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96ball：x16 DDR4 SDRAM Features

16Gb DDR4 SDRAM

VN4A1024M16S-26B
VN4A1024M16S-32B
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1024M*16 VN4A1024M16S-26B 96 FBGA 

Organization Part No. Package

1024M*16 VN4A1024M16S-32B 96 FBGA 

DDR4-2666Mbps 

Max Frequency

DDR4-3200Mbps 

Density

16Gb

16Gb
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1. Part Numbering Information

VN 4 A 1024M16 S -26 B

LOGO:VENUCHIP

Product Family
3 = DDR3 SDRAM
4 = DDR4 SDRAM
L4 = LPDDR4 SDRAM 
L4X= LPDDR4X SDRAM
L5=LPDDR5 SDRAM

IQNerface & Power ( VDD & VDDQ)
B = SSTL_ 15 (1.5V , 1.5V)
R = SSTL_135 (1.35V , 1.35V)
A = SSTL_12 (1.2V , 1.2V)
D = 1.1V & 0.6V (LP4X) /1.8V & 1.1V (LP4)
E=SSTL 10.5(1.05V/0.9V)

Organization (Depth , Width) 
1024M × 16=16Gb

Special Type Option 

Venuchip Component Part Numbering Guide

Speed DDR4 SDRAM 
16=DDR4-1600  11-11-11 
18=DDR4-1866  13-13-13 
21=DDR4-2133  15-15-15 
24=DDR4-2400  17-17-17 
26=DDR4-2666  19-19-19 
32=DDR4-3200  22-22-22

Package Code 
S= S Grade
H= H Grade
M= M Grade
N= N Grade
L= L Grade
X= X Grade
J=  J Grade
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3.2 FBGA Package Dimension （x16)

BOTTOM VIEW
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st�u���� �vwwux����tyz�y{�|�=s}~����yw���z����z��|�=s����zytx��wt�t�x�WGA�DHaIJnA�aADAaF�QHE�FAIoN�JKL�GHaL�IP_A�_AJFoEA_AKIF�[p�cXY?��[p�cdY?��[p�cXY?�JKL�[p�cdY?�JEA�LANAKLAKI�HK�[\]̂T��[\]̂��FGJaa�eA�oKLAEFIHHL�JF�[\]̂cdY?��JF�LAQPKAL�PK�̂PnoEA� �T�WGPF�OaJEPQPAF��IGJI�dY�DJEPJIPHKF�HQ�[\]̂�JQQAOI�IGA�JeFHaoIA�DHaIJnA�J�FPnKJa�GJF�IH�EAJOG�IH�JOGPADA�J�DJaPL�GPnG�HE�aHb�aADAa�JKL�IGAEAQHEA�IGA�IP_A�IH�bGPOG�FAIoN�JKL�GHaL�PF�_AJFoEALT�@̀FIA_�IP_PKn�JKL�DHaIJnA�eoLnAIF�KAAL�IH�JOOHoKI�QHE�[\]̂cdY?�LADPJIPHKF�QEH_�IGA�HNIP_o_�NHFPIPHK�bPIGPK�IGA�LJIJ�ÀA�HQ�IGA�PKNoI�FPnKJaFT�WGPF�JaFH�OaJEPQPAF�IGJI�IGA�d\X��FAIoNiGHaL�FNAOPQPOJIPHK�JKL�LAEJIPKn�DJaoAF�KAAL�IH�PKOaoLA�IP_A�JKL�DHaIJnA�JFFHOPJIAL�bPIG�[\]̂�XY�KHPFAT�WP_PKn�JKL�DHaIJnA�AQQAOIF�LoA�IH�XY�KHPFA�HK�[\]̂�oN�IH�IGA�FNAOPQPAL�aP_PI�c�i��g�HQ�[dd?�JEA�PKOaoLAL�PK�d\X��IP_PKnF�JKL�IGAPE�JFFHOPJIAL�LAEJIPKnFT
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R<�
JKL:RUUyz
RVV
RUU
JKLE

R<�
RVuwRVuv

http://www.venuchip.com Venuchip Technology Cooperation © 
All Rights Reserved. 

96ball：x16 DDR4 SDRAM Features

VE
NU
CH
IP



������

#$%�&�'��(�)*��+�(�)*�,-./��0
1
*�#$%$2�&�'��(�)*��+�(�)*�,-./��0
1
*��3+(��4�456-�
78�9�:;<�=>?@A�BCDCEFG�HI�A@JHI?@A@K�LMNO�BCDCEFG�P@Q@P�IRSPP�T@�USHG?SHG@K�T@PVW�XYLZ[\<FBCDCE�K]AHGJ�?̂NFBCDCEO�V?R@AWHI@O�D[B=_�US̀�GV?�T@�A@I@?a�<�MGb@�BCDCEFG�HI�A@JHI?@A@K�cYdcO�BCDCEFG�P@Q@P�U]I?�T@�USHG?SHG@K�STVQ@�XYcZ[\<FBCDCEO�V?R@AWHI@O�D[B=_�Ve@AS?HVG�WHPP�GV?�T@�J]SASG?@@K�]G?HP�H?�HI�A@I@?�SII@A?HGJ�BCDCEFG�IHJGSP�LMNaf<�BCDCE�HI�K@I?A]b?HQ@�?V�KS?S�bVG?@G?Iag<�hV�IPVe@�A@Q@AISP�ZAHGJTSbi<�A@j]HA@U@G?�K]AHGJ�H?I�P@Q@P�?ASGIH?HVG�>AVU�LVW�?V�cHJRak<�ERHI�K@>HGH?HVG�HI�SeePH@K�VGP̀�lB@I@?�̂AVb@K]A@�S?�̂VW@A�D?STP@man<�MQ@AIRVV?�UHJR?�Vbb]Aa�Y?�IRV]PK�T@�PHUH?@K�T̀�?R@�=TIVP]?@�_SoHU]U�[\�BS?HGJIap<�qGK@AIRVV?�UHJR?�Vbb]Aa�Y?�IRV]PK�T@�PHUH?@K�T̀�=TIVP]?@�_SoHU]U�[\�BS?HGJIa

rs�t����"!��9u9�vw�xwyt��uz�{������|�}sws�s~w�

����z��������8u���sz��~���sz�xwyt���� �z��}~���9u9�vw��������� u���~z �sw ��� �ws� 78�9=\�YGe]?�cHJR�XVP?SJ@� XYcZ=\<FBCDCE� �a��X[[ X[[ X n[\�YGe]?�cHJR�XVP?SJ@� XYcZ[\<FBCDCE� �ap�X[[ X[[ X �[\�YGe]?�LVW�XVP?SJ@� XYLZ[\<FBCDCE� XDD �af�X[[ X ;=\�YGe]?�LVW�XVP?SJ@� XYLZ=\<FBCDCE� XDD �a��X[[ X pBHIHGJ�?HU@� EBFBCDCE� � ;a� ]I gBCDCE�e]PI@�WHK?R� ?̂NFBCDCE� ;a� � ]I fOk
�a��X[[

EBFBCDCE
?̂NFBCDCE�ap�X[[�af�X[[�a��X[[

http://www.venuchip.com Venuchip Technology Cooperation © 
All Rights Reserved. 

96ball：x16 DDR4 SDRAM Features

VE
NU
CH
IP



������

#$%��&��'���&�()*+,�-'./��(
0
1��2)3��4���+*'�1�#$%$5��+22
3
'�+�1��+*'�1��
2+'+�+)'
67�8�����!�9�:7;7�7<;�<:�=7::���;�7�>�9?@�@7�;�>��ABCD7;��E� �>#$%$F��+22
3
'�+�1��G+'*�3
H/+3
I
'���2)3��4��J�4�K��L��4�K,M
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KL�MN�OP�QRRS�F8:69B<�7>�96�QRRS�RTC�QRRS�RT�E<27476784�7>�UVRC��WXW�Y� ZY[� \X] \�̂ _]X� KL�MHDÌ E QDaE5b�cCOd�QRRS� cCe OC� efg OQDhE5�b�cCid�QRRS cCf OC� efg OQDjE5�b�OCOd�QRRS cCf OCf efg O
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1:<;6�R;7F<;

http://www.venuchip.com Venuchip Technology Cooperation © 
All Rights Reserved. 

96ball：x16 DDR4 SDRAM Features

VE
NU
CH
IP



������

#$%$&�'(�)(���*+,
*�-	�*�.�
*+��+.�/0�-/11
.�+,+�2�3
���4-35��/�
�678879:;<�=>?@>?�AB:CDB�:E@DAF;GD�H=I�9:88�JD�F@@8:DA�KDL?�=>?@>?�M:;�A>B:;<�N7;;DG?:C:?O�KDL?�PNKQ�R7ADSKTD�:;A:C:A>F8�@>88�>@�F;A�@>88�A79;�BDL:L?7BL�PH=IM>UNK�F;A�H=IMAUNKQ�FBD�ADV:;DA�FL�V78879LW�

XY�Z�����!�[Z�\Z��]�Y ��
[̂�_�̀aQ�N7;;DG?:C:?O�?DL?�E7AD�>LDL�>;�GF8:JBF?DA�AB:CDBLb�LT79:;<�?TD�V>88�BF;<D�7CDB�McKS�I7�E:LEF?GT�JD?9DD;�@>88�>@�F;A�@>88�A79;�:L�ADV:;DAS�

�[̂ [̂def� ��gYg�h� ihZ� d�j klY�g [̂�_mno H=IMAUNK c=pAG�q�rS��s�cttu aSv mno ac=wAG�q�rSx�s�cttu �Sr mno ac=RAG�q�rS��s�cttu �S� mno ac=yAG�q�aSa�s�cttu �Sx mno aH=IM>UNK c=pAG�q�rS��s�cttu �Sx mno ac=wAG�q�rSx�s�cttu �S� mno ac=RAG�q�rS��s�cttu �Sr mno ac=yAG�q�aSa�s�cttu aSv mno a

H=IM>UNK�q cttu�c=zK8�{7>?�8H=IMAUNK�q c=zK8�{7>?�8 cttutuc||uH=IM>UNK{MAUNKH=IMAUNKK77?TDBG:BG>:?O8:}DHNcbSSS
=>?@>?�tB:CDB{M>UNK {7>? c7>?

NT:@�{;�tB:CDB�R7AD

http://www.venuchip.com Venuchip Technology Cooperation © 
All Rights Reserved. 

96ball：x16 DDR4 SDRAM Features

VE
NU
CH
IP



������

#$%��&'()
*
'�
���+�,��+�-.�/.��0
1
)�
23�4�5�67�89:�;<=>?�@A�B�CD6E�F�GHHI�=;�JK;:L�@>�KMMN@O=PKQ:RS�ECT�@A�Q9:�;QKQ=U�;=>?R:�:>L:L�@VQMVQ�M:KW�Q@�M:KW�;<=>?�<=Q9�K�LN=X:N�=PM:LK>U:�@A�YZI[\]�K>L�K>�:AA:UQ=X:�Q:;Q�R@KL�@A�EC]�Q@�G88�̂�GHHID#$_��&̀̀
a
'�&�)��+�,��+�-.�/.��0
1
)�
23�4�5�67�89:�;<=>?�@A�B�CDb�F�GHHI�=;�JK;:L�@>�KMMN@O=PKQ:RS�ECT�@A�Q9:�;QKQ=U�L=AA:N:>Q=KR�@VQMVQ�M:KW�Q@�M:KW�;<=>?�<=Q9�K�LN=X:N�=PM:LK>U:�@A�YZI[\]�K>L�K>�:AA:UQ=X:�Q:;Q�R@KL�@A�EC]�Q@�G88�̂�GHHI�KQ�:KU9�@A�Q9:�L=AA:N:>Q=KR�@VQMVQ;D

c��de��fgh�ijk�e�l�km�m��n�o�pn�3q�rq��s� �etiuvdwe x���v���� pp��l��""y�z��yf�ggyf�""yf���yf{ggygf"" |kj�t 23�4G}~�H�7 H��@VQMVQ�9=?9�P:K;VN:P:>Q�R:X:R��A@N��G�UVNX:�R=>:KN=QS7 6D6�O�GHHI GG}��H�7 H��@VQMVQ�P=L�P:K;VN:P:>Q�R:X:R��A@N��G�UVNX:�R=>:KN=QS7 CD��O�GHHI GG}��H�7 H��@VQMVQ�R@<�P:K;VN:P:>Q�R:X:R��A@N��G�UVNX:�R=>:KN=QS7 CDE�O�GHHI GG}~���7 ���@VQMVQ�9=?9�P:K;VN:P:>Q�R:X:R��A@N�@VQMVQ��Y7 �CD\���CD6E7�O�GHHI G 6G}����7 ���@VQMVQ�R@<�P:K;VN:P:>Q�R:X:R��A@N�@VQMVQ��Y7 �CD\���CD6E7�O�GHHI G 6
c��de��f�h�pj�����k�j�e��n�o�pn�3q�rq��s� �etiuvdwe x���v���� pp��l��""y�z��yf�ggyf�""yf���yf{ggygf"" |kj�t 23�4G}~L=AA���7 ���L=AA:N:>Q=KR�@VQMVQ�9=?9�P:K;VN:P:>Q�R:X:R��A@N�@VQMVQ��Y7 �CDb�O�GHHI G 6G}�L=AA���7 ���L=AA:N:>Q=KR�@VQMVQ�R@<�P:K;VN:P:>Q�R:X:R��A@N�@VQMVQ��Y7 �CDb�O�GHHI G 6

http://www.venuchip.com Venuchip Technology Cooperation © 
All Rights Reserved. 

96ball：x16 DDR4 SDRAM Features

VE
NU
CH
IP



������

#$
��%&'(
)
&�
��*+�,+���(
-����
./01�012�324232562�789:�483�0/;/5<�;29=>32;250=?�8>0@>0�=72A�3902�483�4977/5<�95:�3/=/5<�2:<2=�/=�:24/52:�95:�;29=>32:�B20A225�CDEFGHI�95:�CDJFGHI�483�=/5<72�25:2:�=/<597=�9=�=18A5�/5�K9B72� LM�95:�N/<>32� OPQ
RS�T�U�OI�D>0@>0�=72A�3902�/=�V23/4/2:�BW�:2=/<5�95:�619396023/X90/85?�95:�;9W�580�B2�=>BY260�08�@38:>60/85�02=0Q

Z[�\����]!�̂[_�̀�a�_b�b�S\�c\��̂ �̀d������e�f[_[�[g_
h2=63/@0/85U�ijU�i72A�j902kU�k>23W�D>0@>0�F7/l2�/5�hk?�A1/61�=095:=�483�h909�/5?�k>23W�D>0@>0I=2U�i/5<72�25:2:�i/<597=N83�j85�m�jnkoP�=200/5<RS�T�pOQ�q5�0A8�69=2=?�9�;9r/;>;�=72A�3902�84�OL�Co5=�9@@7/2=�483�9�=/5<72�hk�=/<597�A/01/5�9�BW02�7952Q�H9=2�O�/=�:24/52:�483�9�=/5<72�hk�=/<597�A/01/5�9�BW02�7952�A1/61�/=�=A/061/5<�/508�9�62309/5�:/3260/85�F2/0123�438;�1/<1�08�78A�83�78A�08�1/<1I�A1/72�977�32;9/5/5<�hk�=/<597=�/5�012�=9;2�BW02�7952�932�=090/6�F/Q2Q�012W�=09W�90�2/0123�1/<1�83�78AIQ�H9=2�L�/=�:24/52:�483�9�=/5<72�hk�=/<597�A/01/5�9�BW02�7952�A1/61�/=�=A/061/5<�/508�9�62309/5�:/3260/85�F2/0123�438;�1/<1�08�78A�83�78A�08�1/<1I�A1/72�977�32;9/5/5<�hk�=/<597=�/5�012�=9;2�BW02�7952�932�=A/061/5<�/508�012�8@@8=/02�:/3260/85�F/Q2Q�438;�78A�08�1/<1�83�1/<1�08�78A�32=@260/V27WIQ�N83�012�32;9/5/5<�hk�=/<597�=A/061/5<�/508�012�8@@8=/02�:/3260/85?�012�32<>793�;9r/;>;�7/;/0�84�s�Co5=�9@@7/2=
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v��wj���"y�ien�j�z�nu�u�Wf�hf��ij�k������om�ponn�q�e e�r���s��tou�~���}���� ir}woj ll��z��""������x����x�""�x����xg����x"" �ne� Vo��sten t��O>?@>?�E;=<A9�7A99;<=�?;CD� T7�8>?@>?�PT� � Ẑ <E�̀O>?@>?�E;=<A9�J;E;<=�?;CD� TJ�8>?@>?�PT� � Ẑ <E�̀
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http://www.venuchip.com Venuchip Technology Cooperation © 

All Rights Reserved. 

96ball：x16 DDR4 SDRAM Features

VE
NU
CH
IP



������
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http://www.venuchip.com Venuchip Technology Cooperation © 

All Rights Reserved. 

96ball：x16 DDR4 SDRAM Features

VE
NU
CH
IP



������

#$%&'�()�#$%&'�*)++,'-�-.�/,0�1)2�-311.2.'(�4,'5�62)78 (##9&% � � � � � � � � � � � � � � '#: ;�$#<=>$<?�()�$#<=>$<?�#)+�+,'-�-./,0�()�-311.2.'(�4,'5�62)78�1)2�@:A�8,6.�B3C. (DD9&%E@:FG,HE�'#:I�'BF � G,HE�'#:IJK;'BF � G,HE�'#:IJK;'BF � G,HE�'#:IJK;'BF � G,HE�'#:IJK;'BF � G,HE�'#:IJK;'BF � G,HE�'#:IJK;'BF � '#: ;�$#<=>$<?�()�$#<=>$<?�#)+�+,'-�-./,0�()�-311.2.'(�4,'5�62)78�1)2�@:A�8,6.�B3C. (DD9&%EL:FG,HE�'#:IJ'BF G,HE�'#:I�K@'BF G,HE�'#:I;KM'BF G,HE�'#:I;K;'BF � G,HE�'#:I;'BF � G,HE�'#:I@KM'BF � G,HE�'#:I�@KJ'BF� � '#: ;�$#<=>$<?�()�$#<=>$<?�#)+�+,'-�-./,0�()�-311.2.'(�4,'5�62)78�1)2�LN@:A�8,6.�B3C. (DD9&%ELN@:F G,HE�'#:IJ'BF G,HE�'#:I�K@'BF G,HE�'#:I;KM'BF G,HE�'#:I;K;'BF � G,HE�'#:I;'BF � G,HE�'#:I@KM'BF � G,HE�'#:I�@KJ'BF� � '#: ;�$#<=>$<?�()�$#<=>$<?�#)+�+,'-�-./,0�()�B,+.�4,'5�62)78�1)2�@:A�8,6.�B3C. (DD9&OE@:FG,HE�'#:IMKJ'BF G,HE�'#:I�K�'BF G,HE�'#:I�K�'BF G,HE�'#:I�K�'BF � G,HE�'#:I�K�'BF � G,HE�'#:I�K�'BF � G,HE�'#:I�K�'BF � '#: ;�$#<=>$<?�()�$#<=>$<?�#)+�+,'-�-./,0�()�B,+.�4,'5�62)78�1)2�L:A�8,6.�B3C. (DD9&OEL:FG,HE�'#:I�'BF G,HE�'#:IJK;'BF G,HE�'#:IJK;'BF G,HE�'#:I�KP'BF � G,HE�'#:I�KP'BF � G,HE�'#:I�KP'BF � G,HE�'#:I�KP'BF � '#: ;�$#<=>$<?�()�$#<=>$<?�#)+�+,'-�-./,0�()�B,+.�4,'5�62)78�1)2�LN@:A�8,6.�B3C. (DD9&OELN@:F G,HE�'#:I�'BF G,HE�'#:IJK;'BF G,HE�'#:IJK;'BF G,HE�'#:I�KP'BF � G,HE�'#:I�KP'BF � G,HE�'#:I�KP'BF � G,HE�'#:I�KP'BF � '#: ;�Q)72�,*(3R,(.�S3'-)S�1)2�@:A�8,6.�B3C. (Q$T&@: G,HE@U'#:I;J'BF G,HE@U'#:I;V'BF G,HE@U'#:I;V'BF G,HE@U'#:I;V'BF � G,HE@U'#:I;V'BF � G,HE@U'#:I;V'BF � G,HE@U'#:I;V'BF � 'B ;�Q)72�,*(3R,(.�S3'-)S�1)2�L:A�8,6.�B3C. (Q$T&L: G,HE@V'#:I@J'BF G,HE@V'#:I@;'BF G,HE@V'#:I@L'BF G,HE@V'#:I@L'BF � G,HE@V'#:I@L'BF � G,HE@V'#:I@L'BF � G,HE@V'#:I@L'BF � 'B ;�Q)72�,*(3R,(.�S3'-)S�1)2�LN@:A�8,6.�B3C. (Q$T&LN@: G,HEL�'#:I@V'BF G,HEL�'#:ILM'BF G,HEL�'#:ILJ'BF G,HEL�'#:IL;'BF � G,HEL�'#:IL@'BF � G,H�EL�'#:ILVKUMJ'BF � G,HEL�'#:ILV'BF � 'B ;�9./,0�12)+�B(,2(�)1�3'(.2',/�S23(.�(2,'B,*(3)'�()�3'(.2',/�2.,-�*)+�+,'-�1)2�-311.2.'(�4,'5�62)78 (T<D&% +,HE@'#:I@KJ'BF � +,HE@'#:I@KJ'BF � +,HE@'#:I@KJ'BF � G,H�E@'#:I�@KJ'BF � G,H�E@'#:I�@KJ'BF � G,H�E@'#:I�@KJ'BF � +,H�E@'#:I�@KJ'BF � 'B LI@I.I;�9./,0�12)+�B(,2(�)1�3'(.2',/�S23(.�(2,'B,*(3)'�()�3'(.2',/�2.,-�*)+�+,'-�1)2�B,+.�4,'5�62)78 (T<D&O +,HE�'#:IMKJ'BF � +,HE�'#:IMKJ'BF � +,HE�'#:IMKJ'BF � +,H�E�'#:IMKJ'BF � +,H�E�'#:IMKJ'BF � +,H�E�'#:IMKJ'BF � +,H�E�'#:IMKJ'BF � LI;�='(.2',/�D?$9�#)++,'-�()�WD?#X$DY?�#)++,'-�-./,0 (D<W +,HE�'#:IMKJ'BF � +,HE�'#:IMKJ'BF � +,HE�'#:IMKJ'BF � +,H�E�'#:IMKJ'BF � +,H�E�'#:IMKJ'BF � +,H�E�'#:IMKJ'BF � +,H�E�'#:IMKJ'BF �TD=<?�2.*)R.20�(3+. (TD LJ � LJ � LJ � LJ � LJ � LJ � LJ � 'B LT23(.�2.*)R.20�(3+.�SZ.'�#D#�,'-�9G�,2.�.',4/.-� (TD&#D#�&9G� (TD[+,HE�'#:I;KMJ'BF � (TD[+,HEJ'#:I;KMJ'BF � (TD[+,HEJ'#:I;KMJ'BF � (TD[+,HEJ'#:I;KMJ'BF � (TD[+,HEJ'#:I;KMJ'BF � (TD[+,HEJ'#:I;KMJ'BF � (TD[+,HEJ'#:I;KMJ'BF � 'B LI�@U�9./,0�12)+�B(,2(�)1�3'(.2',/�S23(.�(2,'B,*(3)'�()�3'(.2',/�2.,-�*)+�+,'-�1)2�-311.2.'(�4,'5�62)78�S3(Z�4)(Z�#D#�,'-�9G�.',4/.-�(T<D&%&#�D#&9G� (T<D&%[+,HE�'#:I;KMJ'BF � (T<D&%[+,HEJ'#:I;KMJ'BF � (T<D&%[+,HEJ'#:I;KMJ'BF � (T<D&%[+,HEJ'#:I;KMJ'BF � (T<D&%[+,HEJ'#:I;KMJ'BF � (T<D&%[+,HEJ'#:I;KMJ'BF � (T<D&%[+,HEJ'#:I;KMJ'BF � 'B @I�@PI�;�9./,0�12)+�B(,2(�)1�3'(.2',/�S23(.�(2,'B,*(3)'�()�3'(.2',/�2.,-�*)+�+,'-�1)2�B,+.�4,'5�62)78�S3(Z�4)(Z�#D#�,'-�9G�.',4/.-� (T<D&O&#�D#&9G� (T<D&O[+,HE�'#:I;KMJ'BF � (T<D&O[+,HEJ'#:I;KMJ'BF � (T<D&O[+,HEJ'#:I;KMJ'BF � (T<D&O[+,HEJ'#:I;KMJ'BF � (T<D&O[+,HEJ'#:I;KMJ'BF � (T<D&O[+,HEJ'#:I;KMJ'BF � (T<D&O[+,HEJ'#:I;KMJ'BF � 'B ;I;VI�;�9OO�/)*53'6�(3+. (9OO: JPM � JPM � M�U � M�U � LV@� � LV@� � LV@� � '#:G)-.�D.63B(.2�%.(�*)++,'-�*0�*/.�(3+. (GD9 U � U � U � U � U � U � U � '#:G)-.�D.63B(.2�%.(�*)++,'-�78�-,(.�-./,0 (G\9 +,HE@�'#:ILJ'BF � +,HE@�'#:ILJ'BF � +,HE@�'#:ILJ'BF � +,HE@�'#:ILJ'BF � +,HE@�'#:ILJ'BF � +,HE@�'#:ILJ'BF � +,HE@�'#:ILJ'BF � '#: JVG7/(3�W728)B.�D.63B(.2�D.*)R.20�<3+. (GWDD L � L � L � L � L � L � L � '#: ;;G7/(3�W728)B.�D.63B(.2�T23(.�D.�*)R.20�<3+.� (TD&GWD (G\9�E+3'F�[�$O�[�WO � (G\9�E+3'F�[�$O�[�WO � (G\9�E+3'F�[�$O�[�WO � (G\9�E+3'F�[�$O�[�WO � (G\9�E+3'F�[�$O�[�WO � (G\9�E+3'F�[�$O�[�WO � (G\9�E+3'F�[�$O�[�WO �$7()�82.*Z,26.�S23(.�2.*)R.20�[�82.*Z,26.�(3+.� (9$OE+3'F W2)62,++.-�TD�[�2)7'-78�E(DW�N�(#:E,R6FF� '#:9]V�)2�9]OV�-23R.'�()�V�B.(�78�(3+.�()�132B(�9]%�23B3'6�.-6.� (W9$&%� VKJ� � VKJ� � VKJ� � VKJ� � VKJ � VKJ � VKJ � =̂ �JI�M9]V�)2�9]OV�-23R.'�()�V�Z)/-�(3+.�12)+�/,B(�9]%�1,//3'6�.-6.� (W9$&X� VKJ� � VKJ� � VKJ� � VKJ� � VKJ � VKJ � VKJ � =̂ ��I�M_̀ ab��c�_cdd�be��ee��ff�g���bhi#%&'�()�#)++,'-�$--2.BB�O,�(.'*0 (#$O +,HE;�'#:I�;KM�U�'BF� � +,HE;�'#:I�;KM�U�'BF� � +,HE;�'#:I�;KM�U�'BF� � +,HE;�'#:I�;KM�U�'BF � +,HE;�'#:I�;KM�U�'BF � +,HE;�'#:I�;KM�U�'BF � +,HE;�'#:I�;KM�U�'BF� � '#:G)-.�D.63B(.2�%.(�*)++,'-�*0�*/.�(3+.�3'�#$O�+)-.� (GD9&(#$O�(G\9[�(#$O� � (G\9[�(#$O� � (G\9[�(#$O� � (G\9[�(#$O� � (G\9[�(#$O� � (G\9[�(#$O � (G\9[�(#$O� � '#:G)-.�D.63B(.2�%.(�78-,(.�-./,0�3'�#$O�+)-.� (G\9&(#$O�(G\9[�(#$O� � (G\9[�(#$O� � (G\9[�(#$O� � (G\9[�(#$O� � (G\9[�(#$O� � (G\9[�(#$O � (G\9[�(#$O� � '#:j��k�j�����ldlb�9]%&(I�9]%&*�()�9]�B5.SI�8.2�62)78I�8.2�,**.BB (9]%] � VKL� � VKL� � VKL� � VKLM � VKLU � VKLP � <A9 (#:E,R6FN@ L;ILUI;PI�P

m��no����p��ldlb��q���d����f�ni�̀r��e�slb�tc��jj��u��""��c�jj��uvw""r̀��e jj��u��"" jj��u�x�� jj��uw�vv jj��uw�"" jj��uw��� jj��uwyvv jj��uvw"" zbl�f {|�}q���d���� ìdnco k~{ k�� k~{ k�� k~{ k�� k~{ k�� k~{ k�� k~{ k�� k~{ k��
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#$�%�&'(�)*+,*�-.�/0*1,0+2�3,/*1�*,+04+5*/-0�/4�61./016�+4�.-22-34�7�8-,�9:��;8/<16�=>�?@)�+06�-0�*A1�.2>(�7�@/4/0B�52-5C�16B1�D�52-5C�5>5214�+.*1,�E:F�8-,�9GD�;-0�*A1�.2>(�7�@/4/0B�52-5C�16B1�D�52-5C�5>5214�+.*1,�E:F�8-,�9GD�;./<16�=>�?@)(�7�@/4/0B�52-5C�16B1�H�52-5C�5>5214�+.*1,�E:FH(�I�41J+,+*1�*/K/0B�J+,+K1*1,�3/22�5-L1,�*A1�612+>�.,-K�3,/*1�*-�,1+6�3A10�G@G�+06�M?�+,1�4/KN2*+01-N42>�10+=216O(�G-KK+064�,1PN/,/0B�+�2-5C16�M::�+,17�@QIM�;+06�@IR(�+06�4>05A,-0-N4�SMT�5-KK+064FD(�*E@�/4�61./016�/0�04U�.-,�5+25N2+*/-0�-.�*E@RMQV�/*�/4�015144+,>�*-�,-N06�NJ�*E@W*GX�.-22-3/0B�,-N06/0B�+2B-,/*AK�61./016�/0�Y'ZF'�@-N06/0B�I2B-,/*AK4YFZ(�E@�/0�52-5C�5>5214�+4�J,-B,+KK16�/0�?@[F�(�*@Q8\�61J1064�-0�TSRQ@F](�GXQ�/4�+22-316�*-�=1�,1B/4*1,16�2-3�3A/21�-J1,+*/-04�4N5A�+4�,-3�+5*/L+*/-0U�J,15A+,B1U�+N*-J,15A+,B1�-,�,1.,14A�+,1�/0�J,-B,144U�=N*�J-31,�6-30�\MM�4J15�3/22�0-*�=1�+JJ2/16�N0*/2�./0/4A/0B�*A-41�-J1,+*/-04F�(�8-,�*A141�J+,+K1*1,4U�*A1�MM@D�)M@I?�61L/51�4NJJ-,*4�*0RI@I?̂0GX_̀@ab*RI@I?̂04_W*GX;+LB(̂04_cU�3A/5A�/4�/0�52-5C�5>5214�+44NK/0B�+22�/0JN*�52-5C�d/**1,�4J15/./5+�*/-04�+,1�4+*/4./16Fe(�EA10�G@G�+06�M?�+,1�=-*A�10+=216U�*E@fG@GfM?�/4�N416�/0�J2+51�-.�*E@F'[(�EA10�G@G�+06�M?�+,1�=-*A�10+=216�*ET@f)fG@GfM?�/4�N416�/0�J2+51�-.�*ET@f)F''(�EA10�G@G�+06�M?�+,1�=-*A�10+=216�*ET@f:fG@GfM?�/4�N416�/0�J2+51�-.�*ET@f:F'H(�TA1�K+<�L+2N14�+,1�4>4*1K�61J10610*F'O(�Mg�*-�Mg)�*-*+2�*/K/0B�J1,�B,-NJ�3A1,1�*A1�*-*+2�/052N614�*A1�4NK�-.�61*1,K/0/4*/5�+06�,+06-K�*/K/0B�*1,K4�.-,�+�4J15/./16�9Q@F�9Q@�4J15�+06�K1+4N,1K10*�K1*A-6�+,1�*=6F'D(�TA1�61*1,K/0/4*/5�5-KJ-010*�-.�*A1�*-*+2�*/K/0BF�?1+4N,1K10*�K1*A-6�*=6F'Z(�Mg�*-�Mg�4*+*/5�-..41*�,12+*/L1�*-�4*,-=1�J1,�B,-NJF�?1+4N,1K10*�K1*A-6�*=6F'�(�TA/4�J+,+K1*1,�3/22�=1�5A+,+5*1,/h16�+06�BN+,+0*116�=>�614/B0F'](�EA10�*A1�61L/51�/4�-J1,+*16�3/*A�*A1�/0JN*�52-5C�d/**1,U�*A/4�J+,+K1*1,�01164�*-�=1�61,+*16�=>�*A1�+5*N+2�*d/*;J1,(f*-*+2�-.�*A1�/0JN*�52-5CF�;-N*JN*�61,+*/0B4�+,1�,12+*/L1�*-�*A1�)M@I?�/0JN*�52-5C(F�Q<+KJ21�*=6F'�(�M@I?�M9\�K-61�/4�-..F'e(�M@I?�M9\�K-61�/4�10+=216F�IJJ2/5+=21�*-�<��+06�<'��M@I?�-02>FH[(�*g):�6145,/=14�*A1�/04*+0*+01-N4�6/..1,10*/+2�-N*JN*�2-3�JN241�3/6*A�-0�Mg)f*���Mg)f5U�+4�K1+4N,16�.,-K�-0�.+22/0B�16B1�*-�*A1�01<*�5-0415N*/L1�,/4/0B�16B1H'(�*g)i�6145,/=14�*A1�/04*+0*+01-N4�6/..1,10*/+2�-N*JN*�A/BA�JN241�3/6*A�-0�Mg)f*���Mg)f5U�+4�K1+4N,16�.,-K�-0�.+22/0B�16B1�*-�*A1�01<*�5-0415N*/L1�,/4/0B�16B1HH(�TA1,1�/4�0-�K+</KNK�5>521�*/K1�2/K/*�=14/614�*A1�0116�*-�4+*/4.>�*A1�,1.,14A�/0*1,L+2�*@Q8\HO(�*Gi;+=4(�/4�*A1�+=4-2N*1�/04*+0*+01-N4�52-5C�A/BA�JN241�3/6*AU�+4�K1+4N,16�.,-K�-01�,/4/0B�16B1�*-�*A1�.-22-3/0B�.+22/0B�16B1HD(�*G:;+=4(�/4�*A1�+=4-2N*1�/04*+0*+01-N4�52-5C�2-3�JN241�3/6*AU�+4�K1+4N,16�.,-K�-01�.+22/0B�16B1�*-�*A1�.-22-3/0B�,/4/0B�16B1HZ(�T-*+2�d/**1,�/052N614�*A1�4NK�-.�61*1,K/0/4*/5�+06�,+06-K�d/**1,�*1,K4�.-,�+�4J15/./16�9Q@F�9Q@�*+,B1*�+06�K1+4N,1K10*�K1*A-6�+,1�*=6FH�(�TA1�61*1,K/0/4*/5�d/**1,�5-KJ-010*�-N*�-.�*A1�*-*+2�d/**1,F�TA/4�J+,+K1*1,�/4�5A+,+5*1,/h16�+06�BN+,+0*116�=>�614/B0FH](�TA/4�J+,+K1*1,�A+4�*-�=1�1L10�0NK=1,�-.�52-5C4H�(�EA10�G@G�+06�M?�+,1�=-*A�10+=216U�*E@fG@GfM?�/4�N416�/0�J2+51�-.�*E@FHe(�EA10�G@G�+06�M?�+,1�=-*A�10+=216�*ET@f)fG@GfM?�/4�N416�/0�J2+51�-.�*ET@f)FO[(�EA10�G@G�+06�M?�+,1�=-*A�10+=216�*ET@f:fG@GfM?�/4�N416�/0�J2+51�-.�*ET@f:FO'(�I.*1,�GXQ�/4�,1B/4*1,16�:SEU�GXQ�4/B0+2�21L12�4A+22�=1�K+/0*+/016�=12-3�j\:MG�.-,�*GXQ�4J15/./5+*/-0�;:-3�JN241�3/6*A(FOH(�I.*1,�GXQ�/4�,1B/4*1,16�i\kiU�GXQ�4/B0+2�21L12�4A+22�=1�K+/0*+/016�+=-L1�j\iMG�.-,�*GXQ�4J15/./5+*/-0�;i\ki�JN241�3/6*A(FOO(�M1./016�=1*3110�106�-.�?R@�,1+6�=N,4*�+06�?@)�3A/5A�,12-+64�?R@�-,�6/4+=214�?R@�.N05*/-0FOD(�R+,+K1*1,4�+JJ2>�.,-K�*GX;+LB(K/0�*-�*GX;+LB(K+<�+*�+22�4*+06+,6�lQMQG�52-5C�J1,/-6�L+2N14�+4�4*+*16�/0�*A1�)J116�9/0�T+=214FOZ(�TA/4�J+,+K1*1,�KN4*�C11J�5-04/4*105>�3/*A�)J116�9/0�T+=214�4A-30�/0�415*/-0�'[F�O�(�MM@D�'�[[�IG�*/K/0B�+JJ2>�/.�M@I?�-J1,+*14�+*�2-31,�*A+0�'�[[�?TW4�6+*+�,+*1F��a\̀*GX;+LB(FK/0WHFO](�+JJ2/16�3A10�M@I?�/4�/0�M::�SV�K-61FO�(�I44NK1�0-�d/**1,�-0�/0JN*�52-5C�4/B0+24�*-�*A1�M@I?FOe(�j+2N1�/4�-02>�L+2/6�.-,�@SVVS?�̀�OD�-AK4FD[(�'*GX�*-BB21�K-61�3/*A�41**/0B�?@D7I''�*-�[FD'(�H*GX�*-BB21�K-61�3/*A�41**/0B�?@D7I''�*-�'U�3A/5A�/4�L+2/6�.-,�MM@D�HD[[WH���WHeOO�+06�OH[[�4J116�B,+61FDH(�'*GX�K-61�3/*A�41**/0B�?@D7I'H�*-�[FDO(�H*GX�K-61�3/*A�41**/0B�?@D7I'H�*-�'U�3A/5A�/4�L+2/6�.-,�MM@D�HD[[WH���WHeOO�+06�OH[[�4J116�B,+61FDD(�TA1�K+</KNK�,1+6�J,1+K=21�/4�=-N0616�=>�*:m;Mg)(K/0�-0�*A1�21.*�4/61�+06�*Mg)GX;K+<(�-0�*A1�,/BA*�4/61F�)11�8/BN,1�nG2-5C�*-�M+*+�)*,-=1�@12+*/-04A/Jo�/0�SJ1,+*/-0�6+*+4A11*F�9-N06+,>�-.�Mg)�:-3�m�-55N,�-01�5>521�1+,2/1,�/0�H*GX�*-BB21�K-61�3A/5A�/4�/22N4*,+*16�/0�n@1+6�R,1+K=21o�415*/-0FDZ(�Mg�.+22/0B�4/B0+2�K/6621�J-/0*�-.�*,+04.1,,/0B�.,-K�i/BA�*-�:-3�*-�./,4*�,/4/0B�16B1�-.�Mg)�6/..�4/B0+2�5,-44�J-/0*D�(�2+4*�.+22/0B�16B1�-.�Mg)�6/..�4/B0+2�5,-44�J-/0*�*-�Mg�,/4/0B�4/B0+2�K/6621�J-/0*�-.�*,+04.1,,/0B�.,-K�:-3�*-�i/BAD](�j,1.Mg�L+2N1�KN4*�=1�41*�*-�1/*A1,�/*4�K/6J-/0*�-,�j510*fMg;K/6J-/0*(�/0�-,61,�*-�5+J*N,1�Mg[�-,�Mg:[�2-3�21L12�.-,�10*1,/0B�RMI�K-61FD�(�TA1�K+</KNK�,1+6�J-4*+K=21�/4�=-N06�=>�*Mg)GX;K/0(�J2N4�*g)i;K/0(�-0�*A1�21.*�4/61�+06�*im;Mg)(K+<�-0�*A1�,/BA*�4/61F�)11�8/BN,1�nG2-5C�*-�M+*+�)*,-=1�@12+*/-0�4A/Jo�/0�SJ1,+*/-0�6+*+4A11*FDe(�@1.1,1051�21L12�-.�Mg�-N*JN*�4/B0+2�/4�4J15/./16�3/*A�+�K/6J-/0*�+4�+�3/614*�J+,*�-.�SN*JN*�4/B0+2�1>1�3A/5A�4A-N26�=1�+JJ,-</K+*12>�[F]�p�jMMg�+4�+�510*1,�21L12�-.�*A1�4*+*/5�4/0B21�10616�-N*JN*�J1+C�*-�J1+C�43/0B�3/*A�+�6,/L1,�/KJ16+051�-.�OD�-AK4�+06�+0�1..15*/L1�*14*�2-+6�-.�Z[�-AK4�*-�jTT�̀�jMMgFZ[(�8-,�?@]�5-KK+064U�*A1�K/0/KNK�612+>�*-�+�4N=41PN10*�0-0�?@)�5-KK+06�/4�Z0GXFZ'(�*?Rqf:i;K+<(�/4�61./016�3/*A�,14J15*�*-�+5*N+2�*q?R�/0�4>4*1K�+4�-JJ-416�*-�*q?R;K/0(F
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