J:\@7x_`a>;6mAC576t8;n�6 c :\s c `bA]:<^f@78�� 7 E�� 8;6EA FBG AC5
6P>]`aDp`a> Y @7:\A A]5p`bAJ5p`ºjf6tAC^ F 6 [ 6�A F�G

AC5
6Pn
>]^fnr^f8]6ED*`b> c 57: AC6 c A Y >;6 �

7 � KdY n7n�^a>;A�>]69`ae���AC: [ 6�Dp`bA¸`.` c u Y :<8]: AC:\^f@ � n
>]^ c 698;8]:\@7x�`b@7Do8;AC^a>C`axf6 �
� � KdY n7n�^a>;A�Dp`bAC`�>]`bAC6E8J^ahl` F ^ Y A 7 �f�.k F : AC8 nr69>J8]6 c ^f@7D � xa69@76E>C`bA]69D F�G A]576t>C`aD7`a> �
E � KdY n7n�^a>;A�D Y `ae c 5p`a@7@76Ee�:<@7n Y AC8 AC^.` cEc 69ndA 7 �.k M 
�� E �.k M 
 I�{ 8]:<xa@p`ae<8 �
� � =X69>;hv^a> [ D7:\xf:\AC`ae�D
6 [ ^dD Y eq`bA]:<^f@ � spe AC69>;:<@7x�`b@7D$D
6 c : [ `µAC:<^a@ �

9 � =X69>;hv^a> [ D7:\xf:\AC`ae c ^f576E>]69@BA�� ^f@��T>]6 c 69: jf6 [ `bxf@76EA]>]^f@on757`a8]6 c ^a>]>]6 c A]:<^f@ �

� � KdY n7n�^a>;A§n Y e<8;6��Tnp`a:<>�`a@
D �b^f> 7 � G �Tn�^a:<@BA {l{ 4�`ae\xf^f>;:\AC5 [ 8 � �J:\A]5%` >]` � I `a@7D��	n7`a8]8��
A]57>]^ Y xf5 [ ^ZD76 � hv^f> E �f� � � �f�_>]`a@7xf6txB`bA]6 [ ^ZD76E8 �

F � KdY n7n�^a>;A 7 �f� [ `a@7D$�a�f� [ >C`b@7xf6t8C` [ n7e\:<@7x [ ^ZD7698 �

G � } `an7` F e<6R^bhl`ºjf6E>C`axa:<@7x 7 � 7 � � �f�f��n Y e\8]6E8 �v@7^f@�� c ^f576E>]6E@�A � �

O � KdY n7n�^a>;A�D7:<xa:\A¸`berhv>;69u Y 69@ c G D7>]: h A c ^ [ nr69@78]`bAC:\^f@ �J:\A]5$` c9c9Y >C` c G ^ah�� � M 
 �

� ��� � � � � � ��� �	� 
�� � � 
 ��� 
A� � � � ��� ��� 
 ��

3 e\:<8LAo^ah hv69`bA Y >]698$8 Y n
n�^f>LAC6ED FBG AC57:\8oD7698;:<xf@ �J:\A]5,A]576 ^ F �;6 c AC:\ja6 ^bh [ 696EA]:<@7x�AC5
6

>C`bDp`a>��TD76Es7@769D-8]nr6 c :\s c `bAC:\^f@78t`a@7D�>;69u Y :<>;6 [ 69@BAC8t:\8Rxf:\ja69@ F 6Ee<^ � � 4 576 F e\^ c �$D7:q`axa>C` [ ^ah
AC5
6Pn
>]^fnr^f8]6ED*`b> c 57: AC6 c A Y >;6t:<8 8]5
^ �J@$:<@�spx Y >]6 E �87 �

G



RJ45ETHERNET
GIGABIT

PHY

Interface

Gigabit
Ethernet

BUFFER

5V

3.3V TO30 30

IDE1 − ATA66

LATCH
AD6645

ANALOG
14

(105MSPS)

H CHANNEL

LATCH

ANALOG
AD6645 14 14

(105MSPS)

V CHANNEL

BUFFER
3.3 V32 32

RADAR INTERFACE

LATCH

ANALOG

(200kSPS)
AD974 16 16

RADAR POSITIONER
DATA CHANNEL

SRAM

MEMORY
PROCESSING

DATA

1 X 512K X 36
SRAM

MEMORY
PROCESSING

DATA

2 X 512K X 36

MAX 7000A
PLD

SRAM
1 X 512K X 36

DATA
PROCESSING

MEMORY

SOFTWARE
FLASH

2 X 32M X 8

MEMORY
CONFIG.

FLASH
2 X 32M X 8

MEMORY
OP. SYS.

LINUX Controller (MAC)
Ethernet

USB Block

(209MHZ  − 32 BIT)

MICROCONTROLLER

ATMEL AT91RM9200

USB PORT

JTAG PORT

SERIAL PORTDRIVER
RS232

RJ45

Interface
Ethernet

10/100 Mbps

ETHERNET

PHY

MEMORY
PROGRAM

1 X 1M X 16
BOOT FLASH

16

MEMORY
DATA

SDRAM
4 X 32M X 8

124

DUAL PORT RAM
64K X 16

1616

CORE
ETHERNET

GIGABIT

Storage/Routing

Control
Data Processing

FPGA 1
STRATIX EP1S40

FPGA 2
STRATIX EP1S40

14

36
72

36

16 16

16

16

BUFFER
5V

3.3V TO30 30

IDE2 − ATA66

16 16

32

� � ��� �'� ; , +-, � e\^ c ���m:q`axa>C` [ ^ah´�R`bA¸`�3 c u Y :<8;:\A]:<^f@ K G 8LAC6 [ �

7 � 4 �§^ 7 � F :\A 7 � 9 k K = K 3"@p`ae\^fx�A]^V�m:\xf:\AC`ae �v3|A]^V� � :<@7n Y AXDp`bA¸` c 5p`a@7@
69e<8XAC^"8 Y n7nr^f>LA
M ^f>]: 
9^f@BA¸`be � M � `a@7D � 69>;A]: c `ae � � �wc ^ [ n�^a@769@BAC8J^ah©:<@
n Y AJDp`bAC` �

� � 3"D7D7:\A]:<^f@7`ae 7 � F :\Am�a�f� NPK = K ` Y �d:<e\:q`a> G 3�AC^%� c 5p`a@7@76EeXhv^a>">]`aDp`a>�n�^a8]:\A]:<^f@7`ae�Dp`bAC`
^f> ^bAC576E>�>]`aDp`a> >;69e<`bAC6ED :\@7n Y AJ:\@
hv^f> [ `bA]:<^f@ �

E � y � �TAC5
6�� 8;5769e h � 57:<xf5$8]nr696ED � 3Ve AC6E>C` K AC>C`µAC:�� { = Q 3V8 �J:\A]5(` F Y @7Dp`a@BAR:\@�A]69>;@p`ae [ 6 [ �
^f> G �v� 7 � � 9 ��Ug^fxf: c 69e\6 [ 69@BAC8t`a@
D E � ��� E � F �f� H 3mk F :\A]8 � � 7 �o� K = F e\^ c ��8P`a@7D 7 7 �

O



O � O F :\A [ Y e\AC:\n7e<:\69>;8	� E�� A]^ 8 Y n7nr^f>;A.h­`a8LA � nr^ �O6E>;h Y e�8]:\xf@p`ae n7>;^ c 698;8]:<@
x/`ae\xf^f>]: AC5 [ 8
� 7'F � 8 Y
c 5$`b8w�m:<8 c >;6EAC6 { ^ Y >]:\69>�4©>]`a@78Lhv^f> [ ��� { 4 � � { :<@
:\AC6 I [ n Y e<8;6 H 698;n�^a@78]6 � {´I�H �
`a@
D I @
sp@7: AC6 I [ n Y e<8]6 H 6E8]nr^f@78;6 � I]I�H � s7e\AC6E>]8�`a@7D } ^Z^f>]D
:<@p`bA]6 H ^aAC`bAC:\^f@ �m:\xf:\AC`ae
} ^ [ n Y A]69> � } yRH � IL}�� hv^f>t: [ n7e\6 [ 69@BAC:\@7x c ^a5769>;69@ c 6�^f@ >]6 c 69: jf6%`be<xf^f>;:\A]5 [ 8 � H 6��
c ^f@
spx Y >C` F e\6 57`a>]D �O`a>;6 � { = Q 3"8 � : [ np`a>;A]8t57:<xf5-nr69>;hv^a> [ `a@ c 6 `a@7D �p6��d: F :<e\:\A G � � F �
A]^�A]576t8 G 8;A]6 [ �

� � 3 H k 6 [�F 69D7D
69D%n7>;^ c 698;8]^f>O` c A]:<@7x `a8?AC576 [ `b8;AC6E> c ^f@BAC>;^fepAC^ A]576�8 G 8;A]6 [ `aD7D7:\@7xPA]^
A]576t6º`a8;6P^bh c ^f@BAC>]^ae�`a@7D �p6��d: F :<e<: A G ^bh©A]576tD7698;:<xf@ �

9 � y @�� F ^B`b>]D [ 6 [ ^f> G >]698;^ Y > c 698�:<@�A]576 hv^f> [ ^ah { eq`a8;5 c 57:<n
8 � K � H 3Rk$8 � K G @ c 57>]^f@
^ Y 8
� G @p` [ : cPH `a@7D7^ [ 3 c9c 698;8Pk$6 [ ^f> G � � K
H 3Rk 8 � K A¸`bA]: c H `a@
D7^ [ 3 cEc 6E8]8Pk$6 [ ^f> G �
`a@
D �R= H 3mk ��� Y `ae©=©^a>;A H `a@7D7^ [ 3 c9c 698]8 k$6 [ ^a> G � AC^�8 Y n7nr^f>LA c ^ [ n7e\6��$8]:\xf@p`ae
n7>;^ c 698;8]:<@
x�`ae\xf^f>;:\AC5 [ 8§^f@oeq`a>;xf6RDp`bAC`�u Y `b@�A]:\A]:<698 �

� � K AC`a@7Dp`b>]D c ^f@BA]6 [ n�^f>]`a> G c ^ [.[ Y @7: c `bA]:<^f@&:<@BAC6E>;h­` c 698o8 Y7c 5�`a8 Q :<xB` F :\A�WlA]5769>;@76EA �
7 � � 7 �f��k F n78�W�A]5769>;@76EA � i @7: jf69>;8C`ae K 69>;:q`ae � Y 8 � imK � � n�^a>;A � K 69>;:q`ae�nr^f>LAC8J`a@7D I �RW
� I @�A]69xf>]`bAC6ED*�m>;:\ja6tW?e\6 c AC>]^a@7: c 8 �wc 5p`a@7@
69e<8 �

F � 3"@$:\@�A]69>Lh­` c 6mA]^.A]576t>C`aDp`b>whv^f> c ^f@BA]>]^feg8;:<xf@p`be<8 `a@
D$8]` [ n
e<:<@
x�:<@
hv^a> [ `bAC:\^f@ �

G � �a^f:\@BA?4©6E8;A§3 c A]:<^f@ Q >]^ Y n � �a4©3 Q � nr^f>LA�`a@7D `PD76ED7: c `bAC6ED i @7:\ja69>]8]`ae±3V8 G @ c 57>]^f@
^ Y 8
K 6E>]:<`ae�4X>C`a@
8 [ :<8]8;:<^f@ � i 3 H 4 � D76 F Y x c 57`a@7@76Ee�AC^ c ^a@7@76 c AJAC^.`_= } hv^f>OA]698LAC:<@
x `b@7D
D76 F Y xfxa:<@7x_AC5
6P8 G 8;AC6 [ �

O � i 8]6t^ah©^ � ��AC576�� 8;5769e h � 6º`a8;:<e G `ºjb`a:<e<` F e<6 � c ^ [.[ ^f@
e G Y 8]6ED c ^ [ nr^f@76E@�A]8 �

I @ c ^f@BAC6��ZA AC^�AC5
6R8]nr6 c : s c `µAC:<^a@78w8]6�A���hv^f>;A]5 F�G AC576V>C`aDp`b>w8 G 8;A]6 [ :\@%8]6 c A]:<^f@ E � E � A]57698;6
>]6E8]^ Y > c 6E8"8;5p`ae\e [ 6E6EA AC5
6P>;69u Y :\>]6 [ 69@BA]8"`b8�6E@ Y [ 6E>C`bA]69D F 6Ee<^ � �

7 � { `a8LA�5p`a>]D �w`a>;6 c ^ [ n�^a@769@BAC8 � :\@�A]69e\e<:<xa69@BA c ^f@BAC>]^aeJ`a@7D|` F Y @
Dp`a@ c 6$^ah [ 6 [ ^f> G >]6��
8;^ Y > c 698 �J:<e<ed5769e\n 8 Y n7nr^f>;A§>]69`ae���AC: [ 6§Dp`bA¸`P` c u Y :<8]: AC:\^f@ � n7>;^ c 698]8;:<@7x `a@7D 8;A]^f>C`axa6"`b@7D

7 �



: [ n7e\6 [ 69@BA"8]:<xa@p`ae´n
>]^ c 698;8]:\@7xo`ae<xa^f>]: AC5 [ 8"8 Y7c 5 `a8mD7:\xf:\AC`ae©D
6 [ ^dD Y eq`bA]:<^f@ � spe AC6E>]:<@
x
`a@
D�D76 c : [ `bA]:<^f@ � D7:<xa:\A¸`be c ^a5769>;69@BA��T^f@�� >;6 c 69:\ja6 [ `axf@76�AC>]^a@�n757`a8]6 c ^f>;>]6 c AC:\^f@ `b@7D
D7:\xf:\AC`ae±hv>]69u Y 6E@ c G D7>;:\h A c ^ [ nr69@
8C`bA]:<^f@ �J: AC5o6º`a8;6 �

� � 4 �§^m3�A]^m� c 57`a@7@76Ee<8 � 69` c 5 7 � F :\A � c `anp` F e\6§^bhp8 Y n
n�^f>LAC:\@7x 7 � 9 k K = K � c `a@ 8 Y n7nr^f>LA
Dp`µA¸` �T>C`bA]698O^bh Y n
AC^ � 7 � F :\A � 7 � 9 k K = K �o� c 5p`a@7@76Ee<8 � � � O � Q F n78w`b8 c ^ [ np`a>;69D�A]^
A]576 7 �f�.k F n78J>;69u Y :<>;69D F�G AC576t>C`bDp`a> 8 G 8LAC6 [ �

E � 4 576�3 A]^$� c 5p`b@7@769e\8 c `a@�8 Y n7n�^a>;AtD Y `be c 5p`a@7@76Ee�:<@7n Y AC8mA]^$` c9c 6En
A 9 k M 
 �V� F �
k M 
 I�{ 8]:\xf@p`ae\8 � � � � �J57: c 5$6�� c 6E69D78VA]576 D Y `ae c 5p`a@7@
69eX:<@7n Y AC8JAC^ ` c9c 69n
A 7 ��k M 
 �
E �.k M 
 I�{ 8;:<xf@p`be�>]6Eu Y :<>]6 [ 6E@BA"^bh©A]576t>C`aDp`b> 8 G 8;A]6 [ �

� � 4 57:\8t`a> c 5
:\AC6 c A Y >]6 c `a@�8 Y n7nr^f>LA [ ^ZD7698V^ah Y n
AC^ 7 �f�b�%>C`b@7xf6_xB`bA]698 �J: AC5-� 9 � nr^f:\@�A
{l{ 4 � �J:\AC5 9 ��� ^¹jf6E>]eq`bn � � 7'F � � 4 5
:<8t6�� c 6E69D78PAC576�>;69u Y :<>;69D 7 � G �Tn�^a:<@BA {l{ 40`ae\xf^ �
>;:\AC5 [ 8Ohv^a> E �f� � � �f�_>C`b@7xf6txB`bA]6 [ ^ZD7698 6��dn�6 c AC6ED FBG AC5
6P>]`aDp`a> 8 G 8;AC6 [ �

9 � S : AC5 `a@ :\@7n Y A F `a@7D �J:<D
A]5 ^ah 9 � � 9 k M 
 � AC57:\8 8 G 8LAC6 [ c `a@ 8 Y n7nr^f>;A_` [ :\@7: [ Y [
>]`a@7xf6t^ah E [ 6EAC6E>]8 � 9 � � 9 k M 
�� 7$O � �a�.@78 � 4©^bA¸`aegD7:\8;AC`a@ c 6�� 7$O � �a��@78 � 8]nr6969D$^ah
e\:<xf5BA�� 9 � F 7 [ 6�AC69>;8 � 4 5 Y 8 � H `a@7xf6�� E [ 6�AC69>;8O`bn7n7>]^ �d: [ `bA]69e G � � 4 57:\8§6�� c 696ED78wAC5
6
>;69u Y :<>;6 [ 69@BA�^ah´` [ :<@
: [ Y [ >]`a@7xf6t^ah 7 �f� [ 6EAC6E>]8J8]6�A F�G A]576t>C`aD7`a> 8 G 8;A]6 [ �

� � 4 57:\8O8 G 8LAC6 [ :<8 c `an7` F e<6"^ah�`ºjf6E>C`axa:<@7x 7 AC^����	�On Y e<8;698 � AC576 Y n7nr69>we\: [ :\A�8;6EA FBG ` � G �
F : A�` c9cEY [ Y e<`bAC^a> Y AC:<e\: 
E69D�hv^f>�AC5
6V`ºjf6E>C`axa:<@7x � 4 57:<8�:<8�h­`a> F 6EA;AC6E>�A]5p`a@ A]576�`ºjf69>]`axf:\@7x
^ah 7 � 7 � � �f�f�_n Y e\8]6E8"`b8�6��dn�6 c AC6ED FBG AC5
6P>]`aDp`a> Y @7:\A �

4 5 Y 8 � �O6.^ F 8;69>;ja6.A]5p`bAtAC5
:<8RDp`bAC`$` c u Y :<8;:\A]:<^f@ 8 G 8LAC6 [ 8 Y nr69>]8;69D76E8 A]576�>]69u Y :\>]6 [ 6E@�A]8
^ah?AC5
6_>C`aDp`b> Y @7:\AR`a@7D�:<8m:\D76º`be<e G 8 Y :\A]69D hv^f>m57:\xf5 Dp`bAC`%>C`bA]6 � >;6º`ae��TAC: [ 6PDp`bAC`o` c u Y :\8]:\A]:<^f@
`a@7D n7>;^ c 698]8;:<@7x.@76E69D78 �

7 7



��)��,+ ���*� �

������� ���|����

��
���

��� � �z�"���*# ��� �/)	
������ � �����

4 576(`b> c 57: AC6 c A Y >;6$^bh"A]57:<8 F ^B`a>]D|5p`a8 F 6969@�D7698;:<xf@
69D c ^f@78;:<D76E>]:<@
x�A]576 >]69u Y :\>]6 [ 6E@�A]8
D76�sp@769D$:<@ } 5p`andAC69> E �

4 576 F e<^ c ��D
:q`axf>]` [ ^ahJAC576�n
>]^fnr^f8]6ED&`b> c 57: AC6 c A Y >;6�:<8�>;6��TD7>C` �J@�:<@/spx Y >]6o� �87 � 4 576
A �§^ [ `a:\@�n7>;^ c 698;8]:<@
x [ ^ZD Y e\698§^ahgAC57:\8w`a> c 57:\A]6 c A Y >;6R`a>]6�AC576 K AC>]`bAC:��%W?= 7 K �f� { = Q 3"8 � E � �
@p` [ 69e G { = Q 3 7 `a@
D { = Q 3m� � �J57: c 5�`b>]6 F 69:\@7x c ^f@BAC>;^fe<e\69D%`b@7D�8 Y n�6E>;jZ:<8;69D FBG `a@%3wA [ 69e
3�4 O 7 H k O �b�f� � O � k$: c >;^ c ^f@BAC>]^ae<e<6E> � { = Q 3V8�5p`ºjf6 F 696E@*8;57^ �J@*AC^ F 6P57:\xf57e G 6 � 6 c AC:\ja6 :\@
nr69>;hv^a> [ :<@7xVA]: [ 6Ojb`a> G :\@7xmA¸`a8���8�8 Y7c 5 `a8?Dp`bA¸` c ^ [ n7>]6E8]8]:\^f@ � D7:\xf:\AC`aeZ8]:<xa@p`ae7n7>;^ c 698;8]:<@
x `b@7D
c ^ [ [ Y @7: c `bAC:\^f@%>]6Eeq`bA]69Do^fnr69>]`bAC:\^f@78 � � F � � { ^f>wAC576tn7>;^fnr^f8]6ED$D76E8]:\xf@ � { = Q 3 7 :<8wA]576RDp`bAC`
n7>;^ c 698]8;:<@7x c 6E@BAC69> �J57:\e<6 { = Q 3R�*:\8�AC576�sp@p`bewDp`bAC`�n
>]^ZD Y7c A.D7:\8;A]>]: F Y AC:\^f@ c 6E@BAC69> � 4 576
hv^fe\e<^ �J:<@7x�D7:\8 cEY 8]8;:<^f@ F >]:<6�� G 6��dn7e<`a:<@78JAC5
6 Dp`bAC`%`a@7D c ^f@BA]>]^fe �p^ ��AC57>;^ Y xf5 AC576 n7>]^fnr^f8;69D
`a> c 57:\A]6 c A Y >]6 �

��� � �����	��
�
 
�� ��
��'� � � � 
 � � 
 � � � � � � � ��� �	

4 576mDp`µA¸`�` c u Y :<8;:\AC:\^f@�8 G 8;AC6 [ 5p`b8 ` >C`bDp`a>�:<@BAC6E>;h­` c 6VAC5p`µAw:<@ c e Y D7698�AC57>;696R`a@7`ae<^fxPDp`bAC`

:<@
n Y A c 57`a@7@76Ee<8 � 8C` [ n7e<:\@7x c e<^ c ��:<@7n Y A c 5p`b@7@769e�`a@7Do` D
:<xf: A¸`aep:\@�A]69>Lh­` c 6�AC^ hv6E69D�8C` [ n7e\:<@7x
`a@7D c ^f@BAC>;^feVnp`b>C` [ 6EA]69>]8 AC^/AC5
6(8 G 8;A]6 [ � 4 5
6 F ^B`b>]D c ^f@78]:\8;A]8�^ahRA �O^ 7 � � F : A�3 A]^ �
c 5p`a@
@769e\8 � M `a@7D � � � 6º` c 5�^bh �J57: c 5 c `a@%8]` [ n
e<6�Dp`bA¸` `bA ` [ ` �
: [ Y [ >]`bAC6�^ah 7 � 9 k K = K
`a@7D(hv^a> [ AC576 A �O^�n7>;: [ `a> G `b@p`ae<^ax�Dp`bAC`�:<@
n Y A c 57`a@7@76Ee<8 � 4 5
6�D7:<xa:\A¸`beX^ Y ACn Y AC8m^ah�A]57698;6
3 AC^o� c 5p`b@7@769e\8P`a>]6�e<`bA c 5
69D F 6�hv^f>]6 F 69:\@7x%hv69D A]^ { = Q 3 7 AC^o>]6ED Y7c 6_A]576 c >;:\AC: c `aeXnp`bA]5
� � E � `a@7D-AC^ c ^ [ n�6E@78C`µAC6�hv^f> F ^B`a>;D D
69eq` G 8 � 3 8]6Enp`a>]`bAC6 c 5p`a@7@
69eO:\8 Y AC:\e<: 
E69D AC^$n7>]^¹jZ:<D
6
AC5
6_8C` [ n7e<:\@7x c e<^ c � hv^a>VAC576E8]6_3 A]^o� c ^f@Bjf6E>]8;:<^f@78 � 4 576_D76E8]:\xf@�`ae<8;^�5p`a8R` 7 � � F : Am30A]^

7 �



RJ45ETHERNET
GIGABIT

PHY

Interface

Gigabit
Ethernet

BUFFER

5V

3.3V TO30 30

IDE1 − ATA66

LATCH
AD6645

ANALOG
14

(105MSPS)

H CHANNEL

LATCH

ANALOG
AD6645 14 14

(105MSPS)

V CHANNEL

BUFFER
3.3 V32 32

RADAR INTERFACE

LATCH

ANALOG

(200kSPS)
AD974 16 16

RADAR POSITIONER
DATA CHANNEL

SRAM

MEMORY
PROCESSING

DATA

1 X 512K X 36
SRAM

MEMORY
PROCESSING

DATA

2 X 512K X 36

MAX 7000A
PLD

SRAM
1 X 512K X 36

DATA
PROCESSING

MEMORY

SOFTWARE
FLASH

2 X 32M X 8

MEMORY
CONFIG.

FLASH
2 X 32M X 8

MEMORY
OP. SYS.

LINUX Controller (MAC)
Ethernet

USB Block

(209MHZ  − 32 BIT)

MICROCONTROLLER

ATMEL AT91RM9200

USB PORT

JTAG PORT

SERIAL PORTDRIVER
RS232

RJ45

Interface
Ethernet

10/100 Mbps

ETHERNET

PHY

MEMORY
PROGRAM

1 X 1M X 16
BOOT FLASH

16

MEMORY
DATA

SDRAM
4 X 32M X 8

124

DUAL PORT RAM
64K X 16

1616

CORE
ETHERNET

GIGABIT

Storage/Routing

Control
Data Processing

FPGA 1
STRATIX EP1S40

FPGA 2
STRATIX EP1S40

14

36
72

36

16 16

16

16

BUFFER
5V

3.3V TO30 30

IDE2 − ATA66

16 16

32

� � ��� �'� 5 , +-, � e\^ c ���m:q`axa>C` [ ^ah´�R`bA¸`�3 c u Y :<8;:\A]:<^f@ K G 8LAC6 [ �

� c 5p`a@
@769e `b8 AC576%A]57:<>;D `a@p`be<^fx$:<@7n Y A c 5p`a@
@769e � 4 5
:<8�:\@�A]69>Lh­` c 6 c `a@ 8]` [ n
e<6�D7`bA¸` `bA�`
[ ` �d: [ Y [ >C`bA]6t^ah?�a�a� NPK = K � 4 57:\8�:\8�`a@(` Y �
:\eq`a> G `a@7`ae<^fx c 5p`b@7@769egA]5p`bA c `a@ F 6 Y 8;69D$A]^
hv696ED >]`aDp`a>�nr^f8]: AC:<^a@769>gDp`µA¸` AC^ { = Q 3 7 � 4 57:\8�Dp`bA¸` c `b@ F 6 Y 8;69D A]^ c ^f@BAC>;^feBAC576�n�^a8]:\A]:<^f@
:<@7x
^ah©AC576P>C`aD7`a>J^f> c `a@ F 6 Y 8]6ED$AC^�`aD7D >C`aD7`a>"nr^f8;:\AC:\^f@76E> :<@
hv^f> [ `µAC:<^a@�AC^ Dp`bA¸` � 7 E�� � 4 576 M
`a@7D � 3�A]^�� c 57`a@7@76Ee<8 `a@
D�AC576"8C` [ n7e\:<@7x c e\^ c ��:<@
n Y A c 5p`a@7@76Ee�hv^f> [ AC576V`ae<e±: [ nr^f>;AC`a@BA �
57:\xf5�� 8;n�6E69D*`a@p`ae\^fx�8]6 c AC:\^f@*^ah´AC57:\8V`a> c 57:\A]6 c A Y >;6 � I @7^f>;D769>JAC^ n7>]^¹jZ:<D
6 @7^a:<8]6P: [.[ Y @
:\A G A]^

7 E



AC5
:<8�8]6 c A]:<^f@ � A]576Jxf>]^ Y @7D�n7eq`b@76 ^ahrAC576J`a@7`ae<^fxR8;6 c AC:<^a@.57`a8 F 6E69@.:<8]e\^B`bA]69D hv>;^ [ A]576Jxf>]^ Y @7D
n7e<`a@76 ^bhlAC576 D7:<xf: A¸`aeg8;6 c AC:<^a@ � 3!D7: � 69>;69@BAC:<`aegAC>C`b@78 [ :\A;AC69>�� >;6 c 6E:\ja69> c ^ [�F :\@p`bA]:<^f@ F 6�A �O6E69@
AC5
6 3	AC^ �!e<`bA c 5
69D*^ Y ACn Y AC8"`a@7D { = Q 3 7 :\@7n Y A]8�n
>]^¹jZ:<D76E8V` F >]:\D7xf6 F 6EA �§6969@(A]57698;6PA �§^
:<8;^feq`µAC69D�8;6 c AC:<^a@78 ^ahXAC576RD76E8]:\xf@ � {pY >;A]5769> � ` E � � F :\AwD
:<xf: A¸`aer:<@BAC6E>;h­` c 6 � `_np`b>;A ^ahXAC5
6R>C`aDp`b>
:<@BA]69>;h­` c 6 � c `a@ F 6 Y 8]6ED|A]^ ` c u Y :\>]6�Dp`µA¸`*n7>;^ c 698;8]:<@
x `b@7D c ^f@BA]>]^fe§np`a>C` [ 6�AC69>;8�hv>]^ [ AC5
6
>C`bDp`a>§`a@7D hv6E69D 576º`aD
69>OD7`bA¸`RAC^ { = Q 3 7 � 4 57:\8§D7:\xf:\AC`ae7:\@�A]69>Lh­` c 6�:<8?:<8;^feq`µAC69D�hv>]^ [ { = Q 3 7
Y 8;:<@7x E � E � F Y�� 6E>]8 �

���-� ��+���� � � 
 � ��+���� �
{ = Q 3 7 � AC576PDp`bAC` n7>;^ c 698;8]:<@
x c 6E@BAC69>"^ahlA]57:<8JD76E8]:<xa@ � >]6 c 69: jf698V8C` [ n7e<6ED$D7`bA¸`.^�ja69>�:\A]8

D7: � 6E>]69@BA]:q`aed:<@BAC6E>;h­` c 6JA]^mAC576J3 A]^ � c 5p`a@
@769e\8 � � `a>;:<^ Y 8�8]:<xa@p`ae
n
>]^ c 698;8]:\@7x `be<xf^f>;:\A]5 [ 8 � hv^a>
>C`bDp`a>XDp`bA¸`Jn7>;^ c 698]8;:<@7x � c `b@ F 6 F Y :\e\A�:\@�A]^ { = Q 3 7 � 3 F � � F :\A�57:\xf5�� F `a@7D �J:\D
AC5P:<@BAC6E>;h­` c 6�A]^
K
H 3Rk [ 6 [ ^a> G [ ^ZD Y e\698 `a8;8]:\8;AC8 { = Q 3 7 :\@�: [ n7e<6 [ 6E@�A]:<@7x 57:<xf5�� 8]nr696ED � c ^ [ n
e<6��%8]:\xf@p`ae
n7>;^ c 698]8;:<@7x `ae\xf^f>]: AC5 [ 8 �

� ^aA]5tA]576 { = Q 3"8g:<@BAC6E>;h­` c 6 �J:\A]5t`�� Y `aef=X^f>;A H 3Rk ���R= H 3Rk � � 4 576��R= H 3mk ` c A]8©`b8
`a@%:\@BAC69> [ 6ED7:q`µAC6 [ 6 [ ^a> G�[ ^dD Y e<6 F 6�A �O6E69@�AC576 [ � { = Q 3 7 8;A]^f>]6E8 ` n
>]^ c 698;8]6ED n7` c �a6�A ^ah
Dp`bAC` :\@$AC5
6��R= H 3mk �J57:\e<6 �O^f>���:<@7x ^f@*AC5
6 @76��dAVnp` c �b6EA � { = Q 3m� c `a@(8]: [ Y e A¸`a@76E^ Y 8;e G
>]69`aD�AC576E8]6�n7>]^ c 6E8]8;69D np` c �a6EA]8$^ Y A ^ah A]576-�R= H 3mk hv^a>�D7:<8LAC>]: F Y A]:<@7x ^¹jf6E> `a@�^ Y ACn Y A
c 5p`a@
@769e �

3V8 [ 69@BAC:\^f@769D-` F ^¹jf6 � { = Q 3R��:\8mAC576�Dp`bAC`�D7:<8LAC>]: F Y A]:<^f@ c ^f@BAC>;^fe [ ^ZD Y e\6 � I At8;69e\6 c A]8
^f@76§^ahpAC5
6OD7: � 6E>]69@BAl`¹jb`a:\eq` F e<6?^ Y A]n Y A c 57`a@7@76Ee<8�`a@
D�>]^ Y AC698XAC576On7>]^ c 6E8]8]6ED�Dp`bA¸`�np` c �b6EAC8lA]^
AC5
6m69@7D Y 8;69> � I Aw5p`a8J` Q :<xB` F :\A§WlAC576E>]@76�A c ^f>;6�� �a� � 6 [�F 6ED7D76ED$:\@%:\Aw`ae<^f@
x �J:\A]5�A �O^ I �RW
5p`a>;D D
:<8�� c ^f@BAC>;^fe<e\69>;8 � � � � � :\@ ` c9c ^a>]Dp`a@ c 6JAC^t3�4©3 9 �b3�4X3 � � 8;AC`a@7Dp`b>]D78 � � O � � 3V@.6��ZAC6E>]@p`be
n75 G 8]: c `ae�eq` G 6E>wD76EjZ: c 6m:\8 c ^ Y n7e<6ED F 6�A �O6E69@�AC5
6m6 [�F 69D
D769D Q :<xB` F :\A§WlAC576E>]@76�A c ^f>;6R`a@7D%`a@
6��ZA]69>]@7`ae c ^a@7@76 c AC^f> � H �a� 9 � A]^mhv^f> [ ` Q :\xB` F : A©W�A]5769>;@76EA?:\@BAC69>Lh­` c 6 � 4 57:\8l:<@BAC6E>;h­` c 6 � �J5
: c 5
c `b@ 8 Y n7nr^f>;A ` [ ` �d: [ Y [ Dp`bAC` AC>C`b@78;hv6E> >C`bA]6m^ah 7 Q F n78 � �b� � � hv^f> [ 8OA]576mn7>;^ c 698]8;69D��TDp`bAC` �
^ Y A]n Y A c 5p`b@7@769ewhv^a>�AC576�n7>;^fnr^f8]6ED�8 G 8LAC6 [ � I @�AC5
6�6Ejf6E@BA�^ah"` @76�A �O^f>�� F >]69`���D7^ �J@�^a>

7 �



Q :<xB` F :\A WlA]5769>;@76EAV:<@BAC6E>;h­` c 6 Y @p`ºja`b:<eq` F :<e\:\A G � A]576 I �RW�:<@BAC6E>;h­` c 698 c `a@ F 6 Y 8;69D*`a8�`.8;^ Y > c 6
hv^f>wA]6 [ n�^f>]`a> G Dp`bAC` F ` c � Y n �

3 7 �µ� F : AlD7:\xf:\AC`aef:<@BA]69>;h­` c 6 F 6EA �§696E@_AC576OA �§^ { = Q 3V8 c `a@ F 6 Y AC:<e\: 
E69D A]^ c ^ [ [ Y @7: c `bAC6
Dp`bAC`�n
>]^ c 698;8]:\@7x��b>;^ Y AC:\@7xJ>]6Eeq`bA]69Dtnp`a>]` [ 6�AC6E>]8�^f> c ^f@BA]>]^feB8;:<xf@p`be<8 F 6EA �§6969@ AC576 [ � 3V8�:<@tAC5
6
c `b8]6�^ah { = Q 3 7 � { = Q 3R�t`ae<8;^t5p`a8§` c9c 698]8�AC^ 6��ZAC6E>]@p`ae K
H 3Rk [ ^ZD Y e\698lA]^Ph­` c :<e\:\A¸`µAC6we<`a>]xf6
Dp`bAC`%8;A]^f>C`axa6 c `an7` c : AC:<6E8m>]6Eu Y :<>;69D 698;n�6 c :<`ae<e G D Y >]:\@7x%AC576_6��d6 c9Y AC:<^a@ ^ah�8]:<xa@p`ae´n
>]^ c 698;8]:\@7x
`ae\xf^f>]: AC5 [ 8 �

��� � # � � 
�� � �	
�� 
�� � ����

4 576J3wA [ 69ed3 H k F `a8]6ED�k : c >;^ c ^f@BAC>;^fe<e\69> �g3�4 O 7 H k O �a�f� � O � ` c A]8�`a8lAC5
6 [ `a8LAC6E> c ^f@��

AC>;^fe�hv^f>"A]576�8 G 8LAC6 [ � 4 57:\8 c 57:<n � �J57: c 5 c `a@(^fnr69>]`bAC6�`bAR` [ ` �d: [ Y [ 8]nr6969D ^bh§�a� O k M 

���b�f�/k I = K `bA 7$G ��k M 
 � � :\8%` 5
:<xf5�n�6E>;hv^f> [ `a@ c 6 [ : c >]^ c ^a@�A]>]^fe\e<6E>_8]^fe Y AC:\^f@|hv^a> c ^ [ �
[ Y @
: c `µAC:<^a@ F `a8;69D � >;6º`ae��TAC: [ 6�6 [ F 6ED7D769D$`an7n
e<: c `bAC:\^f@78 � 4 576 [ : c >;^ c ^f@BAC>;^fe<e\69> c ^f@BA]>]^fe\8J`ae<e
AC5
6P^an�6E>C`bA]:<^f@78 F 69:\@7x_nr69>;hv^a> [ 69D FBG AC576RA �§^ { = Q 3V8 FBG n7>;^fxf>C` [ [ :<@7xPAC576E:<> >;698]nr6 c AC: jf6
:<@BA]69>]@7`ael>]6Exf:<8LAC6E>]8 � I AP5p`b8 ` F Y :<e\Am:<@ 7 ��� 7 �f�ok F n
8 WlAC5
69>]@
6EA�k$69D7:<`�3 c9c 698;8 } ^f@BA]>]^fe\e<69>
��W�k$3 }�� � 3zn
5 G 8;: c `beXe<` G 69> D
6EjZ: c 6 �­= M�� �wc ^a@7@76 c AC6ED F 6EA �§6969@$AC576 [ : c >;^ c ^f@BAC>;^fe<e\69>w`b@7D
`a@-6��ZAC6E>]@p`be c ^f@7@
6 c A]^f> � H �a� 9 � hv^f> [ 8t`a@-WlAC5
69>]@
6EA :<@BAC6E>;h­` c 6�A]5p`bA c `b@-8 Y n7nr^f>;A ` [ ` ���
: [ Y [ D7`bA¸`(AC>]`a@78Lhv69>�>C`bA]6�^ah 7 �f�-k F n78 � 4 57:<8_:\@�A]69>Lh­` c 6 c `b@ F 6 Y AC:\e<: 
969D AC^�D7^ �J@7e<^f`aD
Dp`bAC`.hv^f>JAC6E8;A]:<@7x�`b@7D(D76 F Y xfxf:\@7x�n Y >]nr^f8]6E8R`a@7D$AC^ hv6E69D c ^f@BAC>;^fe©:\@78;A]> Y7c AC:\^f@78"A]^ A]576 8 G 8��
AC6 [ ^�ja69>PAC576 @76EA �§^f>�� � I A_`ae\8]^ 8 Y n
n�^f>LAC8 ` jb`a>]:\6EA G ^ahw^aAC576E> 8LA¸`a@7D7`a>]D c ^ [.[ Y @7: c `bA]:<^f@
:<@BA]69>;h­` c 698t8 Y7c 5/`a8P`�8]6E>]:<`ael:<@BA]69>;h­` c 6 �vjZ:q` H"K � E �%A]>C`a@
8 c 6E:\ja69> `a@7D�6��ZAC6E>]@p`be c ^f@7@76 c A]^f> � �
` D
69D7: c `bA]69D i @7:\ja69>]8]`ae�3"8 G @ c 57>;^f@7^ Y 8 K 69>;:q`ae±4X>C`a@
8 [ :<8]8;:<^f@ � i 3 H 4 � D76 F Y x c 5p`a@7@
69e�`b@7D
` i @7:\ja69>;8C`ae K 69>;:q`ae � Y 8 � imK � � :\@BAC69>Lh­` c 6 � :\@(`aD7D
:\AC:\^f@oAC^%` 8;A¸`b@7Dp`a>;D �a4©3 Q � �a^a:<@BAV4X698LA
3 c AC:\^f@ Q >]^ Y n � nr^f>LA � 4 57698;6%:<@BAC6E>;h­` c 698 c `a@ F 6 Y 8]69D/hv^a> `$jb`a>;:<6�A G ^ah c ^ [ [ Y @7: c `bAC:\^f@ �
D76 F Y x `a@7Do6 [ Y eq`bA]:<^f@%^an�6E>C`bA]:<^f@78 � 4 576 [ : c >;^ c ^f@BAC>]^ae<e<6E>§57`a8�` c9c 698]8JAC^�6��dA]69>;@p`ae { Ug3 KdM
`a@7D K � H 3mk � K G @ c 5
>]^f@7^ Y 8�� G @p` [ : c H 3mk � [ 6 [ ^f> G-[ ^dD Y e<698tAC57`bA_` c A�`a8 n7>]^fxa>C` [
`a@7D D7`bA¸` [ 6 [ ^f>]:\698�>]6E8]nr6 c A]:\ja69e G � { ^f>�AC576_69`a8]6_^bh c ^f@BAC>;^fe<e\:<@7x.AC576 [ : c >]^ c ^a@�A]>]^fe\e<6E>"`b@7D

7'9



8 Y n7n�^a>;AC:\@7x_`ae\er`¹jb`a:\eq` F e<6 c ^ [.[ Y @
: c `µAC:<^a@ :\@�A]69>Lh­` c 6E8 � `a@�^fn�6E>C`bA]:<@7x 8 G 8;A]6 [ � 7 � � 5p`a8 F 6E69@
nr^f>;A]69DoAC^_AC576 [ : c >]^ c ^f@BAC>;^fe<e\69> �

3V@ `aD7D7: AC:\^f@p`ae�h Y @ c AC:<^a@R^ahdA]576 [ : c >;^ c ^f@BAC>;^fe<e\69>r:<8�A]^ c ^f@BAC>;^feaAC5
6 c ^f@
spx Y >C`bA]:<^f@Rn
>]^ c 698;8
^ahRA]576(A �O^ { = Q 3V8 � 4 57:<8�`b> c 57: AC6 c A Y >;6(8 Y n7n�^a>;AC8%A �§^ { = Q 3 c ^f@dspx Y >]`bAC:\^f@ 8 c 5
6 [ 698
� � � � 4 576 { = Q 3V8 c `a@&6E:\AC5
69> F 6 c ^a@
spx Y >;69D|AC57>;^ Y xf5&`-D76ED7: c `bAC6ED �a4X3 Q :<@BAC6E>;h­` c 6 ^a>
AC5
>]^ Y xa5�`a@_3Ve AC69>]`R=�>]^fxf>]` [.[ ` F e<6�Ug^fxf: c �m6EjZ: c 6 ��=?U�� � � 9 � � i @7D
69>lAC5
6weq`bA;AC6E>l`an7n
>]^B` c 5 �
`�8]6Enp`a>]`bAC6�� K ^ah A �O`a>]6�� { Ug3 K
M :<8w>;698]nr^f@78;: F e\6Vhv^f>w8LAC^f>;:<@7x AC576 { = Q 3 c ^a@
spx Y >]`bAC:\^f@%spe\698 �
4 576 =?U�� `a@
D�A]576�� K ^ah A �O`a>]6�� { Ug3 K
M `a>;6 c ^f@BA]>]^fe\e<69D FBG AC576 [ : c >;^ c ^f@BAC>;^fe<e\69> � 4 5 Y 8 �
FBG Y A]:<e\:<8]:\@7xtAC576 [ : c >]^ c ^f@BA]>]^fe\e<69> F `b8]69D 7 � � 7 �f�_k F n78JWlAC576E>]@76�AJ:<@BAC6E>;h­` c 6 � `b@o`aD7D7: AC:<^a@p`ae
hv6º`µA Y >;6P^bh´@76�A �O^a>�� � F `b8]69D*>]6 c ^f@
spx Y >C`bA]:<^f@o^ahXAC5
6 { = Q 3V8 c `a@ F 6P`bA;A¸`a:\@769D �

7 �



��)��,+ ���*� �

� �!�"���$# �&+-�*������

���

4 57:<8 c 5p`bn
AC6E>"nr69>LA¸`a:\@78 AC^_AC576PD7: � 6E>]69@BA F Y :\e<D7:\@7x F e\^ c ��8J^ah©AC57:\8 8 G 8;A]6 [ � A]5769:\>J^fn�6E>C` �
AC:\^f@ `a@7D�AC5
69:<>wh Y @ c A]:<^f@p`be<:\A G �

��� � �,��# # � � 
�� � �	
�� 
�� � ����

3V8 [ 6E@�A]:<^f@
69D.:<@�AC576�6º`a>;e<:\69> c 5p`an
A]69>;8 � A]576 [ : c >]^ c ^a@�A]>]^fe\e<6E>ln�6E>;hv^f> [ 8�A]576�h Y @ c A]:<^f@.^ah

8 Y n�6E>;jZ:<8;:<@7xoAC576�^fnr69>]`bAC:\^f@�^ah�AC57:\8R8 G 8;A]6 [ `a@7D-:<8t`a@-: [ nr^f>;AC`a@BA F Y :\e<D7:\@7x F e<^ c �*:\@ AC57:\8
`a> c 57:\A]6 c A Y >]6 � 4 576�:<@BAC6E>]@p`ae7`a> c 57: AC6 c A Y >]6�^ah�A]576J3 H k [ : c >]^ c ^f@BAC>;^fe<e\69>©:<8?8]57^ �J@ :<@�spx Y >;6

9 �87 �

M
, +�, + ����� ����� �
	�� � ���
4 57:<8´`a> c 5
:\AC6 c A Y >]6 Y 8]6E8´3�4 O 7 H k O �b�f� � `b@ 3 H k F `a8]6ED�k$: c >]^ c ^f@BA]>]^fe\e<69> FBG 3wA [ 69e � O � �

4 57:\8 [ : c >;^ c ^f@BAC>;^fe<e\69>�:<8O` c ^ [ n7e\6EA]6V8 G 8LAC6 [ � ^a@�� c 57:\n F Y :\e\AO`a>]^ Y @7D�A]576 E � � F : AO3 H k O �a�a4
3 H k n7>;^ c 698;8]^f>�AC5p`bA c `b@%^fnr69>C`µAC6m`µAw` [ ` �d: [ Y [ 8;n�6E69D�^ahX�b� O k M 
 ���a�f��k I = K `µA 7$G �
k M 
 � `b@7D(5p`a8�A �O^�8;69np`b>C`bA]6 7 � � N F�G A]6 6º` c 5(Dp`bAC`%`a@7D$:<@78LAC> Y
c AC:\^f@ c ` c 576E8 � I @ `bD7D7:\A]:<^f@
AC^ AC57:\8On7>;^ c 698]8;^f> � 3�4 O 7 H k O �a�a� :<@ c ^f>]nr^f>]`bAC6E8w` >;: c 5%8;6EA ^bh�8 G 8;A]6 [ `b@7Do`an7n7e\: c `bAC:\^f@�n�6��
>]:\n7576E>C`ae\8w`a@7D�8LA¸`a@
Dp`a>]D�:\@BAC69>Lh­` c 6E8w:<@�^f>]D76E>OAC^_n
>]^¹jZ:<D76R` 8]:<@
xfe<6�� c 57:\n%8]^fe Y AC:\^f@ hv^a>w` �J:<D
6
>C`b@7xf6V^bh c ^ [ n Y A]6��T:<@BAC6E@78]: jf6m`bn7n7e<: c `bA]:<^f@
8lAC5p`bAO>]6Eu Y :<>]6 [ ` �d: [ Y [ h Y @ c A]:<^f@p`be<:\A G `bA [ :<@
:��
[ Y [ nr^ �O6E> c ^f@
8 Y [ n
AC:\^f@_`bA©e<^ �§698LA c ^f8LA � 4 576w3�4 O 7 H k O �b�f�V:<@ c ^f>;n�^f>]`bAC6E8´`"57:<xf5�� 8]nr696ED
^f@�� c 57:<n KdH 3mk �O^f>���8]np` c 6 � `a@7Do`�e\^ � � eq`µAC69@ c G W �ZA]69>]@7`ae � Y 8 I @BA]69>;h­` c 6 ��W � I�� hv^a>w8]69` [ �
e<6E8]8 c ^f@
@76 c AC:<^a@ A]^ �J5p`bA]6Eja69> c ^f@
spx Y >C`bA]:<^f@o^ah´^ � � c 57:\n [ 6 [ ^f>]:\698J`a@
D [ 6 [ ^f> G � [ `an7nr69D
nr69>]:\n7576E>C`ae\8P:\8t>]69u Y :\>]6ED FBG AC576 `an7n7e\: c `bAC:\^f@ � I @/`aD7D
:\AC:\^f@ AC^oAC576 n7>]^ c 6E8]8;^f> c ` c 576E8 � AC5
6

7'F



Fast ROM
128K bytes

Peripheral
Bridge

Peripheral
Data Cont.

Fast SRAM
16K bytes

Advanced
Interrupt

Cont.

JTAG

Reset

Static
Mem.
Cont.

Cont.
FLASH

Burst

SDRAM
cont.

EBI

External
Bus

Interface

USB Host

Ethernet MAC

10/100 MbpsUSART

USB Device

PIO Cont.

Cont.
Mgmt.
Power

Interface
USB Host

Interface
Ethernet

External

Interface
Bus

M

E

M

O

R

Y

C

o

n

t

Debug Unit

Serial Port

PLLA

Osc.

PLLBClock
Input/Output

Serial Port
Debug

Interface
USB Device

Port
Serial

Purpose I/O
General

ICE Instruction cache
16 K bytes

ARM920T Core

MMU Data cache
16 K bytes

IRQ Lines

JTAG Port

Reset Input

APB

APB: Advanced Peripheral Bus� � � ���'� M
, +�, 3 H k k : c >;^ c ^f@BAC>;^fe<e\69>O3"> c 57: AC6 c A Y >]6 �

c 57:\n(5p`a8 7 � N � G AC698V^ah K
H 3Rk `a@7D 7 � G N � G AC6E8m^ah H y k 6 [�F 6ED7D76ED :<@BAC^ :\A � 4 576_W � I
:<@ c ^f>;n�^f>]`bAC6E8 c ^a@�A]>]^fe\e<6E>]8 hv^f>_8 G @ c 57>]^a@7^ Y 8 � H 3mk � K � H 3Rk � � F Y >]8;A { e<`a8]5/`a@7D�8;AC`bAC: c
[ 6 [ ^f>]:\698 � 4 576�3�4 O 7 H k O �b�f��:<@BA]69xf>]`bAC6E8R` �J:<D76 >C`a@7xa6 ^ah�8;AC`a@7Dp`b>]D :<@BA]69>;h­` c 698V:<@ c e Y D��
:<@
x imK � � � � {pY e<e K nr696ED � 7 �Rk F : AC8lnr69>´8]6 c ^f@7D � �m6�jd: c 6 � imK � � � � M ^a8;A �­8 Y n7nr^f>;A]:<@7x F ^aA]5
h Y e\e�`a8 �§69e\eX`a8"e\^ �	8]nr696ED(n7>]^bAC^ c ^fe\8 � � K 69>]:<`aegnr^f>;A]8V`a@
D(WlAC576E>]@76�A 7 � � 7 �f� � `a8;6�� 4	k$69D7:<`
3 cEc 6E8]8 } ^f@BA]>]^fe\e<69> ��k 3 }�� � �J57: c 5�n
>]^¹jZ:<D76E8 c ^a@7@76 c AC:\^f@ AC^V`a@ 6��ZAC69@
8]:\ja6 >C`a@
xf6§^bhp6��ZAC6E>]@p`be
nr69>]:\n7576E>C`aegD76�jZ: c 6E8V`b@7D*` �J:<D
69e G Y 8]6ED*@76�A �O^f>���:<@7x eq` G 6E> � {±Y >;AC5
69> � D
6 F Y x.hv6º`bA Y >]6E8J8 Y7c 5
`a8"` �a4X3 Q � IL} W�:<@BAC6E>;h­` c 6 `a@
D(` D
69D7: c `bA]69D i 3 H 4 D
6 F Y x c 5p`a@7@76Ee©6E@p` F e\6PA]576 D
6Ejf6Ee<^fn��
[ 69@BAR`a@
D(D76 F Y x%^ah?`be<eX`an7n7e\: c `bAC:\^f@78 � 6E8]nr6 c :q`ae\e G AC5
^f8]6 �J:\AC5*>]6º`be��TA]: [ 6 c ^f@
8;AC>]`a:<@BA]8 � 4 576
hv^fe\e<^ �J:<@7x 8 Y F �T8]6 c AC:\^f@78JD7:\8 c9Y 8]8JAC576E8]6 [ ^ZD Y e\698J`a@7D�A]576 �O^f>���:<@7x.^ahXAC576 [ : c >;^ c ^f@BAC>;^fe<e\69> �

7$G



M
, +�,N1  � � � ���(� �<A � � � � � 	 	 ����� � � ��� ��� � � � ���  BA �����
4 576�3�4 O 7 H k O �a�a� W�k$3 } :<8 c ^ [ n7`bAC: F e<6 �J: AC5(A]576 I W�W?W G �B� � E 8LA¸`a@
Dp`a>]D-`a@
D c `a@

^fnr69>]`bAC6 `µA 7 ��^f> 7 �f� k F :\AC8�n�6E>%8]6 c ^f@7D�Dp`µA¸`�AC5
>]^ Y xa57n Y A c `anp` F :<e<: A G :<@ 57`ae\h �TD Y n7e\6��
^f>�h Y e<e�� D Y n
e<6�� [ ^ZD76 � 3V@ 6��ZA]69>]@7`ae´n75 G 8]: c `ae´eq` G 6E>VD76�jd: c 6 �­= M � ��c ^ Y n
e<69D F 6EA �§696E@ AC57:\8
W�k$3 } `a@
D `b@.6��ZAC69>;@p`ae c ^f@7@76 c AC^a> � H �a� 9 � hv^f> [ 8�` 7 � � 7 �f�Rk F n78�WlAC576E>]@76�A§:\@BAC69>Lh­` c 6whv^a>
AC5
6RD7698;:<xf@ � 4 5
:<8JW�k$3 },c `a@o8 Y n
n�^f>LA�`�k$69D
:q` I @7D76En�6E@7D76E@�A I @BAC6E>;h­` c 6 ��k I;I�� `a8 �O6Ee<eg`b8
` H 69D Y7c 69D�k$69D
:q` I @7D76En�6E@7D769@BA I @BAC69>Lh­` c 6 � H k I]I�� � I @�A]57:<8VD7698;:<xf@ � A]576 [ : c >;^ c ^f@BAC>;^fe<e\69>
^fnr69>]`bAC6E8§:\@.A]576Rk I;I [ ^dD76 A]^ [ 696�A �J: AC5�AC576V= M�� 8;n�6 c : s c `bA]:<^f@
8 � 4 576VW�k$3 } [ `b@p`axf6E8
hv>C` [ 6 A]>C`a@
8 [ :<8]8;:<^f@�`b@7D�>]6 c 69n
A]:<^f@�:\@ c e Y D7:<@
x c ^fe\e<:<8;:<^f@$D76EA]6 c AC:<^a@ � n7>]69` [�F e\6_xf69@
69>C`µAC:<^a@
`a@7D D
6EAC6 c A]:<^f@ � }wHw} c ^f@BAC>;^few`a@
D xf69@76E>C`bA]:<^f@ � AC>]`a@78 [ :\A;AC6ED hv>C` [ 6 np`aD7D7:\@7x � hv>]` [ 6�69@��
c `bn78 Y e<`bAC:\^f@$`a@7D*D
6 c `bn78 Y e<`bAC:\^f@(`b@7D*6E>]>]^a>"D76�AC6 c AC:\^f@ � 4 576 H k I]I ��k I]I�� 8 Y n7n
e<:<6E8�A]576 9 �
k M 
 ��� 9 k M 
 � AC>]`a@78 [ :\8]8]:\^f@�`a@
D >;6 c 69n
A]:<^f@ c e\^ c ��8whv^f> 7 �f�Bk F :\AC8On�6E> 8]6 c ^f@7D ^fnr69>C`µAC:<^a@
AC^_A]576P= M�� �

M
, +�,N; % � ��� � �	�/� � 
 � � � � � � �
��� % 

���6� � ��� ��� � � � �
4 576 iVK � c ^f@BAC>]^ae<e<6E> :<8 c ^ [ n7e\:q`a@BA �J:\A]5$A]576 iVK � � � �.8]nr6 c : s c `µAC:<^a@78 � 4 576 imK � c ^f@��

AC>;^fe<e\69> c ^a@78]:\8;AC8§^ah�` imK � M ^f8;Aw=©^f>LA � iVM = � �­@ Y [�F 69>�^ah i"M =�n�^f>LAC8�:<8�np` c �µ`axf6"8]nr6 c :\s c �
AC5
69>]6.:<8P^f@76 iVM =�hv^f>RAC576%�a� G �Te<69`aD-= � { = n7` c �µ`axf6 Y 8]6ED�hv^f>RAC57:\8tD7698;:<xf@ � `a@7D�` iVK �
�m6EjZ: c 6P=©^f>LA � i �R= � � O � �

M
, +�,N;
, + % 
 � ) �
� ��� � � ��� % ) � �
4 576 iVK � M ^a8;A�=X^f>;A�:<@BAC6E>;h­` c 698�A]576 iVK � �J: AC5&A]576*57^a8;A�`bn7n7e<: c `bA]:<^f@ � I A%5p`a@
D7e<6E8

y n�6E@ MV}OI n7>;^aAC^ c ^ae � y nr69@ M ^f8LA } ^a@�A]>]^fe\e<6E> I @BAC69>Lh­` c 6 � `b8 �O6Ee<e�`a8 imK � j
� � � {±Y e<e��T8]nr696ED
� 7 � k F n78 � `a@7D�Ug^ � � 8]nr696ED � 7 � 9 k F n78 � n7>]^bAC^ c ^fe\8 � 4 576 iVK � M ^f8LA.=©^f>LA_:<@BA]69xf>]`bAC6E8_`
>]^Z^aA�5 Y F `a@
D$AC>]`a@78 c 69: jf6E>]8V^a@*D7^ �J@78LAC>]69` [ n�^a>;AC8 � I AVn
>]^¹jZ:<D76E8"8;6Ejf6E>C`ae©57:<xa5�� 8;n�6E69D*57`ae\h �
D Y n
e<6��R8]69>;:q`ae c ^ [.[ Y @7: c `bA]:<^f@Vn�^f>LAC8�`bAX` F ` Y DP>]`bAC6?^ah 7 �Jk F : A �b8 � i ntAC^ 7 � F imK � D76�jZ: c 6E8
�­n
>]:<@BA]69> � c ` [ 69>]` � [ ^ Y 8]6 � �a6 GZF ^B`a>;D � D7:\8�� � 6�A c � � `a@7D%A]576 imK � 5 Y F c `a@ F 6 c ^a@7@76 c AC6EDoA]^
AC5
6 iVK � 57^f8LA :\@ AC576 imK � A]:<6E>]69D�8LA¸`a>RAC^an�^fe\^fx G � O � � H 69u Y :\>]6ED D7>;:\ja69>]8t6 [�F 6ED7D76ED�:<@BA]^

7$O



AC5
6.^an�6E>C`bA]:<@7xo8 G 8LAC6 [ ^f@ A]576 [ : c >]^ c ^f@BA]>]^fe\e<69>�576Ee<n-:<@BAC6E>;h­` c 6.6��ZAC69>;@p`ae imK � D76�jZ: c 6E8PA]^
AC5
:<8 8 G 8LAC6 [ �

M
, +�,N;
,N1 % 
 � 0 � �(� 	 � � � � ��� % 0 � �
4 576 imK � �m6EjZ: c 6�=©^a>;A � i �R= � :\8 c ^ [ n7e\:q`a@BA �J: AC5 AC5
6 i @7: jf69>;8C`ae K 69>]:<`ae � Y 8 � imK � �

� � � �%h Y e\e�� 8;n�6E69D � 7 �ok F n78 � D76EjZ: c 6_8]nr6 c :\s c `bAC:\^f@ � I At:\8RD7698;:<xf@
69D AC^ F 6�`a8]8;^ c :q`bA]69D �J:\A]5
3wA [ 69e\8 6 [�F 69D7D76ED imK � AC>C`b@78 c 69:\ja69>_`b@7D�:\@�A]69>Lh­` c 6ED �J:\A]5 AC5
6%3 H k O 4J�tk IRc ^f>]6 � { ^f>
AC5
:<8tD7698;:<xf@ � A]576 8;:<xf@7`ae<8t^ah§AC57:\8Pnr^f>LA `b>]6.`ºja`b:<eq` F e<6�^a@/`a@-6��ZAC6E>]@p`be§5769`aD76E> `a@
D c `b@ F 6
Y A]:<e<: 
96ED%AC^�xf69@
69>C`µAC6P` iVK � D76EjZ: c 6P:<@BAC6E>;h­` c 6RDp` Y xf5BA]69> F ^B`b>]D�hv^f>wh Y A Y >]6P`an7n
e<: c `bAC:\^f@78 �

� ^aA]5PA]576 iVM = `b8 �§69e\e�`a8gAC576 i �R=*>]6Eu Y :<>]6�` � G k M 
 c e<^ c �m:<@7n Y A � �J57: c 5 :<8gxa69@76E>C`bA]69D
:<@BA]69>]@7`ae<e G�FBG A]576 [ : c >]^ c ^a@�A]>]^fe\e<6E> �

M
, +�, 5 0 � � � � % � � � � 04� #	% �
4 576 �m6 F Y x i @7:\A_n
>]^¹jZ:<D76E8 ` 8;:<@7xfe\6%69@BA]> G nr^f:<@BA�hv>;^ [ A]576on7>]^ c 6E8]8;^f>_hv^f>_` cEc 698;8.A]^

`ae\e§AC5
6 D
6 F Y x c `an7` F :<e\:\A]:<698 ^ah�AC576 [ : c >;^ c ^f@BAC>;^fe<e\69> � 4 576$�m6 F Y x i @7:\A_hv69`bA Y >]698.` A �O^ �
n7:\@ i 3 H 4 A]5p`bA c `a@ F 6 Y 8;69D�hv^f> 8]6�jf6E>C`aePD76 F Y x�`a@7D,AC>]` c 6-n Y >;n�^f8;698*`a@7D�^ � 6E>]8$`a@
:<D
6º`ae [ 69D7: Y [ hv^f>�:<@��T8]:\A Y n
>]^fxf>]` [.[ :\@7xR8]^fe Y AC:\^f@78§`a@7D D76 F Y x [ ^a@7:\A]^f> c ^ [.[ Y @7: c `bA]:<^f@
8 �
k$^f>;69^¹jf6E> � A]576 `a8;8]^ c :q`µAC:<^a@ �J:\A]5 A �§^Rn�6E>]:<n
5769>]`aedD7`bA¸` c ^f@BAC>;^fe<e\69> c 5p`a@7@76Ee<8lnr69> [ : AC8Xnp` c �b6EA
5p`a@
D7e<:\@7x�hv^f>wAC5
698]6tA¸`b8���8 �J: AC5on7>;^ c 698]8;^f> AC: [ 6m>;69D Y
c 69D$AC^.` [ :\@7: [ Y [ �

4 576%�m6 F Y x i @7: A `ae<8;^ [ `��b698tAC576 �m6 F Y x } ^ [.[ Y @
: c `µAC:<^a@ } 5p`a@7@76Ee��­� } }�� 8]:<xa@p`ae<8
n7>;^�jZ:\D769D FBG A]576 I @�� c :\> c9Y :\A_W [ Y eq`bA]^f> ^ah A]576%3 H k n7>;^ c 698]8;^f> jZ:<8;: F e\6 A]^*AC576�8;^ah A �O`a>]6 �
4 576E8]6.8]:<xa@p`ae<8V:<@7D7: c `bA]6 AC5
6.8LA¸`bA Y 8t^ah�AC576.� } } >]6º`bD�`a@
D �J>;:\A]6_>]69xa:<8;A]69>;8 `b@7D�xf69@76E>C`bA]6
`a@o:<@BA]69>]> Y n
A A]^�AC576t3 H k n7>]^ c 6E8]8;^f> � [ `���:<@7x n�^f8;8]: F e<6VA]576t5p`a@7D
e<:<@
x�^ahXAC576t� } }�Y @7D76E>
:<@BA]69>]> Y n
A c ^a@�A]>]^fe �

{ :<@7`ae<e G � AC5
6m�m6 F Y x i @7:\A�hv6º`bA Y >]6E8w` { ^a> c 6 H 6E8]6�A � �¤~�4 HVK 4 � c `an7` F :<e\:\A G AC5p`bAO69@p` F e<6E8
AC5
6(8]^ah A �O`a>;6(AC^/D76 c :\D76 �J576�AC576E>%AC^/n7>;6Eja69@BA$` c9c 698]8%A]^/AC576*8 G 8;A]6 [ jZ:<` AC576 I @�� c :<> cEY :\A
W [ Y e<`bAC^f> � 4 57:\8�nr69> [ : AC8wn
>]^aA]6 c A]:<^f@o^ah©AC576 c ^dD76 � 8;A]^f>]6ED$:\@ Hwy k �

�a�



M
, +�,NM % � ��� � �	�/� � 
 � � 	 � � � � � �
� � � � �
	 � � � �
���
� � � 	 � ��� � � � �'� �
� 	 � ��� � � � % 
��
���C���

4 576 i @7: jf6E>]8C`be K G @ c 57>]^a@7^ Y 8o3V8 G @ c 57>]^a@7^ Y 8 H 6 c 6E:\jf6E>o4©>]`a@78 c 69: jf69> � imK 3 H 4 � n7>]^ �
jZ:<D76E8�^f@
6*h Y e<eJD Y n7e<6�� Y @7:\ja69>]8]`aeV8 G @ c 57>]^a@7^ Y 8o`a8 G @ c 57>]^a@7^ Y 8�8;69>]:<`ae�e<:<@ � � �R`bAC`-hv>]` [ 6
hv^f> [ `bA�:\8 �J:<D76Ee G n7>;^fxf>]` [ [ ` F e\6 �­D7`bA¸`�e<6E@7xaAC5 � np`a>;:\A G � @ Y [�F 69>.^ahm8LAC^fn F :\A]8 � AC^ 8 Y n��
nr^f>;AP` [ ` �d: [ Y [ ^ah§8;AC`a@7Dp`b>]D78 � 4 576�>]6 c 69: jf69>t: [ n7e\6 [ 69@BAC8"np`a>;:\A G 6E>]>;^f> � hv>]` [ :\@7x%6E>]>]^a>
`a@7D-^¹jf6E>]> Y @/69>;>]^f>tD76�AC6 c AC:\^f@ � 4 576 >;6 c 69:\ja69>tAC: [ 6E^ Y At69@7` F e<6E8t5p`a@7D7e\:<@7x�jb`a>;:q` F e\6��Te<69@
xaAC5
hv>C` [ 6E8 `a@
D AC5
6.A]>C`a@78 [ : A]A]69>RAC: [ 6Ex Y `a>;D-h­` c :<e\:\A¸`µAC698 c ^ [.[ Y @7: c `bA]:<^f@
8 �J: AC5-8]e\^ � >]6 [ ^aA]6
D76�jd: c 6E8 � k Y e AC:�� D7>;^fn c ^ [.[ Y @
: c `µAC:<^a@78�`a>;6"`be<8]^t8 Y n7nr^f>;A]69D A]57>]^ Y xf5.`aD7D7>;698;8 F : A?5p`a@7D
e<:<@
x
:<@o>;6 c 6En
AC:\^f@$`a@7D�AC>]`a@78 [ :<8;8]:\^f@ �

4 576 imK 3 H 4�:<8 c `an7` F e<6 ^ah [ `b@p`axf:\@7x 8;6Eja69>C`belA G nr698R^bh?8]69>;:q`aeX8 G @ c 5
>]^f@7^ Y 8t^f>R`a8 G @��
c 57>;^f@7^ Y 8 c ^ [.[ Y @7: c `bA]:<^f@78 � ymY Al^ah±AC576E8]6 D7: � 6E>]69@BA [ ^ZD7698 � AC576OA �§^ [ `b:<@ A]5p`bA�5p`ºja6 F 6E69@
: [ n7e\6 [ 69@BAC6ED�:<@�AC57:\8 D7698;:<xf@$`a>;6 �

7 � 9 �?A]^ O � F : Awh Y e\e�� D Y n7e<6���`b8 G @ c 57>;^f@7^ Y 8�8]6E>]:<`ae c ^ [.[ Y @
: c `µAC:<^a@ �

� k K � �§^f>JU K � ��sp>]8LA �
� 7 � 7 � 9 ^f>��_8;A]^fn F :\A]8 �
� =©`a>]: A G 6Eja69@ � ^ZD7D � [ `a>��b69D � 8;np` c 6 ^f> @
^f@76 �
� � G � G ^a> F�G � 7 � ^¹ja69>��T8C` [ n7e\:<@7x_>;6 c 6E:\ja69> hv>]6Eu Y 69@ c G �
� y n
A]:<^f@7`ae�5p`a>;D �O`a>]6t5p`a@
D78]5p` �Z:\@7x �
� y n
A]:<^f@7`ae [ ^dD76 [ 8;:<xf@p`be<8 [ `a@p`axa6 [ 69@BA �
� y n
A]:<^f@7`ae F >;6º`�� [ `a@p`bxf6 [ 69@BA �
� y n
A]:<^f@7`ae [ Y e AC:�� D7>;^fn%8]6E>]:<`ae c ^ [ [ Y @7: c `bAC:\^f@ �

� � M :<xf5��T8]nr696ED 9 �?AC^ O � F :\Awh Y e\e��TD Y n7e\6���8 G @ c 57>;^f@7^ Y 8"8]6E>]:q`be c ^ [.[ Y @
: c `µAC:<^a@ �

� k K � �§^f>JU K � ��sp>]8LA �

� 7



� 7 ^f>���8;A]^fn F :\A]8 �
� =©`a>]: A G 6Eja69@ � ^ZD7D � [ `a>��b69D � 8;np` c 6 ^f> @
^f@76 �
� FBG G ^f> FBG � 7 � ^¹jf6E>�� 8]` [ n7e<:\@7x�hv>]6Eu Y 69@ c G �
� y n
A]:<^f@7`ae M `b>]D �O`a>]6t5p`b@7D78]57`���:<@7x �
� y n
A]:<^f@7`ae�k$^ZD76 [ 8]:<xa@p`ae<8 [ `a@p`bxf6 [ 69@BA �
� y n
A]:<^f@7`ae � >;6º`�� [ `a@p`bxf6 [ 69@BA �
� y n
A]:<^f@7`ae�k Y e AC:����m>]^an%8]6E>]:q`be c ^ [.[ Y @
: c `µAC:<^a@ �

M
, +�, � A ��� � � � A ���
4 576_k 6 [ ^f> G } ^a@�A]>]^fe\e<6E> :<8J>]6E8]nr^f@78]: F e<6Rhv^f>JD76 c ^ZD7:<@
x�`a@
D [ `an7n7:\@7x_AC576P^f@�� c 57:<n$`aD��

D7>;698]8_8;np` c 6�AC^*jb`a>;:<^ Y 8 6 [ F 6ED7D769D�`b@7D 6��ZAC6E>]@p`beOnr69>]:\n7576E>C`ae\8 � 4 5
6 [ 6 [ ^f> G c ^f@BA]>]^fe\e<69>
nr69>;hv^a> [ 8�`Vsp>]8LA?e<6�jf69e
^ah±D76 c ^dD
:<@7x � : � 6 � � F�G AC576 : [ n
e<6 [ 69@BAC`bAC:\^f@ ^bhrA]576 3VDdja`b@ c 6ED K G 8LAC6 [

� Y 8 �­3 K � � �J:\A]5 `aD7D7: AC:<^a@p`ae�hv69`bA Y >]698 � 4 5
:<8JD76 c ^dD
698JAC576Rhv^ Y >J57:\xf576E8;A F :\A]8 ^ahXAC576 E � � F :\A
`aD7D
>]698;8 F Y 8 `b@7D%8]n
e<:\A]8§A]576V� Q FBG AC698 ^bhX`¹jb`a:\eq` F e<6J`aD7D
>]698;8 8]np` c 6m:\@�A]^ 7 7 8;69np`b>C`bA]6R`a>]69`a8 �

7 � y @76 � 9 � �Lk FBG AC6P`aD7D
>]698;8"8;np` c 6thv^a> :<@BAC6E>]@p`ae [ 6 [ ^f>;:<698 �
� � W�:<xa5�A � 9 � �Lk FBG AC6.`aD
D7>]6E8]8P8]np` c 698 � 6º` c 5/`a8;8]:<xa@769D-AC^o^f@76.^ah�AC576.69:\xf5BA c 57:<n-8]6Ee<6 c A
e\:<@76E8 ^ah©A]576PW �dA]69>;@p`ae � Y 8 I @BAC6E>;h­` c 6 �­W � I�� � hv^f>J:\@�A]69>Lh­` c :\@7x �J:\A]5 6��ZAC69>;@p`ae c 57:\n78 �

E � y @76 � 9 � �Lk FBG AC6P`aD7D
>]698;8"8;np` c 6P>;698;69>;ja69D*hv^a>wAC576t6 [ F 6ED7D769D$n�6E>]:\n75769>]`ae<8 �
� � 3"@ Y @7D
6Esp@76ED�`aD7D7>;698;8m8]np` c 6 ^bh 7'9 E � k FBG AC698�AC5p`µAV>;6EA Y >]@78R`b@*3 F ^f>LAV: h�` cEc 698;8]6ED �
A]^ `b8]8]:\8;A�:<@ `an
n7e<: c `bA]:<^f@%D
6 F Y x �

{ :\x Y >]6 9 � ��8]5
^ �J8JAC5
6 `b8]8]:\xf@ [ 69@BAJ^ahXAC576E8]6 [ 6 [ ^a> G `b>]6º`b8 �

M
, +�, �
, + � ���$� ��� � � A ��� ��� � A ����� � � �
S :\A]57:<@ AC5
6 I @BA]69>]@7`ae�k$6 [ ^f> G `aD7D7>;698;8 8;np` c 6 � A]576.`aD7D7>;698;8PD
6 c ^ZD76E> ^ah�AC5
6�k 6 [ ^f> G

} ^f@BAC>;^fe<e\69>_D76 c ^ZD7698 69:\xf5BA [ ^f>]6 `aD
D7>]6E8]8 F :\AC8_A]^�`ae\e<^ c `bA]6 7 �Lk F�G A]6*`aD
D7>]6E8]8�8;np` c 698 hv^a>

�f�



Internal Memories

Chip Select 0

Chip Select 1

Chip Select 2

Chip Select 3

Chip Select 4

Chip Select 5

Chip Select 6

Chip Select 7

Undefined

Peripherals
0xFFFF FFFF

0xF000 0000

0xEFFF FFFF

0x9000 0000

0x8FFF FFFF

0x8000 0000

0x7FFF FFFF

0x7000 0000
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0x4FFF FFFF
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0x3FFF FFFF
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0x1FFF FFFF

0x1000 0000

0x0000 0000
256M Bytes

6 x 256M Bytes

1,536 bytes (Abort)

256M Bytes

256M Bytes

256M Bytes

256M Bytes

256M Bytes
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256M Bytes

256M Bytes

256M Bytes

0x6FFF FFFF

0x0FFF FFFF

Interface

External Bus

EBI
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Internal Memory Area 0

Internal Memory Area 1

Internal ROM

Internal Memory Area 2

Internal Memory Area 2

Internal SRAM

USB Host Port

(Abort)

Undefined Area

256M Bytes

252M Bytes

1M Bytes

1M Bytes

1M Bytes

1M Bytes
0x0000 0000

0x000F FFFF

0x0010 0000

0x001F FFFF

0x0020 0000

0x002F FFFF
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