
���������
	����������	������������������ �!"�#�$�%�&�(')���*�+�*�#�*'+�-,��$.&���/�
021

3547686:9 ;=< >@?A3547B%CD47E F�G
H2IJ
KML�0�NPORQSQ�T8UVQSW&Q�X�TZY)T\[/]8^SQ�NPT\_2Q$W:`@a
X=1cbdOfe\b

OR_g[�]:^SQ�Oh]8i7`jL�ilk/iRimNPTD_=Q
W8`
Q�X�T�^ST8nML�OR^ST\NPTD_=Qobp`jWq^�QSX�TZU=TDrs^STDTtW8`
u ]qevXcT\imWq^�W:` K2e�OmTD_/e�T

]:QwQSX�T
x�y K�K y"z {"| K2}�~�~)K����tK�~��d~ | ~�}��+��~�} z { �t�+���t�w�

��T\0�^�L/]:^�1��\�q�s�
e� x ]:QSQ�X�T\����� x ]:^j��]:_�W8�2O\�es� x�z x��tz ���S�%� y imi�^SOmrqX=Qob$^ST8b�T\^S�MT�U7�

~$XcT�]8L�QSXcWs^"X�TD^ST\021Vrq^%]8_=Qob*Q�W x �d~�[/T\^SN�OhbSb�OmWq_PQSW�^ST\[c^SW2U=L/e�T�]8_/U�U2OhbdQ�^SOR0�L�QST+[�L�0�iROhe�iR1
[/]8[�TD^"]8_/UPT\imT8e�QS^SWq_�Ohewe�Wq[�OmT8b$W8`
Q�X�Ohb$Q�X�T8b�Ohb�U=W2e�LcNPT\_2QAOR_ ��X�WsiRTtWq^�Om_ [/]8^SQ\�/]8_/UPQSW�rs^o]:_2Q

WsQ�X�T\^%b�QSXcTt^�OmrqX=Q�Q�WPU=W�b�W��

y L�Q�X�Ws^¢¡\¡\¡\¡\¡�¡\¡\¡D¡\¡\¡�¡\¡\¡\¡\¡D¡\¡�¡D¡\¡\¡\¡\¡D¡�¡\¡D¡\¡\¡\¡\¡�¡\¡\¡D¡\¡\¡�¡\¡\¡\¡\¡D¡\¡�¡D¡\¡\¡\¡\¡D¡�¡\¡D¡\¡\¡\¡�¡\¡\¡\¡D¡\¡\¡�¡\¡\¡\¡\¡D¡\¡�¡D¡\¡
YwT\[/]:^�QSNPTD_=Q W:` a
X21�b�Ohe\b

�M]:_2L/]:^�1��D£=�¤�D�s�s�

z T\^�QSOlk�T8UP0=1�¡\¡\¡D¡\¡�¡D¡\¡\¡\¡\¡D¡�¡\¡D¡\¡\¡\¡\¡�¡\¡\¡D¡\¡\¡�¡\¡\¡\¡\¡D¡\¡�¡D¡\¡\¡\¡\¡D¡�¡\¡D¡\¡\¡\¡\¡�¡\¡\¡D¡\¡\¡�¡\¡\¡\¡\¡D¡\¡�¡D¡\¡\¡\¡\¡D¡�¡\¡D¡\¡
¥ W2U=_�T\1 y � u ^SWMWs¦cb

y bSb�W2e�Oh]8QSTZa
^SW8`jT8bSb�Ws^\��}�} z K Y)T\[�]:^SQ�NPT\_2Q
~$X�T8b�Ohb)KML�[/T\^��=OfbdWq^

y e\e�T\[�QST�UV0=1w¡�¡\¡\¡\¡D¡�¡\¡D¡\¡\¡\¡\¡�¡\¡\¡D¡\¡\¡�¡\¡\¡\¡\¡D¡\¡�¡D¡\¡\¡\¡\¡D¡�¡\¡D¡\¡\¡\¡�¡\¡\¡\¡D¡\¡\¡�¡\¡\¡\¡\¡D¡\¡�¡D¡\¡\¡\¡\¡D¡�¡\¡D¡\¡\¡\¡�¡\¡\¡\¡
y ^SWs_ x � u T\^�_/bdQ�T\Om_

| _/U=T\^�rs^%]qU=L/]8QST&~$XcT8bdOfb z WMWs^%U2Om_/]8QSWs^D�¤a
X=1cbdOfe\b�Y)T\[�]:^SQ�NPT\_2Q



���������
	����������	���������������� ���!"�#�����$��%&�'�������#��%���(���)$�����
021

x ]:Q�QSX�TD�-��� x ]8^ ��]:_cW:�2OD�e

*'+�,�-/.1020�35460�780�9�3;:<3 =�>@?�02-/3 A�0B7@C�D�9�EGF2.IHJF
7KA�LG>@A�+M>N?�EPORQ�STO5UKUWVXS�.YAZ=M>@?20�.I>@[�C\+�[^]M[1[Y-Z3 A�0�7@C_029�3

?235`K+�.1?�3 -Z3 A�0�FBCa7K?b029�3;4�3 cK?�3 3d7@C
e >WH29�3 [17W?"7NCb*�HJ.13 AMHJ3

��)��K�����	��
f 9�.1F80�9�3 F2.1F/?�3g=M7K?�0/4�3 FJHJ?�.1,�3 F�0�9�3P4�3gF�.1cWAh7@Ci>NAj3 [135Hk0�?�7KA�.IHPHJ7K-/=M>NF�F$.1A�0�3 A�4�354hCa7K?;+XF�3P>@Fl>mF�3 AXF�7W?l7KA
>@+X0�7WAX7W-/7K+�FB-/7W,X.Y[13"?27W,�7W0�FRn f 9�3$F�3gA�F�7K?o+XF�3 Fqp�>@[1[r3Jst3RHJ0$4�3 u�.IHJ3 F�027l-/35>NF�+�?23$0wvB7l=M3 ?2=M3gAM4�.IHJ+�[I>@?qHJ7W-6x
=�7WA�3 A�02Fb7NC
0�9�3qy�>@?20�9
z FB-{>@cKA�3 02.|H}]M3 [I4TSK=�?27'4'+MHJ.1A�cl>q=M>@.1?�7NC_>@AM>N[17Wcq7W+�02=�+�0�F2.1cWAM>N[YFRn f 9X3�F�.1cKAM>@[1Fb>N?�3"C\354
.1A�0�7$>@AM>N[17Wc@xw0�7Nx~4'.YcK.10�>@[�HJ7WA�uK3 ?�F2.Y7KAP� �o:q���M=�7W?�02Fb7KA/><?�7W,�7W0RSG>N[1[Y7@v".1A�c<F�7NCa0wv�>N?�3"027;H >@[IHJ+X[|>N0�3"029�3�9�3R>W4�.1A�c�n
*�+MH29PF27@Ca0wv">@?23$v">@F�v"?2.10�0�3gAPCa7K?�029�3;��7K0�7W?27W[I>l�W�Kp��qOKOq-/.IHJ?�7K=�?�7�HJ3gF�F�7K?5S�0�9X3;=�?2354�7K-/.1AM>@A�0"=�?27�HJ3 F�F27W?q.1A
+�F23;>@0"029�3;��� f ��7K,�.1[13o�"7K,M7K0�.IHJF��r>@,�7W?�>N0�7K?�E�S�v"9�3 ?23$0�9X.YFqHJ7W-Z=M>@F2Fbv">@F�4'3 uW3 [17K=M354�n"��[10�9X7W+�cK9/0�9X3;>@A�x
cW+X[|>N?�?23 F�7K[Y+X0�.17WAm7@Cb029�3lF�7NCa0wv">@?�38.1FlOW��QW�@S�A�7W.1F�38.1AP0�9X3lF�3 A�F27W?2F$[1.Y-Z.10�F"0�9X3l=�?�35Hk.YF2.17WAm7@Cb029�3/HJ7W-Z=M>@F2F�027
� OW���W�Nn

� F2.YAXc;F2+�?wC�>KHJ3q-/7K+�A�0_3g[Y3RHJ0�?27WA�.IHJFRSM029�3�F23 A�F27W?B]M02F"v".Y029�.1A/>/O���W��� HJ+�,�3Wn��w0B?�3R`W+X.Y?23 Fo>i=M7@vB3 ?"F�+X=�=�[1El7@C
QquK7W[10�Fb>N0b�W�<-Z�;n f 9�3�Hk7W-/=�>@F�FB>@F�,�+X.Y[10�.1Fb>q0wvB7@x�>R��.1F�4�3 u�.IHJ3WS�>@A�48-l+�F�0�,�3�9�3 [I48=M>N?�>N[Y[13 [X0�7$029�3�cK?�7W+XAM4
0�787W=�3 ?J>@0�38>WH HJ+X?�>@023 [1EGn�p&7@vb3guW3 ?RS�0�9�3$4�3 F2.1cWAPH >@AZ35>@F2.1[YEl,�3q3J��=M>@A�4�354Z0�7/>d0�9�?23 3Jx�>R��.1F�4�3 u�.IHJ3qv"9�.IH29/v".1[1[
7W=�3 ?J>@0�3d.YA�>@A�E/7K?�.13 A�0�>N0�.17WArn

f 9�3 F2.1Fo*�+�=�3 ?2uG.1F27W?5���&7�4�A�3 EZ�;n e ?�7�7K�GF
f .10�[13W���<F�F�7�HJ.I>N0�3;D�?27@Ca3gF�F�7K?5S�y�y��"*�:<3 =M>@?20�-Z3 A�0

�



� ��� � ��� �
	�� �� 	������

p&3 ?�3Wz F<0�9M>NA���F"0�7l>@[1[T0�9�3iCa7W[1��Fb� z�46[Y.1�K3�0�7l029M>@AX�t�� f 9X.YF".1F��J+XF�0"[1.1�W3�029�3$,M>KH2�/7@C�0�9�3$�": [Y.1A�3g?"A�7W023 F5n��
� >�� >iCa7W?"cK3 0�02.YAXcl-/3�9X7G7K�W35467WAP��7K,M7K0�F����"7�48C\7W?"F�>RE�.1A�c����q7l>@9X35>W4 � !8LG>N-/3 F"�PH ��+�?���.1AZCa7W?

F2+�cWcK3 F�02.YAXc/HJ7W-Z=M>@F2F�3 F"v">REl,M>WH2�Z.YA�029�3qF�+�-Z-/3 ?"�G:q>RuW3 e >N?�?23 0�0&Ca7W?�4�.1FJHJ7W+�?J>@cK.YAXc;029�3q]MF29/C\7W?B0�9�3
0�.1-Z3Jx�,�3 .1A�c#�W029�3$p"3 [1.IHJ7W=X0�3 ?$�$>@A�c#�G� .Y�K3 e 7K[Y7K0�F2�G.�z�H >N+�F�3d9�3Wz F"F�+MH29�>dA�.IHJ3$cK+�E ����.1�W3q�B7WA�A�3g[Y[�z�H >N+�F�3

vB3i>N?�3q0�9X3$-/3 .1F20�3 ?2F5n

029�3qv"9�7W[13$Dr35H2�W3 ?<cG>NA�cMSKv".10�9�=M>@?20�.IHJ+�[I>N?�F"0�7 � =M3$>NAM4�D_>N0BCa7W?"=X?�7�7@Ca?235>W4'.YAXc � =�.1[Y[I>NcW.1A�cq.1F"-/7W?23�[1.1�W3<.Y0%� S
��.YFJ>dCa7W?B,�3 .1A�cl.1A{02+�A�3 � cK7�7'4Z[1+MH2�l0�7l9X3 ?o4�>K4�4�E&� S�p&7G>NA�c$C\7W?",�3 .1A�cl7W+�0"7NC_02+�A�3WS e 7KF�HJ7Z,M35Hg>@+�F23$9�3Wz F

,�7WF�H29M>N-{>N0�.IH@S���+�[10�.1-/3R4�.I>oy}uW>@A8Ca7K?bcK3 0�02.YAXc;027;029�3q=M7K.YA�0RS f +�027W?�y}uW>@AlC\7W?B-/.1F�F2.YAXco029�3q=M7K.1AG0B,�+�0B-lE$9�3
9M>NF�>i]MA�3quW7K.IHJ3WS�*�023 uW3$>@A�4('�v".1A��l9�.1F",�[I>@AX�W3 0RS)'�.1=�+�A�0�.1[XCa?�.1F�,�3 3qF�3R>@F�7KA�?�3 02+�?�A�FRST�T+�-Z=GEiCa7W?B0�9�3$HJ[135>N0�F
>NAM4ZF�=M>NcW9�3g0�0�.wS���.1A�c$C\7W?"4�.1[Y.1cK3 A�0�H >N?�3 0J>@��.1A�cl7@C�0�9�3dF�7�4�>dCa?2.|4'cW3WS��">N=M>@[1,�7$Ca7K?bF23 0�02.1A�c/029�3qF�H >N[Y3gF5S�LK.1-

Ca7W?B=�[I>RE�.1A�c$�MHJ7KAM`l>@A�4/029�3 AP,X?�>@cKcW.1A�c;>N,M7K+�0".10",M3RH >@+�F23$0�9�>@05z F��J+XF�0"0�9X3$��.YA�4l7@C�cW+�EZ9�3q.1F5S�029�3
* ?23 F�9�-Z3 A,+{� >@?��TS��B9�?2.1F�0�.I>NA
S�>@AM4ZL�>@-/3gF-+lCa7K?"0�9�3q9�7K+�?�F"7NC�C�>@-Z.Y[1E<Ca+�ArS�0�9X3 * ?�3gF�9�vb7K-/3 A.+/�b029�.1A��

.105z F �J+�F200/o>N?�3 Am>@AM4��P>N?�F�9�>1+;Ca7K?",M3g.YAXclF�7lcW7�7NCaEGSKcW3g3�23�
9�3 E�S�>@AM4Z029�354�[I46�q+M>N?�4�Dr35H2�W3 ?2F5S�0�7�7�S87 .1[Y[1E80�9�3q7K?�.1cW.1AM>N[:9<>W4�[13 E�S��P>WH<029�3$F�=X. sTE{4'?�3 F2F�3 ?RSt�&+�F�F23 [1[
-lE

-/3gAG027W?RSW3 uK3 A<;<.
.1A{��3R4�*�H29�7�7W[wS�����,M>N?BCa?�7K- v">REl,M>KH��Z,M3RH >@+�F23$9�3;>N[1F�78F�3 0<0�9�3qF�Hg>@[13 F5S=;�.1AMHJ3
=�7@vb3 ?2-{>NA
SG*'.Y-Z7WAl029�3q,�.1c;c�>@[17�7W05S��&7W,�,�Elv"9�789M>K4{>l�>4 f ��cK.1?�[^Ca?�.13 A�4TS�9�3 E�>@AM4���?Rn���+�A�c�>@A/027�7

v"9�7l.1F"F�02.1[Y[T.1AZ0�7@v"A
n

>@AM4Z0�9X3 AP0�9X3�Cw>@-/.1[1E�n n1nT��7W-mSW>@AM4 f >@F29?+ f >@F29�,M3 .1A�c(9<>@0J>@F�9�>$-lElF2.YF20�3 ?<v"9�789M>@F�>NcW?�3g354�0�7lF2=�[1.10b029�3
vB7W?2[I4l.1A�9M>@[^C_v".1029/-/3KS�,�+�0"��Ca7W?2cW7W0Bv"9�.IH29�9M>@[^C
�BcW3 0RS@/q>@?2.�S�:<7K-/.1A�.IH@SW��.YFJ>�S��<AM4�?�3gv .YA�H29�?�7KA�7W[17WcK.IH >@[
7W?J4�3 ? � -{>NA
SG>N-#�B3J��9M>@+�F20�354=� S�029�3$0wvB7 f 3 0J>@FA+{*�.1[1uW>$>NAM4��T.B25>1+/>@AM4Z0�9X3o+XAMHJ[13 F5S /<3 u�.1AP>@AM4?/�A�+�0� 0wvb7,/8z FRS�A�3guW3 ?"A�7K0�.IHJ354 0�9M>N0",M3JC\7W?�3Kn �l>NAM4 e >@�W>XS�>@AM4�:<354�7�S�v"9�7/4�.1354Z0wvB7;-Z7WA�0�9�FB0�7�7lF27G7KA/027lF�3 3

0�9�.1F",�+�0"9X3$��A�3 v .Y0Bv">@F�HJ7K-/.1A�cMS�>@A�4l.^Cb>@A�EW7KA�3o4�.I4TS�9X3Wz F"0�9�3$7KA�3qv"9�7lcW7K0b-Z3�9�3g?�3WS
v"9X3 ?�3$�B>@- 0�7�4�>RE�n

V



� ����� 	 ��� �

�������	��
�������	��
�� �

�������������! #"$��%�
&��
�'("*) +
� n1O ��7K0�.1uW>@02.17WA �q�q�$�q�q�$�q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� U
� n � :<3 F2.YcKA{�B7KA�F�02?�>@.1A�0�F �q�$�q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�
� n�V �P>NcWA�3g0�.IH * .13 [I4Z:�3g0�35HJ02.17WA 4<=�02.Y7KA�F �q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�

� n VXn1O * [1+���cG>N0�3q�P>@cKA�3 0�7K-/3 023 ?�F"�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�
� n VXn � p<>@[1[Tyrst3RHJ0$*�3 A�F27W?�F �q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� O �

,�-#"$�/.�01�2��3401��� �65
V�n1O *�3gA�F�7K?op"3R>W4��q�q�$�q�q�$�q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� ORQ

VXnYOKn1O �B9X7W.IHJ3q7@C�p�>@[1[
*�3gA�F�7K? �q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� ORQ
VXnYOKn � * 3 ?2?�.10�3$*�[1+�cKF �$�q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�

V�n � Dr7@vB3 ?�*�+�=�=X[YE �q�$�q�q�$�q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�
V�n�V �<-/=�[1.^]tH >N0�.17WA��q�$�q�q�$�q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�

VXn VXn1O D}?�.1-{>N?�E8��-/=X[Y.^]M3g? �q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�
VXn VXn � VXn�V$p>2 * .1[10�3 ? �$�q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�
VXn VXn�V *'35HJ7WA�4�>@?2E/��-Z=�[1.^]M3 ? �$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�

5 -#"$�87*
19:��3401��� ��;
< n1O ��3g0�9�7�4Z7@Cb�">@[IHJ+X[|>N0�.17WA �q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� � �
< n � �w-Z=�[13 -/3 A�0J>@0�.17KAj�$�q�q�$�q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� � O
< n�V D�?27W=M>NcG>N0�.17WAZ7@C}y}?�?�7K?��$�q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� � V

=�-#"$�/ #��
��>
���)*'�� �15
Q�n1O �">N[Y.1,�?J>@02.Y7KA/D�?�7�HJ3R4�+�?�3 �q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� �?<
Q�n � D�?27W027W0wE�=M3$Dr3 ?~Ca7W?2-{>@A�HJ3$�q�o�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� � Q

@ AB
�����%������
�� ���

<



� AB
��8'$0��	��� %����?�>��
��$� � � 7 �	"$���801�	� � � ��+

� AB
��8'�
��$�6����� � ���#9:
�� �>"$� AB
��8'$0��	� ,�,

A	��� ���>���$� 
 9 A#
��8'(0��>� 7*
19:��3 01��� ,15

Q



� � � � ��� � � �� ��	��

� x O f E�=�.IH >@[
HJ7KA�]McK+�?�>N0�.17WAZ7@C}>	��+���cG>@023q-{>@cKA�3 027W-/3g0�3 ?�F23 A�F27W?5n��q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OKO
� x � f 9�3$p<>@[1[T3JsT35HJ0�.1AP>dcW3 A�3g?�.IH$HJ7KAM4�+MHJ027W?RnP�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� O �

VRx O e [17'H2��4�.I>@cW?J>@- 7@C�0�9�38HJ7W-Z=M>@F2Fb9M>N?�4�v">@?23WnB�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� O <
VRx � f 9�3$HJ7K-/=M>NF�FBF�3 AXF�7W?<9�35>K4Tn��q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� ORQ
VRx�V f 9�3�
q�8uW7K[10bF2+�=�=�[1E{Hk.Y?JHJ+�.10;�q�$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�
VRx < 4<A�3q7@C�029�3q0wvb7/4�+X=�[1.|Hg>@0�3q>@-Z=�[1. ]�3 ?�Hk.Y?JHJ+�.10�Fm�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� OR�

< x O * [17@v�H29M>N?�0B7@C�0�9�3;�K�Wp<�qOWO<?�7W+X0�.1A�3q+�F�3R4�0�7/HJ7K-/=�+X0�3oHk7W-/=�>@F�FB9�35>K4�.1A�cWF �q�$�q�q�q�$�q�q� �K�

QRx O �q?J>@=�9Z7@C�A�7K?�-{>N[1. 2g3548-/35>NF�+�?2354Z9�35>K4�.1A�c;u�FRn�0�?�+X3$9�35>K4�.1A�cMn��q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� � �

�"x O �duW7K[Y0B=�7@vb3 ?<F�+�=X=�[1E/HJ.1?�HJ+�.10Rn �$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� � U
�"x �� x~HJ7K-/=�7WA�3gAG0"H29M>@AXA�3 [wS�F�3 AXF�7W?$>NAM4/>N-/=�[1.^]M3 ?2F5n �d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� VK�
�"x�V��<x~HJ7K-/=�7WA�3gAG0"H29M>@AXA�3 [wS�F�3 AXF�7W?$>NAM4/>N-/=�[1.^]M3 ?2F5n �d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� VXO
�"x < � n QduW7K[10 �2cW?�7K+�AM48!8?�3kCa3 ?�3gAMHJ3Wn��$�q�q�$�q�q�q�$�q�o�d�o�q�q�$�q�q�$�q�q�o�d�o�q�$�q�q�q�$�q�q� V �

�



� � � � ��� � ��� �0	��

Q�n1O �B7K-/=M>N?�.1F�7KAl7@C_=X?�7W027W0wE�=�3oF2=M3RHJ.^]tH >@02.17WA�F<uW3 ?2F�+�F<7W?�.1cK.YA�>@[T4�3 F�.1cKAPcW7�>@[1F5nr�o�q�$�q�q�q�$�q�q� � �

�



� �������	��
 �

 ��� ��� � � � � � ���

* 7W?
-lEq+�A�4�3 ?�cK?�>K4�+M>@023b029�3 F2.YF�=�?�7��k35HJ05SK�
9�>RuW3"4�3 F�.1cKA�3548>@A83 [135HJ0�?27WA�.IHBHJ7W-Z=M>@F2F�=M>WH2�W>@cK3�Ca7K?
+�F23"7WA8F�-{>N[1[�S
>@+X0�7WAX7W-/7K+�F�?�7K,M7K0�F5S�=�>@?�02.IHJ+�[I>@?2[YEd0�9�7KF�3q,M>@F2354l7KAl0�9�3q��7W027W?27W[I>$�W�Kp��qOKOb-Z.IHJ?�7K=�?�7�HJ3 F2F�7K?5n f 9�3<=M>WH2�W>@cK3
HJ7KA�F�.1F�02F�7@CT>"F�3gA�F�7K?�v"9�.IH29;-Z35>@F2+�?�3 F�029�3�y�>@?�029
z F�-{>@cKA�3 02.|H�]M3g[|4�SW>@AM48>"=X.Y3RHJ3"7@CMF27@Ca0wv">@?23�v"9�.IH29 Hk7WA�uW3 ?20�F
0�9X7WF�3l-Z35>@F2+�?�3g-/3 A�0�F<.1AG027{>69�35>W4'.YAXcMn f 9X3;F27@Ca0wv">@?23;.1Fqv"?�.10�023 A Ca7W?<0�9�3/�K�Wp��qOKOWS�,�+�0q029�3;F23 A�F27W?$.10�F23 [^C
H >NA{,�3$+�F2354Z7WAP>@A�El?27W,�7W0"v"9�.IH29�9M>@FBCa?23 3;>NAM>@[17WcNx�027@x�4�.1cW.10�>N[�HJ7WA�uW3g?�F�.17KA{=�7W?20�FRn

f 9�.1F"?�3 =�7W?20�.1F�4�.1u�.I4�354l.1A�0�7dCa7K+�?"-{>N.YAl=�>@?�02F5�

���1�������! #"$��%�
*��
�'$"*) +i>q4�.1F�Hk+�F�F2.Y7KAl7@CM029�3"-/7K0�.1uW>@02.17@A�FT,M3g9�.1AM4$029�.1F�=�?�7��k35HJ05S�>@A�4$029�3b?J>@02.Y7KAM>@[13B,M3g9�.1AM4
0�9�3q,M>NF�.IHq4�3 F�.1cKA

-#"$�/.�01�2��3401��� +{>84�3 FJHJ?�.1=�02.Y7KAP7@C�0�9�3qF23 A�F�7K?�3 [135Hk0�?�7KA�.IHJF

-#"$�87*
 9:��3401��� +{>NA{3k�'=X[|>NAM>@02.17WAl7@C�9�3R>W4�.1A�clH >@[IHJ+X[|>N0�.17WA�>@AM4Z029�3$HJ7W-Z=M>@F2F"F�7@C\0wv�>N?�3

-#"$�/ #��
��	
���)*' � + >/4'.YFJHJ+�F2F�.17WAm7@Cb029�38=M3 ?~Ca7W?2-{>NAMHJ3$7NC�>Z=�?27W027W0wE�=M3d+�A�.105S�.1AMHJ[1+M4�.1A�c�>/4�3gF�HJ?2.Y=X0�.17WAm7@C
0�9�3$H >N[Y.1,�?J>@02.Y7KA/=�?27�HJ354�+�?23

��=�=�3 AM4'.|Hk3 F Hk7WA�0�>N.YAX.YAXcl0�9�3lFJH�9X3 -{>N0�.IHJF5S�=M>@?20�Fq[1.YF205ST>@A�4PF27@Ca0wv">@?23;[1.1F�02.YAXc8Ca7W?q0�9X3;=�?27W027W0wE�=M3l>@?23l.1A�x
HJ[1+M4�3R4{>N0"0�9�3d3 AM4Z7@C�0�9�.1F"?�3g=M7K?�05n

�



� �������	��
 �

� 	�� �  � � � � �0��� ��� ���

�
	��  ���7�����
�7���*�

��EP7K?�.1cW.1AM>N[
.I4�35>6Ca7K?$>/029�3 F2.YFd=�?�7��k35HJ0$v">@Fq0�7�,�+X.Y[I4P>6]MF29
S�>@A�>@+�027WA�7K-/7W+XF�>W`K+M>@02.IH$?27W,�7W05n8�q4�35HJ.I4�354
0�9�>@0q0�9�38]�F�9�F�9X7W+�[I4 9M>RuW3l>�HJ7W-Z=M>@F2Fi>NFq7WA�3l7NC�.10�Fq-�>@A�E�F�3 A�F27W?2F5nl�&Ca0�3 ?8H�9X35H2�G.1A�cm>@?�7K+�AM4 0�9�3l[I>N,
ST�
?�3R>@[1.B2 354Z0�9M>N0"A�7WAX3$7@C�0�9�3$vB7W?2��.YAXc;?27W,�7W0�F�>N0"0�9�38��7W,�7W0"�
>N,{9�>W4�>lHJ7W-Z=M>@F2F5SK0�9�7K+�cW9�-�>@A�E Hk7W+�[I4Z+�F�3
7WAX3Wn

� ,M>KH���cK?�7W+XAM48F�35>N?�H29l?�3guW35>N[Y3R4l0wvB7iHk7W-/-Z3 ?�Hk.|>N[1[YE�>RuW>N.1[|>N,�[13�7W=X0�.17WA�FRn�4<A�3�v">@F�027$,�+�El><?�35>K4�EKx�-�>W4�3
HJ7K-/=M>NF�F8-/7�4�+�[138Ca?27W- >�Hk7W-/=�>@A�E�F2+MH29 >@F,/0;qp �wAM4�+�F20�?2.Y3gF5n f 9�3�7W029�3 ?lv">@F80�7m?�3 uK3 ?�F23Jxw3 A�cW.1A�3g3 ?P>
F�3gA�F�7K?l,GEm?�3g-/7@u�.1A�c�0�9�3�>@AM>N[Y7Kc�,M7�>@?�4 C\?�7W- >P4'.YcK.10�>@[B>@+�027W-/7K,�.1[13;HJ7W-Z=M>@F2F5S�F2+MH29 >@F80�9X7WF�3Z-{>K4�3;,�E
'�3 -�HJ7Mn e 7K0�9�H�9X7W.IHJ3 FB?�3 F2+�[10b.1A/>q,X+�[1�GE8F�3gA�F�7K? � >@0B[Y3R>@F�0<O ����� � ����� V ��� ��v".10�9/4�.��{HJ+�[102.Y3gF�.1Al3 .10�9�3 ?�]MAM4'.YAXc
>8=�7@vb3 ?<F�+�=X=�[1E{7K?".1AG023 ?wCw>WHJ.1A�cl027{>8?�7K,M7K05n f 9�3$?235>W4'EWxw-{>K4�3q-/7�4�+�[13 F">@?23;>@[1F27l+�A�A�35Hk3 F�FJ>@?�.1[1E�>KH HJ+�?J>@0�3
>@A�4/3k�'=�3 A�F2.1uW3Wn

7 9M>N0o029�3l[I>@,PAX3 354�354 v�>NF$>/F2-{>N[Y[wSX.YAX3J��=M3 AXF�.1uW3WSr35>NF�EKx�027@xw.1AG023 ?wCw>WHJ3/HJ7K-/=M>NF�FqF�3gA�F�7K?$0�9M>N0$HJ7W+�[I4 ,M3
>W4X4�354l027;>@A�El?27W,�7W0b>NF�>NA/>RCa023 ?�029�7W+�cK9�05n�*�7�SW��=X+�0b029�3"]�F�9/.I4�3R>q7WA�>q,M>WH2��,�+�?2A�3 ?�>NAM4l4�35HJ.I4�3R4/027$-{>N�W3
>lHJ7K-/=M>NF�FB.YAXF�0�3R>W4Tn

f 9�3PHJ7W-Z=M>@F2F;�d9M>RuW3P4�3 F2.1cWA�354h.1F80�>@.1[17W?2354mC\7W?8+�F�3�7WA�029�3���*j�"7K,M7K0�.IHJFl�$OZ?�7K,M7K05S � >@[1029�7W+�cK9�0�9�3
9M>N?�4�v">@?23 >NAM4hF�7NCa0wv�>N?�3�H >@A�,�3P.1-/-l354�.I>N0�3 [1EP=�7W?20�354�027 >NA�E�?�7W,�7W0lv"9X.|H29�+�F23 F{>m��7W027W?27W[I>��K�Wp<�qOWO
-/.IHJ?27W=�?27�HJ3 F�F27W?Rn f 9�3{HJ7K-/=M>NF�FqvB7W?���F8,�E�=�?27�4�+MHJ.1A�cP0wvB7�>NAM>@[17WcZ7W+�02=�+�08F�.1cWA�>@[1Fq=�?�7K=M7K?�0�.17KAM>@[�027P0wvB7
=�3 ?�=�3 AM4�.IHJ+X[|>N?;HJ7K-/=�7WA�3 A�02F�7@CB0�9�3ly�>@?20�9
z Fq-{>NcWA�3g0�.IH&]M3 [I4�.1A�029�389�7W?2. 2g7WA�0�>N[
=�[I>@AX3Wn f 9�3 F23lF�.1cWAM>N[1Fo>@?23
Ca3548.1A�0�78>o�K�Wp<�qOWO"7KA;029�3o�dOb029�?�7K+�cW9�>@AM>N[17Wc@xw0�7Nx~4'.YcK.10�>@[WHk7WA�uW3 ?2F�.17WA � �o:q�>��=M7K?�0�F�7WAl0�9X3oH29�.1=
nr� F�9�7K?�0
F�7NCa0wv">@?�3<?�7K+�0�.1A�3<v"9�.IH�9Z��9M>RuK3�v"?�.1020�3 APHJ7KAGuK3 ?�02F"0�9�3q4�>@0J>$027 >d9�35>K4�.1A�c;>NA�cW[13Wn 7 .1029lA�3 v F�7@C\0wv�>N?�3WSK0�9�3
F�3gA�F�7K?oH >NA{,�3$.1A�0�3 ?~C�>WHk354Z0�7/>@A�El?27W,�7W0"v"9�.IH29�9M>@F"0wvB78Ca?�3g3o�q:q� =�7W?20�F5n

�����������! #"%$'&(��)�$(�+*-,.�/&0"21�$(�4365($4)27��+8+"�5936)�*:8+�+;<36�0$=)2*>"@?2;6)�,�"2;A7.)%$9365B36)2*C3<*�?�$(D�$(5E�GFH ��C36&(�AIJ1C*CKL)28+591C*�"%5E�G; D%INMC)O�/$P*�)�5MO3<8+�/&/5B;6D=7C8+)2Q�36MC�R���/"�MO3<*�?=)28S)28(36�+*C5("�5936)�*'3<*CKT)28EFU"%5936)2*�V

U



�
	2� ���
������� �����"�2�//� �%� �/�

f 9�3l�$Od?�7W,�7W0<.1Fo>@A .|4'35>@[�uW3g9�.IHJ[13$Ca7K?�029�.1FoHJ7K-/=M>NF�F���.^Cb029�3 Hk7W-/=�>@F�FqH >@A vb7K?���7WA�>@A��dOWSX.Y0<v".1[Y[rvb7K?��
�J+�F20�>@,�7W+�0�>NA�EGv"9X3 ?�3q3 [1F�3Kn * +�AMHJ02.Y7KA�.1A�c87WAP>@A��$Oq.1-/=�7WF23 Fb029�3<Ca7W[1[17@v".1A�c$HJ7WAXF�0�?J>@.1A�0�FR�

7*��� � 01����� � ����"�� f 9�3"�$O�.YF�>&F�-{>N[1[W0�?2+MH2�Kx�[1.1�W3�?27W,�7W0�v".10�9l>�Q !@�
O � !"Ca7�7W02=�?�.1A�05n f 9�3��dO�.1F�>@[1F�7<?�.I4�.IHJ+�x
[Y7K+�F�[1El-Z35H29M>@A�.IH >N[1[YE/4'3J]tHJ.13 A�05S�F27{>@A�EZF�3 A�F27W?<-/7W+XAG02354Z7WA�.10"A�3 354'Fo027l,M38F�-�>@[1[T>@AM4Z[1.1cW9�0wvb3g.YcK9�05n
��ElcW7�>@[�v�>NF�>8HJ7W-Z=M>@F2F�v"9�.IH29l]M02F"v".10�9�.1A{>ZO�!8HJ+�,�3;>@AM46vb3g.YcK9�FB+�AM4�3 ?�Vd7W+XAMHJ3 FRnb*�+MH29�>;4�3guG.IHJ3
H >@AZ,M3q35>NF�.1[1E H >N?�?2.Y3R4/,�E/>NAGE87@C�0�9�3<7W029�3 ?"?�7K,M7K0�F"+�F2354Z.1Al0�9�3$��7K,M7K0��r>@,
SK.1AMHJ[1+M4�.1A�c$029�3$� � � 0�9�3
F�+MH Hk3 F�F27W?q0�7l029�3$�$O��gS�>@AM4Z�"02.Y[1[I>$>NAM46�q3 A�cK9�.1F � 0wvB7;7NC_0�9X3$F�.^��x�[13 cKcW3546v�>N[1�G.1A�c8?�7K,M7K0�F%� n

 
134� ��7&$'$'$%�) f 9�3"=�7@vb3g?b,�+XFb7KA;029�3o�dO".1Fb>�
qQquW7K[10_F2+�=�=�[1E�SWF27W+�?JHJ3546,GE8A�.IH2�W3 [^x�H >W4'-/.1+�- ?�3RH�9�>@?�cK3Jx
>@,�[13q,M>@020�3 ?2.13 F5n f 9�+�FRS�0�9�3;Hk7W-/=�>@F�F"-l+XF�0"7W=�3 ?J>@0�3iCa?�7K- >8F2.YAXcW[13Jxw3 AM4�354 
qQ8uW7K[Y0"F2+�=�=�[1E�n"��E{>N.Y-
v�>NF"0�78�W3 3 = 0�9�3q7W=�3 ?J>@0�.1A�c/Hk+�?�?23 A�0�+�AM4'3 ? � Q8-/.1[1[Y.1>@-l=�3 ?�3gF5n

� $�	'$(� f 9�3�7K+�0�=�+X0�F/-l+XF�0$?2+�A�,M3 0wvB3 3 A ��>@AM4hQPuK7W[10�FRS�0�9X3{.1A�=X+�0l?�>NA�cW3�7@Cq0�9�3��q:o� =M7K?�0�FZ7WA�>
�W�Wp<�qOWOKn

� � ��$��0��?) 01���! #���1��� ����
�� f 9�3�-/3RH�9�>@A�.IH >N[G4�3J]THJ.13 AMHJ.13 F�7@C�029�3b�$O�>N[1[Y7@v F�7W-Z3�[Y3g3 v�>RE<.1A$0�9�.1F
H >N0�3 cK7W?2EGn
f 9�3bHJ+�?2?�3 A�0�F27@Ca0wv">@?23�7WAq029�3��dO�?�7K,M7K0_4�3 F2.1cWAM>N0�3 F�>"9X35>W4�.1A�cq>@Fr7WA�3�7NC�7WA�[1E;OR��4�.^sT3 ?�3gAG0�4�.1?235HJ0�.17KA�F5S
F�7;>NAGE8>WH HJ+X?�>WHkEl0�7q,M3g0�0�3g?"0�9M>NA � OWOR�".1F�F2+��{HJ.13 A�05nr��v�>NAG0235480�7d7W,�0J>@.1A;,�3 020�3 ?B0�9M>NA � QW�"=X?�35HJ.1F2.Y7KA
>@AM4Z>WH HJ+X?�>WHkEGn

A#
&��� f 9X3;��7W,�7W0��r>@,Z9M>@F"0wvB3 A�0wE{�dOWz F5S�F27l0�9�3$HJ7K-/=M>NF�FBA�3 354�3R4P027;,�3;H29�35>N= >NAM4Z35>@F2E/027l-{>@�K3Wn f 9�3
0�>@?2cW3 0�Hk7WF�0&Ca7W?B0�9X3;HJ7W-Z=M>@F2Fbv">@F	�KQW�d35>WH29
SX0�9�3q=�?2.IHJ3$7@C�>@A�7@s�xw0�9�3JxwF�9X3 [^C '�3g-{HJ7lHJ7W-Z=M>@F2F5n

f 9�3�?�3gF�+�[10l7@Cqvb7K?���.1A�cm+�AM4�3 ?l029�3 F23�HJ7WAXF�0�?J>@.1A�0�Fl.1F/> F�-{>N[1[�SrF�02+�?�4'E 4�3 u�.IHJ3Pv"9X.|H29h+�F�3 FZF�3 uK3 ?�>N[�9�.1cK9�x
=�3 ?wCa7K?�-�>@AMHJ3q.1A�0�3 cK?�>N0�354�HJ.1?�Hk+�.10�F5S�>@[1[T7@C�v"9�.IH29 >N?�3$>RuW>@.1[I>@,X[Y3".1AZF�+�?~C�>WHJ3d-/7W+XAG0�=M>WH2�W>@cK.1A�cMn

�
	�
  ���*�+������	� ���A���������/�
	¤�7���*�����"�7�����+�

��AZ3 [135HJ02?�7WAX.|HqHJ7K-/=M>NF�F�.1FB3 F�F23 A�0�.I>@[1[1E/>qc�>@+�F2F�-/3g0�3 ?BF�3 AXF�.10�.1uW3q3 AX7W+�cK9/0�78-/3R>@F�+X?�3�029�3oy�>@?�029
z Fb-�>@cKA�3 0�.IH
]M3 [I4TS�7KA{029�3$7K?�4�3 ?q7NC �� cG>N+�F�FRn04<+�0�7NC}029�3�OWS��W�XO�0235H29�A�.I`K+�3 F$>RuW>@.1[I>@,�[13&Ca7W?"-Z35>@F2+�?�.1A�cl-�>@cWAX3 0�.IHB]�3 [I4�F5S
0wvB7 >N?�3l.1-/-l3R4�.I>@0�3g[YE/>N=�=�[1.IH >@,X[Y380�7�029�3l3 [135HJ02?�7WAX.|HlHk7W-/=�>@F�FR� ��+���cG>@023l-{>NcWA�3 027W-Z3 0�?2E{>@A�4�p<>@[1[�3Jst3RHJ0
F�3gA�F�.1A�c�n

��������� � �2%��	���r��� � �!�������'���#�T���
X�

� �M+'�'c�>@023"-{>@cKA�3 027W-/3g0�3 ?RS5.1Al029�3�HJ7WA']McW+�?J>@02.Y7KA8Ca7W+XAM4$.1A/HJ7K-/-Z3 ?�HJ.I>N[GHJ7K-/=M>NF�F�3gF5SK.YFBHJ7W-Z=M7KF�354d7@C
029�?�3 3
HJ7K.Y[1F"vB7W+�A�4{>N?�7K+�AM4�>8?�.1A�cl7NC}-�>@cKA�3 0�.IH&-{>@023 ?�.I>N[ � * .1cK+�?�3 � x O��gn f vB7l=M3g?�=�3 AM4�.IHJ+�[I>N?�[1E�vb7K+�AM4�HJ7W.1[1F�>@?23
0�9X3	"/>@A�4$#$HJ7W-Z=M7KA�3 A�0�F23 A�F�3qHJ7W.1[1F5S�>@A�4;>q027W?27W.I4�>@[1[1Eqvb7K+�AM48HJ7W.1[�=�?�7@u�.I4�3 F�0�9�3�4�?2.1uW3"F�.1cKAM>@[�C\7W?�0�9�3<?�.1A�c�S

O5�



7W? �M+���cG>N0�3Wn f 9�3$?�.1A�cl9�>@Fo>NAP3J�MHJ3 =X0�.17WAM>N[1[YEZ9�.1cW9�.1A�.10�.I>@[T=�3 ?2-/35>N,�.1[Y.10wE � ��� � �K���J�W�W� ��v"9X.|H29PFJ>@02+�?�>N0�3 F
>@0"uK3 ?�EZ[17@v�]M3 [I4�FRnY� e 7W[105n^S�=
n � OJs��

X Sense Coil

Y Sense Coil

Drive Coil

* .1cK+�?�3 � x OW� f EG=X.|Hg>@[
HJ7KA�]McW+X?�>@02.17WA/7NCb> �M+'�'c�>@023o-�>@cKA�3 0�7K-/3 023 ?�F23 A�F�7K?5n

f 7�.1[1[Y+XF�0�?J>@023�0�9�3�7W=�3 ?�>N0�.17WA$7NCM0�9X3 �M+'�'c�>@023WS@HJ7WA�F2.I4�3 ?�>"F2.YAXcW[13�F�3gA�F�3�HJ7K.1[W.1A$0�9X3b>@,�F23 AMHJ3"7NCt>@Aq3J��023 ?�AM>N[
]M3 [I4Tn 7 9�3 Am>@A�7WFJHJ.1[Y[I>N0�.1A�clHJ+�?�?23 A�0q.YF�>N=�=�[1.1354Z0�7l029�3;4�?2.YuK3$HJ7W.1[wS�>@AP7KF�HJ.1[1[I>@02.YAXc �M+��P.1F"=�?�7�4�+�HJ354�.1A�0�9�3
?�.1A�c�n f 9�3$?�.1A�cl.1F<?�3 =�35>@02354�[1E�4�?2.1uW3 A�.1A�0�7lF�>N0�+�?J>@02.Y7KA
ST>@AM4Z029�3$-{>NcWA�3g0�.IH �M+��P[17G7K��F"[Y.1�K3i>8FJ`K+M>@?23$v�>RuK3
.1A�0�.1-/3Kn f 9�3ZF�3 AXF�3�HJ7K.1[�.1AG023 ?�F235HJ02F/0�9X3/?�.1A�c .YA�0wvB7P=�[I>KHJ3 F5S�>NAM4�029�3 ��+�� 029�?�7K+�cW9h0�9�3�HJ?�7KF�F~x�F235HJ0�.17KA�F
�M7@v"FB35`K+M>@[1[1E$.1A/7K=�=�7WF�.1023o4�.1?�3RHJ0�.17WAXF5n f 9�3<A�3 0 �M+��/3 AMHk7W-/=�>@F�F2354l,�El029�3�F23 A�F�3$HJ7K.1[M.1FA2 3 ?�7�S�F�780�9�3<F�3 AXF�3
F�.1cKAM>@[T.1F>2 3 ?27Mn

�\C&>NAP3J��0�3g?�AM>N[b-�>@cWAX3 0�.IH&]M3 [I4 .YFq.1A�0�?27'4'+MHJ354m=�3 ?�=�3 AM4'.|Hk+�[I>@?$027/0�9X3lF�3 A�F23/HJ7W.1[wS�7WA�38F�.I4�3l7NCb0�9X3;?2.YAXc
v".1[1[�F�>N0�+�?J>@0�3qF2[Y.1cK9G02[1E$,M3kCa7W?23o029�3�7K0�9�3g?5n�:<+�?�.1A�cd0�9�3$4�3 [I>RE�S@0�9X3 ��+�� 029�?�7K+�cW9Z0�9�3<0wvb7lHJ?27WF�F~x�F235HJ02.Y7KA�F"v".1[1[
A�7K0�H >@AMHk3 [wSt>NAM4Z0�9�3dF�3 A�F23 Hk7W.1[Tv".1[Y[
4'3 0�35Hk0i>8F2-{>N[Y[�F�=X.Y�K3$v".10�9�3 uK3 ?�E�7WFJHJ.1[1[|>N0�.17WAZ7@C�0�9�3;4'?�.1uW3;Hk7W.1[wn f 9�.1F
F�.1cKAM>@[�.1F�.1A�0�3gcW?�>N0�354Z>@AM4dC\3548,M>WH2�l>@F">$:q�jHJ+X?�?�3gAG0".1A�0�7d0�9�3"F23 A�F�3$HJ7K.1[M027;H >@A�HJ3 [�0�9�3<3J��0�3 ?2AM>@[�]M3g[|4�n f 9�3
F�.B2 3q7NC_0�9X3iHk+�?�?23 A�0o4�3 023 ?�-Z.1A�3 F"0�9X3�]�3 [I4lF�02?�3 AXcW0�9rnb*�.1AMHJ3q029�3<]M3 [I4Z.YAZ0�9�3q?2.YAXc;.1FB9�3 [I4l027lA�35>@?2[1E,2 3 ?�7l,�E
0�9X3�C\3 354�,M>KH2�tSX0�9�3 �M+'�'c�>@023o-�>@cKA�3 0�7K-/3 023 ?�.1FB.YAXF�3 A�F2.10�.1uW3q0�7l029�3q3J�M>WHJ0"-�>@cKA�3 0�.IH&=�?�7K=M3 ?20�.13 F<7@C_029�3q?�.1A�c�S
>@F"[17KA�c >NF"0�9�3q?2.YAXcl.YF"+XA�.^Ca7W?2-�n

e EZ+�F�.1A�cl0wvB78=M3 ?2=M3gAM4�.IHJ+�[I>@?<F�3 AXF�3;HJ7K.1[YFRS�0wvb7l`K+M>W4'?�>@02+�?�3d7W+�02=�+�0�F�>N?�3q7W,X0�>@.1A�3R4TS�7WA�3<Ca7K?b3R>WH29P9�7K?�.^x
2 7KAG0J>@[
HJ7K-/=�7WA�3gAG0"7NC_029�3<]M3 [I4Tn

OWO



������� � � �����8���;�
	���!"�
������X�

p�>N[1[_3kst35Hk0$F�3 AXF�7W?2F;+X0�.1[1. 2g3$0�9�3/p<>@[1[
3kst35Hk05S�>Z=�9�3 AX7W-/3gA�7WAPv"9X.|H29P-�>@A�.^Ca3gF�0�F<.10�F�3g[ C"0�7�4�.^st3g?�3 A�0;4�3gcW?�3g3 F
.1AP>@[1[
HJ7WA�4�+MHJ027W?�FRn f 7l+XAM4�3 ?2F�0�>NAM4 0�9�3$p�>N[1[
3JsT35HJ0RSM.1-�>@cW.1A�3�>8,X[Y7�H2�/7NCbHJ7WAM4'+MHJ0�.1uK3$-{>N0�3 ?2.|>N[tHg>@?�?2E�.YAXc/>
HJ+�?2?�3 A�0 � * .1cW+X?�3 � x � �gn���F�F2+�-/3q029�3;H29M>@?2cW3$H >N?�?�.13 ?2F$>@?�3q3 [135Hk0�?�7KA�F5nB�\C�0�9X3$,�[17�H��Z.1Fb=�[I>KHJ354�.1A{>8-�>@cKA�3 0�.IH
]M3 [I4TSK0�9X3o�T7K?�3 A�0 2"Ca7K?�HJ3<7WAl0�9X3�3 [135HJ02?�7KA�F"v".1[Y[�=�+XF�9/029�3 -#.1A/>q4�.1?�3RHJ0�.17WAZ=M3g?�=�3 AM4�.IHJ+�[I>N?b027;,�7W029l0�9�3&]M3 [I4
>@A�4;4�.1?235HJ0�.17KAl7@C
HJ+�?�?23 A�0 ��7@v$n f 9�3"F29�.^Ca0�.1A80�9�3�H29M>N?�cW3�4'.YF20�?2.Y,X+�0�.17WAlHJ?235>@023 F�>iF�-{>N[1[W=�7W0�3gAG02.I>@[M4�.^sT3 ?�3gAMHJ3
>WHk?�7WF2F�029�3q,�[17'H2�TS�=X?�7W=�7W?20�.17WA�>@[T0�7l,�7W029�0�9�3$HJ+�?2?�3 A�0$>@A�4/029�3qF�02?�3 A�cK0�9P7NC�0�9�3<]M3 [I4Tn1���q?2. CJn�S�=
n �?< OJ�
�\C�0�9�3
HJ+�?2?�3 A�08.1Fq]���354TSr0�9�3/4'. sT3 ?23 A�0�.I>@[BuW7K[Y0J>@cK3;>WHJ?27WF2F;029�3l,�[17�H��mv".1[1[_cK.1uW3l>/-Z35>@F2+�?�3g-/3 A�0q7@C"0�9�3l-�>@cKA�3 0�.IH
]M3 [I4Tn

Magnetic
Field

Current

-     -     -     -     -      -     -      -

+     +     +     +     +     +     +     +

page
out of

* .YcK+�?�3 � x � � f 9�3$p�>@[1[T3JsT35HJ0<.1A >dcW3gA�3 ?�.IH$Hk7WAM4�+�HJ0�7K?5n

� p�>N[1[�3JsT35HJ0BF�3 A�F27W?B.1F�A�7W029�.1A�cq-/7K?�3B0�9M>NA/>�,X[Y7�H2�$7NC_HJ7WAM4'+MHJ0�.1A�cd-{>@023 ?�.I>N[Wv".10�98Ca7K+�?�[135>W4�FB>@0�0J>WH29�354
0�78.105n f 9�3oHk7W-/=�7WF2.10�.17WA87@C
029�3$HJ7WAM4'+MHJ0�7K?b.1FBuW3 ?2El.1-/=�7W?�0J>@A�0�.1A/4�3 0�3g?�-/.1A�.1A�cd0�9�3<-{>@cKA�.10�+M4'3"7@C
0�9X3op�>N[1[
uW7K[10�>@cK33��-Z7WF20�HJ7W-Z-/3 ?JHJ.I>@[Tp�>@[1[r3Jst3RHJ0$F�3gA�F�7K?�F$>@?23;-�>W4�3q7@Cb>6F�3 -Z.|Hk7WAM4�+�HJ0�7K?�F�+�H�9m>@F�.1AM4'.Y+X-lx�>@?�F23 A�.I4�3
� �wAX��F��&7W?"c�>@[1[1.Y+X-8x~>N?�F�3gA�.I4�3 � �$>N��F%� n1� e 3 [1[\S�=�=
n � x < �

��[1[�7@CT0�9�3qHJ7W-Z-/3 ?JHJ.I>@[�3 [135HJ02?�7WAX.|H<HJ7W-Z=M>@F2F�3 FB0�9�>@0���9M>RuK3�3 AMHk7W+�A�0�3g?�354TSXF�+MH29�>@F�029�3 '�3 -�HJ7;HJ7K-/=M>NF�FRS
+�F23 �M+���cG>N0�380�35H29�A�7K[17WcWE�nq�oH29�7KF�3l027{+XF�3/p�>N[1[_3kst35Hk0$F�3 AXF�7W?2F 4'3 F�=�.1023lF�3 uK3 ?�>N[b4�.1F�>K4�uW>@A�0�>NcW3 Fq029�3 EP9M>RuK3
.1A HJ7K-/=M>N?�.1F�7KAj027 �M+'�'c�>@023{F23 A�F27W?�FRn �"0lc�>@+�F2FwxwF�.B2 3�]M3g[|4'F5SB0�9�3Pp<>@[1["uW7K[Y0J>@cK3l.YFl=X?�3 020wE F2-{>N[Y[wSr+�F�+�>@[1[1E
.1A�029�38-/.IHJ?�7@uK7W[10"?�>NA�cW3Kn f 7Z7W,�0J>@.1A�>@A�EP+XF�3JCa+X[�F�3 AXF�.10�.1u�.10wEGS�.10q.YFqA�3RHJ3 F�FJ>@?2E�0�7�+�F�3l3g.Y029�3 ?q[I>@?2cW3lHJ7WA�0�?27W[
HJ+�?2?�3 A�02F � +�=�v">@?J4�F�7NC � �W�d-/� Ca7K?"F�7K-/3$4�3 u�.IHJ3 F%� ST7K?"32�{HJ.13 A�0�,�+X0�A�7K.YF2E/F23 -/.IHJ7KAM4�+MHJ027W?qHJ7W-Z=M7KF�.10�.17WAXF5S
F�+�H�9m>@F �d>@��FRnbp<>@[1[
4�3 u�.IHJ3 F$>@[1F27l9M>RuW3q0�3g-/=�3 ?�>N0�+�?23$F�3 AXF�.10�.1uW3dcG>@.1A�F�>NAM4�7NstF23 0�uK7W[10�>NcW3 FRn f 9�3 ��+���cG>@023
-{>NcWA�3g0�7W-Z3 0�3g?5SKv".Y029/.10�F"A�+�[1[^x\Ca3 354�,�>WH2�{4�3gF�.1cWA
S�.1F�HJ7K-/=M>N?�>N0�.1uW3 [1E8F�0J>@,�[13$>@AM4ZA�7K.1F�3Jx\Ca?�3g3Wn

4<A�3q[Y.1-Z.Y0J>@02.Y7KA$7@C �M+���cG>N0�3q-{>NcWA�3g0�7W-Z3 0�3g?�F5SK9�7@vB3 uW3g?5S�.1F"0�9M>N0b029�3 E�>@?�3q=�[I>NAM>@?RSW0wvB7@x�>R��.1F�4'3 u�.|Hk3 F5n��
�M+���c�>@0�38HJ7W-Z=M>@F2F�-l+�F20�>@[1v�>RE�F<,M389�3 [I4�=M>N?�>N[Y[13 [r0�7Z0�9�38cW?27W+�AM4 F�7�0�9M>N0�.10�?23 =�7W?�02F;>l9X35>W4�.1A�cZv"9�.IH29P.1F

O �



>@[17KA�cq0�9�3<cW?�7K+�AM4l>NAM4lA�7K0�.1A�0�7$.105n�p�>N[1[�3JsT35HJ0"F�3gA�F�7K?�F�>@?23�F2-{>@[1[wS@>@AM48.1Al029�3�FJ>@-/3B=�9�E�F�.IH >N[MuK7W[1+�-/3">@FB>
0wvB7@x�>R��.1F �M+���cG>N0�3q4�3 u�.IHJ3WS�7KA�3oHg>@Al]�0�>d0�9�?23 3Jx�>R��.1F�p�>N[Y[�3JsT35HJ0�HJ7K-/=M>NF�F">@AM48.1AMHk[Y.1A�7K-/3 023 ?�FB0�7dcW.1uW3<=�.10�H29
>@A�4�?�7K[Y[r.1A�Ca7W?2-{>N0�.17WA
n 7�.Y029�0�9�.1Fo4X>@0�>XSM>6?�7W,�7W0�Hg>@A�HJ7W-Z=�+�0�3q029�3;4�.1?�3RHJ0�.17WA 7@Cb029�3;HJ7K-/=�[13 023o-�>@cKA�3 0�.IH
]M3 [I4ZuW3RHJ0�7K?o>@A�4l0�9X3 AP=�?27��J35HJ0<.10b7KAG027l0�9�3q9�7K?�.B2 7KAG0J>@[T=�[I>NA�3q-{>@029�3 -�>@0�.IH >N[1[ E�n

�"35Hg>@[1[M029M>@0B-lE$7K?�.1cW.1AM>N[�.I4�35>qv">@FB0�7$=X+�0b029�.1F�Hk7W-/=�>@F�F�.YA�027;><]MF29
S�v"9�.IH29{HJ7K+�[I4lHJ7WAMHk3 .1uW>@,�[1E80�+�?2A/.1A
>@A�E/4�.1?235HJ0�.17KA
n � 9&7;cK.1-l,�[13b-Z7W+�A�05SK>@F"+�F2354Z.YAZ0�9�3qF27W-/3�Hk7W-/-Z3 ?�Hk.|>N[MHJ7K-/=M>NF�F�3gF5S�v".1[1[McK.YuK3"0�9�.1F�>N-/7W+XAG0
7@CBCa?23 354�7K-�n * 7W?q029�.1F$0�9�3gF�.1F5Sr��9M>RuK3 4'3 F�.1cWAX354�>ZF�.1-/=�[13 ?<0wvb7Nx~> ��.YFquK3 ?�F2.Y7KA�7NC�029�3/HJ7K-/=M>NF�F5S�v"9�.IH�9m9M>NF
>@A�.1-Z-/354�.I>N0�3;>N=�=�[1.IH >@02.Y7KA�0�7P029�3{�dOl?�7K,M7K0�FRn f 9X3{�$OKz F;H >@Ah7WA�[1Em0�?J>RuW3 [B.1Aj0�9X3/9�7K?�.B2 7WA�0J>@[B=�[I>@A�3WS�.^C
0�9X3 E�02?�>RuK3 [b>@0$>N[Y[wSTF27P>/029�.1?�4�> �'.1F<7@C"-/35>NF�+�?23 -/3 A�0q.1FqA�7W0qA�35Hk3 F�FJ>@?�E�nZ�o4�4�.1A�c�029M>@0$029�.1?�4m>R��.1Fq0�7�0�9�3
4�3 F2.1cWA�[I>@0�3g?�>N-/7W+XAG02F�0�7lAX7W0�9X.YAXc;-Z7W?�3"029M>@AP>K4�4�.1A�c;>NA�7W029�3 ?�p�>N[1[T3Jst3RHJ0�F23 A�F�7K?o>NAM4/4�+X=�[1.|Hg>@0�3$H29M>NA�A�3 [
7@C�>@-Z=�[1. ]TH >@02.Y7KA
n

��� 593<;<;6"="2*�M��P�+*�?2�C36$0I/5B��� "2;<;��95E�G8E8+"23<*=8 )�,.)�5($�"�5#5B�����@)2,.)%5
	�"2,AI� �)21C;6M "2;6$()S,�����"27C7C36�+8� �3659���� MO3<FU�G*�$936)�*N"2;�&0)2F�7�"�$($E�0$/V
O5V



� �������	��
 �

� � 	 � � � � � � � 	

f 9�3qHJ7W-Z=M>@F2F�9M>@?J4�v">@?�3<.1FbHJ7W-Z=M7KF�35467@C_>qF23 A�F27W?"9�35>K4/>NAM4l>q=�?2.YA�02354/HJ.1?JHJ+�.10b,�7G>N?�4ZHJ7WA�0�>N.1A�.1A�c$>$=�7@vb3g?
F�+X=�=�[1E�>@A�4P0wvB7/.I4�3 A�02.|Hg>@[�>@-Z=�[1. ]�3 ?�HJ.1?�HJ+X.Y02F � * .1cW+X?�3lVRx O�� n f 9�38=M7@vB3 ?qF�+�=X=�[1EP=�?�7@u�.I4�3 F$>Z?�3gcW+�[I>@02354m�
uW7K[10�F<Ca7W?<0wvb7Pp<>@[1[�3Jst3RHJ0 4'3 u�.|Hk3 F$.1AP0�9X3lF�3 A�F27W?$9X35>W4TS�>@A�4P029�3 >N-/=�[1.^]M3 ?2F�,�7�7WF�0q029�3/p�>N[Y[�7K+�0�=�+X0o027P>
[13 uW3g[
v"9�.IH29{H >NA�,M3$=X?�7�HJ3 F2F�354 ,�E{>8�W�Wp<�qOWOKn

+8 volt
Supply

X Component
Amplifier and Filter

Y Component
Amplifier and Filter

Hall

Sensor

Hall

Sensor

X out

Y out

Circuit Board
Sensor Head

+5v

* .YcK+�?�3$V xkOK� e [17'H2��4�.I>@cW?J>@-#7NC_029�3;HJ7K-/=M>NF�FB9M>@?J4�v�>N?�3Wn

O <





	�� !w�A�+��� �� �
���

f 9�3$F23 A�F27W?$9�3R>W4�.1Fo4'3 =�.IHJ0�3R4P.1A * .YcK+�?�3lVRx � n f vB7{��.IHJ?27G*�v".10JH�9m*�*�U < �;O * p�>N[1[
3JsT35HJ0$F23 A�F27W?�F$>N?�389�3 [I4
=�3 ?�=�3 AM4�.IHJ+X[|>N?�027;35>KH29{7K0�9�3g?".YA�>8,�[17�H��l7NC}:<3 [1?�.1AZ=�[I>@F�02.IH@n � y�>KH�9Pp<>@[1[M3kst35Hk0o4�3 u�.IHJ3$.1F �t>@AX�W354Z,�ElF�[1+�cKF
7@C�>dCa3 ?2?�.10�3q-{>N0�3 ?2.I>@[�v"9�.IH�9�.1-/=X?�7@uW3"029�3$F23 A�F�7K?�?23 F�=�7WA�F23Wn

Sensors

Hall Effect

Delrin Mount

Ferrite Slugs

Ferrite Slugs

* .1cW+X?�3$VRx � � f 9�3;HJ7K-/=M>NF�FBF�3 AXF�7W?<9�35>K4Tn

��� � ��� ���<����	T� �}� � �����6!��r������

�bHJ7KA�F�.I4�3g?�3546Ca7K+�?buW>N?�.13 02.Y3gFb7NC_p�>@[1[�3JsT35HJ0�4�3 u�.IHJ3 F&Ca7W?�0�9�.1FB=�?�7��k35HJ05��0�9�3 * n 7 n e 3 [1[ * pBx�Q < �d>@AM4?�$pBx��W�K��S
0�9X3$��[1[13 cW?27 � �$*Gx~VKQW�WVXS�>@AM4Z029�3 � .|Hk?�7G*'v".Y0JH29 *X*�U < �;O * n f 9�3q]M?2F�0�0wvB7/>@?23$,M>NF�.IH<Ca7K+�?wxw[135>W4�p�>N[1[T3Jst3RHJ0
4�3 u�.IHJ3 FRSWv".1029$0wvb7q[135>K4�F�0�7�F2+�=�=�[1E$029�3"HJ7WA�0�?27W[MHk+�?�?23 A�0b>@AM4i0wvb7q0�7<-/35>NF�+�?23b029�3"4�.^st3 ?23 A�0�.I>@[�p�>@[1[KuW7W[10J>@cW3Kn
f 9�3q[I>@F20"0wvb78-/7�4�3 [1F">@?23o.1A�0�3gcW?�>N0�354 F�3 A�F27W?2FoHJ7KAG0J>@.1A�.1A�cl>lp�>N[Y[T4�3 u�.IHJ3;>NAM4�>@AZ7WA�,M7�>@?J4{>N-/=�[1.^]M3 ?Rn

f 9�3lC\7W+�?~x�[135>K4�4�3 u�.IHJ3 Fl>@?�3�>@020�?�>KHJ0�.1uK3/,�35H >@+XF�3�0�9�3gEj>@?�3ZuW3 ?2E�F�-�>@[1[�� 029�3 * pBx�Q < �Z.YF>�J+�F20;> 0�.1A�E
n1O5VKQ !@�
n1O5�K� !N��n � � Q !�n�p"7@vB3 uW3 ?RS"0�9X3 F�3�4'3 u�.|Hk3 F�?�35`K+�.1?�3mHJ+�?�?23 A�0�F�7W+X?�HJ3 F�027j4�?�.1uW3�029�3 - >@A�4j9X.YcK9�cG>@.1A
.1A�F�02?�+�-Z3 A�0�>N0�.17WA;>N-/=�[1.^]M3 ?2F
027$3J��0�?J>WHJ0b><+�F23JCa+�[�F�.1cKAM>@[wn
y�>KH29l-/7�4�3 [�>@[1F27oF2+�sT3 ?�F�Ca?�7K- .10�F�7@v"A8=M>@?20�.IHJ+�[I>N?
4�?J>Rv",M>WH2�Tn f 9�3ZF�3 A�F2.10�.1u�.Y0wE 7@C"0�9�3 * pBx�Q < �Z.YFd?�7W+XcW9�[1EjO � ���	��
������ S�EK3 0$.10�FqA�+�[1[ � 2 3 ?�7Nxa]�3 [I4&�$uK7W[10�>NcW3
4�?2. C\0�Fq,�E{+X=�027�O5� ����� ���6nq�\CbEW7K+�,�?235>@029�387WAm.Y0RS�0�9�38F�.1cWA�>@[�.1FoF2v�>N-/=�354Tn f 9�3,�$pBx��W�K�l.1F�-Z7W?�3i]M3 [I4
F�3gA�F�.10�.1uK3 � QW��� O < � ���	��
������� �$>NAM4m[13 F�F$023 -/=�3 ?J>@0�+X?�3lF�3gA�F�.10�.1uK3 � +�AM4'3 ? �X��� ���	� ���5� nl�w0d.YF$>N[YF27P`W+X.Y023
A�7K.YF2EGnr�wA�35>@?2[1E/0�?2.I>@[1F5S�=�35>@�Kxw0�7Nx�=�35>@� �M.IH2�W3 ?BCa?27W-#029�.1F"F�3 AXF�7W?q>@-Z7W+�A�0�3R4l0�7l�W� ��� 7WAP>�O5�K� ��� F2.1cWAM>N[�n

f 9�3m.YA�023 cW?J>@0�3R4 p<>@[1[�F23 A�F�7K?�FP?235`K+�.1?�3m[13 F�F�3J��0�3g?�AM>N[i>N-/=�[1.^]tH >N0�.17WArSb>@?23�[13 F2F�A�7W.1F�E�S">@AM4�>@?�3m-/7K?�3

� � *CD *�)2* �TKL�+8(8+)21�$JFU"�5E�G8E36"�;�&/)21C;6M ,��S1�$(�/M���=�G;<8E3<*U �"�$S&(��)%$E�G*�,.�/&0"21�$(� 365�36$S&0)2F�FU)2*�"2*�M��/"%$ED�5()4FU"%&(�C3<*���V

O5Q



0�3g-/=�3 ?�>N0�+�?23{F20�>N,�[13Wn f 9�3 � �d*Kx~VKQW�KV�.1F 4�3gF�.1cWA�3R4j027�7K=M3g?�>@023ZCa?�7K- > 
qQmuW7K[Y0dF�+�=�=X[YEj>NAM4�cK3 A�3 ?J>@023 F
OW��V � �	��
������� n f 9�3P*�*�U < �8O * 9�>@F/>m0�?23 -/3gAM4�7W+XFl?�3 F2=M7KA�F�3m7@C � Q � �	��
������ S<>@AM4h.1Fl0�3 -Z=M3g?�>@02+�?�3
HJ7K-/=�3 A�F�>N0�354Zv".10�9Z[I>@F�3g?"0�?�.1-Z-/3548?23 F�.1F�027W?2F�7WAZ0�9�3$H29�.1=�.10�F�3g[ CJS�EG.13 [I4�.1A�c8>8AG+X[Y[T4�?2. C\0"7@C_+XAM4�3 ?��X�YO�� � ���6n
p"7@vB3 uK3 ?5SX0�9�3$*�*�U < �8O * ?235`K+�.1?�3 Fq>@A 
q�$uK7W[10BF�+�=�=X[YE�n

f 9�3�v".1A�A�3g?_>@-Z7WA�cB0�9X3�Ca7W+X?
HJ7WA�0�3gAM4�3 ?2F�.1FT0�9�3b*X*�U < �;O * ng��[10�9�7K+�cW9q.10T?�3R`W+X.Y?23 F�3J��0�?J>�HJ.1?�Hk+�.10�?�E<Ca7K?T0�9�3
�quK7W[10�F�+X=�=�[1EGSK0�9X3�9�.1cW9'x�F23 A�F�.102.Yu�.10wE8.YF�+�A�?�.1uW>N[Y3R4Tn_y}uW3 AZ-/7W?23b.1-Z=M7K?�0�>NA�0_.1FB0�9�3&C�>WHk0�7W?2E >K4��J+�F20�35467WA�x�H29�.1=
0�3g-/=�3 ?�>N0�+�?23;HJ7W-Z=M3gA�F�>N0�.17WA
SKv"9�.IH29�vb7K+�[I4l,�3ouK3 ?�EP4�.��{HJ+X[Y0B0�7/4'+�=�[1.IH >@023ov".1029{4�.1F�Hk?�3 023 HJ7K-/=�7WA�3gAG02F5n

��� � � � � �r���~�'� !��2%	���

f 9�3ZCa3 ?2?�.10�3�F2[Y+XcWF8F�+�?2?�7W+XAM4�.1A�cm35>WH29 p�>N[Y[BF�3gA�F�7K?/F�3g?�uW3�0wvB7�=X+�?�=�7WF23 F5n * .Y?2F�0RS�0�9X3 E >KHJ0/>@F�� �M+'� HJ7WA�x
HJ3 A�02?�>@027W?2F5n ! f 9�3ly�>@?20�9
z F<]M3 [I4 ,M3 0wvB3 3 A�029�38F�[1+�cWF<.1Fo-l+X[Y02.1=�[1.Y3R4l,�E�0�9�383JsT35HJ0�.1uK3l=M3 ?2-/35>N,�[1.1[Y.10wEl7NCb0�9�3
F�E�F20�3 -mS�v"9�.IH�9�4�3 =�3 AM4�F<7WAZ0�9�3qcW3g7W-/3g0�?�El7NC_029�3qF�[1+�cWFRn���[10�9X7W+�cK9/0�9X.YFB3JsT35HJ02.YuK3$=�3 ?�-Z35>@,�[1.1[1.10wE$.1F"7WA�[1El>
Ca?J>WHJ02.Y7KAP7@C�029�3;.1A�0�?2.1A�F�.IH<=M3g?�-/3R>@,�[1.1[1.Y0wEl7NC�0�9�38-{>N0�3 ?2.|>N[wS�0�9�3 E�F20�.1[1[
-{>NcWA�.^CaEl029�3$-�>@cWAX3 0�.IH&]M3 [I4�=M>NF�F2.YAXc
0�9X?�7W+XcW9�0�9�3$p<>@[1[TF�3 AXF�7W?2F�,�E/>@=X=�?�7R��.1-{>N0�3 [1El>qC�>KHJ0�7K?"7@C�Q�n��B7WAXF�35`K+�3 A�02[YE�S�0�9X3o027W0J>@[
>@-Z=�[1.^]M3 ?�c�>@.1A{H >NA
,�3�?�3R4�+MHJ354 ,GE80�9X3oFJ>@-Z3BC�>WHJ027W?RSW.1-/=X?�7@u�.1A�c�029�3qF�.1cWAM>N[^x�027@xwA�7W.1F�3B?�>N0�.17;>NAM4l?2354�+MHJ.1A�c80�9X3o.1-Z=M>WHJ0�7NC
7@sTF�3 0
4�?2. C\05n

f 9�3qCa3g?�?�.1023$F�[1+�cKF�>@[1F�7l>WHJ0q>@F�>RuK3 ?�>NcW.1A�cl4�3 u�.IHJ3 F5nA7 9X3 A�F�>@A�4�v".IH�9X354�,�3 0wvb3g3 A�029�3 -mS�0�9�3$p�>N[1[T3Jst3RHJ0
F�3gA�F�7K?;?23 F�=�7WAM4'F;027{029�3l]�3 [I4�>N[Y7KA�c�0�9�3l[13 AXcW0�9m7@C"0�9X3/F�[1+�cKF5SrA�7W0-�J+XF�0$027{029�3l]�3 [I4P=�?23 F�3gAG08v".10�9�.1Am0�9�3
F�3gA�F�7K?5z Fb7@v"A80�9X.|H2��A�3 F2F5n f 9�.1F�.1-/=�?27@uW3 Fr0�9�3�Hk7W-/=�>@F�FRz@.1-/-8+�A�.10wE"0�78>@A�E$[17�H >@[�HJ7KAG027W?20�.17WA�F�7@CT0�9�3�y�>N?�029
z F
-{>NcWA�3g0�.IHB]M3g[|4�n



	2� � ��� �
(!"'+�t�����

f 9�3�*�*XU < �8O * F�3gA�F�7K?b?235`K+�.1?�3 Fb>NA 
q�quK7W[10
F2+�=�=�[1E�S@7W+X0�[1.1A�354d.YA * .1cK+�?�3�V x~VXn f 9�3 
qQ<uW7W[10�HJ7W-Z=M>@F2F_F2+�=�=�[1E
.1Fb,�7�7WF20�35460�7 
;OR�quW7K[10�F�,�E/>$�P> ��.Y-#��� � �K�W�q+�F2354Z.1A/>$uK7W[10�>NcW3Jx�4�7W+X,�[13 ?�HJ7WA�]�cW+�?J>@0�.17KA
n f 9�.1F�O5�iuW7W[102F
.1F"0�9�3gA{=�>@?�3R4P4�7@v"A/027/�8uW7K[Y02Fb,�E�>$F20�>@A�4�>@?J4P�
�PVXO5�d?�3 cK+�[I>@027W?5n

f 9�3$��� � �W�K�q.1F�>8H29M>@?2cW3Jxw=�+�-Z=luW7W[10J>@cW3<.1AGuK3 ?�023 ?	�K4�7W+X,�[13 ?�H29�.1=Zv"9�.IH�9Z?�35`K+�.1?23 F�7KA�[1E;029�?�3 3q3J��023 ?�AM>N[
HJ7K-/=�7WA�3 A�02F5�r0wvb7lH >@=�>WHJ.10�7K?�F�>NAM4/>dF�0J>@?�0~x�+X={4�.17�4�3Wn��wAZ0�9�.1F"HJ.1?�HJ+�.10"029�3$H�9X.Y=Z.1FbF23 0"0�787W=�3 ?�>N0�3q.1A{>d9�.1cW9
Ca?235`K+�3 AMHJEm-/7�4�3KSM>@0 < Ql��p>28?�>N0�9�3 ?d0�9M>NA�QZ�'p 2Wn f 9�.1F$>@[1[17@v"FBCa7W?q029�3;+XF�387@CbF2-{>@[1[13 ?�H >N=M>WHk.Y027W?quW>@[1+�3gF
� >NAM4l029�+�Fb-Z7W?23�HJ7W-Z=M>WHJ0BH >@=M>KHJ.10�7K?�F���v".10�9Z0�9�3<F�>@-Z3"7W+�02=�+�0B?�.1=�=�[13WS�>N0�0�9X3o3k�'=�3 A�F23q7@C}>iF�-{>N[1[�.1AMHJ?�3R>@F�3
.1A/F2+�=�=�[1E{Hk+�?�?23 A�05n



	�
 ���#���%��
Z	��
�7� �*�

f 9�3PHJ7K-/=M>NF�F89M>@F80wvb7m.I4�3 A�0�.IH >N[�>@-Z=�[1. ]�3 ?$HJ.1?�HJ+�.102F5SB7WA�3ZCa7K?;3R>WH29 p�>@[1[BF�3 AXF�7W?RSBF�9�7@v"A�.1A * .1cW+�?23{V x < n
f 9�3 F23;HJ.1?�Hk+�.10�F"9M>RuK3�0�9X?�3 3$F20�>NcW3 FR��>8uW>@?�.I>N,�[13"9�.1cW9�xwcG>N.YA/>N-/=�[1.^]M3 ?�v".10�9�HJ7G>N?�F23;:q��7@sTF�3 0�>K4��J+�F20�-Z3 A�05S�>

O5�



filter
capacitor

voltage set
resistors

start-up
diode

charge pump
capacitor

MAX

660

LM317
+8v

+5v

+10v

* .1cW+�?23iV x~VX� f 9X3 
q�8uW7W[10BF�+�=X=�[1E/HJ.1?�HJ+�.10

Coarse
Offset Adjust

Input from
Hall Sensor

Fine
Offset Adjust

Primary Amplifier Filter Secondary Amplifier

1/2
LT1078

RC
Filter

Output to
68HC11

Gain Adjust

Bessel Filter Op-Amp
+

- -

+

MAX292

X

(Fixed Gain)

* .YcK+�?�3$V x < � 4<A�3$7NC_029�3$0wvB7 4�+X=�[1.|Hg>@0�3$>N-/=�[1.^]M3 ?bHk.Y?JHJ+�.10�F

]M[10�3g?o027�?�354�+�HJ3lA�7W.1F23 >NAM4P[1.1-/.10B0�9�3lHJ7K-/=M>NF�Fq?�3 F2=M7KA�F�3KS_>NAM4�> ]���354m[17@vBx�c�>@.1A{>N-/=�[1.^]M3 ?"v".1029P]MAX3 :q�
7@sTF�3g0/>W4��J+XF�0�-Z3 A�05n�*�.1AMHJ3Z0�9�3gF�3�>N-/=�[1.^]M3 ?2Fi>N?�3�=�7@vb3 ?2354h,�E > F�.1A�cK[Y3kx�F2.|4'354jQ uW7K[Y0dF�+�=�=X[YE�S�> ?�3 F2.YF20�.1uW3
uW7K[10�>@cK3o4�.1u�.I4�3 ?".1FB+�F�354 0�7l=�?27@uG.I4�3$> � n�QduW7W[10 ��cK?�7W+XAM48!8?�3JCa3g?�3 AMHk3Wn

��������� � ����#����#���#�<�����q�


f 9�38]M?2F�08F�0J>@cW3l.1F$>@A�.1A�uW3g?�0�.1A�c �@F2+�-/-Z. A�c/>N-/=�[1.^]M3 ?Rn f 9�3l7K+�0�=�+X0$7@C"0�9�3�*�*�U < �;O * p�>N[1[_3kst35Hk0lF�3 A�F27W?
.1F;HJ3 A�023 ?�354h>@,�7W+�0 < uK7W[10�FRS
9�>@[^C�7NC�029�3lF�3gA�F�7K?;F2+�=�=�[1EmuW7W[10J>@cW3KST,�+�0$029�3/HJ3 A�023 ?;uK7W[10�>NcW3dCa7W?q029�3/?23 F�087@C
0�9X3 HJ.1?JHJ+�.10�?2E�.1F � n�QluW7K[10�F5n$*'7MS
>NA�>W4��k+�F�0J>@,�[1387@sTF�3 0$uK7W[10�>NcW3q.1F$>W4�4�3R4P027{029�38F�3 A�F27W?$7K+�0�=X+�0q0�7�F�9�.^Ca0<.10
4�7@v"A
nr��A8.1A�uW3 ?20�.1A�c$>@-Z=�[1. ]�3 ?_HJ7KA�]McK+�?�>N0�.17WA8.1F_.I4�3R>@[�Ca7K?�0�9�.1F5�rF�.1AMHk3"0�9�3".1A�uW3 ?20�.1A�cq.1A�=�+�0�027$0�9�3�>N-/=�[1.^]M3 ?
,�35HJ7W-Z3 Fo>8u�.1?�02+M>@[TcK?�7K+�AM4 � 7K?5S�?�>N0�9�3 ?RSM>6uG.1?20�+M>N[ � n�Q$uK7W[10"F�7K+�?�Hk3��<0�9�3;Hk7W-/-Z7WA�xw-87'4'3"?�>@AXcW3$7NC_0�9X3$7W=�x
>@-Z=;.1FBA�3 uK3 ?"3J�MHJ3 354'354Tn f 9�3�c�>@.1Al7@C�0�9�3q>@-Z=�[1. ]�3 ?�H >@A�,�3�uW>@?2.1354l,�3 0wvB3 3 A�O5�$>NAM4/�K��n f 9�3$>W4��k+�F�02-/3 A�0

O5�



.1F�A�35Hk3 F�FJ>@?�EZ0�7$3R`W+�>@[1.B2 3�029�3"[13 uW3 [1FB7@CT0�9�3 "/>NAM4$#$7K+�0�=X+�0bH29M>@AXA�3 [1F�>NAM480�7d7W=�02.Y-Z.B2 3�0�9X3o4�E�AM>N-/.IH�?J>@A�cK3
7@C�0�9�38HJ7W-Z=M>@F2F5n

��H�9X7WF�3<0�7$+XF�3o>d�T.1A�35>N? f 35H29�A�7W[17KcWE;� f OR�W�K��4�+M>N[M7K=M3g?�>@02.17WAM>N[M>@-Z=�[1. ]�3 ?TCa7K?�0�9X.YF�F�0�>NcW3Wn f 9X3o� f OR�W�W�
.1F > -/.IHJ?�7K=M7@vB3 ?;4'3 u�.|Hk3WSBF�=�35HJ.^]M354 Ca7K?;F2.YAXcW[13lF�+�=X=�[1E�7W=�3 ?�>N0�.17WA
S�v"9�.IH29j9M>NF;3J�MHJ3g[Y[13 A�0l4�?�.^Ca0l>@A�4�A�7K.YF23
H29M>@?J>WHJ023 ?�.1F20�.IHJF5n � f 9X3�4�+�>@[�=M>KH2�W>@cW3B>@[1F�7qF�>RuK3 F�F2=M>WHJ3KSWF2.YA�HJ3"7WA�[1Eq7WAX3�H�9X.Y=8.1F�?�35`K+�.1?�3R4dCa7W?�,�7W0�9lH29M>@AXA�3 [1F5n

������� � � ��� � � � ���w���r

f 9�3�=�?2.Y-�>@?2E >N-/=�[1.^]M3 ?8.1F$Ca7K[1[Y7@vB354 ,GEj>NA ����� x�7K?�4�3 ?lF2v".10�H29�354Kx�H >N=M>WHJ.1027W? e 3 F2F�3 [<]M[10�3g?lv".Y029 >�V�n�VPp>2
HJ7K?�A�3 ?iCa?�35`K+�3gAMHJE�n f 9�.1F"]�[Y023 ?q?�3 -Z7@uW3 F<A�7W.1F23;F2+MH29 >NFoF2=�.1�W3 F$>NAM4P����]�3 [I4�F$4�+�3l0�7Z?�7K,M7K0o-Z7W027W?�FRSM>NAM4
0�9X3$3 uW3g?wxw=�?�3 F23 A�0;�W�Kp>2$.1A�0�3g?wCa3 ?23 AMHJ3Kn f 9�3q]M[10�3g?o>@[1F27l9�3 [1=�F�027/?2354�+MHJ380�9X3$.1AG02?�.1A�F2.|HiA�7W.1F�3iCa?�7K- 029�3;p�>N[1[
3JsT35HJ0"F23 A�F�7K?b.102F�3 [^C�n * +�?�029�3 ?2-/7W?23WS@029�3"]M[1023 ?b[1.1-/.102F
0�9X3�?�3gF�=�7WA�F23o02.1-/3B7@CT0�9�3qHJ7W-Z=M>@F2F5SKv"9�.IH�9l.1Fb>KHJ0�+�>@[1[1E
>8+�F23JCa+�[�Ca35>@02+�?�3qF2.YA�HJ3$.10bF2-/7�7W029�FB7W+�0"029�3;4�>N0�>dv"9�3 A�>d?�7K,M7K0".YF",X+�-/=�.1A�c8>@AM4$�J7KF�0�[1.1A�c;>N[17WA�c�n

f 9�.1F�]�[Y023 ?B.YF�v"9�7W[1[1E Hk7WA�0�>N.YAX35487WA�>$�P>R��.1-#��� �q� U � H29�.1=
SWv"9X.|H29Z?�35`K+�.1?�3gF"7WA�[1E$7KA�3�3J��023 ?�AM>N[
HJ7W-6x
=�7WA�3 A�0RS�>lH >@=M>KHJ.10�7K?b027;F23 0"0�9�3$HJ7K?�A�3g?"Ca?235`K+�3 AMHJE�n f 9�3$H29�.1=PHJ7W-Z3 F�.1A/0wvB7��T>RuW7W?2F5��> e +X0�0�3g?�vB7W?�029�]M[10�3g?
>@A�4l> e 3 F2F�3 [�]M[10�3 ?Rn���[10�9�7K+�cW9l> e +�0�023 ?�vB7W?20�96]M[10�3 ?�?23 F�=�7WAXF�3q9M>@FB>qF�9M>N?�=�3 ?"HJ+�0wxw7@s�SK0�9�3 e 3 F2F�3 [T?23 F�=�7WAXF�3
E�.13 [I4�F;>Z-/.1A�.1-8+�- F23 0�02[1.YAXcP0�.1-/3KnY��p&7W?�7�n Sr=
n � �WQ sM��� � 9�x~�g�b�qHJ0�.1A�cm>@F;>�HJ?2.Y02.IH >@[1[1E�4�>N-/=�354P?23 F�7KAM>@027W?RS�>
e 3 F�F23 [�]M[10�3g?"v".Y[1[
>N=�=�?�7�>WH29P>8F�0235>W4�EKxwF�0J>@0�387W+X0�=�+�0�>NF"C�>NF�0�>NF".YF"=�7WF2F�.1,�[13$v".10�9X7W+�0"7@uK3 ?�F29�7�7W0"7W?<?�.1A�cK.YAXcMn
f 9�.1F�.1F��J+XF�0�v"9�>@0�029�3;HJ7K-/=M>NF�F"A�3g354�F5S�F�.1AMHJ380�9�3d7W+�02=�+�0�F29�.^Ca0�F<,M3g0wvb3 3gA�7KA�3$3 F2F�3 A�0�.I>N[Y[1EP:q� 7K+�0�=X+�0�027
>@AX7W0�9X3 ?5n

*�.1AMHJ3PF2v".10�H29�354Kx�H >N=M>WHJ.1027W?Z]M[10�3 ?2F{>N?�3�4�.1F�HJ?23 0�3Jxw0�.1-Z3WSBF�>@-Z=�[1354hF�E�F�023 -/FRS"0�9X3���� �q� U � .YFZ=�?�7KA�3P027
>@[1.I>@F2.1A�c�=�?�7K,�[13 -/FRSTv"9�3 ?23/C\?�35`K+�3 A�HJ.13 Fl9�.1cW9�3g?$0�9M>NAj9M>N[^C�029�3/FJ>@-/=X[Y.1A�cZ?�>N0�3{Hg>@A�,�3/?�3 �M35HJ02354�.1A�0�7�0�9�3
]M[10�3g?5z Fb=�>@F�F2,M>@A�4Tn1� *'.Y3g,
n SK=�=
n < VWQRx < VKUR���wA�F23 ?�02.YAXc >dF�.1-/=X[Y3"�"��HJ.1?�HJ+X.Y0B,�3JCa7W?23�029�3"]M[1023 ?b.1A�=X+�0b?2354�+MHk3 F"0�9�3
>@[1.I>@F2.1A�cl3JsT35HJ05n f 9�3$FJ>@-/=X[Y.1A�c8?�>N0�387@Cb029�3l��� �q� U � .1FoVWVK�lp>2 � OR�W�l02.1-/3 F"029�3 Hk7W?�AX3 ?<Ca?�35`K+�3gAMHJE&���r0�9�3
�"� HJ+X0�7@s�.1FbF23 0o>N0$O5�8p>2WSX=�?�7@u�.I4�.1A�cdx � �;4 e 7@Cb>@020�3 A�+M>N0�.17WA�>@0"029�3qF�>@-Z=�[1.1A�cqCa?235`K+�3 AMHJE�n

��������� !"�
	T��������������#���2���o�r

f 9�3P[I>NF�0lF�0J>@cK3P7@C$0�9X3PF�3 AXF�7W?�HJ.1?�HJ+X.Y0Z.1F{>@AX7W0�9X3 ?/>@-Z=�[1. ]�3 ?5S�v"9�.IH�9�.1F{>KHJ0�+�>@[1[1EjHJ7WA�0�>N.1A�354�v".10�9X.YAh0�9�3
��� �o� U � n f 9�.1Fb7K=�x�>@-/=8.1FbHJ7KA�A�35HJ02354�.1Al0�9X3oFJ>@-Z3�HJ7WA�]�cW+�?J>@0�.17KA/>@FB0�9�3q=�?2.Y-�>@?2E;>@-Z=�[1. ]�3 ?5S@>@[1029�7W+�cK9l.10
7WAX[YEZ=�?�7@u�.I4�3 F$>d]���354 cG>N.1A{7NCbV�n f 9�.1F�7W='x~>N-/={>N[1F�7/H >NA�7KA�[1E/F�v".1A�cZv".10�9�.1A�O$uK7W[10"7@C�0�9X3;F2+�=�=�[1E�?�>N.Y[1FRS
[1.1-/.10�.1A�cq0�9X3i4'EGA�>@-/.IHB?J>@A�cK3$7@C�0�9�3;Hk7W-/=�>@F�FB0�7 � OK� QduW7K[10�F5n f 9X3o7NstF23 0oHk7WA�0�?27W[
.1AZ0�9�.1F"F�0J>@cK3o.1F"+�F2354�027
?�3g-/7@uW3�>NA�El7@sTF�3 0".1A�0�?27'4'+MHJ3546,GEl029�3<]M[10�3 ?">@A�4l0�7d]MA�3kx�02+�A�3q0�9�3q027W0�>N[t:q��7NstF23 0�F"7NC_029�3oHJ7K-/=M>NF�FRn f 9�3
7W='x~>N-/=�7W+�02=�+�02Fo9�>RuW3/O��
	 ?�3 F2.1F�0�7K?�F$027�=�?�7@u�.I4�3$7@uK3 ?wx�HJ+�?2?�3 A�0$=�?27W0235HJ0�.17KAPCa7K?�029�3 �K�Wp<�qOWOWS�.1A�H >NF�380�9�3
7W+X0�=�+�0"F29�7W+X[|4Z3 uK3 ?"3J�MHJ3 3R4 
qQ8uW7K[10�F5n

���S&/&0)28+MO3<*�?�5() 59���4������4$97��/&=$B���/�/50I��� ����������� *�)236$(� 3<*:"���� �����45E)������� ,�"2*�MC �36MC5B�AI "2*�M���� ����� ��!#" )�$.$(�/5�MO8(3<KL50V

O5�



f 9�3PHJ7W-Z=�[13 0�3�HJ.1?�HJ+X.Y0lE�.13 [I4�Fl>�:q� uW7K[Y0J>@cK3lcG>@.1Ah?�>@AXcW.1A�c Ca?�7K- VK�P027 O5�K��n f 9�3PHJ7K-/=M>NF�F8+�F�3gF/Q
.1A�0�3 cK?�>@02354PHJ.1?JHJ+�.10�Fq>@AM4Z9M>NFo>80�7K0�>N[
7@C�F2. ����A�7W,�F<0�7l0wvB35>@� � 0wvB7l7@sTF�3 0$>K4��J+�F20�Fo>NAM4Z7WA�3dcG>@.1A�HJ7WA�0�?27W[
Ca7K?o3R>WH29jH29M>@A�AX3 [wn � ��[1[�7@C"0�9X3/HJ7W-Z=M7KA�3 A�0�F$>@?23/>RuW>@.1[I>@,�[13q.1A�F2+�?wCw>WHJ3Jxw-/7K+�A�0q=M>WH2�W>@cK3 F5n8�<[YF27MST-�>@A�E�7@C
0�9X3o=�>@F�F2.1uW3;HJ7K-/=�7WA�3gAG02F�>N?�3q.I4�3 A�0�.IH >N[wS�F�.1-/=�[1.^CaE�.1A�c$HJ7WAXF�0�?2+MHJ02.Y7KA
n

����"2;<3<,C8 "%5936)2*� �3<;<;�,��=MO36$E&G1�$E$(�/M 3<*��O�/&/5B36)2*��OV �NV
O5U



� �������	��
 �

� � 	 � ���,� � � � 	

f 9�3$F27@Ca0wv">@?23$=�7W?�02.17WA�7@Cb029�3;HJ7K-/=M>NF�F"=M>KH2�W>@cW38HJ7WA�F2.1F�0�F<7@C�>8F29�7W?20o�K�Wp��qOKOqF�+�,X?�7W+X0�.1A�38v"9�.IH�9P>KH HJ3 =�02F
0�9X3;0wvB7l7WA�3kx�,�E�0�3$uW>N[1+�3 F�?23 F�+X[Y02.1A�clCa?27W- � �K: Hk7WA�uW3 ?2F�.17WA 7@C�0�9�3lHJ7K-/=M>NF�F"F�3gA�F�7K?oF2.1cWAM>N[YFRn f 9�3;?27W+�02.1A�3
?�3g0�+�?2A�F$>87WA�3Jxw,�E�0�3$?23 F�+�[10qv"9�.IH29�?�>@AXcW3 F&Ca?�7K- �8027 � VWUXS�?23 =�?�3gF�3 A�0�.1A�cP>89�3R>W4�.1A�cl.1A�+�A�.10�F<7@C�OW��QK�@n f 9�.1F
Ca7K?�-{>N0�v">@F�H29�7WF23 AP,�35H >N+�F�380�9�38�W�Wp<�qOWO<.1F�>@AP�Rxw,�.10b-�>WH29�.1A�33��029�3$?27W+�02.YAX3o.1F"35>NF�.13 ?<0�7l.1-/=�[13 -l3gAG0�. C�.10
H >N[|Hk+�[I>@0�3gF"F�.1A�cW[13Jxw,�E�0�3q?�3 F2+�[10�FRn

� 	��  �����"� ���$�����$��	
'����@�����*�

f 9�3/H >N[IHJ+�[I>@02.Y7KA�7NC�029�3l9�35>K4�.1A�cP.1Fq=�?�3g0�0wE�F�.1-Z=�[13W�o4'.Yu�.I4�3l7KA�3/HJ7W-Z=M7KA�3 A�0q,�EP0�9�3l7K0�9�3g? >NAM4�]�AM4m0�9�3
>@?JHJ0�>NA�cW3gAG0l7NC$0�9�3�?�3gF�+�[105n���A >@[1023 ?�AM>N0�3�-/3g0�9�7�4�vB7W+X[|4 ,M3 0�7 ]M?�F20{HJ7K-/=�+�023/029�3P-{>NcWA�.102+M4�3l7@Cq0�9�3
y�>N?�0�9rz Fi]M3 [I4�>NF$=�?27��J35HJ02354�7KA�0�7�0�9�3l9X7W?�.B2 7KA�0�>@[�=�[I>@A�3 � ,�EmF�`K+M>@?2.1A�c�0�9�3/HJ7K-/=�7WA�3gAG02F5Sr3 0�HNn �gS_>NAM4 0�9�3 A
]MAM48029�3o>N?�HJF2.1A�3q7@CT7WA�3qHJ7W-Z=M7KA�3 A�0�4�.1uG.I4�3R48,GE80�9X.YFB-{>NcWA�.102+M4�3Wn e 7W029l-/3 029�7�4�Fb>N?�3�3R`W+X.YuW>N[13 A�0}>NF�Cw>@?b>NF
=�?235HJ.1F�.17WA�.1F�HJ7KAMHJ3 ?2A�354T��cW.1uW3 AP>NA/3 ?2?�7W?���.1A/029�3�"{>NAM4 #lHJ7W-Z=M7KA�3 A�0�F�4'+�3q0�78A�7W.1F�3KS�0�9�3$3g?�?�7K?".1A{>@AXcW[13
Ca7K?"3 .10�9�3 ?"0235H29�A�.I`K+�3$.1F

���
	 �
� " � 
 # �

.1Aj?J>W4�.I>@AXF5S�v"9X.|H29h.YF>�J+�F20;029�3�?�3 [I>N0�.1uW3�3 ?2?�7W?l7NCo029�3l]M3g[|4h-Z35>@F2+�?�3 -Z3 A�05n * ?�7W- 0�9�.1F83J��=�?�3 F2F�.17WArSb.108.1F
3 u�.I4�3 A�0�029M>@0�029�3"-{> ��.Y-8+�- =�?�3RHJ.1F�.17WAl=�7WF2F�.1,�[13"v".10�980�9�.1FbHJ7K-/=M>NF�FRS@+�F�.1A�cq029�3"Ca+X[Y[�?J>@A�cK3"7@C
>@Al�Rxw,�.10_� �W:
HJ7KAGuK3 ?�F2.17WA
SX.YF �� �2� ?�>W4'.|>NA�F5S�7K?���� < QK�@n

* .YA�4�.1A�c�0�9�3�>@?JHJ0�>NA�cW3gAG0Z.1F/0�9X3�=�?23JCa3 ?2?�354 -Z3 0�9X7'4�SbF2.1AMHJ3m.Y0l?235`K+�.1?�3 F [Y3gF�F{Hk7W-/=X+�0�>N0�.17WAh0�9M>NA 0�9�3
-{>NcWA�.102+M4�3 �K>@?�HkF�.1A�3;>N=�=�?�7�>WH29 � .1Am=M>@?20�.IHJ+�[I>@?RSTA�7�F�`K+M>N?�3l?27G7K0�FRn/p"7@vB3 uW3g?5Sr0�9�3l7K0�9�3 ?d-/3 029�7�4PvB7W+�[I4
,�3;A�3RHJ3 F�FJ>@?2E�0�7/.1A�0�3g?�=�?23 0$0�9X3 4�>N0�> Ca?�7K- >8Ca+�[1[�0�9X?�3 3Jx�4�.1-/3gA�F�.17WA�>@[_Hk7W-/=�>@F�F � >NFoF2+�cWcK3 F�02354�>@0<0�9�383 AM4
7@C��B9M>@=X0�3 ? � � n

� �



� 	2� ���#� ���������$�/�
�7� �*�

� ��7@v�H29M>N?�0"7@C�029�3;�W�Kp��qOKO�.1-/=X[Y3g-/3 A�0�>N0�.17WA8.1F"F�9�7@v"A .YA * .1cW+�?23 < x O3��029�3;>NA�A�7W0J>@02354P>@F2F�3 -l,X[YE/Hk7'4'3$.1F
=�?23 F�3 A�02354h.YA��<=�=�3 AM4�.^�j�qn f 9�3l9�35>N?�087@C�0�9X.YFd?�7W+X0�.1A�3l.1F$0�9X3 f >@A�cK3 A�0 f >@,X[Y3KS
>PV � x�,�E�0�3l[17KA�c�[Y7�7K�Wxw+�=
0�>N,�[13 Hk7WA�0�>N.YAX.YAXc/0�9X3;0J>@A�cK3 A�0�F$7NC�>@A�cK[13 F<Ca?�7K- �W�80�7 < QK�8.YAhOW��QW�d.1AG023 ?�uW>N[1F5n;y�>WH29�uW>N[1+�3;.1F<F�0�7K?�354�>NF$>
7WAX3Jx�,�E�0�3q,�.1AM>N?�EKxwvb3 .1cK9G023548C\?�>WHk0�.17WA
S � 0�9�3qF�>N-/3BCa7K?�-�>@0�+�F2354Z,�El0�9�3$�W�Kp��qOKOBCa7W?B0�9X3o?23 F�+X[Y0"7NC_.10�F * :<� ;
� Ca?�>KHJ0�.17KAM>@[T4�.1u�.|4'3J�
.1A�F�02?�+MHJ02.17WA
n

f 9�3m?�7W+X0�.1A�3m3J��=M35Hk0�FP027j]�AM4�0�9X3jHJ7W-Z=M>@F2FlF�3 A�F27W?PuW>N[1+�3 F/.1A 029�3j>Rx/>@A�4�,�x�>WH HJ+X-l+�[I>@0�7K?�Fl7NC;0�9�3
-/.IHJ?27W=�?27�HJ3 F�F27W?Rn f 9�3Z?�7W+X0�.1A�3Wz Fq]M?2F�0lF20�3 =h.YFd0�7PF2+�,�0�?J>WHJ0PO � �ZC\?�7W- 35>WH29h.YAX=�+�0$uW>N[Y+X3Wn f 9�3(2g3 ?�7Nxa]M3g[|4
F�.1cKAM>@[r.YA 35>WH29�HJ7K-/=M>NF�FqH�9�>@A�A�3g[_.1Fq>@F�F2+�-/3R4�0�7Z,M3 � n�Q8uW7W[102F5S�v"9�.IH29P.1FoHJ7KAGuK3 ?�02354 0�7{>6uW>@[1+�3q7@CqO � �8,�E
0�9X3;� �W: =�7W?20�Fq7WAm>l�W�Wp<�qOWOKn�*�+�,�02?�>KHJ0�.1A�cmO � �8-�>@�K3 F"0�9�.1F<uW>@[1+�3$>l0wvB7Mz F�HJ7K-/=�[13 -Z3 A�0bF2.YcKA�354 .1AG023 cW3g?
?�3g=�?�3 F23 A�0�.1A�c�0�9X3ouK7W[10�>NcW3q>@,�7@uW3q7W?B,M3g[Y7@v 0�9X352 3 ?27@x\]M3 [I4ZuW7W[10J>@cW3Kn

�"Ca023 ?BF�+�,�02?�>KHJ0�.1A�c�S�0�9�3<F�.1cWA�F�7@CT0�9�3<0wvb7$AX3 v uW>@[1+�3gFb>@?23"?�35HJ7K?�4�3R4{>NAM480�9X3�uW>@[1+�3gFb>@?23�-{>K4�3B=M7KF�.10�.1uW3KS
.^C�029�3 E�>@?23lA�7W0$>@[1?235>W4�E�n f 9�38Ca?J>WHJ02.Y7KAM>@[B4�.1uG.I4�38.1A�F�02?�+MHk0�.17WA�7KA�[1EPvb7K?���Fqv".10�9m+�A�F�.1cKA�354mA�+�-l,�3 ?�FRS
,�+X0
0�9X3lF�.1cWA�Fq7NCb,M7K0�9�HJ7W-Z=M7KA�3 A�0�F$>N?�38A�3 354�3R4m0�7P4�3 023 ?�-Z.YAX3;029�3/HJ7W?2?�35Hk0;`K+M>W4�?J>@A�0q0�7�v"9�.IH29�029�389�35>W4'.YAXc
,�3 [17WA�cKF5n

f 9�3$?27W+�02.YAX3;HJ7W-Z=M>@?23 F"0�9X3 HJ7K-/=�7WA�3gAG02F"0�7/4�3RHJ.I4�3;029�3$7K?�4�3 ?<.1A{v"9X.|H29P027/4�.1u�.|4'3$0�9�3g-�S�F�7Z0�9M>N0"0�9�3
?�3gF�+�[10�.1F">@[1v">REGF�Ca?J>WHJ02.Y7KAM>@[wn f 9�.1F"v�>RE�SK0�9�3$?23 F�+X[Y0".1F"029�3$0�>NA�cW3gAG0"7NC_F27W-/3q>@A�cK[13�.1A�0�9�3$�W�i0�7 < QK�<?�>@AXcW3WS
7W?"029�3lHJ7W0J>@A�cK3 A�0"7@Cb>@AP>@AXcW[13q.YA�029�3 < QW�q027/UW�K�q?�>NA�cW3Wn f 9�3d?�7W+X0�.1A�3$-�>@�W3gF�>8A�7K0�3$7NC�v"9�.IH�9�7K?�4�3 ?<0�9�3
4�.1u�.1F�.17WAZv".Y[1[T,�3;=�3 ?~Ca7W?2-/354Z.1A
S�F27/029M>@0".10�H >NA�H29�7�7WF�380�9X3;HJ7W?2?�35Hk0o9�>@[^CIx�`W+�>W4�?J>@A�0b[I>N0�3 ?Rn f 9�3;4�.1u�.1F�.17WAZ.1F
0�9X3 AP=�3 ?wCa7K?�-Z354TS�E�.13 [I4�.1A�c;>80�>NA�cW3gAG0".1AZ0wvb7Nx�,�E�0�3q,�.1AM>N?�E8Ca?J>WHJ02.Y7KAZCa7W?2-�n

* .YA�>@[1[1EGSg0�9�3"?27W+�02.YAX3"[Y7�7K�GFr+�=80�9�.1F�0J>@A�cK3 A�0_.1A80�9�3 f >@A�cK3 A�0 f >N,�[13Wn�4<A�[1E$029�3B]M?�F20�,�E�0�3B7@CT0�9�3"0J>@A�cK3 A�0
.1F"+�F�3R4Tn f 9�3q?27W+�02.YAX3o3gF�0�.1-�>@0�3gFb029�3$[17�H >@02.Y7KA/.1A/029�3q0�>N,�[13o,�E�4�.1uG.I4�.1A�cd0�9�.1F",�E�0�3q,�E/��SM>NAM4l029�3 AP,�3 cK.YAXF
F�3R>@?�H29�.1A�cmC\7W?�v">@?J4m0�9�?27W+�cK9�0�9�3Z0�>@,X[Y3Kn 7 9�3 A�029�3/uW>N[Y+X3/.1Aj029�3/0J>@,�[13/3k�XHk3 354�F�0�9X3/0�>NA�cW3gAG0l,�E�0�3Z0�9�3
F�3R>@?�H29P.1FB]MAX.YF29�354TS�>@AM460�9�3d=M7KF�.10�.17WAZ.1A{029�3q0�>N,�[13ocK.1uW3 F"029�3$>@A�cK[Y3Kn

f 7$]MAX.YF29�+�=
S�0�9X3o?27W+�02.1A�3q=M3 ?~Ca7W?2-/F"029�3qA�35HJ3 F2F�>N?�E�F�+�,X0�?�>KHJ0�.17KA�F�027l-/7@uW3"029�3$>@A�cK[13�.1A�0�780�9�3$HJ7K?�?�3RHJ0
`K+M>W4'?�>@A�0Rn f 9�3<]MAM>@[T?23 F�+X[Y0<.1F"?�3 02+�?�A�3R4�.1A{029�3q,�x�>WH HJ+X-l+�[I>@0�7K?5n

f 9�.1Fl?�7K+�0�.1A�3WS�.1AMHJ[1+M4�.1A�cm.1A�F�02?�+MHJ02.17WA�F�>@AM4 0�9�3�[17�7W�Kx�+X=j0�>N,�[13WS�.1F/� � ,�E�0�3 FZ[17WA�c�>NAM4h?�35`K+�.1?23 F/7KA�3
�"�q� [17�H >@02.Y7KAZCa7W? �t>@clF20�7W?J>@cK3Wn��"0q-Z7WF�0RS�0�9�38?�7K+�0�.1A�3d?�35`K+�.1?�3gF � VK�8-{>WH29�.1A�3$HJE�HJ[13 Fq027{HJ7KAGuK3 ?�0$>8=M>N.1?
7@C�HJ7W-Z=M>@F2FbuW>N[1+�3 F".1A�0�7l>$9�3R>W4�.1A�c�n-�q.1uW3 A�>8F�0�>NAM4�>N?�4 � � p>2;HJ[17�H2�TS�0�9�.1F�>@-Z7W+�A�02F�0�7l+�A�4�3 ?;OKO5U � � =�3 ?
?�3R>W4�.1A�c�n

�������SFU)%$E5�$936?�*C3���&/"2*C5�,C365�8+�+7C8+�/$(�+*C5E$ �
�
IC5B��� *����O5 �� IC�/5(&�V<I�"%$ 3<KA"4,C3<*�"�8 D 7.)23<*C5� #�G8 ���B1�$E5 5() 59���R;6�+KL5 )�K 5B��� ���	�=V

� O



Clear flags

Subtract 128 from
x-component

Positive?

Change sign

Set X-Neg flag

Subtract 128 from
y-component

Positive?

Change sign

Set Y-Neg flag

Is x<y?

Set X-over-Y flag

Divide x/y

Divide y/x

Start

Yes

Yes

No

Yes

No

No

Throw away the
low-order byte

Is the result
zero?

Divide by 8 and
add address of table

Is the
original value

> value in
table?

Search done;
Position in table
gives the angle

Go to next
value in table

X-over-Y
flag set?

Subtract angle
from 90 degrees

X-Neg
flag set?

Subtract angle
from 180 degrees

Y-Neg
flag set?

Subtract angle
from 360 degrees

Done

Yes

No

No

No

Yes

Yes

Yes

Yes

No

No
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