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[-("`) KXLaV6)'7.4H+'7,,".)(07,$%(%-,)7D7;("0);0-Z%D"$)(07,$%(%-,)1"(<"",);0-1"$)7,D)SVPVQ6).-&%+)7,7.#8"0)+71."$?)g$")(-)0"D3+")('"),3E1"0)-4)
;0-1"$)7,D)+-,,"+(-0$)0"A3%0"D)(-)03,)%,)'7.4)+'7,,".)E-D"?)6D7;("0)E7;$)(-)"Z",)+'7,,".$)(-)7..);%,$)-4)7,)KXLaP6=)KXLPR6=)KXLaP6=)KXLRQ6=)
KXNQX6=)-0)KXNQV6?



QP)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

2"."+(%,&)('")O;(%E3E)/0-1%,&)2(07("&#

C'7()%$)('")1"$()<7#)(-);0-1")#-30)$%&,7.$=)&%Z",)('"%0)3,%A3")+'707+("0%$(%+$M

Available probing options for all Keysight logic analyzers
G(&&+*,(-<+11 &RQQHFWRU�6DPWHF

V2..)/1+2.'12'10)'
14*E)1',6,1)B

W)T@+*),'433*23*+41)'3*2',)*+),',2C1'12@/0'2*'2*+E+.45',2C1'12@/0'
C2213*+.1'<),+E.)<'+.12'10)'14*E)1',6,1)BP'W)1).1+2.'B2<@5)'+,'
@,)<'C2*'45+E.B).1'4.<'B)/04.+/45'*)1).1+2.'2.56P

W)T@+*),'!%%M3+.'(4B1)/'/2..)/12*'<),+E.)<'+.12'10)'14*E)1'
,6,1)B

$<H4.14E), 'B W)<@/),'/2,1'4.<',02*1).,'10)'<),+E.'/6/5)'-6')5+B+.41+.E'
4'/2..)/12*

'B S5+B+.41),'10)'/434/+1+H)'524<+.E'2C'4'/2..)/12*:'D0+/0'
E+H),'62@'10)'52D),1M524<+.E'_5),,'104.'%PJ'3F`:''
0+E0),1M3)*C2*B4./)'_O';P8'Q-R,'*41)`'52E+/'4.4567)*'
3*2-+.E'231+2.'4H4+54-5)

'B X5+4-5)'B+/*2',3*+.EM3+.'<),+E.'D+10'C2@*M32+.1'/*2D.'1+3'
4552D,'62@'12')4,+56'4114/0'4.<'E)1'4'*)5+4-5):'*)3)414-5)'
/2.14/1')H).'C2*'/2.14B+.41)<'2*'@.)H).'-24*<',@*C4/),

'B )ORZ�WKURXJK�VLJQDO�URXWLQJ�VWUHDPOLQHV�GHVLJQ�pRZ�DQG�
B4+.14+.,'<+CC)*).1+45'34+*',34/+.E'12').,@*)'/2.,14.1'
<+CC)*).1+45MB2<)'+B3)<4./)'4.<'H+*1@4556')5+B+.41)',1@-,

'B $/T@+*)'0+E0M,3))<',+.E5)M).<)<'2*'<+CC)*).1+45',+E.45,'
D+102@1'+B34/1+.E'10)'3)*C2*B4./)'2C'62@*'/+*/@+1:'D0+5)'
3*2H+<+.E'4.'4//@*41)'*)3*),).141+2.'12'10)'52E+/'4.4567)*

'B X*2H+<),'4-+5+16'12'4114/0'*)1).1+2.'B2<@5)'12'3*2-)'4.<'
-*2D,)'B@51+35)',+E.45,'-6'3*),,+.E'10)'3*2-)'4E4+.,1'10)'
14*E)1'<)H+/)

'B &RPSDWLEOH�ZLWK�DOO�ERDUG�oQLVKHV��LQFOXGLQJ�OHDG�IUHH

'B a+E0M3)*C2*B4./)'/2..)/12*',25@1+2.'_!P8'3F'524<+.E:''
!P8'Q-R,'<414'*41)`

'B (@332*1,',+.E5)M).<)<'4.<'<+CC)*).1+45',+E.45,
'B K'1+B),'10)'3)*C2*B4./)'4.<'045C'10)'524<+.E'2C'N+/12*'
,25@1+2.

]+,4<H4.14E), 'B W)T@+*),'@3MC*2.1'<),+E.'2C'3*2-)'C2213*+.1'2.'XV9 'B $<<)<'/2,1'12'+./5@<)'/2..)/12*
'B W)T@+*),'@3MC*2.1'<),+E.'2C'/2..)/12*'2.'XV9



Qa)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

2"."+(%,&)('")O;(%E3E)/0-1%,&)2(07("&#)eF-,(%,3"Df

C'7()%$)('")1"$()<7#)(-);0-1")#-30)$%&,7.$=)&%Z",)('"%0)3,%A3")+'707+("0%$(%+$M

$YDLODEOH�SURELQJ�RSWLRQV�IRU�DOO�.H\VLJKW�ORJLF�DQDO\]HUV

G(&&+*,(-'>%*,(- )O\LQJ�OHDGV

V2..)/1+2.'12'10)'
14*E)1',6,1)B

W)T@+*),'K&M3+.'N+/12*'/2..)/12*'<),+E.)<'+.12'10)'14*E)1'
,6,1)B

V2..)/1,'12'+.<+H+<@45:'D+<)56'<+,3)*,)<',+E.45,'41'YV'3+.,:'
1*4/),:'34<,:'H+4,

$<H4.14E), 'B W)5+4-5)'4.<'/2,1M)CC)/1+H)',25@1+2.'C2*'52D)*'<414'*41),'
_"%%'N-R,`

'B (@332*1,',+.E5)M).<)<',+E.45+.E
'B KP%'3F'/434/+1+H)'524<+.E

'B a+E0M3)*C2*B4./)'4//),,2*+),'4*)'-4,)<'2.'4D4*<''
ZLQQLQJ��,QoQLL0D[�VFRSH�SUREHV

'B V2B341+-5)'D+10'4'D+<)'H4*+)16'2C'4//),,2*+),'12'/2..)/1'
12'YV'3+.,:'1*4/),:'34<,:'H+4,

'B N4+.14+.,'4'2.)M12M2.)',+E.45M12ME*2@.<'*41+2
'B ]2),.b1'*)T@+*)'@3MC*2.1'<),+E.')CC2*1

]+,4<H4.14E), 'B $<<)<'/2,1'12'+./5@<)'/2..)/12*
'B V2B-+.41+2.'2C'10*2@E0M025)'4.<',@*C4/)MB2@.1''
1)/0.252E6'/4.'B4A)',+E.45'*2@1+.E'4.<'-24*<'/2B32.).1'
ORDGLQJ�GLIoFXOW

'B W)T@+*),'@3MC*2.1'<),+E.'2C'/2..)/12*'2.'XV9

'B N2*)'1+B)M/2.,@B+.E'12'/2..)/1



QR)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
I","07.H/30;-$")/0-1%,&

(����$����FKDQQHO�VLQJOH�HQGHG�p\LQJ�OHDG�SUREH
>D"7.)<'",)-,.#)7)4"<).%,"$)E7#),""D)(-)1");0-1"D)-0);0-1");-%,($)70")D%$(0%13("D)7+0-$$)
D�WDUJHW��7KH�(����$�LQFOXGHV�D�VHW�RI����,&�WHVW�FOLSV�DQG�oYH�JURXQG�OHDGV�

5-&%+)7,7.#$%$)&","07.H;30;-$");0-1"$
I","07.H;30;-$");0-1%,&)0"A3%0"$)+-,,"+(%,&);0-1")."7D$)(-)%,D%Z%D37.)$%&,7.).%,"$?)*'%$)
PHWKRG�LV�PRVW�FRQYHQLHQW�IRU�D�VPDOO�WR�PRGHUDWH�QXPEHU�RI�VLJQDOV��LV�YHU\�pH[LEOH��
7,D)+7,)1")3$"D)%,)+-,@3,+(%-,)<%(')-('"0);0-1%,&)E"('-D$?

[-("`)6,#);0-1"D)$%&,7.).%,")E3$()1")71.")(-)$3;;.#)7)E%,%E3E)-4)VQQ)Ed)(-)('");0-1")
ZLWK�WKH�VSHFLoHG�ORDGLQJ�

*'")$(7,D70D);0-1%,&)$#$("E
*'")$(7,D70D);0-1%,&)$#$("E)+-,$%$($)-4)>F)+.%;$=);0-1")."7D$=);0-1")'-3$%,&)7,D)
;0-1")+71."?):"+73$")%()%$);7$$%Z"=)('")$(7,D70D);0-1%,&)$#$("E)%$)$E7.."0=).%&'("0=)7,D)
E3+')"7$%"0)(-)3$")('7,)7+(%Z");0-1%,&)$#$("E$?)*'%$);7$$%Z");0-1%,&)$#$("E)%$)$%E%.70)
(-)7);0-1%,&)$#$("E)3$"D)-,)7)'%&')40"A3",+#)-$+%..-$+-;"?)>()+-,$%$($)-4)7,)%$-.7(%-,)
QHWZRUN��DV�VKRZQ�LQ�)LJXUH������DW�WKH�SUREH�WLS�DQG�D�VKLHOGHG�UHVLVWLYH�WUDQVPLVVLRQ�
.%,"?)*'")7DZ7,(7&"$)-4)('%$)$#$("E)70"`

)B G%&')%,;3()%E;"D7,+"?)2"")W%&30")T?S?
)B 2%&,7.)&0-3,D)7()('");0-1")(%;)4-0)'%&'H$;""D)$%&,7.$?
)B >,"\;",$%Z"=)0"E-Z71.");0-1")(%;)7$$"E1.%"$?

)LJXUH������3UREH�WLS�,VRODWLRQ�QHWZRUN�DQG�HTXLYDOHQW�ORDG�

7LS�LVRODWLRQ�QHWZRUN KA3%Z7.",().-7D



SQ)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

W%&30")T?L?)KXLaL6)SPH+'7,,".);0-1")."7D)$"()0";.7+"E",();70($?

F-EE-,)&0-3,D)."7D)
e.-,&f))
e!"#$%&'();70(),3E1"0)
XRXRHRLLX)+-,(7%,$)X)
;-D)&0-3,D$f

/0-1")'-3$%,&

5&�QHWZRUN�KRXVLQJ

2%&,7.)."7D$

/0-1")."7D))
e!"#$%&'();70(),3E1"0)XRXRHRLLL))
+-,(7%,$)X);0-1")."7D$f

K7+');0-1")."7D)$"()+-,(7%,$`))
��FORFN�SUREH�OHDG����GDWD�OLQH�OHDGV

F-,,"+(-0)4-0)
&0-3,D)."7D

I0-3,D)."7D$
e!"#$%&'();70(),3E1"0)XRXRHRLLN)
+-,(7%,$)X)$'-0()&0-3,D)."7D$f

2U9)>F)+.%;
e!"#$%&'();70(),3E1"0)XQRQHNaLL)
+-,(7%,$)TQ)+.%;$f

/0-1")."7D$)7,D)."7D)$"($
3UREH�OHDGV�DUH�FRQoJXUHG�LQWR�OHDG�VHWV��ZKLFK�FDQ�SUREH����GDWD�FKDQQHOV�ZLWK�
JURXQG��RQH�FORFN�FKDQQHO��DQG�D�FRPPRQ�JURXQG��$����FKDQQHO�SUREH�OHDG�VHW�
eKXLaL6f)%$)$'-<,)%,)W%&30")T?T=)7.-,&)<%(')('")0";.7+"E",();70(),3E1"0$)4-0)%,D%Z%D37.)
+-E;-,",($)%,)W%&30")T?L?

K7+');0-1")."7D)%$)7)STH%,+'=)(<%$("DH;7%0)+71.")+-,,"+("D)(-)('");0-1")+71.")7()('")
;0-1")'-3$%,&)e$"")W%&30")T?Lf?)*'");0-1")(%;)%,+.3D"$)7)$%&,7.)."7D=)7)+-,,"+(-0)4-0)7)
JURXQG�OHDG��DQG�WKH�LVRODWLRQ�QHWZRUN�

*'")$%&,7.)7,D)&0-3,D)."7D$)+7,)1")+-,,"+("D)D%0"+(.#)(-)('")(70&"()$#$("E?)*'%$)
0"A3%0"$)%,$(7..%,&)Q?VL)EE)eQ?QTX)%,+'f)$A370");%,$=)-0)0-3,D);%,$)<%(')7)D%7E"("0)-4)
1"(<"",)Q?VV)EE)eQ?QTV)%,+'f)7,D)Q?aN)EE)eQ?QLL)%,+'f)D%0"+(.#)-,)('")1-70D?)6,)>F)
WHVW�FOLS�FDQ�DOVR�EH�XVHG��7KH�VDPH�VSHFLoFDWLRQV�DSSO\�IRU�WKH�SLQ�GLPHQVLRQV�RI�WKH�
("$()+.%;?)e2"")W%&30")T?V)4-0)>F)("$()+.%;$)7Z7%.71.")40-E)+-EE"0+%7.)$-30+"$?f

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
I","07.H/30;-$")/0-1%,&)eF-,(%,3"Df

W%&30")T?T?)KXLaL6)SPH+'7,,".);0-1")."7D)$"(?



SS)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

>F)+.%;$
*'")$3047+"HE-3,()D"Z%+")>F)+.%;)<%(')
WZLQ�KRRNV��SDUW�QXPEHU������������
FRQWDLQLQJ����,&�FOLSV��LV�GHVLJQHG�IRU�oQH�
$3047+"HE-3,("D)+-E;-,",()."7D$?)*'")
WZLQ�KRRN�����PP�,&�FOLS��SDUW�QXPEHU�
SQNVPHVaPQS=)+-,(7%,%,&)4-30)Q?X)EE)
>F)+.%;$f=)%$)Z"0#)3$"43.)4-0)Q?X)EE);%(+')
+-E;-,",($?)2"")W%&30")T?X?

I0-3,D%,&
*'"0")70")('0"")E"('-D$)-4)&0-3,D%,&)
('");0-1")$#$("E?)W%0$(=)('")",(%0");0-1")
."7D)$"()+7,)1")&0-3,D"D)('0-3&')('")
+-EE-,)&0-3,D?)*'%$)0"A3%0"$)-,.#)-,")
+-,,"+(%-,=)13()%$),-()0"+-EE",D"D)
EHFDXVH�LW�ZLOO�FDXVH�SRRU�VLJQDO�oGHOLW\�
%,)$#$("E$)<%(')47$()(07,$%(%-,)(%E"$?)*'")
0"+-EE",D"D)E"('-D)%$)(-)%,D%Z%D37..#)
&0-3,D)"7+');0-1")."7D?)*'%$)#%".D$)
RSWLPDO�VLJQDO�oGHOLW\�DQG�LV�UHTXLUHG�IRU�
$%&,7.$)<%(')47$("0)(07,$%(%-,)(%E"$))
eh)N)(-)X),$f?

W-0)E-D"07(")0%$")(%E"$)e&0"7("0)('7,))
T),$f=)%()E7#)1")7++";(71.")(-)&0-3,D)
"Z"0#)-('"0)e-0)"Z"0#)4-30('f)&0-3,D)
+-,,"+(%-,)(-)('")(70&"(?

W%&30")T?V?)*#;%+7.)>F)("$()+.%;$)7Z7%.71.")40-E)+-EE"0+%7.)("$()+.%;)Z",D-0$?

XQRQHNaLL SQNVPHVaPQS

W%&30")T?X?)2U9)>F)+.%;)7,D)Q?X)EE)>F)+.%;?

/0-1")&0-3,D)."7D$

5&�QHWZRUN�KRXVLQJ

2%&,7.)."7D$

2U*)>F)+.%;

W%&30")T?N?)F-,,"+(%,&)>F)+.%;$)7,D)&0-3,D)."7D$)(-);0-1"$?

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
I","07.H/30;-$")/0-1%,&)eF-,(%,3"Df



ST)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

!"#$%&'()0"+-EE",D$)('7()(70&"($)<%(');0-1%,&)+-,$(07%,($)'7Z")+-,,"+(-0$)D"$%&,"D)
%,(-)('");0-(-(#;")Z"0$%-,$)-4)('");0-D3+()4-0)"44"+(%Z")'70D<70")7,D)$-4(<70")D"13&?)
*'")4-..-<%,&)$'-3.D)1")+-,$%D"0"D)<'",)D"$%&,%,&)<%(')+-,,"+(-0$`

)B 2"."+()('")7;;0-;0%7(")+-,,"+(-0)("+',-.-&#)4-0)#-30)(70&"()$;""D)7,D)(70&"()
D",$%(#?
)B F70"43..#)$"."+()7..).%,"$)4-0)0-3(%,&)(-)('")+-,,"+(-0$)('7()E7#)1"),""D"D)4-0)
D"13&?
)B I0-3;)('").%,"$)7()"7+')+-,,"+(-0)4-0)#-30);0-1%,&)+-,Z",%",+"?)W-0)"\7E;."=)
!"#$%&'()E7#)'7Z")<0%((",)7,)%,Z"0$")7$$"E1."0)4-0)#-30)D"Z%+")('7()'7$)7)
SUHFRQoJXUHG�VLJQDO�RUGHU��%HIRUH�GHVLJQLQJ��UHIHU�WR�WKH�GRFXPHQWDWLRQ�IRU�WKLV�
%,Z"0$")7$$"E1."0)4-0)"$$",(%7.)$%&,7.).%,"$)7,D)-0D"0?
)B !"";)('")0-3(%,&)(-)+-,,"+(-0$)7$)$'-0()7$);-$$%1.")(-)E%,%E%8")(70&"()%E;7+()7,D)
;0-Z%D")7++307(")D7(7?
)B ([DPLQH�WKH�LPSDFW�RI�SURELQJ�LVRODWLRQ�QHWZRUNV�GHVLJQHG�LQWR�WKH�WDUJHW�YHUVXV�
WKH�LVRODWLRQ�QHWZRUN�SURGXFWV�RIIHUHG�E\�.H\VLJKW�

$Q�LVRODWLRQ�QHWZRUN�PXVW�EH�ORFDWHG�EHWZHHQ�WKH�WDUJHW�DQG�WKH�ORJLF�DQDO\]HU��,W�FDQ�
1").-+7("D)-,)('")(70&"()1-70D)%,)('0-3&'H'-.")-0)2U*);70($?)>()+7,)7.$-)1")7((7+'"D)(-)
WKH�ORJLF�DQDO\]HU�FDEOH�ZLWK�WKH�SUREH�OHDGV��WKH�LVRODWLRQ�QHWZRUN�LV�PROGHG�LQWR�WKH�
",D)-4)('");0-1"fi)-0)('")!"#$%&'()QSVXQHVLTQL)%$-.7(%-,)7D7;("0)<%(')$".4)+-,(7%,"D)
LVRODWLRQ�QHWZRUNV�FDQ�EH�XVHG��3UREH�OHDGV�FDQ�EH�XVHG�ZLWK�FRQQHFWRUV�EXW�DUH�QRW�
('")E-$()+-,Z",%",()E"('-D?)9%0"+()+-,,"+(%-,)-4)('")+-,,"+(-0$)<%(')('")7,7.#8"0)
FDEOH��LVRODWLRQ�QHWZRUN�SDUWV�RQ�WKH�WDUJHW��RU�ZLWK�D�SUREH�RU�LVRODWLRQ�DGDSWHU�LV�WKH�
47$("0=)E-0")+-,Z",%",()E"('-D?

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
9"$%&,%,&)4-0)5-&%+)6,7.#$%$)/0-1%,&



SL)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

G%&'HD",$%(#=)'%&'H;"04-0E7,+");0-1"$

!"#$%&'()/0-)2"0%"$)$-4()(-3+')+-,,"+(-0."$$).-&%+)7,7.#8"0);0-1"$
!"#$%&'()'7$)D"Z".-;"D)+-,,"+(-0."$$).-&%+)7,7.#8"0);0-1"$)17$"D)-,)$-4()(-3+')
;0-1%,&)("+',-.-&#?)F-,,"+(-0."$$).-&%+)7,7.#8"0);0-1%,&)0"E-Z"$)('")+-,,"+(-0)('7()
%$)(07D%(%-,7..#)7((7+'"D)(-)('")(70&"()1-70D)7,D)0";.7+"$)%()<%(')7,)7007#)-4);0-1");7D$?)
*'%$)0"D3+"$)('");0-1").-7D)-,)('")(70&"()1#)".%E%,7(%,&)('").-7D%,&)7$$-+%7("D)<%(')
WKH�SK\VLFDO�ERG\�RI�WKH�FRQQHFWRU��$GGLWLRQDOO\��WKLV�VWUHDPOLQHV�WKH�GHVLJQ�pRZ�E\�
".%E%,7(%,&)('"),""D)(-)7$$%&,)7).-&%+)7,7.#8"0)+-,,"+(-0)(-)('")1%..)-4)E7("0%7.)-4)#-30)
1-70D=);0-+30%,&)('-$")+-,,"+(-0$)7,D)('",)'7Z%,&)('"E).-7D"D)-,(-)#-30)1-70D?

!"#$%&'(j$)$-4()(-3+')+-,,"+(-0."$$);0-1"$)3$")E%+0-)$;0%,&H;%,)("+',-.-&#)(-);0-Z%D")
0".%71.")+-,(7+()<'%+')%$),-()D";",D",()-,)('");.7,70%(#)-4)('")/F)1-70D)-0)('");.7(%,&)
;0-+"$$"$)3$"D)(-)4710%+7(")('")1-70D?)[-)$;"+%7.)+."7,%,&);0-+"$$"$)70")0"A3%0"D)<'",)
3$%,&)!"#$%&'(j$)$-4()(-3+');0-1"$?

*'"),"<)!"#$%&'()/0-)2"0%"$)$-4()(-3+')+-,,"+(-0."$$);0-1"$)-44"0)7)LQk)$E7.."0)
4--(;0%,()('7,)('")-0%&%,7.)$-4()(-3+');0-1"$)7,D)70")('")17$%$)4-0)('")%,D3$(0#)$(7,D70D)
+-,,"+(-0."$$);0-1%,&)4--(;0%,(?

*'");0-1"$)3$")7)0"(",(%-,)E-D3.")('7()",$30"$)$-4()(-3+');%,H(-H/F)1-70D);7D)
7.%&,E",()7,D)'-.D$)('");0-1")%,);.7+")<'%.")%,)3$"?)*'")/0-)2"0%"$)$-4()(-3+')3$"$)7)
^(-;H$%D"_)E-3,(71.")0"(",(%-,)E-D3."?)*'")0"(",(%-,)E-D3.")%$)E-3,("D)-,)('")$7E")
VLGH�RI�WKH�ERDUG�DV�WKH�SURELQJ�IRRWSULQW�VR�WKHUH�LV�QR�QHHG�WR�DFFHVV�WKH�EDFN�VLGH�
-4)('")1-70D?):"+73$")('"0")%$),-)0"A3%0"E",()4-0)('")0"(",(%-,)E-D3.");%,$)(-)"\(",D)
EH\RQG�WKH�EDFN�VLGH�RI�WKH�ERDUG��WKH�UHWHQWLRQ�PRGXOH�LV�FRPSDWLEOH�ZLWK�YLUWXDOO\�DQ\�
ERDUG�WKLFNQHVV�

W%&30")L?S?)^*-;H$%D"_)E-3,(71.")0"(",(%-,)E-D3."?

>,$"0( 2-.D"0);%,$)40-E)
(-;)-4)1-70D

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&

KXNQN6)/0-)2"0%"$)$-4()(-3+')
+-,,"+(-0."$$);0-1"
*'")KXNQN6)%$)7)LNH+'7,,".)$%,&."H",D"D)
/0-)2"0%"$)$-4()(-3+')+-,,"+(-0."$$)
;0-1")+-E;7(%1.")<%(')7..)!"#$%&'()
.-&%+)7,7.#8"0$)('7()'7Z")7)NQH;%,);-D)
+-,,"+(-0?)>()%$)+7;71.")-4)7+A3%0%,&)
D7(7)7()('")E7\%E3E)07("$)-4)('").-&%+)
7,7.#8"0)%()%$)+-,,"+("D)(-?

W"7(30"$
)B [-)+-,,"+(-0)-,)('")(70&"()1-70D
)B *-;H$%D")E-3,()0"(",(%-,)E-D3."
)B >,D3$(0#H$(7,D70D)+-,,"+(-0."$$)
4--(;0%,(
)B ���FKDQQHOV��VLQJOH�HQGHG�FORFN�DQG�
D7(7
)B K\(0"E".#).-<=)h)Q?P);W=)"A3%Z7.",()
.-7D)+7;7+%(7,+"
)B F7;71.")-4)D7(7)07("$)l)T?X)I1]$)
eE7\%E3E)07(")D";",D",()-,)
7,7.#8"0)3$"Df
)B XQQ)Ed);H;)E%,%E3E)$%&,7.)
7E;.%(3D"
)B J-13$()7,D)0".%71.")$-4()(-3+')
("+',-.-&#

8QXVHG�FORFN�LQSXWV�FDQ�EH�XVHG�DV�GDWD�
%,;3($?

*'")KXNQN6)e3$"D)<%(').-&%+)7,7.#8"0$)
<%(')7)NQH;%,)+71.")+-,,"+(-0f)3$"$)('")
$7E")4--(;0%,(=);%,-3(=)7,D)0"(",(%-,)
E-D3.")7$)('")KXNQV6)/0-)2"0%"$)$-4()
(-3+')+-,,"+(-0."$$);0-1")e3$"D)<%(')
.-&%+)7,7.#8"0$)<%(')7)RQH;%,)+71.")
+-,,"+(-0f?

$�NLW�RI�oYH�UHWHQWLRQ�PRGXOHV�LV�VKLSSHG�
<%(')"7+')/0-)2"0%"$)$-4()(-3+');0-1"?)
$GGLWLRQDO�NLWV�FDQ�EH�RUGHUHG�XVLQJ�
!"#$%&'();70(),3E1"0)KXNQL6?



SN)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

KXLRN6)$-4()(-3+')+-,,"+(-0."$$);0-1"
*'")KXLRN6)%$)7)LNH+'7,,".)$%,&."H",D"D)$-4()(-3+')+-,,"+(-0."$$);0-1")+-E;7(%1.")
<%(')7..)!"#$%&'().-&%+)7,7.#8"0$)('7()'7Z")7)NQH;%,);-D)+-,,"+(-0?)>()%$)+7;71.")-4)
7+A3%0%,&)D7(7)7()('")E7\%E3E)07("$)-4)('").-&%+)7,7.#8"0)%()%$)+-,,"+("D)(-?)*'");0-1")
'7$)('")4-..-<%,&)%,;3($`

)B LT)$%,&."H",D"D)D7(7)%,;3($
)B 7ZR�VLQJOH�HQGHG�FORFN�LQSXWV
)B h)Q?P);4)%,;3()+7;7+%(7,+"
)B XQQ)Ed);H;)E%,%E3E)$%&,7.)7E;.%(3D"

8QXVHG�FORFN�LQSXWV�FDQ�EH�XVHG�DV�GDWD�LQSXWV�

*'")KXLRN6)e3$"D)<%(').-&%+)7,7.#8"0$)<%(')7)NQH;%,);-D)+-,,"+(-0f)3$"$)('")$7E")
4--(;0%,(=);%,-3()7,D)0"(",(%-,)E-D3.")7$)('")KXLRQ6)$%,&."H",D"D)$-4()(-3+')
+-,,"+(-0."$$);0-1")e3$"D)<%(').-&%+)7,7.#8"0$)<%(')7)RQH;%,);-D)+-,,"+(-0f?

$�NLW�RI�oYH�UHWHQWLRQ�PRGXOHV�LV�VKLSSHG�ZLWK�HDFK�VRIW�WRXFK�SUREH��$GGLWLRQDO�NLWV�FDQ�
1")-0D"0"D)3$%,&)!"#$%&'();70(),3E1"0)KXLaPHVaPQS?

W%&30")L?T?)!"#$%&'()KXLRN6)$-4()(-3+');0-1")+-,,"+(%-,?

/7D$)7,D)E-3,(%,&)'-."$)
-,)(70&"()$#$("E

J"(",(%-,)
E-D3."

KXLRN6
$%,&."H",D"D)$-4()(-3+');0-1"

5-&%+)7,7.#8"0);0-1")+71."$
eNQH;%,);-D)+-,,"+(-0f

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df

KXLRV6)'7.4H$%8")$-4()(-3+')
+-,,"+(-0."$$);0-1"
*'")KXLRV6)%$)7)$E7..)$;7+")$7Z%,&)
;0-1")+-E;7(%1.")<%(')7..)!"#$%&'()
.-&%+)7,7.#8"0$)('7()'7Z")7)NQH;%,)+71.")
+-,,"+(-0?)>()%$)7)SPH+'7,,".=)$%,&."H
",D"D);0-1")+7;71.")-4)+7;(30%,&)D7(7)7()
('")E7\%E3E)07("$)-4)('").-&%+)7,7.#8"0)
%()%$)+-,,"+("D)(-?)*'");0-1")'7$)('")
4-..-<%,&)%,;3($`

)B SV)$%,&."H",D"D)D7(7)%,;3($
)B 2QH�VLQJOH�HQGHG�FORFN�LQSXW
)B h)Q?P);4)"A3%Z7.",().-7D)+7;7+%(7,+"
)B XQQ)Ed);H;)E%,%E3E)$%&,7.)
7E;.%(3D"

7KH�XQXVHG�FORFN�LQSXW�FDQ�EH�XVHG�DV�D�
D7(7)%,;3(?

*'")KXLRV6)e3$"D)<%(').-&%+)7,7.#8"0$)
<%(')7)NQH;%,)+71.")+-,,"+(-0f)3$"$)('")
$7E")4--(;0%,(=);%,-3(=)7,D)0"(",(%-,)
E-D3.")7$)('")KXLRa6)$%,&."H",D"D)
$-4()(-3+')+-,,"+(-0."$$);0-1")e3$"D)
<%(').-&%+)7,7.#8"0$)<%(')7)RQH;%,)+71.")
+-,,"+(-0f?

U-0")%,4-0E7(%-,)71-3()$-4()(-3+')
+-,,"+(-0."$$);0-1"$)%$)7Z7%.71.")-,)
('")<"1)7()ZZZ�NH\VLJKW�FRP�oQG�
!"#$$"%&'?



SX)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

/0-1")D%E",$%-,$
7KH�IROORZLQJ�oJXUHV�VKRZ�GLPHQVLRQV��
4--(;0%,(=)7,D);%,-3()%,4-0E7(%-,)#-3)<%..)
,""D)(-)D"$%&,)#-30)(70&"()$#$("E)1-70D)
4-0)3$")<%(')('")!"#$%&'()/0-)2"0%"$)$-4()
(-3+');0-1"$?

/0-1")7,D)0"(",(%-,)E-D3.")
D%E",$%-,$
*'")4-..-<%,&)D%E",$%-,$)$'-<)('")/0-)
2"0%"$)$-4()(-3+');0-1")7((7+'"D)(-)('")
0"(",(%-,)E-D3."?)*'")0"(",(%-,)E-D3.")%$)
E-3,("D)-,)('")/F)1-70D?

W%&30")L?L?)KXNQN6);0-1")D%E",$%-,$?

W%&30")L?N?)/0-)2"0%"$)$-4()(-3+')0"(",(%-,)E-D3.")D%E",$%-,$?

W%&30")L?X?)/0-)2"0%"$)$-4()(-3+')$%D"H1#H$%D")D%E",$%-,$?

*-;)Z%"<)KXNQN6

2%D")Z%"<)KXNQN6

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



SV)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

W%&30")L?V?)KXLRN6)7,D)KXLRV6)$-4()(-3+');0-1")D%E",$%-,$?

60.96 mm________
2.40 in.

E5394A

45.72 mm________
1.80 in.

E5394A

21.08 mm________
0.830 in.

8.76 mm_______
0.345 in.

34.61 mm________
1.363 in.

27.93 mm________
1.100 in.

15.26
160.79 mm_________

6.330 in.

11.176 mm________
0.440 in.

7.54 mm_______
0.297 in.

5.31 mm_______
0.209 in.

*-;)Z%"<)KXLRN6

2%D")Z%"<)KXLRN6

64.48 mm________
2.538 in.

45.87 mm________
1.806 in.

21.11 mm________
0.831 in.8.76 mm_______

0.345 in.

21.61 mm_______
0.851 in.

22.05 mm________
0.868 in.

15.93 mm________
0.627 in.

45.720 mm_________
18.000 in.

6.63 mm________
0.261 in.

7.54 mm_______
0.297 in.

5.31 mm_______
0.209 in.

*-;)Z%"<)KXLRV6

2%D")Z%"<)KXLRV6

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



SP)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

J"(",(%-,)E-D3.")D%E",$%-,$
*'")$-4()(-3+');0-1"$)70")7((7+'"D)(-)
('")/F)1-70D)3$%,&)7)0"(",(%-,)E-D3.")
<'%+')",$30"$);%,H(-H;7D)7.%&,E",()
7,D)'-.D$)('");0-1")%,);.7+"?)6)1-70D)
WKLFNQHVV�RI�XS�WR������PP��������LQFK��
%$)0"+-EE",D"D?)>,$"0()('")0"(",(%-,)
PRGXOH�LQWR�WKH�ERDUG��QRWLQJ�WKH�NH\LQJ�
;%,=)7,D)$-.D"0)('")4-30)7.%&,E",();%,$)(-)
WKH�EDFNVLGH�RI�WKH�ERDUG�

/0-1")7,D)0"(",(%-,)E-D3.")
D%E",$%-,$
*'")4-..-<%,&)D%E",$%-,$)$'-<)('")$-4()
(-3+');0-1")7((7+'"D)(-)('")0"(",(%-,)
E-D3."?)*'")0"(",(%-,)E-D3.")%$)E-3,("D)
-,)('")/F)1-70D?

4.83 mm_______
0.190 in.
6.99 mm_______
0.275 in.

34.04 mm________
1.340 in.

29.97 mm________
1.180 in.

0.64 mm_______
0.025 in.

4.98 mm_______
0.196 in.

3.58 mm_______
0.141 in.

2.72 mm_______
0.107 in.

LNH+'7,,".)0"(",(%-,)E-D3.")D%E",$%-,$

4.83 mm_______
0.190 in.

6.99 mm_______
0.275 in.

0.64 mm________
0.025 in.

17.98 mm_______
0.708 in.

4.98 mm_______
0.196 in.

22.05 mm_______
0.868 in.

3.58 mm_______
0.141 in.

2.72 mm_______
0.107 in.

SPH+'7,,".)0"(",(%-,)E-D3.")D%E",$%-,$

2.54 mm_______
0.100 in.

35.05 mm________
1.380 in.

Minimum
recommended

8.13 mm_______
0.320 in.
Minimum
recommended

25.35 mm________
0.998 in.

LNH+'7,,".);0-1")7,D)0"(",(%-,)E-D3.")D%E",$%-,$

W%&30")L?P?)J"(",(%-,)E-D3.")D%E",$%-,$?

2.54 mm_______
0.100 in.

23.06 mm________
0.908 in.

Minimum
recommended

8.13 mm_______
0.320 in.
Minimum
recommended

29.61 mm________
1.166 in.

SPH+'7,,".);0-1")7,D)0"(",(%-,)E-D3.")D%E",$%-,$

W%&30")L?a?)2%D"H1#H$%D")D%E",$%-,$?

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



Sa)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

907<%,&),-("$`
�� 0DLQWDLQ�D�VROGHU�PDVN�ZHE�

1"(<"",);7D$)<'",)(07+"$)70")
0-3("D)1"(<"",)('");7D$)-,)('")
VDPH�OD\HU��7KH�VROGHU�PDVN�PD\�
,-()",+0-7+')-,(-)('");7D$)<%('%,)
('");7D)D%E",$%-,)$'-<,?

T) d>6$),-()7..-<"D)-,)('"$");7D$?)
d>6)"D&"$)E7#)1")(7,&",()(-);7D)
HGJHV�DV�ORQJ�DV�D�VROGHU�PDVN�
<"1)1"(<"",)d>6$)7,D);7D$)%$)
E7%,(7%,"D?

�� 6XUIDFH�oQLVKHV�RQ�SDGV�VKRXOG�EH�
G625)%EE"0$%-,)$%.Z"0=)-0)&-.D)-Z"0)
QLFNHO�

N) *'%$)4--(;0%,()%$)+-E;7(%1.")<%(')
0"(",(%-,)E-D3.")!"#$%&'();70()
,3E1"0)KXNQXHVaPQT?

X) *'%$)('0-3&')'-.")%$),-()3$"D)<%(')
('")!"#$%&'()0"(",(%-,)E-D3."?

V) /.7("D)('0-3&')'-.")$'-3.D),-()1")
(%"D)(-)&0-3,D);.7,")4-0)('"0E7.)
0".%"4?

/7D

d>6

W%&30")L?R?)/0-)2"0%"$)$-4()(-3+')4--(;0%,()D%E",$%-,$)e$"")D07<%,&),-("$f?

A1
A2
A3
A4
A5
A6
A7
A8
A9

A10
A11
A12
A13
A14
A15
A16
A17
A18
A19
A20
A21
A22
A23
A24
A25
A26
A27

D0
D1

GND
D4
D5

GND
CK 1+

GND/NC
GND
D10
D11

GND
D14
D15

GND
D2
D3

GND
D6
D7

GND
D8
D9

GND
D12
D13

GND

GND
D2
D3
GND
D6
D7
GND
D8
D9
GND
D12
D13
GND
D0
D1
GND
D4
D5
GND
GND/NC
CK 2+
GND
D10
D11
GND
D14
D15

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24
B25
B26
B27

Logic
analyzer
odd pod

Logic
analyzer
even pod

W%&30")L?SQ?)/7D),3E1"0$)4-0)KXNQN]QV6)LNH+'7,,".)$%,&."H",D"D);0-1"$?

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



SR)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

@A!"!E"4B'3!#*;/&&+<''
1%&0<+#+&)+)'$-(=+

/RJLF�DQDO\]HU

6LJQDO�QDPH H/)'I G;/&&+< H()
]% $! ĵ % c0+/0)H)*'32<'+,'

/2..)/1)<'12'd\<<e'
2.'10)'S8>%>R%"$'
3*2-)

]! $; ĵ !
Q*2@.< $K
]> $> ĵ >
]8 $8 ĵ 8
Q*2@.< $"
V52/A'!f $J ĵ V52/A
QI]RIVRV52/A'!g $&
Q*2@.< $#
]!% $!% ĵ !%
]!! $!! ĵ !!
Q*2@.< $!;
]!> $!K ĵ !>
]!8 $!> ĵ !8
Q*2@.< $!8 c0+/0)H)*'32<'+,'

/2..)/1)<'12'dSH).e'
2.'10)'S8>%>R%"$'
3*2-)

]; $!" ĵ ;
]K $!J ĵ K
Q*2@.< $!&
]" $!# ĵ "
]J $;% ĵ J
Q*2@.< $;!
]& $;; ĵ &
]# $;K ĵ #
Q*2@.< $;>
]!; $;8 ĵ !;
]!K $;" ĵ !K
Q*2@.< $;J

@A!"!E"4B'3!#*;/&&+<''
1%&0<+#+&)+)'$-(=+

/RJLF�DQDO\]HU

6LJQDO�QDPH H/)'I G;/&&+< H()
Q*2@.< 9! c0+/0)H)*'32<'+,'

/2..)/1)<'12'd\<<e'2.'
10)'S8>%>R%"$'3*2-)

]; 9; ĵ ;
]K 9K ĵ K
Q*2@.< 9>
]" 98 ĵ "
]J 9" ĵ J
Q*2@.< 9J
]& 9& ĵ &
]# 9# ĵ #
Q*2@.< 9!%
]!; 9!! ĵ !;
]!K 9!; ĵ !K
Q*2@.< 9!K
]% 9!> ĵ % c0+/0)H)*'32<'+,'

/2..)/1)<'12'dSH).e'2.'
10)'S8>%>R%"$'3*2-)

]! 9!8 ĵ !
Q*2@.< 9!"
]> 9!J ĵ >
]8 9!& ĵ 8
Q*2@.< 9!#
QI]RIVRV52/A';g 9;%
V52/A';f 9;! ĵ V52/A
Q*2@.< 9;;
]!% 9;K ĵ !%
]!! 9;> ĵ !!
Q*2@.< 9;8
]!> 9;" ĵ !>
]!8 9;J ĵ !8

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



TQ)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

/0-1")4--(;0%,()D%E",$%-,$
g$")('"$");0-1")4--(;0%,()D%E",$%-,$)4-0)('")/F)1-70D);7D$)7,D)'-."$)4-0)7((7+'%,&)('")
0"(",(%-,)E-D3."?

2-4()(-3+'

G7.4H$%8")$-4()(-3+'

W%&30")L?SS?)W--(;0%,()D%E",$%-,$?

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



TS)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

/%,-3()4-0)('")KXLRN6))
$%,&."H",D"D)$-4()(-3+');0-1"
*'")4-..-<%,&)&07;'%+)7,D)(71.")$'-<)('")
KXLRN6)$%,&."H",D"D)$-4()(-3+');0-1")
;7D),3E1"0$)7,D).-&%+)7,7.#8"0);-D)
%,;3($?

POD 1 POD 2

POD 1 POD 2

D0    D2      G     D4    D6      G     D8   D10    G    D12 D14    G    CLK    G     D0    D2      G     D4    D6      G     D8   D10    G    D12 D14    G    CLK

D1    D3      G     D5    D7      G     D9   D11    G    D13 D15    G      NC    G     D1    D3      G     D5    D7      G     D9   D11    G    D13 D15    G     NC

B1

A1

B27

A27

W%&30")L?ST?)/%,-3(?

@A36!B'1%&0<+#+&)+)'$-(=+ /RJLF�DQDO\]HU
6LJQDO�QDPH H/)'I G;/&&+< H()
]! $! ĵ ! c0+/0)H)*'32<'+,'

/2..)/1)<'12'd\<<e'2.'
10)'S8K#>$'3*2-)

]K $; ĵ K
Q*2@.< $K
]8 $> ĵ 8
]J $8 ĵ J
Q*2@.< $"
]# $J ĵ #
]!! $& ĵ !!
Q*2@.< $#
]!K $!% ĵ !K
]!8 $!! ĵ !8
Q*2@.< $!;
IV $!K ĵ IV
Q*2@.< $!> c0+/0)H)*'32<'+,'

/2..)/1)<'12'dSH).e'
2.'10)'S8K#>$'3*2-)
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('")KXLXS6=)13()('"#)70")3$71.")3;)(-))
����0+]�FORFN�UDWHV�

[-("$)-,)3$%,&)('")XQVTHPLRV)
2U*);70(
!"#$%&'()+300",(.#)0"+-EE",D$)7)(<-H
$(";);0-+"$$)%,)$-.D"0%,&)('")2U*);70()
WR�WKH�ERDUG��7KH�oUVW�SDVV�SODFHV�VROGHU�
;7$(")-,)('-$");7D$)<%(')Z%7$?)6;;.%+7(%-,)
RI�KHDW�DOORZV�WKH�YLD�WR�oOO�ZLWK�VROGHU���,I�
-,.#)-,")$-.D"0)$(";)%$)3$"D=)('")$-.D"0)
ZLFNV�DZD\�IURP�WKH�SDUW�LQWR�WKH�YLD�DQG�
7)$-.%D)+-,,"+(%-,)<%..),-()1")E7D")<%(')
('");70(?f)*'"),"\();7$$);.7+"$)$-.D"0)
;7$(")-,)7..)-4)('");7D$?

6$)$'-<,)%,)W%&30")L?TV=)('")XQVTHPLRV)
607�LVRODWLRQ�QHWZRUN�VXSSRUWV�VL[�ORJLF�
7,7.#$%$)+'7,,".$?)*'")$%8")-4)('");70()
7..-<$)#-3)(-)0";"7()('");7(("0,)%,)W%&30")
L?TV)(-)7++-EE-D7(")E3.(%;.");70($)
VWDFNHG�HQG�WR�HQG�IRU�WKH�QXPEHU�RI�
+'7,,".$),""D"D)%,)#-30)7;;.%+7(%-,?)
*'0"")-4)('"$")2U*$)70")0"A3%0"D)4-0)"7+')
;0-1")+71."?)*'");0-+"$$)4-0)3$%,&)('")
FHUDPLF�K\EULG�LVRODWLRQ�QHWZRUN�LV�VLPLODU�
WR�WKH�SURFHVV�IRU�DQ�/&&�SDFNDJH��'XH�
(-)('")$E7..);70()$%8"=)('"0E7.)"\;7,$%-,)
PLVPDWFK�GXULQJ�VROGHU�UHpRZ�VKRXOG�QRW�
1")7);0-1."E?)F7;7+%(7,+")7.$-)0"E7%,$)
$(71.")<%(')("E;"07(30")+'7,&"$?

)LJXUH�������6XJJHVWHG�RQ�ERDUG�LVRODWLRQ�QHWZRUN�DQG�HTXLYDOHQW�ORDG�ZKHQ�XVLQJ�GLVFUHWH�
+-E;-,",($)(-)("0E%,7(")('")KXLXS6?

S?) 7KH�HIIHFWLYH�LQSXW�FDSDFLWDQFH�IRU�RQ�ERDUG�LVRODWLRQ�QHWZRUNV�LV�SXUHO\�D�IXQFWLRQ�RI�JHRPHWU\���
Q?L);W)%$)71-3()7$).-<)7$)+7,)1")7+'%"Z"D?

T?) 7KH�HTXLYDOHQW�ORDG�LV�WKH�VDPH�ZKHQ�XVLQJ�WKH�VXUIDFH�PRXQW�LVRODWLRQ�QHWZRUN������������

Q?QXQ_

Q?QaQ_

Q?STQ_

Q?SVQ_
FS

JS JT JL JN JX JV

JP

FT

Ja

FL

JR

FN

JSQ

FX

JSS

FV

JST

V X N L T S

P a R SQ SS ST

5-&%+)7,7.#8"0);-D);7D)D%E",$%-,)c)Q?QLQ_)\)Q?QNQ_
J"$%$(7,+"$`)
5��WKURXJK�5�������ő)
5��WKURXJK�5���������Nő
F7;7+%(7,+")a?T);W

)LJXUH�������5HFRPPHQGHG�3&�ERDUG�SDWWHUQ�IRU�����������VXUIDFH�PRXQW�LVRODWLRQ�QHWZRUN�

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
U%+(-0)7,D)27E("+)/0-1%,&)eF-,(%,3"Df

!

"#$%&
'$%&

()**+,-+.$/0$-1+$2/34.$56$0+-7/4! 89):;3<+0-$</3.
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23;;-0()$'0-3D$
6)$3;;-0()$'0-3D)%$)0"+-E)E",D"D)(-)
;0-Z%D")7DD%(%-,7.)$(07%,)0".%"4)1"(<"",)
('");0-1")7,D)('")+-,,"+(-0=)7$)$'-<,)
%,)W%&30"$)L?TS)7,D)L?TL?)*<-);.7("D)
('0-3&'H'-."$)70")0"A3%0"D)-,)('")(70&"()
1-70D?)*'")$'0-3D)%$)E-3,("D)D%0"+(.#)
(-)('")(70&"()1-70D)3$%,&)('")('0-3&'H
'-."$?)*'%$);.7+"$)('")$'0-3D)70-3,D)('")
+-,,"+(-0=);0-Z%D%,&)$-.%D)E"+'7,%+7.)
VWUDLQ�UHOLHI��&RQQHFWRU�NLWV�DUH�DYDLODEOH��
*71.")S)$'-<$)('")!"#$%&'();70(),3E1"0$)
IRU�VKURXGV�DQG�FRQQHFWRU�NLWV�IRU�YDULRXV�
3&�ERDUG�WKLFNQHVVHV�

7DEOH����0DWLQJ�FRQQHFWRUV��VKURXGV��DQG�NLWV�IRU�.H\VLJKW�(����$��
KXLNV6=)KXLXS6=)7,D)KXLaX6);0-1"$

)RU�SUREH�PRGHO�
QXPEHUV

J+1*-%$,%(& .H\VLJKW�SDUW�
QXPEHU

S8KK#$:'
S8K>"$:'S8K8!$

.LW�RI�oYH�VXSSRUW�VKURXGV�DQG�oYH����SLQ�0LFWRU�FRQQHFWRUV�
C2*'XV'-24*<'10+/A.),,'@3'12'!P8J'BB'_%P%";e`

S8K>"M"&J%!

.LW�RI�oYH�VXSSRUW�VKURXGV�DQG�oYH����SLQ�0LFWRU�FRQQHFWRUV�
C2*'XV'-24*<'10+/A.),,'@3'12'KP!J8'BB'_%P!;8e`

S8K>"M"&J%%

\.)'K&M3+.'N+/12*'/2..)/12*'_45,2'4H4+54-5)'C*2B'$NX'4,'34*1'
.@B-)*';MJ"J%%>M;`

!;8;MJ>K!

\.)',@332*1',0*2@<'C2*'XV'-24*<'10+/A.),,'@3'12'!P8J'BB'
_%P%";e`

S8K>"M>>J%!

\.)',@332*1',0*2@<'C2*'XV'-24*<'10+/A.),,'@3'12'KP!J8'BB'
_%P!;8e`

S8K>"M>>J%>

\.)',@332*1',0*2@<'C2*'XV'-24*<'10+/A.),,'@3'12'>PK!&'BB'
_%PJ%%e`

S8K>"M>>J%K

S8K&8$ .LW�RI�oYH�VXSSRUW�VKURXGV�DQG�oYH�����SLQ�6DPWHF�
/2..)/12*,'C2*'XV'-24*<'10+/A.),,'@3'12'!P8J'BB'_%P%";e`

!"J"%M"&J%;

.LW�RI�oYH�VXSSRUW�VKURXGV�DQG�oYH�����SLQ�6DPWHF�
/2..)/12*,'C2*'XV'-24*<'10+/A.),,'@3'12'KP%8'BB'_%P!;%e`

!"J"%M"&J%K

\.)'!%%M3+.'(4B1)/'/2..)/12*'_45,2'4H4+54-5)'C*2B'(4B1)/'4,'
34*1'.@B-)*'$(XM"8%"JM%!`

!;8KMK";%

\.)',@332*1',0*2@<'C2*'XV'-24*<'10+/A.),,'@3'12'!P8J'BB'
_%P%";e`

!"J"%M%;K%;

\.)',@332*1',0*2@<'C2*'XV'-24*<'10+/A.),,'@3'12'KP%8'BB'
_%P!;%e`

!"J"%M%;K%K

!"#$
!"!%&

W%&30")L?TP?)U"+'7,%+7.)%,4-0E7(%-,)4-0)KXLNVHNNPQS=)KXLNVHNNPQL=)KXLNVHNNPQN)$3;;-0()$'0-3D$)4-0)LaH;%,)U%+(-0)+-,,"+(-0$?

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
U%+(-0)7,D)27E("+)/0-1%,&)eF-,(%,3"Df
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J%&'(H7,&.")U%+(-0)7D7;("0
W-0)$#$("E$)<%(')$;7+")+-,$(07%,($)71-Z")
('")LaH;%,)+-,,"+(-0=)!"#$%&'()-44"0$)7)
0%&'(H7,&.")7D7;("0=)7$)$'-<,)%,)W%&30")
N?S?)C%(')('")KXLNVHVLTQS)0%&'(H7,&.")
7D7;("0)%,$"0("D)%,)('")LaH;%,)+-,,"+(-0=)
('")7D7;("0)+71.")%$)+-,,"+("D);707..".)
(-)('")(70&"()1-70D)$3047+"?)C'",)3$%,&)
('")0%&'(H7,&.")7D7;("0$=)('")LaH;%,)
+-,,"+(-0$)E3$()1");.7+"D)",DH(-H",D)
-,)('")(70&"()1-70D=)7$)$'-<,)%,)W%&30")
N?T?)23;;-0()$'0-3D$)+7,,-()1")3$"D)<%(')
('")0%&'(H7,&.")7D7;("0?

0.575 in
14.61mm

0.382 in
9.69 mm

0.758 in
19.26 mm 

1.00 in
25.40 mm

W%&30")N?S?)KXLNVHVLTQS)0%&'(H7,&.")LaH;%,)7D7;("0?

W%&30")N?T?)LaH;%,)+-,,"+(-0$);.7+"D)4-0)3$")-4)0%&'(H7,&.")7D7;("0?

1RWH��7KH�ULJKW�DQJOH�DGDSWHU�DGGV�VLJQLoFDQW�
+7;7+%(7,+")7,D)%,D3+(7,+")%,)$"0%"$)<%(')('")
;0-1"?)>()%$),-()0"+-EE",D"D)4-0)$(7(")$;""D$)
71-Z")SQQ)UG8)-0)4-0)$%&,7.$)<%(')0%$")(%E"$))
h)N)(-)X),$?

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
U%+(-0)7,D)27E("+)/0-1%,&)eF-,(%,3"Df
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5-<)D",$%(#=)E-D"07(");"04-0E7,+"
$-.3(%-,$)$'-<,)%,)('")^G%&'H9",$%(#=)
G%&'H/"04-0E7,+"_)e;7&")TLf)$"+(%-,)
-4)('%$)D-+3E",()+7,)1")3$"D)%,)
;.7+")-4)('")$-.3(%-,$)D"$+0%1"D)'"0"?)
!"#$%&'()0"+-EE",D$)$(7,D70D)Q?S)%,+')
+",("0)+-,,"+(-0$)4-0),-0E7.)D",$%(#)
7;;.%+7(%-,$)%4)('").-7D%,&]$;""D)%$),-()
D�VLJQLoFDQW�LVVXH��0DQ\�RI�WKHVH�LWHPV�
70")7Z7%.71.")40-E)LU)-0)!"#$%&'()e$"")
*71.")Tf?)2"")('")^J".7("D)>,4-0E7(%-,_)
$"+(%-,)7()('")",D)-4)('%$)D-+3E",()4-0)
LU)7DD0"$$)%,4-0E7(%-,?

9%0"+()+-,,"+(%-,)('0-3&'))
%$-.7(%-,)7D7;("0
>$-.7(%-,)7D7;("0$)e!"#$%&'();70(),3E1"0)
QSVXQHVLTQLf)('7()+-,,"+()(-)('")",D)-4)
('");0-1")+71.")70")D"$%&,"D)(-);"04-0E)
WZR�IXQFWLRQV��7KH�oUVW�LV�WR�UHGXFH�WKH�
,3E1"0)-4);%,$)0"A3%0"D)4-0)('")'"7D"0)
-,)('")(70&"()1-70D)40-E)NQ);%,$)(-)TQ)
;%,$?)*'%$);0-+"$$)0"D3+"$)('")1-70D)70"7)
D"D%+7("D)(-)('");0-1%,&)+-,,"+(%-,?)
*'")$"+-,D)43,+(%-,)%$)(-);0-Z%D")('")
SURSHU�5&�QHWZRUNV�LQ�D�YHU\�FRQYHQLHQW�
SDFNDJH��)LJXUH�����LOOXVWUDWHV�KRZ�WKH�
%$-.7(%-,)7D7;("0);'#$%+7..#)+-,,"+($)
(-)('")(70&"()$#$("E)7,D)('")"A3%Z7.",()
.-7D)-4)('")%$-.7(%-,)7D7;("0)+-,,"+("D)
(-)7)!"#$%&'().-&%+)7,7.#8"0?)W%&30"$)N?N)
7,D)N?X)$'-<)('");%,-3()D%7&07E$)4-0)('")
;0-1")+71.")7,D)('")%$-.7(%-,)7D7;("0=)
0"$;"+(%Z".#?)*'"0")70")(<-)TQH;%,)
+-,,"+(-0$=)7.-,&)<%(')('"%0)!"#$%&'()7,D)
LU);70(),3E1"0$=).%$("D)%,)*71.")T?

S?) *'")!"#$%&'()QSVXQHVLTQL)$7Z"$)$;7+")1#)
3$%,&)7)+-EE-,)&0-3,D)e$"")W%&30")N?Xf?)*'%$)
ZLOO�LPSDFW�VLJQDO�oGHOLW\��HVSHFLDOO\�IDVWHU�
(07,$%(%-,)(%E"$)eh)N)(-)X),$f?

7DEOH����7ZHQW\�SLQ�FRQQHFWRUV�IRU�o[HG�FRQoJXUDWLRQ�SURELQJ��)
eJ"A3%0"$)%$-.7(%-,)7D7;("0f)

.H\VLJKW�SDUW�QXPEHU� �0�SDUW�QXPEHU� G(&&+*,(-')+1*-%$,%(&'
!;8!M&!%"' ;8;%M"%%;' ���SLQ��ORZ�SURoOH��VWUDLJKW�
!;8!M&>JK' ;8;%M8%%;' ���SLQ��ORZ�SURoOH��ULJKW�DQJOH�

!"#$%&'#()%*%+&,-)./)(,&0#-1

1

233)1

456'7%$,(&)$#%*

!"#$%&'#()%*%+&,-)./)(,&0#-1

1

233)1

456'7%$,(&)$#%*

5-&%+)7,7.#8"0);-D)+71."

>$-.7(%-,)7D7;("0
e!"#$%&'()QSVXQHVLTQLf

TQH;%,)+-,,"+(-0
e!"#$%&'()STXSHaSQVf

W%&30")N?L?)>$-.7(%-,)7D7;("0)eQSVXQHVLTQLf)7,D)"A3%Z7.",().-7D?

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
F3$(-E)/0-1%,&
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SIGNAL GND    4
SIGNAL GND    6
SIGNAL GND    8
SIGNAL GND  10

POWER GND    2

SIGNAL GND  12
SIGNAL GND  14
SIGNAL GND  16
SIGNAL GND  18
SIGNAL GND  20
SIGNAL GND  22
SIGNAL GND  24
SIGNAL GND  26
SIGNAL GND  28
SIGNAL GND  30
SIGNAL GND  32
SIGNAL GND  34
SIGNAL GND  36
SIGNAL GND  38
POWER GND  40

1    +5V (see note)
3    CLOCK
5    Do not connect
7    D15
9    D14
11  D13
13  D12
15  D11
17  D10
19  D9
21  D8
23  D7
25  D6
27  D5
29  D4
31  D3
33  D2
35  D1
37  D0
39  +5V

1    +5V (see note)
3    CLOCK
5    D14
7    D12
9    D10
11  D8
13  D6
15  D4
17  D2
19  D0

Do not connect    2
D15    4
D13    6

D11  8
D9  10
D7  12
D5  14
D3  16
D1  18

GND  20

W%&30")N?N?)/%,-3()4-0);0-1")+71."?

)LJXUH������3LQRXW�IRU�����Nő�LVRODWLRQ�DGDSWHU��.H\VLJKW�SDUW�QXPEHU��������������

S?) nX)d)%$)$3;;.%"D)40-E)('").-&%+)7,7.#8"0)(-);0-Z%D");-<"0)4-0)7,7.#$%$);0-1"$)7,D)D"E-)1-70D$?))
!"#$"%#&'(()&*#*+),)#-.(,#*'#/#01#2#,3--45#.(#*+)#*/67)*#,5,*)89

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
F3$(-E)/0-1%,&)eF-,(%,3"Df
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9%0"+()+-,,"+(%-,)('0-3&'))
NQH;%,)+-,,"+(-0$
*'");0-1")+71.")7.$-)+7,)1");.3&&"D)
D%0"+(.#)%,(-)('")Z70%-3$)NQH;%,)
+-,,"+(-0$)$'-<,)%,)*71.")L=)13();0-;"0)
LVRODWLRQ�QHWZRUNV�PXVW�EH�LQVWDOOHG�
D%0"+(.#)-,(-)('")(70&"()$#$("E)1-70D)
e$"")W%&30")N?V)4-0)('")NQH;%,)+-,,"+(-0)
;%,-3(f?

!"#$%&'()-44"0$)7)STH;%,)2U*)e!"#$%&'()
;70(),3E1"0)XQVTHPLRVf=)<'%+');0-Z%D"$)
VL[�LVRODWLRQ�QHWZRUNV��DV�VKRZQ�LQ�)LJXUH�
N?P?)*'0"")-4)('"$")2U*$)70")0"A3%0"D)4-0)
"7+');0-1")+71."?

9%$+0"(")+-E;-,",($)+7,)7.$-)1")3$"D)4-0)
WKH�SURSHU�LVRODWLRQ�QHWZRUN��6HH�)LJXUH�
N?R)4-0)7,)"A3%Z7.",().-7D)D%7&07E)4-0)('")
LVRODWLRQ�QHWZRUNV�

[-(")('7()('")"44"+(%Z")%,;3()+7;7+%(%Z")
OHDG�RI�DQ�LVRODWLRQ�QHWZRUN�XVLQJ�GLVFUHWH�
+-E;-,",($)%$)7)43,+(%-,)-4)('").7#-3()
&"-E"(0#)7,D)('");707$%(%+)+7;7+%(7,+")
-4)('")%,;3()$"0%"$)D7E;%,&)0"$%$(-0?

7DEOH����)RUW\�SLQ�FRQQHFWRUV�IRU�o[HG�FRQoJXUDWLRQ�SURELQJ���5HH
TXLUHV�LVRODWLRQ�QHWZRUN�LQVWDOOHG�RQ�WDUJHW�ERDUG�

.H\VLJKW�SDUW�QXPEHU� �0�SDUW�QXPEHU� G(&&+*,(-')+1*-%$,%(&'
!;8!M&!8&' ;8>%M8%%;' ���3LQ��ORZ�SURoOH��ULJKW�DQJOH�
!;8!M&&K!' K>K;M"K%;' >%MX+.:'D+10'52.E'541/0),'_,1*4+E01`
!;8!M&#K!' K>K;M8K%;' >%MX+.:'D+10'52.E'541/0),'_*+E01M4.E5)`

7DEOH����$YDLODEOH�LVRODWLRQ�QHWZRUNV

.H\VLJKW�SDUW�QXPEHU 3DFNDJH�W\SH

8%";MJK#" (N[:'!;M3+.:'3*2H+<),'"'+,2541+2.'.)1D2*A,'_K'(N[,'*)T@+*)<'C2*')4/0'
3*2-)'/4-5)`

!""""#$%&'"()*
+"""",-()./"()*
0"""",-()./"()*"
1"""",-()./"()*
23"",-()./"()*
2!"",-()./"()*
2+"",-()./"()*
20"",-()./"()*
21"",-()./"()*"
!3"",-()./"()*
!!"",-()./"()*
!+"",-()./"()*
!0"",-()./"()*
!1"",-()./"()*
43"",-()./"()*"
4!"",-()./"()*
4+"",-()./"()*
40"",-()./"()*
41"",-()./"()*"
+3""#$%&'"()*

567"89::";<=:>""""2
?/$?@""""4

*<";<="A<;;:A=""""6
*26""""B
*2+""""C
*24""22
*2!""24
*22""26
*23""2B
*C""2C
*1""!2
*B""!4
*0""!6
*6""!B
*+""!C
*4""42
*!""44
*2""46
*3""4B
567""4C

W%&30")N?V?)W-0(#H;%,)+-,,"+(-0);%,-3(?

S?) nX)d)%$)$3;;.%"D)40-E)('").-&%+)7,7.#8"0)(-);0-Z%D");-<"0)4-0)7,7.#$%$);0-1"$)7,D)D"E-)1-70D$?))
!"#$"%#&'(()&*#*+),)#-.(,#*'#/#01#2#,3--45#.(#*+)#*/67)*#,5,*)89

/0-1%,&)2-.3(%-,$)4-0)NQH;%,)5-&%+)6,7.#8"0$)
F3$(-E)/0-1%,&)eF-,(%,3"Df
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Q?QXQ_

Q?QaQ_

Q?STQ_

Q?SVQ_
FS

JS JT JL JN JX JV

JP

FT

Ja

FL

JR

FN

JSQ

FX

JSS

FV

JST

V X N L T S

P a R SQ SS ST

5-&%+)7,7.#8"0);-D);7D)D%E",$%-,)c)Q?QLQ_)\)Q?QNQ_

S?) )J"$%$(7,+"$`)
5��WKURXJK�5�������ģ)
5��WKURXJK�5���������Nģ

T?) F7;7+%(7,+")a?T);W

)LJXUH������5HFRPPHQGHG�3&�ERDUG�SDWWHUQ�IRU�����������VXUIDFH�PRXQW�LVRODWLRQ�QHWZRUN�

/0-1")+71."
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D12
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GND
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D11
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B27
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WKH�EDFNVLGH�RI�WKH�ERDUG�

/0-1")7,D)0"(",(%-,)E-D3.")
D%E",$%-,$
*'")4-..-<%,&)D%E",$%-,$)$'-<)('")$-4()
(-3+');0-1")7((7+'"D)(-)('")0"(",(%-,)
E-D3."?)*'")0"(",(%-,)E-D3.")%$)E-3,("D)
-,)('")/F)1-70D?

4.83 mm_______
0.190 in.
6.99 mm_______
0.275 in.

34.04 mm________
1.340 in.

29.97 mm________
1.180 in.

0.64 mm_______
0.025 in.

4.98 mm_______
0.196 in.

3.58 mm_______
0.141 in.

2.72 mm_______
0.107 in.

LNH+'7,,".)0"(",(%-,)E-D3.")D%E",$%-,$

4.83 mm_______
0.190 in.

6.99 mm_______
0.275 in.

0.64 mm________
0.025 in.

17.98 mm_______
0.708 in.

4.98 mm_______
0.196 in.

22.05 mm_______
0.868 in.

3.58 mm_______
0.141 in.

2.72 mm_______
0.107 in.

SPH+'7,,".)0"(",(%-,)E-D3.")D%E",$%-,$

2.54 mm_______
0.100 in.

35.05 mm________
1.380 in.

Minimum
recommended

8.13 mm_______
0.320 in.
Minimum
recommended

25.35 mm________
0.998 in.

LNH+'7,,".);0-1")7,D)0"(",(%-,)E-D3.")D%E",$%-,$

W%&30")V?SN?)J"(",(%-,)E-D3.")D%E",$%-,$?

2.54 mm_______
0.100 in.

23.06 mm________
0.908 in.

Minimum
recommended

8.13 mm_______
0.320 in.
Minimum
recommended

29.61 mm________
1.166 in.

SPH+'7,,".);0-1")7,D)0"(",(%-,)E-D3.")D%E",$%-,$

W%&30")V?SX?)/0-1")7,D)0"(",(%-,)E-D3.")D%E",$%-,$?

/0-1%,&)2-.3(%-,$)4-0)RQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



XX)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

/0-1")4--(;0%,()D%E",$%-,$
g$")('"$");0-1")4--(;0%,()D%E",$%-,$)4-0)('")/F)1-70D);7D$)7,D)'-."$)4-0)7((7+'%,&)('")
0"(",(%-,)E-D3."?

!"#$"%&&

'(#$$%&&

')#)*%&&

'#+!%&&

(#))%&&

!#'+%&&

%%%,#!+%&&%
-./.0/120%324.%5678%
92/3%817.8%

,#:!%&&

,#$$%&&%/;5

'#$!%&&

!#")%&&

,#'*%&&

'#",%&&

567%3.1<3/%+"=
,

,#

'#

!#

"#

+#

(#

'

,

>

>'*

?'*

#,+%%> #,+%%%%%%%%>

@%$#')%&&

'

$#+:%&&
567%A17/3%+"=

B22/5-10/%C..5
2D/%92D076-;

ED8/%&610/610%6%8247.-%&68C%A.9%9./A..0%5678%A3.0%/-6F.8%6-.%
-2D/.7%9./A..0%/3.%5678%20%/3.%86&.%46;.-#%G247.-&68C%&6;%02/%
.0F-26F3%20/2%/3.%5678%A1/310%/3.%567%71&.08120%832A0#

H16%10%567%02/%6442A.7%20%/3.8.%5678#%H16%.7<.8%&6;%9.%/60<.0/%
/2%567%.7<.8%68%420<%68%6%8247.-%&68C%A.9%9./A..0%I168%607%5678%
18%&610/610.7#

J.-&188194.%8D-B6F.%B10183.8%20%5678%6-.%K?GLM%1&&.-8120%814I.-M%
2-%<247%2I.-%01FC.4#

N22/5-10/%18%F2&56/194.%A1/3%-./.0/120%&27D4.M%
O.;81<3/%56-/%P%Q+!:*R(:*$'#

@./.0/120%&27D4.%71&.081208%6-.%!"#$"%&&%=%*#$,%&&%=%"#):%&&%
/644%-.46/1I.%/2%/3.%/25%8D-B6F.%2B%/3.%JS>#%@./.0/120%5108%.=/.07%
"#!'%&&%9.;207%/3.%92//2&%8D-B6F.%2B%/3.%@E%/3-2D<3%/3.%JT>#

?88D&.%02-&64%6-/A2-C%/24.-60F.8%B2-%567%81U.%71&.081208#

%%%%$#:,%%$#$!%&&
VC.;10<W641<0&.0/%324.X

?,

>,

$#*,%&&

Y2/.8Z

?

T

,#))%&&

%%%%$#*)%%$#$:%&&%5/3

%%%%$#*)%%$#$:%&&
5/3%"=

2-4()(-3+'

G7.4H$%8")$-4()(-3+'

W%&30")V?SV?)W--(;0%,()D%E",$%-,$?

!"#$"%&&

'(#$$%&&

')#)*%&&

'#+!%&&

(#))%&&

!#'+%&&

%%%,#!+%&&%
-./.0/120%324.%5678%
92/3%817.8%

,#:!%&&

,#$$%&&%/;5

'#$!%&&

!#")%&&

,#'*%&&

'#",%&&

567%3.1<3/%+"=
,

,#

'#

!#

"#

+#

(#

'

,

>

>'*

?'*

#,+%%> #,+%%%%%%%%>

@%$#')%&&

'

$#+:%&&
567%A17/3%+"=

B22/5-10/%C..5
2D/%92D076-;

ED8/%&610/610%6%8247.-%&68C%A.9%9./A..0%5678%A3.0%/-6F.8%6-.%
-2D/.7%9./A..0%/3.%5678%20%/3.%86&.%46;.-#%G247.-&68C%&6;%02/%
.0F-26F3%20/2%/3.%5678%A1/310%/3.%567%71&.08120%832A0#

H16%10%567%02/%6442A.7%20%/3.8.%5678#%H16%.7<.8%&6;%9.%/60<.0/%
/2%567%.7<.8%68%420<%68%6%8247.-%&68C%A.9%9./A..0%I168%607%5678%
18%&610/610.7#

J.-&188194.%8D-B6F.%B10183.8%20%5678%6-.%K?GLM%1&&.-8120%814I.-M%
2-%<247%2I.-%01FC.4#

N22/5-10/%18%F2&56/194.%A1/3%-./.0/120%&27D4.M%
O.;81<3/%56-/%P%Q+!:*R(:*$'#

@./.0/120%&27D4.%71&.081208%6-.%!"#$"%&&%=%*#$,%&&%=%"#):%&&%
/644%-.46/1I.%/2%/3.%/25%8D-B6F.%2B%/3.%JS>#%@./.0/120%5108%.=/.07%
"#!'%&&%9.;207%/3.%92//2&%8D-B6F.%2B%/3.%@E%/3-2D<3%/3.%JT>#

?88D&.%02-&64%6-/A2-C%/24.-60F.8%B2-%567%81U.%71&.081208#

%%%%$#:,%%$#$!%&&
VC.;10<W641<0&.0/%324.X

?,

>,

$#*,%&&

Y2/.8Z

?

T

,#))%&&

%%%%$#*)%%$#$:%&&%5/3

%%%%$#*)%%$#$:%&&
5/3%"=

/0-1%,&)2-.3(%-,$)4-0)RQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



XV)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

/%,-3()4-0)('")KXLaP6))
D%44"0",(%7.)$-4()(-3+');0-1"
*'")4-..-<%,&)&07;'%+)7,D)(71.")$'-<)('")
KXLaP6)D%44"0",(%7.)$-4()(-3+');0-1");7D)
,3E1"0$)7,D).-&%+)7,7.#8"0);-D)%,;3($? Footprint keep out boundary

D0    D1     G      D2    D3     G      D4    D5     G     D6    D7      G    CLK    G     D8    D9     G    D10  D11    G    D12 D13    G    D14 D15    G     NC

nD0 nD1   G    nD2 nD3   G    nD4 nD5    G    nD6 nD7    G   nCLK  G    nD8 nD9    G  nD10nD11 G  nD12nD13  G  nD14nD15  G     NC

B1

A1

B27

A27

W%&30")V?SP?)/%,-3(?

@A3C7B')%99+-+&,%/<'$-(=+ /RJLF�DQDO\]HU
1HJDWLYH�VLJQDOV 3RVLWLYH�VLJQDOV
(+E.45'.4B) X4<'i (+E.45'.4B) X4<'i V04..)5 X2<
]%'_g` $! ]%'_f` 9! ĵ % c0+/0)H)*'32<'+,'35@EE)<'+.12'10)'S8K&J$'3*2-)
]!'_g` $; ]!'_f` 9; ĵ !
Q*2@.< $K Q*2@.< 9K
];'_g` $> ];'_f` 9> ĵ ;
]K'_g` $8 ]K'_f` 98 ĵ K
Q*2@.< $" Q*2@.< 9"
]>'_g` $J ]>'_f` 9J ĵ >
]8'_g` $& ]8'_f` 9& ĵ 8
Q*2@.< $# Q*2@.< 9#
]"'_g` $!% ]"'_f` 9!% ĵ "
]J'_g` $!! ]J'_f` 9!! ĵ J
Q*2@.< $!; Q*2@.< 9!;
V52/A'_g` $!K V52/A'_f` 9!K ĵ V52/A
Q*2@.< $!> Q*2@.< 9!>
]&'_g` $!8 ]&'_f` 9!8 ĵ &
]#'_g` $!" ]#'_f` 9!" ĵ #
Q*2@.< $!J Q*2@.< 9!J
]!%'_g` $!& ]!%'_f` 9!& ĵ !%
]!!'_g` $!# ]!!'_f` 9!# ĵ !!
Q*2@.< $;% Q*2@.< 9;%
]!;'_g` $;! ]!;'_f` 9;! ĵ !;
]!K'_g` $;; ]!K'_f` 9;; ĵ !K
Q*2@.< $;K Q*2@.< 9;K
]!>'_g` $;> ]!>'_f` 9;> ĵ !>
]!8'_g` $;8 ]!8'_f` 9;8 ĵ !8
Q*2@.< $;" Q*2@.< 9;"
IRV $;J IRV 9;J

/0-1%,&)2-.3(%-,$)4-0)RQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



XP)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

B1

A1

B13

A13

D0             D2             G             D4            D6             G             D8           D10           G             D12         D14            G         CLK

D1            D3             G             D5           D7               G            D9           D11            G             D13         D15          G          NCLK

W%&30")V?Sa?)/%,-3(?

@A36CB'27#*;/&&+<'1%&0<+#
+&)+)'$-(=+ /RJLF�DQDO\]HU
6LJQDO�QDPH H/)'I G;/&&+< H()
]! $! ĵ ! c0+/0)H)*'32<'+,'

35@EE)<'+.12'10)'
S8K#&$'3*2-)

]K $; ĵ K
Q*2@.< $K
]8 $> ĵ 8
]J $8 ĵ J
Q*2@.< $"
]# $J ĵ #
]!! $& ĵ !!
Q*2@.< $#
]!K $!% ĵ !K
]!8 $!! ĵ !8
Q*2@.< $!;
V52/A'_g` $!K ĵ .R4

@A36CB'27#*;/&&+<'1%&0<+#+&)+)'
$-(=+ /RJLF�DQDO\]HU
6LJQDO�QDPH H/)'I G;/&&+< H()
]% 9! ĵ % c0+/0)H)*'32<'+,'

35@EE)<'+.12'10)'
S8K#&$'3*2-)

]; 9; ĵ ;
Q*2@.< 9K
]> 9> ĵ >
]" 98 ĵ "
Q*2@.< 9"
]& 9J ĵ &
]!% 9& ĵ !%
Q*2@.< 9#
]!; 9!% ĵ !;
]!> 9!! ĵ !>
Q*2@.< 9!;
V52/A'_f` 9!K ĵ .R4

/0-1%,&)2-.3(%-,$)4-0)RQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



Xa)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

/%,-3()4-0)('")KXLRQ6))
$%,&."H",D"D)$-4()(-3+');0-1"
*'")4-..-<%,&)&07;'%+)7,D)(71.")$'-<)('")
KXLRQ6)$%,&."H",D"D)$-4()(-3+');0-1")
;7D),3E1"0$)7,D).-&%+)7,7.#8"0);-D)
%,;3($?

POD 1 POD 2

POD 1 POD 2

D0    D2      G     D4    D6      G     D8   D10    G    D12 D14    G    CLK    G     D0    D2      G     D4    D6      G     D8   D10    G    D12 D14    G    CLK

D1    D3      G     D5    D7      G     D9   D11    G    D13 D15    G   nCLK  G     D1    D3      G     D5    D7      G     D9   D11    G    D13 D15    G   nCLK

B1

A1

B27

A27

W%&30")V?SR?)/%,-3(?

@A36"B'1%&0<+#+&)+)'$-(=+ /RJLF�DQDO\]HU
6LJQDO�QDPH H/)'I G;/&&+< H()
]! $! ĵ ! c0+/0)H)*'32<'+,'

/2..)/1)<'12'd\<<e'2.'
10)'S8K#%$'3*2-)

]K $; ĵ K
Q*2@.< $K
]8 $> ĵ 8
]J $8 ĵ J
Q*2@.< $"
]# $J ĵ #
]!! $& ĵ !!
Q*2@.< $#
]!K $!% ĵ !K
]!8 $!! ĵ !8
Q*2@.< $!;
V52/A'_g` $!K ĵ V52/A
]% 9! ĵ %
]; 9; ĵ ;
Q*2@.< 9K
]> 9> ĵ >
]" 98 ĵ "
Q*2@.< 9"
]& 9J ĵ &
]!% 9& ĵ !%
Q*2@.< 9#
]!; 9!% ĵ !;
]!> 9!! ĵ !>
Q*2@.< 9!;
V52/A'_f` 9!K ĵ V52/A

@A36"B'1%&0<+#+&)+)'$-(=+ /RJLF�DQDO\]HU
6LJQDO�QDPH H/)'I G;/&&+< H()
Q*2@.< $!> c0+/0)H)*'32<'+,'

/2..)/1)<'12'dSH).e'2.'
10)'S8K#%$'3*2-)

]! $!8 ĵ !
]K $!" ĵ K
Q*2@.< $!J
]8 $!& ĵ 8
]J $!# ĵ J
Q*2@.< $;%
]# $;! ĵ #
]!! $;; ĵ !!
Q*2@.< $;K
]!K $;> ĵ !K
]!8 $;8 ĵ !8
Q*2@.< $;"
V52/A'_g` $;J ĵ V52/A
Q*2@.< 9!>
]% 9!8 ĵ %
]; 9!" ĵ ;
Q*2@.< 9!J
]> 9!& ĵ >
]" 9!# ĵ "
Q*2@.< 9;%
]& 9;! ĵ &
]!% 9;; ĵ !%
Q*2@.< 9;K
]!; 9;> ĵ !;
]!> 9;8 ĵ !>
Q*2@.< 9;"
V52/A'_f` 9;J ĵ V52/A

/0-1%,&)2-.3(%-,$)4-0)RQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



XR)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

KA3%Z7.",();0-1").-7D$
*'")4-..-<%,&);0-1").-7D)E-D".$)70")17$"D)-,)%,H+%0+3%()E"7$30"E",($)E7D")<%(')7)
.H\VLJKW�����(���*+]�QHWZRUN�DQDO\]HU�DQG�D�.H\VLJKW������$�7'5�7'7�XVLQJ�D����ģ�
WHVW�o[WXUH��7KH�IROORZLQJ�VFKHPDWLF�DFFXUDWHO\�PRGHOV�WKH�SUREH�ORDG�RXW�WR���*+]��3&�
1-70D);7D$)70"),-()%,+.3D"D?

Cshnt1

.350 pF

Rtip1

20 K

Cshnt2

.350 pF

Rtip2

20 K

L12

1.17 nH

L22

1.17 nH

L11

0.63 nH

L21

D1

D0

0.63 nH

Rtrm1
75 

C12
0.280 pF

Rgnd1
0.5 

C22
0.280 pF

Rgnd2
0.5 

Cm12
0.070 pF

+0.75 V

Rtrm2
75 

+0.75 V

W%&30")V?TQ?)KA3%Z7.",();0-1").-7D)E-D".?

/0-1%,&)2-.3(%-,$)4-0)RQH;%,)5-&%+)6,7.#8"0$)
2-4()*-3+')F-,,"+(-0."$$)/0-1%,&)eF-,(%,3"Df



VQ)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

KXLPa6)SQQH;%,)$%,&."H",D"D);0-1"
*'")KXLPa6)%$)7)LNH+'7,,".)$%,&."H",D"D)27E("+);0-1")+7;71.")-4)+7;(30%,&)D7(7)3;)
(-)S?X)I1%($]$"+)e$"")W%&30"$)P?L)7,D)P?X)4-0);0-1")D%E",$%-,$)7,D)"A3%Z7.",().-7Df?)*'")
;0-1")'7$)('")4-..-<%,&)%,;3($`
)B LT)$%,&."H",D"D)D7(7)%,;3($=)%,)(<-)&0-3;$)e;-D$f)-4)SV?
)B 7ZR�GLIIHUHQWLDO�FORFN�LQSXWV��(LWKHU�RU�ERWK�FORFN�LQSXWV�FDQ�EH�DFTXLUHG�DV�GDWD�
LQSXWV�LI�QRW�XVHG�DV�D�FORFN�
)B *<-)D7(7)('0"$'-.D)0"4"0",+")%,;3($=)-,")4-0)"7+');-D)e&0-3;)-4)SV)D7(7)%,;3($f?

KXLPR6)SQQH;%,)D%44"0",(%7.);0-1"
*'")KXLPR6)%$)7)SPH+'7,,".)D%44"0",(%7.)27E("+);0-1")+7;71.")-4)+7;(30%,&)D7(7)3;)(-)
S?X)I1%($]$"+)e$"")W%&30"$)P?X)7,D)P?V)4-0);0-1")D%E",$%-,$)7,D)"A3%Z7.",().-7Df?)*'")
;0-1")'7$)('")4-..-<%,&)%,;3($`
)B SV)D%44"0",(%7.)D7(7)%,;3($?
)B 2QH�GLIIHUHQWLDO�FORFN�LQSXW�
)B 7KH�FORFN�LQSXW�FDQ�EH�DFTXLUHG�DV�D�GDWD�LQSXW�LI�LW�LV�QRW�XVHG�DV�D�FORFN�

J"4"0)(-)*71.")a)-,);7&")VS)4-0);70(),3E1"0$)4-0)E7(%,&)+-,,"+(-0$)7,D)$'0-3D$?

KXLPa6)$%,&."H",D"D);0-1"

3URELQJ�FRQQHFWRU�NLW

2'0-3D$)eXf

SQQH;%,)
+-,,"+(-0$)eXf
2"")*71.")a)4-0);70(),3E1"0$

2'0-3D$)eXf

KXLPR6)D%44"0",(%7.);0-1"

/0-1%,&)+-,,"+(-0)!%(

SQQH;%,)
+-,,"+(-0$)eXf

W%&30")V?TS?)!"#$%&'()KXLPa6);0-1"? W%&30")V?TT?)!"#$%&'()KXLPR6);0-1"?

/0-1%,&)2-.3(%-,$)4-0)RQH;%,)5-&%+)6,7.#8"0$)
U%+(-0)7,D)27E("+)/0-1%,&



VS)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

KXLaQ6]:)LaH;%,);0-1"
*'")KXLaQ6]:)%$)D"$%&,"D)(-)1")+-E;7(%1.")<%(')('")U%+(-0)+-,,"+(-0?)>4)#-3)'7Z")7)
(70&"()$#$("E)D"$%&,"D)4-0)+-,,"+(%-,)(-)('")KXLNV6)'%&'HD",$%(#);0-1")7D7;("0=)('")
KXLaQ6]:);0-1")<%..)+-,,"+()D%0"+(.#)(-)('%$)$7E")U%+(-0)+-,,"+(-0?)eW-0)%,4-0E7(%-,)
-,)('")KXLNV6=)0"4"0)(-);7&"$)TX)(-)TVf?)*'")E7\%E3E)$(7(")$;""D)<'",)3$"D)<%(')('")
KXLaQ6]:);0-1")%$)VQQ)U1%($]$"+-,D?)*'")E%,%E3E)%,;3()$%&,7.)7E;.%(3D")0"A3%0"D)1#)
('")KXLaQ6]:)%$)LQQ)Ed?

*'")KXLaQ6]:);0-1")+-E1%,"$)(<-)SPH+'7,,".)+71."$)%,(-)7)$%,&."H",D"D)LaH;%,)
U%+(-0)+-,,"+(-0?

5HIHU�WR�7DEOH���IRU�FRQQHFWRU��VKURXG��DQG�NLW�SDUW�QXPEHUV�

7DEOH����0DWLQJ�FRQQHFWRUV��VKURXGV��DQG�NLWV�IRU�.H\VLJKW�(����$��
KXLPR6=)7,D)KXLaQ6]:);0-1"$

)RU�SUREH�PRGHO�
QXPEHUV

J+1*-%$,%(& .H\VLJKW�SDUW�
QXPEHU

S8KJ&$:'S8KJ#$ ^+1'2C'8',@332*1',0*2@<,'4.<'8'!%%M3+.'(4B1)/'/2..)/12*,'
C2*'XV'-24*<'10+/A.),,'@3'12'!P8J'BB'_%P%";e`

!"J"%M"&J%;

^+1'2C'8',@332*1',0*2@<,'4.<'8'!%%M3+.'(4B1)/'/2..)/12*,'
C2*'XV'-24*<'10+/A.),,'@3'12'KP%8'BB'_%P!;%e`

!"J"%M"&J%K

\.)'!%%M3+.'(4B1)/'/2..)/12*'_45,2'4H4+54-5)'C*2B'(4B1)/'
4,'34*1'.@B-)*'$(XM"8%"JM%!`

!;8KMK";%

\.)',@332*1',0*2@<'C2*'XV'-24*<'10+/A.),,'@3'12'!P8J'BB'
_%P%";e`

!"J"%M%;K%;

\.)',@332*1',0*2@<'C2*'XV'-24*<'10+/A.),,'@3'12'KP%8'BB'
_%P!;%e`

!"J"%M%;K%K

S8K&%$R9 ^+1'2C'8',@332*1',0*2@<,'4.<'8'K&M3+.'N+/12*'/2..)/12*,'C2*'
XV'-24*<'10+/A.),,'@3'12'!P8J'BB'_%P%";e`

S8K>"M"&J%!

^+1'2C'8',@332*1',0*2@<,'4.<'8'K&M3+.'N+/12*'/2..)/12*,'C2*'
XV'-24*<'10+/A.),,'@3'12'KP!J8'BB'_%P!;8e`

S8K>"M"&J%%

\.)'K&M3+.'N+/12*'/2..)/12*'_45,2'4H4+54-5)'C*2B'$NX'4,'
34*1'.@B-)*';MJ"J%%>M;`

!;8;MJ>K!

\.)',@332*1',0*2@<'C2*'XV'-24*<'10+/A.),,'@3'12'!P8J'BB'
_%P%";e`

S8K>"M>>J%!

\.)',@332*1',0*2@<'C2*'XV'-24*<'10+/A.),,'@3'12'KP!J8'BB'
_%P!;8e`

S8K>"M>>J%>

\.)',@332*1',0*2@<'C2*'XV'-24*<'10+/A.),,'@3'12'>PK!&'BB'
_%PJ%%e`

S8K>"M>>J%K

W-0)430('"0)%,4-0E7(%-,)-,)D"$%&,%,&)('")KXLPa6=)KXLPR6=)-0)KXLaQ6]:);0-1")+-,,"+(-0$)%,(-)#-30)$#$("E=)0"4"0)(-)('")4-..-<%,&)
D-+3E",($`

^)6,+E01'h2E+/'$.4567)*'X*2-),'
_S8KJ&$:'S8KJ#$:'S8K&%$R9:'4.<'
S8K&"$`'=,)*b,'Q@+<)

N)/04.+/45'<*4D+.E,:')5)/1*+/45'B2<)5,:'
E).)*45'+.C2*B41+2.'2.'3*2-),'C2*'52E+/'
4.4567)*,'D+10'#%M3+.'/2..)/12*,

!"J"%M#J%!"
0113LRR5+1)*41@*)P/<.PA)6,+E01P/2BR5+1D)-R3<CR!"J"%M#J%!"P3<C

]),+E.+.E'a+E0M(3))<']+E+145'(6,1)B,'
C2*'h2E+/'$.4567)*'X*2-+.E

]),+E.'*)/2BB).<41+2.,:')G4B35),:'4.<'
4.456,+,'C2*'5462@1'2C'14*E)1',6,1)B,

8#&&M;#&#SI
0113LRR5+1)*41@*)P/<.PA)6,+E01P/2BR5+1D)-R3<CR8#&&M;#&#SIP3<C'

W%&30")P?S?)!"#$%&'()KXLaQ6]:);0-1"?

LaH;%,);0-1"

/0-1%,&)+-,,"+(-0)!%(

2'0-3D$)eXf

LaH;%,)+-,,"+(-0$)eXf
2"")*71.")a)4-0);70(),3E1"0$

/0-1%,&)2-.3(%-,$)4-0)RQH;%,)5-&%+)6,7.#8"0$)
U%+(-0)7,D)27E("+)/0-1%,&)eF-,(%,3"Df



VT)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

KA3%Z7.",().-7D

KA3%Z7.",().-7D

W%&30")P?T?)9%E",$%-,$)-4)('")SQQH/%,)27E("+)
+-,,"+(-0)3$"D)%,)('")SVPVQHVaPQT)7,D)
������������FRQQHFWRU�NLWV�

W%&30")P?L?)KXLPa6)SQQH;%,)$%,&."H",D"D);0-1")D%E",$%-,$?

W%&30")P?N?)KXLPR6)SQQH;%,)D%44"0",(%7.);0-1")D%E",$%-,$?

W%&30")P?V?)KXLaQ6]:)LaH/%,);0-1")D%E",$%-,$?

W%&30")P?X?)KXLPa6)7,D)KXLPR6)%,;3()
"A3%Z7.",().-7D=)%,+.3D%,&)SQQH;%,)+-,,"+(-0?

W%&30")P?P?)KXLaQ6]:)%,;3()"A3%Z7.",().-7D=)
%,+.3D%,&)LaH;%,)+-,,"+(-0?

/0-1%,&)2-.3(%-,$)4-0)RQH;%,)5-&%+)6,7.#8"0$)
U%+(-0)7,D)27E("+)/0-1%,&)eF-,(%,3"Df



VL)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

KXLaV6)'7.4H+'7,,".)7D7;("0
C'",)('")!"#$%&'()'%&'H$;""D)(%E%,&)
7,7.#8"0$)70")-;"07(%,&)7()('"%0)E7\%E3E)
$;""D=)-,.#)('")"Z",),3E1"0"D)+'7,,".$)
70")3$"D?)*-)0"D3+")('"),3E1"0)-4);0-1"$)
7,D)+-,,"+(-0$)0"A3%0"D=)('")KXLaV6)
7D7;("0)E7;$)('")"Z",)+'7,,".$)(-)7..)
-4)('");%,$)-4)7,)KXLPa6)7,D)KXLPR6)
27E("+);0-1"$=)KXLaP6)7,D)KXLRQ6)2-4()
*-3+')F-,,"+(-0."$$);0-1"$=)7,D)2-4()
*-3+')/0-)2"0%"$)+-,,"+(-0."$$);0-1"$)
KXNQN6=)KXNQX6=)7,D)KXNQV6?)*'")
4-..-<%,&)D%7&07E$)$'-<)'-<)('")KXLaV6)
%$)+-,,"+("D?

W%&30")a?S?)KXLaV6)'7.4H+'7,,".);0-1")7D7;("0?

KXLaV6)eTf

KXLPa6)-0)KXLRQ6

KXLaV6)eSf

KXLPR6)-0)KXLaP6

W%&30")a?T?)KXLaV6)<%(')KXLPa6=)KXLRQ6=)-0)KXNQV6)$%,&."H",D"D);0-1"? W%&30")a?L?)KXLaV6)<%(')KXLPR6=)KXLaP6=)-0)KXNQX6)D%44"0",(%7.);0-1"?

W-0)430('"0)%,4-0E7(%-,)-,)('")7;;.%+7(%-,)-4)('")KXLaV6)G7.4H+'7,,".)7D7;(-0)0"4"0)(-)!"#$%&'()KXNQQH/0-)2"0%"$)2-4()*-3+')
F-,,"+(-0."$$)/0-1"$)g$"0j$)I3%D"=);31.%+7(%-,),3E1"0)KXNQNHRPQQV?;D4

/0-1%,&)2-.3(%-,$)4-0)RQH;%,)5-&%+)6,7.#8"0$)
G%&'H2;""D)*%E%,&)/0-1%,&



VN)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

C"D&")7D7;("0$
*'")!"#$%&'()C"D&")("+',-.-&#);0-Z%D"$)
Z"0#)0".%71.");0-1%,&)-4)7)4"<)+'7,,".$)
-,)Q?X)EE)7,D)Q?VX)EE);%(+')oW/$?)[-)
+."70)70"7)%$)0"A3%0"D)70-3,D)('")D"Z%+"?)
K7+')C"D&")-4)('");0-1")$.%D"$)1"(<"",)
('")."&$)-4)('")oW/?)*'")$%D")-4)"7+')
:HGJH�SUREH�FRQWDFWV�WKH�SDFNDJH�OHJV��
6,)%,$3.7(%-,)+-0")"."+(0%+7..#)%$-.7("$)
('")$%D"$)-4)"7+')C"D&")e$"")W%&30"$)R?S)
7,D)R?Tf?)d70%-3$)LH$%&,7.=)aH$%&,7.=)7,D)
SVH$%&,7.);0-1"$)70")7Z7%.71.")e$""))
*71.")Rf?

*71.")R?)C"D&");0-1")7D7;("0

KG'<+0'1$/*%&0 1XPEHU�RI�VLJQDOV 1XPEHU�RI�ZHGJHV�LQ�SDFN 0RGHO�QXPEHU
%P8'BB K ! S;"!K$
%P8'BB K ; S;"!K9
%P8'BB & ! S;"!>$
%P8'BB !" ! S;">K$
%P"8'BB K ! S;"!8$
%P"8'BB K ; S;"!89
%P"8'BB & ! S;"!"$
%P"8'BB !" ! S;">>$

W%&30")R?S?)*'0""H$%&,7.)C"D&")"."+(0%+7.)
+-,,"+(%-,

W%&30")R?T?)K%&'(H$%&,7.)7,D)SVH$%&,7.)C"D&")eSVH$%&,7.)C"D&")'7$)7)+-EE-,)&0-3,D);.7,"f?

*-;)Z%"<)-4)SV)$%&,7.);%,$

I7;$

S

SV

:-((-E)Z%"<)-4)SV)&0-3,D);%,$)e+-,,"+("D)(-)+-EE-,)&0-3,D);.7,"f

J"E-Z71.")@3E;"0

I0-3,D)+-,,"+(-0);%,$

C"D&")+-,,"+(-0);%,$

U%$+"..7,"-3$);0-1%,&))
7++"$$-0%"$
*'")4"00%(")+-0")7$$"E1.#)+7,)1")7DD"D)(-)
('");0-1")+71.")(-)$3;;0"$$)KU>)7,D)JW>)
,-%$")('7()+7,)+-003;()('")E"7$30"E",(?

W%&30")R?L?)W"00%(")+-0")7$$"E1.#=)SVXXXHVQQQS?

I","07.H/30;-$")/0-1%,&)W.#%,&)5"7D)/0-1%,&)6++"$$-0%"$



VX)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

NQH;%,)7,D)RQH;%,)5-&%+)6,7.#8"0$)/0-1")F71."$

2%&,7.).%,").-7D%,&
6,#);0-1"D)$%&,7.).%,")E3$()1")71.")(-)$3;;.#)7)E%,%E3E)-4)VQQ)Ed)e3,."$$),-("D)
-('"0<%$")p)$"");0-1")-4)%,("0"$(f)(-)('");0-1")(%;)<'%.")('");0-1")%$)+-,,"+("D)(-)('")
V\VWHP��7KH�PD[LPXP�LQSXW�YROWDJH�RI�HDFK�SUREH�LV������YROWV�SHDN��XQOHVV�QRWHG�
-('"0<%$")p)$"");0-1")-4)%,("0"$(f?

/0-1")+71."$
7KH�SUREH�FDEOH��VHH�)LJXUH������DQG�7DEOH�����FRQWDLQV����VLJQDO�OLQHV�DQG�WZR�FON�OLQHV��
WZR����YROW�SRZHU�OLQHV��DQG�JURXQG�OLQHV�IRU�HDFK�RI�WKH�VLJQDO�FORFN�DQG�SRZHU�OLQHV��
6..)-4)('"$").%,"$)70")+-,(7%,"D)%,)7)N?XH4--()+71."?)*'");0-1")+71.")%$)%,+.3D"D)<%(')('")
ORJLF�DQDO\]HU��7KH�FDEOH�JURXQGV�DUH�FKDVVLV��HDUWK��JURXQGV��QRW�kpRDWLQJy�JURXQGV��
*'")(<-)nX)Z-.();-<"0).%,"$)+7,)1")3$"D)(-);-<"0)7+(%Z");0-1%,&)$#$("E$?)F-,$3.()('")
VSHFLoFDWLRQV�IRU�WKH�LQGLYLGXDO�ORJLF�DQDO\]HUV�RU�ORJLF�DQDO\]HU�FDUGV�IRU�WKH�PD[LPXP�
7..-<71.")+300",()('0-3&')"7+')nX)Z-.();-<"0)$3;;.#?

!"#$%&'()*'"$")nX)Z-.();-<"0).%,"$)Ug2*)[O*)1")+-,,"+("D)(-)('")(70&"(j$);-<"0)
$3;;.#?

!"#$%&'():")+70"43.)<'",)3$%,&)$(07%&'()<%0");0-1")."7D$=)-,")+-EE-,)&0-3,D=)-0)
5&�QHWZRUNV�ORFDWHG�IDU�IURP�WKH�WDUJHW��7KHVH�FLUFXPVWDQFHV�LQFUHDVH�WKH�LPSDFW�
RI�DQDORJ�HIIHFWV�VXFK�DV�FURVVWDON�DQG�(07�VXVFHSWLELOLW\��ZKLFK�FRQWULEXWH�WR�
E"7$30"E",()"00-0$?

W%&30")SQ?S?)*#;%+7.).-&%+)7,7.#8"0);0-1")+71."?



VV)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

*71.")SQ?)/0-1")+71."$)$3;;.%"D)<%(')!"#$%&'().-&%+)7,7.#8"0$

���SLQ�FDEOH�SDUW�QXPEHU ���SLQ�FDEOH�SDUW�QXPEHU
/RJLF�DQDO\]HU "2AA"#424"7 24AA"#424"2 "244"#424"A 24AAA#424"4 2472"#424"3 2472A#424"2 2474"#424"A 2464D#424"2 L!D"2B
=>!8>$ Ə
!"#";$ Ə
!"#8!9 Ə
!"#8%$R9 Ə
!"#!!$ Ə
!"#!%$ Ə
!"&%%'()*+), Ə
!"J"%$ Ə
!"J8KR8>R'
88R8"$

Ə

!"J8;$R9 Ə
!"J8!$R9 Ə
!"J8%$R9 Ə
!"J>%'()*+), Ə
!"J!#$ Ə
!"J!&$ Ə
!"J!J$ Ə
!"J!"$ Ə
!"J!8$ Ə
!"J!;$ Ə
!"J!!$ Ə
!"J!%$ Ə
!"88J] Ə
!"88"$R] Ə
!"888$R] Ə
!"88>$ Ə
!"88%$ Ə
!"#%'()*+), Ə
!"&%'()*+), Ə
!"J%'()*+), Ə
!""%'()*+), Ə
!"8%'()*+), Ə

NQH;%,)7,D)RQH;%,)5-&%+)6,7.#8"0$)/0-1")F71."$)eF-,(%,3"Df



VP)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

J".7("D)>,4-0E7(%-,

!"#$%&'().-&%+)7,7.#$%$)('%0DH;70(#);70(,"0$`
W-0)7)+-E;."(").%$()-4);70(,"0$=)$"")D-+3E",()XRVVHNLVXKg2)!"#$%&&#"'()*'+,&'-,..#"/'0#"'1%2&345/'6%$5)#7#43%&'8#43$'9)(72:%"&

LU
KWWS���ZZZ�PPP�FRP�LQWHUFRQQHFWV

6U/=)>,+?
/'-,"`)SHPSPHRaVHPPPP
W7\`)SHPSPHRaVHPXPX
/'-,")eg26)-,.#f`)SHaQQHXTTHVPXT
KHE7%.`);0-D3+(?%,4-q7E;?+-E
C"1)$%("`)'$$)*++,,,(-.)(&".

!"#$%&'()*"+',-.-&%"$)*"$()7,D)U"7$30"E",()O0&7,%87(%-,)$3;;-0().%,");'-,"),3E1"0`)SHaQQHNXTHNaNN

!"#$%&'()*"+',-.-&%"$)*"$()7,D)U"7$30"E",()O0&7,%87(%-,)<"1)$%("`)'$$)*++,,,(/01!23'$(&".

!"#$%&'()*"+',-.-&%"$)*"$()7,D)U"7$30"E",()5-&%+)6,7.#8"0$)<"1)$%("`)KWWS���ZZZ�NH\VLJKW�FRP�oQG�ORJLF

!"#$%&'()*"+',-.-&%"$)*"$()7,D)U"7$30"E",($)6++"$$-0%"$)<"1)$%("`)KWWS���ZZZ�NH\VLJKW�FRP�oQG�ODBSURELQJ

*'%$)D-+3E",()D-"$),-()+-Z"0)('")4-..-<%,&)(-;%+$`
)B /7(("0,)&","07(-0);0-1%,&)7,D)7++"$$-0%"$)
2""`)
)B )1%2&345/';<=>>'-%"3%&'!#"/(?7%'8#43$'9)(72:%"&'@'A(/('-5%%/=);31.%+7(%-,),3E1"0)XRaRHXQVLK[)
)B )1%2&345/'6%$5)#7#43%&'B%(&,"%C%)/'B#*,7%&'0#"'/5%';<D>>'-%"3%&'@'A(/('-5%%(=);31.%+7(%-,),3E1"0)XRaRHQNTTK[

)B 6,7.#$%$);0-1"$)4-0);0-+"$$-0$)7,D)13$"$))
2""`)
'B 3URFHVVRU�DQG�%XV�6XSSRUW�IRU�.H\VLJKW�7HFKQRORJLHV�/RJLF�$QDO\]HUV���&RQoJXUDWLRQ�*XLGH�);31.%+7(%-,),3E1"0)XRVVHNLVXK



.1401!23'$

ZZZ�NH\VLJKW�FRP�ILQG�P\NH\VLJKW
6);"0$-,7.%8"D)Z%"<)%,(-)('")%,4-0E7(%-,)E-$()0"."Z7,()(-)#-3?

ZZZ�D[LHVWDQGDUG�RUJ
6DZ7,+"D*F6r)K\(",$%-,$)4-0)>,$(03E",(7(%-,)7,D)*"$()e6b>"f)%$)7,)
-;",)$(7,D70D)('7()"\(",D$)('")6DZ7,+"D*F6)4-0)&","07.);30;-$")7,D)
$"E%+-,D3+(-0)("$(?)!"#$%&'()%$)7)4-3,D%,&)E"E1"0)-4)('")6b>")+-,$-0(%3E?)
6*F6r=)6DZ7,+"D*F6r��DQG�WKH�$7&$�ORJR�DUH�UHJLVWHUHG�86�WUDGHPDUNV�RI�
('")/F>)>,D3$(0%7.)F-E;3("0)U7,347+(30"0$)I0-3;?)

ZZZ�O[LVWDQGDUG�RUJ

56[)"b(",$%-,$)4-0)>,$(03E",($);3($)('");-<"0)-4)K('"0,"()7,D)('")
C"1)%,$%D")#-30)("$()$#$("E$?)!"#$%&'()%$)7)4-3,D%,&)E"E1"0)-4)('")5b>)
+-,$-0(%3E?

ZZZ�S[LVD�RUJ

/F>)"b(",$%-,$)4-0)>,$(03E",(7(%-,)e/b>f)E-D3.70)%,$(03E",(7(%-,)D".%Z"0$)7)
03&&"D=)/FH17$"D)'%&'H;"04-0E7,+")E"7$30"E",()7,D)73(-E7(%-,)$#$("E?

7KUHH�<HDU�:DUUDQW\

ZZZ�NH\VLJKW�FRP�ILQG�7KUHH<HDU:DUUDQW\
!"#$%&'(j$)+-EE%(E",()(-)$3;"0%-0);0-D3+()A37.%(#)7,D).-<"0)(-(7.)+-$()
-4)-<,"0$'%;?)*'")-,.#)("$()7,D)E"7$30"E",()+-E;7,#)<%(')('0""H#"70)
<7007,(#)$(7,D70D)-,)7..)%,$(03E",($=)<-0.D<%D"?

.H\VLJKW�$VVXUDQFH�3ODQV
ZZZ�NH\VLJKW�FRP�ILQG�$VVXUDQFH3ODQV
g;)(-)4%Z")#"70$)-4);0-("+(%-,)7,D),-)13D&"(70#)$30;0%$"$)(-)",$30")#-30)
%,$(03E",($)70")-;"07(%,&)(-)$;"+%4%+7(%-,)$-)#-3)+7,)0".#)-,)7++307(")
E"7$30"E",($?

ZZZ�NH\VLJKW�FRP�JR�TXDOLW\
!"#$%&'()*"+',-.-&%"$=)>,+?
9K!J6)F"0(%4%"D)>2O)RQQS`TQQa))
o37.%(#)U7,7&"E",()2#$("E

.H\VLJKW�&KDQQHO�3DUWQHUV
ZZZ�NH\VLJKW�FRP�ILQG�FKDQQHOSDUWQHUV
I"()('")1"$()-4)1-(')<-0.D$`)!"#$%&'(j$)E"7$30"E",()"\;"0(%$")7,D);0-D3+()
10"7D('=)+-E1%,"D)<%(')+'7,,".);70(,"0)+-,Z",%",+"?

ZZZ�NH\VLJKW�FRP�ILQG�ODBSURELQJ

W-0)E-0")%,4-0E7(%-,)-,)!"#$%&'()
*"+',-.-&%"$j);0-D3+($=)7;;.%+7(%-,$)-0)
$"0Z%+"$=);."7$")+-,(7+()#-30).-+7.)!"#$%&'()
-44%+"?)*'")+-E;."(").%$()%$)7Z7%.71.")7(`
ZZZ�NH\VLJKW�FRP�ILQG�FRQWDFWXV

6E"0%+7$)
F7,7D7 eaPPf)aRN)NNSN
:078%. XX)SS)LLXS)PQSQ
U"\%+- QQS)aQQ)TXN)TNNQ
g,%("D)2(7("$ eaQQf)aTR)NNNN

$VLD�3DFLoF
63$(07.%7 S)aQQ)VTR)NaX
F'%,7 aQQ)aSQ)QSaR
G-,&)!-,& aQQ)RLa)VRL
>,D%7 S)aQQ)SST)RTR
s7;7, QSTQ)eNTSf)LNX
!-0"7 QaQ)PVR)QaQQ
U7.7#$%7 S)aQQ)aaa)aNa
2%,&7;-0" S)aQQ)LPX)aSQQ
*7%<7, QaQQ)QNP)aVV
O('"0)6/)F-3,(0%"$ eVXf)VLPX)aSQQ

K30-;")t)U%DD.")K7$(
63$(0%7 QaQQ)QQSSTT
:".&%3E QaQQ)XaXaQ
W%,.7,D QaQQ)XTLTXT
W07,+" QaQX)RaQLLL
I"0E7,# QaQQ)VTPQRRR
>0".7,D SaQQ)aLTPQQ
>$07". S)aQR)LNLQXS
>(7.# aQQ)XRRSQQ
53\"E1-30& nLT)aQQ)XaXaQ
["('"0.7,D$ QaQQ)QTLLTQQ
J3$$%7 aaQQ)XQQRTaV
2;7%, aQQ)QQQSXN
2<"D", QTQQ)aaTTXX
2<%(8"0.7,D QaQQ)aQXLXL

O;(?)S)e9Kf
O;(?)T)eWJf
O;(?)L)e>*f

g,%("D)!%,&D-E QaQQ)QTVQVLP

W-0)-('"0)3,.%$("D)+-3,(0%"$`
ZZZ�NH\VLJKW�FRP�ILQG�FRQWDFWXV
e:/HQRHTLHSNf

Va)Y)!"#$%&'()Y)/0-1%,&)2-.3(%-,$)4-0)5-&%+)6,7.#8"0$)H)97(7)2'""(

*'%$)%,4-0E7(%-,)%$)$31@"+()(-)+'7,&")<%('-3(),-(%+"?
u)!"#$%&'()*"+',-.-&%"$=)TQQX)H)TQSX
/31.%$'"D)%,)g26=)U70+')TQ=)TQSX
XRVaHNVLTK
ZZZ�NH\VLJKW�FRP




