
�����������	��
���
�������������������
���
������ 
!�	������"#��$�%
&('*)�+-,/./01'�2�.43�576�89'�:;.<,>=?:*+�8@6�2BA�=?2C'*'*,D=?2BAE+�2BFHG�3�01)�IC.<'*,KJ	:*=9'�2B:;'

L�M?N�N�NPO�Q 2�.<,D3�FBI�:;.<3�,/RS&K=9A�=?./+�8�J�R	T<.<'�0�TVU�+-W!3�,>+-.<3�,/R
UX+-WY3�,D+-.<3�,/R[Z

\[]_^`]badc�e�f4]gebadh�i
j�k#l�m@n*oqp�rts-uDvxwKy@z{j�|�r<ldk}v�~!�X�{�>�{�gm<�{�>�>�;�

�	���>��|�k}�Xn*o4�;u>��k}�X�Bz{����|�m�v�k#o4~!�X�{�>�{�gm<�{�>�>�;�

Q TDT/IC'�F����K:;.<3�WY'*,q���!�-�����
� 2B+�8?3�ASG��C'�:D� O 3-�7���K:;.<3�WY'*,(� N �!�-�����

&q'�TD=9A�2����K:;.<3�WY'*,(�����!�-�����
UX+-WHG��B'�:/� O 3-�����43� �'�0¡WY'*, L �!�-�����
¢V'*)Y3�,/.V&KIC'����q3d �'�0£WY'*, N Z��!�-�����

¤*¥§¦£¨S©�\«ªH¬E¦£¤{©1¥

­ ��=?TV8?+-W[A�=? �'�T4R�3�I§./�C'®3�)B)Y3�,/./I�2B=9.¯RS.<3°FB'�T/=9A�2���:;3�2�T<.<,DIB:;.*�Y+�2BF«.<'�T<.K+�,D'�+�T<3�2B+-W�89R±:;3�01)�8?';²«F�=9A�=9./+�8
T<R	T<.<'�0 M � FC'�T/=9A�2³,D'* �=9'*´�´q=9./�³+ ­PM � M =?T .<3µWY'«�C'�8?F�+-5_.<'*,�R�3�I¶�B+d �'·:;3�01)�8?'*.<'�F�./�C'[=?2B=?./=?+�8�FB'�T/=9A�2
)Y3�,/./=93�2 M � 5_.<'*,�./�C'[FB'�T/=9A�2³,/'* 	=9'*´®�¸R�3�I¶0�+�R¹)B,/3	:;'*'�F�´4=9./�¹./�C'«º`2B+�8�FC'�T/=9A�2@��:;3�2BT<.<,DI�:;./=93�2���.<'�T/./=?2CAC�
FC'�013�2�T<.<,D+-./=93�2��Y+�2BFH./�C'E,/'�»�IB=9,/'�F§8?+-W§,D'*)!3�,D. M(­ �B'*,/'E=¼Tq+�2H'�+-,D8?=?'*,(:>�C'�:/� O 3-�¹3�5�./�C'1+�2B+�893�AS)!3�,D./=93�2·3�5
R�3�IC,48¼+-W!3�,>+-.<3�,/R M

­ �B'�)`IC,/)Y3�T<'�3�5YUX+-W½Z(=?T�.<3P5g+�0�=?8?=¼+-,D=9¾*'�R�3�I�´4=9./�E./�C'�FC'�T/=9A�2E3�5Y+K:;3�01)�89';² T<R�T/.<'�0 M � 8?T/3(./��=?T7=?T�R�3�IC,
3�)B)Y3�,/./IB2�=9.¯R[.<3±WY'�:;3�01'15g+�0�=?8?=¼+-,q´4=?./�§./�B' I�T<' 3�5�./�C'�¿7À�Á � WY3�+-,DFBT M®Â 3�Iµ+-,/'�T<.<,/3�2BA�89R['�2B:;3�IC,>+-A�'�F��
./�C3�ICA��Ã2C3�.P,/'�»�IB=9,/'�F���.<3§IBT<'�+�2µ¿7À�Á � =¼2BT<.<'�+�FÄ3�5�¢ �KÅ �X¢V� Å �XÀ � UXT*��G�À�U�&(T��@'*./: M1Â 3�I�´4=¼8?87+�8?T<3
�B+d �'®.<3½IBT<'P+�2B+�8?3�A�.<3�FB=9A�=9./+�8�+�2�F«FB=9A�=9./+�8Y.<3�+�2B+�8?3�A½:;3�2� �'*,D.<'*,DT M�­ �C'P8?+-W[�B+�T�.Æ´�3½:>�C'�:/� O 3-��T*�`./�B'PºB,DT<.
WY'�=?2CA[./�B'°+�2B+�893�A§)Y3�,/./=93�2Ã+�2�FÃ./�C'ST<'�:;3�2BFÇWY'�=?2CA[./�C'SFB=9A�=9./+�8¸)�+-,/. M·­ �B'°FB=9A�=?./+�8�)�+-,/.ET/�C3�IB8?FµºB.£=?2�.<3
'�=9./�C'*,P3�5�./�C'�¿7À�Á � T¡3�2Ä./�C'½¿7À�Á � WY3�+-,DF M ­ �C'1+�2B+�893�A§T<'�:;./=93�2µ0EIBT<.PWY'1FC'�T/=9A�2B'�FH+�2�Fµ:D�C'�:D��'�FÃ3-�
WY'*5b3�,D'®./�C'®,/'�T/.V3�57./�C'¡8?+-WH=?TV:;3�01)�8?'*.<'�F M À�89'�+�T<'¡+�8?T/3�)�+�R[+-.<.<'�2�./=93�2§.<3½./�C'£FC'*W�ICA�A�=?2BA�T<.<,D+-.<'*A�R«´4�B=¼:D�
=?T�FC'�TD:;,D=9WY'�F«8?+-.<'*,4=?2±./��=?T�FC3	:*IB01'�2�. M

È ¥�©½¦£ÉÊ©�fË¬ È ª[¦£¤{©�¥

­ ��=?T�)B,/3�W�89'�0[�{´q�B=?89'�2C3�.¸=?01)Y3�T/T/=?W�89'���=¼T�2B3�.�.<,D=9 	=?+�8 MXQ .�=?T7T/ICW�T/./+�2�./=?+�8¼89R¡013�,/'�FB=?Ì½:*IB89.�=?2 :;3�01)�89';²C=9.¯R
./�B+�2±./�C'P)�,/'* �=?3�IBT�8?+-W±';²�'*,D:*=¼T<'�T M�Â 3�I«+-,/'®T/.<,/3�2CA�89RSIC,/A�'�F±.<3�T<./+-,/.�./��=?2C�	=?2CA£+-WY3�IC.�./�B=¼T�FB'�T/=9A�2±./+�T<�±+�T
T<3�3�2[+�TV)Y3�T/TD=9W�89' M

­ ��=?TK�B+�2BFC3�IC.()B,/3� �=¼FC'�TKT/ICW�T<./+�2�./=?+�8�A�IB=?F�+�2B:;' 5b3�,PR�3�IC,®FB'�T/=9A�2 M¡Í 3d´�'* �'*,���R�3�I�+-,/'��P� ­ ,/'�»�IB=9,/'�F
.<3�5_3�8?893�´Î./�C'�T<'¡TDICA�A�'�T<./=93�2BTV';²	+�:;./89R M�Â 3�I·+-,/'P,D'�»�IB=?,/'�F±.<3½IBT<'®+�2 �KÏ &Ð+�2�F[+1& Ï{� :;3�2� �'*,/.<'*, M
Â 3�I1+-,/'�'�2B:;3�IC,>+-A�'�F£.<3®I�T<'�./�B'�¿7À�Á � WY3�+-,DFBT�+�2BFE.<3PT/=?0EIB8?+-.<'�R�3�IC,�FC'�T/=9A�2£WY'*5b3�,/'�.<'�T<./=?2BAqR�3�IC,¸FB'�T/=9A�2 M

Ñ�'£´4=?8?8Y)B,D3d 	=?FC'��B+-.qTDIB=9./+-W�89'PT<./+-./=?3�2BTV./�C,D3�ICA��C3�IC.V./�B'¡8?+-W@��T/3�IC,D:;'�TV3�5�+1 -+-,D=9'*.ÆR±3�5¸+�2B+�893�A½T/=?A�2B+�8?T M
Â 3�I«0�+dR½ 	=9'*´Ò./�C'K,/'�T/IB89./T�3�5�)B,/3	:;'�T/T/=?2CA£W�R°R�3�IC,�FB=9A�=9./+�8`º�89.<'*,�W�R½3�W�T/'*,/ �=¼2CA¡´�+� �'*5_3�,D0�T�´q=9./�±+�2°3�TD:*=?8 O
893�T/:;3�)Y'4+�2�F�+�8?T<3®W�R18?=?T<.<'�2�=?2CAK.<3®./�C'�0Ó´4=9./��+�01)`8?=9ºB'�F1T<)Y'�+-��'*,DT�´4�B=?:>�1+-,/'q+d {+�=¼8?+-W�89'V+-.�./�C' Q 2BT<.<,DIB0�'�2�.
¢V3�3�0ÔFC'�T<� MKÂ 3�Iµ0�+dR§+�8?T/3Sº`2BF§=?.(=?2�.<'*,/'�T<./=¼2CA°.<3[:*+�TD:*+�FC'1R�3�IC,®UX+-WµZ°´4=9./�H./�C3�T/'E3�5�R�3�IC,P5_,D=9'�2BFBT4.<3
3�W�T<'*,D �'�./�B'�,D'�T/IB89./T�3�5�013�,/'�:;3�01)`8?=?:*+-.<'�F =?01)�I�8?T<'�,/'�T<)Y3�2BT/'�T M G�+�2£R�3�I IB2�FC3q´q�B+-.�+�2 =?0�)�IB8?T<'�,/'�T<)Y3�2BT<'
:*+�2·FB3�Õ



Ö�×9Ø�Ø�Ø£ÙÛÚ�ÜCÝSÞ ß

à¡á«âKã�á«ä*â(å

æ¸ç�èCé�ê/ë�ì/íEî?ì�ê<çPï�èBî¼ð?ñ¡ëKò�ë�ó>ôBî?õCö�÷4ôBî¼óDô£÷4î?ð?ð�ë�ó*ó;ö*øBê�ë�õBë�ð9ç�ùPì/î?ù�õBë�ð?ì�ë�õBñ øBé/ç	ñBèBó;ö�ëKú�ð9ê<ö*é/ö�ñ£û�ö*éDì/î9ç�õ ç�ü
ê/ôBî?ì�î?õCø`èCê�ì/î9ù�õ�ë�ð�ý�þVôCö*é/ö(ë-é/öPò�ë�õ�ÿ½÷�ëdÿ�ì�ê<ç1ë�ó*ó;ç�ò1ø�ð?î¼ì/ô½ê/ô�î?ì�ê/ë�ì/í`ý��Kî9ù�î9ê/ë�ð!ú�ð?ê<ö*éDì�ó*ë�õSïYöqî¼ò1ø�ð9ö�ò1ö�õ�ê<ö�ñ
ï�ÿHó;ç�õ�û�ç�ð?èCê/î9ç�õ���ñBî��Yö*é/ö�õBó;ö1ö���èBë-ê/î9ç�õ�ì��Xë�õBñµë�ð¼ì<ç«ï�ÿ
	�	7þ
��	Bë�ì<ê�	Cç�èCéDî9ö*é£þXéDë�õ�ì<übç�é>ò��>ý���ö�÷4î?ð¼ð�ó>ôCç�ç�ì<ö
ê/ôCö�	�������	7î?õBî?ê<ö��#ò1ø`èBð?ì<ö��Vö�ì<øYç�õBì/ö���ó;ç�õ�û�ç�ð?èBê/î9ç�õ·ë-øBø�é/ç�ë�óDô�ý

� ì/î¼ò1ø�ð9ö��@ç�û�ö*éDë�ð?ð�ï�ð9ç	ó/í�ñBî?ë-ù�é>ë�ò î?ì£ì/ôCçd÷qõÃî?õ�	7î9ù�èBé/ö! -ý"��öSøBé/çdû	î?ñCö�ë·ú�ð9ö��7î?ò1ø�è�ð?ì<ö�ì*ý�õ�ê/ð#��÷4ôBî¼óDô
ó;ç�õ�ê/ë�î?õBì�ë�ð?ð!ì/î�$	ê<ö*ö�õ½ç�ü@ê/ôBö(î?ò�ø�èBð?ì<ö�éDö�ì<øYç�õBì<ö�ì�ÿ�ç�èSë-éDö(éDö���èBî?é/ö�ñ�ê<ç ñCö�ò1ç�õBì/ê<éDë-ê<ö�ý�æ¸ç�è±ò�ë�ÿ°î?ò1ø�ð9ö�ò�ö�õ�ê
ë�ñBñBî?ê/î9ç�õBë�ð¸î?ò�ø�èBð?ì<ö1éDö�ì<øYç�õBì<ö�ì®ç�üVë�õ�ÿµð9ö�õCù�ê/ô¹ë�õBñÇó;ç�õ�ê<ö�õ�ê ÿ�ç�è¹ó>ôCç�ç�ì<ö�ý·þVôCö%�'&)(*&�þ ì/î9ù�õBë�ð+�_übé/ç�ò ë
ì<÷4î?ê/óDô,��ì/ôBç�èBð?ñ î?õBî9ê/î¼ë�ð?î.-*ö�ÿ�ç�èCé�ò�ë�ó>ôBî?õCöVë�ì�é/ö���è�î9é/ö�ñ ë�õBñ�ì<ê/ë-éDê�ó;ç�õ�û�ç�ð?û�î?õBùPê/ôCö4î?õCø`èCê�ë�õ�ë�ð9ç�ù¡ì/î9ù�õ�ë�ð	÷4î9ê/ô
ê/ôCö¡î¼ò1ø�èBð?ì/ö4é/ö�ì<øYç�õBì/öP÷4ôBî?ó>ô«î?ì�ì<ö�ð9ö�ó;ê<ö�ñ·ï�ÿ±ì<÷4î9ê/ó>ôCö�ì*ý

Digital
Filter

Analog In

Impulse Response
Selection Switches

Analog Out

Reset

4
	�î?ù�èCé/ö/ 1032(ö�õBö*éDë�ð54�ð9ç	ó/í6�Kî?ë-ù�éDë�ò

��ö ö7$	ø�ë�õBñ8	�î?ù�èCé/ö� -ý(ê<çSøBé/ç	ñBèBó;ö®ê/ôCöEï�ð9ç	ó/í[ñ�î?ë-ù�éDë�ò ç�ü9	7î9ù�èCé/ö ß ý:��ö1ñCç°ê/ôBî?ì(ì/î?ò1ø�ð?öPö7$�ø�ë�õ�ì/î9ç�õ
ê<ç£î¼ì<ç�ð?ë-ê<öVê/ôCö(ë�õBë�ð9ç�ù®ê<çEñBî9ù�î9ê/ë�ð;� ��< �=��ë�õBñ½ñBî?ù�î9ê/ë�ðCê<ç£ë�õ�ë�ð9ç�ù���� <>� ��ó;ç�õ�û�ö*éDì/î9ç�õ°übéDç�òÐê/ôCö4ó;ç�ò�ø�ð9ö7$Cî9ê/î9ö�ì
ç�ü�ê/ôCö�ñBî9ù�î9ê/ë�ð7ó*î9é>ó*èBî9ê<é/ÿ�ý � ìKÿ�ç�èµ÷4î?ð?ð�ì<ö*ö½ð?ë-ê<ö*é?�@÷�ö1éDö�ó;ç�ò�ò1ö�õBñÄê/ôBë-ê¡ÿ�ç�èµèBì<ö1ë«ì/î?õBù�ð9ö ö�î9ù�ô�ê�@�ï`î9êPñBë-ê/ë
ï�èBì ê<çÃï!ç�ê/ô é/ö�ë�ñ�ê/ôCö ��< � ë�õBñ³÷Vé>î9ê<ö«ê<çµê/ôCöA� <>� ýCBqç�ê<ö[ê/ôBë-ê�ÿ�ç�è ó;ç�èBð?ñ³û�ö*éDî9ü_ÿ³ë�õBñ�ñCö�ò1ç�õBì/ê<éDë-ê<ö

AD558
D/AFinite

Impulse 
Response

A/D
AD670 Analog OutAnalog In

Reset

Impulse Response
Selection Switches4

8 8

	7î9ù�èCé/ö ß 0 � õBë�ð?ç�ù < �(î?ù�î9ê/ë�ð�(�ö*ø`ë-éDë-ê/î9ç�õ

ê/ôCö½ó;ç�éDé/ö�ó;ê¡øYö*é/ü_ç�éDò�ë�õBó;ö1ç�ü�ÿ�ç�èBé ��< � ë�õBñD� <>� ï�ÿ§øBéDçdû	î?ñBî?õCù«ë«é>ë-ê/ôCö*é£ì/î¼ò1ø�ð9ö ügì/òÔ÷4ôBî¼óDô�øBéDçdû	î?ñCö�ì
ê/ôCö ë-øBøBé/ç�ø�éDî?ë-ê<ö£ó;ç�õ�ê<é/ç�ð7ì/î9ù�õ�ë�ð?ì*ý � ê(ÿ�ç�èCéPë�õBë�ð9ç�ù±óDôBö�ó/íE@�ç1�¹ïYöEøBé/ö*ø�ë-é/ö�ñ·ê<ç±ö7$�ø�ð¼ë�î?õ·ôCç�÷ ÿ�ç�èCé(ñ�î9ù�î9ê/ë�ð
ì<ÿ	ì<ê<ö�ò û�ö*éDî9úBö�ì�ê/ôCö4ê/î?ò½î?õCùPç�ü�ö�ë�óDô±ë�õBë�ð?ç�ù¡ç�øYö*éDë-ê/î9ç�õ°ë�õBñ½ñCç�ö�ì�õCç�ê�é/ö�ð?ÿ£ç�õ°ê/ôCö4ügë�ó;ê�ê/ô�ë-ê�ë¡ê<éDî?ì<ê/ë-ê<öqï�èBì
ôCç�ð?ñ�ì�î9ê/ìVñBë-ê/ë�ñ�èCöKê<ç°î9ê/ì�ó*ë-ø�ë�ó*î?ê/ë�õBó;ö¡ö*û�ö�õ·÷4ôCö�õ[î9êVî¼ì�õCç�êVïYö�î?õCù1ñCéDî?û�ö�õ�ý



F�G.H�H�HJILK;MON%P Q

R%S=S=T%U�R6VJW

XZY\[�]_^�`badc�adeO[�^fad`)gih�j\`i[=^�kZl�mngihoYOhqpde6gbYO[=asr�t_j\pd`b['ub[�`itvhqw\`b[�`x^�w\e6gihoj\`i[=`by'a.gbczY\[�`){|h�uZgbY\[=Y\a.}qY
h�uzeO[�u�]_a.gb`�h�{3gbYO[/kZl�m~^�e\eOub[�`b`�gih�`i[�p.[�c7g=gbYO[/^�c7gbj_^�p9adr�t,j\pd`i[�ub[�`itvhqw\`i[fgbY\^1g���hqj�j\`i[��/�+w��*k:�+m�ad`
j\`i[�eAgiho`igih�ub[=gbY\[�t\ub[�`i[�wEg'^�w\e6t\uz[���a.hqj_`x`b^�r�t_p.[��1^�pdjO[�`Zh�{;gbYO[JadwOt_jOg)^�w\^�p.h�}�`ba.}qw\^�p#�

XZY\[Jr/^��ih�u+`b[��EjO[�w_c7[�h�{�h�tv[�uz^1gba.hqw\`:ad`'`zYOh?y'w�adw!��a.}qj\ub[JQ��'��a.uz`bg��,adw\adgbad^�pda.��[�^�`:ub[��Ej_a.ub[�e��\gbY\[�w!y)^�a.g

Convolve

Store A/D
Sample

Initiate A/D

SampleWait

Initialize

RESET

Sample

Sample
Output Computed

��ad}qjOub[�Q��3��[���jO[�w\c7[�h�{�m�^���h�u�l+tv[�uz^1gba.hqw\`

j\wEgbadpxa.goas`�gbadr�[A{�h�uogbY\[!wO[7�*go`b^�r�t_pd[���l�jOgit,jOg�gbYO[!t_ub[���adhqj\`bp.��c7hqr�t_jOgi[�e�hqj\git_jOgo`bad}qw\^�pZ`b^�r�t,p.["gih
gbYO[��=�>��c7hqwE��[�ubgi[�u�^�w\e�`igih�ub[�gbYO[fub[�`zj\p.g+{|ubhqr�gbY\[�t_ub[���adhqj\`����>��c7hqwE��[�uz`ba.hqw�adw8gbYO[o�*k:�+mD����w\a.gbad^1gi[
^�w
���>��c7hqwE��[�uz`ba.hqw�`ih%gbY\^1g�gbYO[�c7hqwE��[�uz`ba.hqw8gbadr�[fad`:h?��[�uzps^1t\tv[�e���h�u=c7hqw_c�jOubub[�wEg��'y'a.gbYAgbY\[�uz[�`ig:h�{CgbYO[
t\ubh*c7[�`b`baswO}O���'{�gi[�uxgbY\^1g��_eOhfgbYO[�^1uzadgbY\r�[�gbadc:y'Y\adc�Y6adr�t_p.[�r/[�w gb`3gbYO[�c7hqwE��hqpdjOgba.hqw6¡_pdgi[�uzadwO}O����adw\^�pdpd����p.h�h�t
]_^�cz¢%gihoy3^�a.g:j\w\a.gbpva.gZad`)gbasr�[�{|h�u'gbYO[�wO[7�*g'`b^�r�t,p.[��

�Oh�u+`badr�t,pdadc�a.g£���*^�psp�adr�t_j\ps`i[:uz[�`itvhqw\`i[�`x^1ub[=h�{�gbYO[�`z^�r�[�p.[�wO}�gbY��\w\^�r�[�p.�%`ba��*gi[�[�w��

¤ [�y'adpdp)wOh�y
c7hqw\`bade\[�u/gbYO[Ac7hqwE��hqpdjOgba.hqw¥^1uza.gbY\r�[�gbasc1�¥��gbj\eO����ad}qjOub["¦O�¥§:[�ub[Ay3[!`bY\h?y
^�`z^�r�t_p.[
adr�t,j\pd`i[)ub[�`itvhqw\`b[xh�{�p.[�wO}�gbY/gbY\ub[�[��9�*^�r�t_p.[�`�h�{�gbYO['adwOt,jOg�`ba.}qw\^�p_^1ub[:`bY\h?y'w/^�w_eopd^1]v[�p.[�e�y:YO[�ub[ZgbYO['��[�ubh



¨�©.ª�ª�ªJ«L¬;­O®%¯ °

Total Response at Time t

1/4 1/4

1/2

H H H
0 1 2 5

4
3

5/4

5/2

5/4

1

2

1

3/4

3/2

3/4

4

Finite Impulse
Response H

Input Signal

Response to 

Response to 

Response to 

0

Y  =  S   H

        + S   H

        + S   H

S
0

S
−1

S
−2

S S S
−2 −1 0

0      0

−1    1

−2    2

±�².³q´Oµb¶ °O·3¸)¹qº »�¹q¼ ´\½b² ¹qº"¾ µ�².½b¿\À�¶�½b²dÁ



Â�Ã.Ä�Ä�ÄJÅLÆ;ÇOÈ%É Ê

ËbÌOÍ,ËbÎ7ÏzÐ.Ñ\ÒxÏzÓ�Ô|Ó�ÏzË+ÒiÕ%ÒbÖOÓf×�ÕqËiÒ+ÏbÓ�Î7Ó�Ø Ò�ËbÙ�×/Ñ_Ú.Ó�Û:Ü'ÖOÓ=ÝzÞ�ËbÌOÍ_ËzÎ7ÏzÐ.Ñ\ÒZÏzÓ�Ô|Ó�ÏzË:ÒiÕ6ÒbÖOÓfËbÙ�×�Ñ_Ú.Ó�ÍßÓ�Ô�Õ�ÏbÓ�ÒbÖOÓf×�ÕqËiÒ
ÏbÓ�Î7Ó�ØEÒ'ËbÙ�×�Ñ,Ú.Ó�àOÓ�ÒbÎ1Û

á ÓoÎ7ÕqØ_ËiÒiÏzÌ\Î7Ò�ÒbÖOÓ�ÕqÌ\ÒiÑ_ÌOÒ�ËbÐ.âqØ\Ù�Ú�ã1Ù�ÚdÌOÓfÍ�ä8ËzÌOÑvÓ�ÏbÑvÕqËbÐ.ÒbÐ.ÕqØ�Û�å�Ø�æ�Ð.âqÌOÏbÓfç"è3Ó/ËbÖOÕ�èéÒbÖOÓ/ËiÓ�Ñ_Ù1Ï�Ù1ÒiÓ/ÏbÓ7Ý
ËiÑvÕqØ\ËiÓ�Ë)ÒiÕ%ÐdØOÑ_Ì\Ò3ËbÐdâqØ\Ù�Ú�ËbÙ�×�Ñ,Ú.Ó�Ë)ÕqØAÒbÖOÏzÓ�Ó=ÚdÐdØOÓ�Ë�Û�Ü'ÖOÓ�ËiÓ=Ù1ÏbÓ�ËzÐd×�Ñ_Ú.ä�Î7Õ�Ñ_Ð.Ó�ËZÕ�Ô�ÒbÖOÓ�Ðs×�Ñ_Ì\ÚdËbÓ:ÏbÓ�ËbÑßÕqØ_ËiÓ=Ù�Ë
ËbÎ�Ù�Ú.Ó�ê
Í�ä8ÒbÖOÓ/ÐdØOÑ_Ì\Ò:ËbÐ.âqØ_Ù�Ú�ËbÙ�×�Ñ_Ú.Ófã1Ù�ÚdÌOÓ�ÛJå£Ô3èCÓ�ÒbÖ\Ó�Ø�ËbÌ\×ëÌOÑ
ÒbÖOÓ�ËiÓ/ÐsØ\ê\Ð.ã*Ðdê\Ì\Ù�Ú�ÏbÓ�ËiÑvÕqØ\ËiÓ�Ë�ã�Ó�ÏbÒbÐsÎ�Ù�ÚdÚ.ä�à
è3Ó�â�Ó�Ò+ÒbÖOÓ�ËbÙ�×�Ñ,Ú.Ó=Õ�Ô�ÒbÖOÓ=ì,Ø\Ù�Ú�ÕqÌOÒiÑ_Ì\Ò'ËbÐ.âqØ\Ù�ÚíÛ3ÜZÖ\Ó=Ô|Õ�Ï�×JÌ\ÚsÙ�Ô|Õ�Ï:ÒbÖ\Ù1Ò:ËzÌ\×
ÐdË'ËbÖOÕ?è:Ø!Ù1Ò'ÒbÖ\Ó�ÍvÕ�ÒiÒiÕq×
Õ�Ô
æ�Ð.âqÌOÏbÓ�çOÛ

ÜZÖ�Ì\Ë�àvÕqÌOÏ�ÒbÙ�Ëiî
ÐdË+ÒiÕ"Î7Õq×�Ñ_ÌOÒiÓfÒbÖOÓ/ËzÌ\×
Õ�Ô3Ø
Ñ\ÏbÕ*ê\Ì\Î7ÒbË:è'ÖOÓ�ÏbÓ�Ø
ÐdË+ÒbÖOÓ�Ø�Ì\×�ÍvÓ�Ï+Õ�ÔCËbÙ�×/Ñ_Ú.Ó�Ë�ÐdØ8ÒbÖOÓ
Ðd×�Ñ,Ì\ÚdËiÓZÏzÓ�ËiÑvÕqØ\ËiÓ�Û�åïØ�ÕqÌOÏxÎ�Ù�ËiÓ=Ø,ð�Þ�ñ�Û�ò9Ù�ÎzÖ6Ñ_ÏbÕ�ê_Ì\Î7Ò9ÒiÓ�Ïz×�ÐdË3ÒbÖOÓ�×�Ì\Ú.ÒbÐ.Ñ_ÚsÐdÎ�Ù1ÒbÐ.ÕqØ�Õ�Ô�ËbÌ\Î�Î7Ó�ËbËbÐdã�Ó+Ðd×/Ñ_Ì\ÚdËiÓ
ÏbÓ�ËiÑvÕqØ\ËbÓ/ËbÙ�×�Ñ_Ú.Ó�Ë=è'Ð.ÒbÖ
ÒbÖOÓoÎ7Õ�ÏzÏbÓ�ËiÑvÕqØ\ê\ÐdØ\â%Ñ,Ù�ËiÒ�ÐdØOÑ,ÌOÒ�ËbÐ.âqØ\Ù�Ú�ËbÙ�×/Ñ_Ú.Ó�Ë�Û%ó�Ø\Î7Ó/è3ÓoÖ\Ù�ã�Ó%Î7Õq×�Ñ_ÌOÒiÓ�ê�Ù�Ø
ÕqÌOÒiÑ_Ì\ÒoËbÐ.âqØ\Ù�Ú'ËbÙ�×�Ñ_Ú.Ó�à)ÒbÖOÓ�ØôèCÓ�â�ÕDÍ_Ù�ÎzîõÙ�Ø\êôê\Õ�ÒbÖOÓ�ËzÙ�×�Ó!Õ�ÑvÓ�ÏzÙ1ÒbÐ.ÕqØ¥Ù�ÚdÚxÕ�ã�Ó�Ï6Ù1âqÙ�ÐsØõè'ÖOÓ�ØôèCÓ�â�Ó�Ò
Ù�ØOÕ�ÒbÖOÓ�Ï+ÐdØOÑ_Ì\Ò3ËbÐdâqØ\Ù�Ú�ËbÙ�×�Ñ_ÚdÓ�Û

ö ÐsØ\Î7ÓxèCÓxÕqØ_Ú.ä�Ö_Ù�ã�Ó'ÒiÕJÌ\ËiÓZØ�Õ�ÔßÒbÖOÓ'ÐdØ\Ñ_ÌOÒ�ËbÐ.âqØ\Ù�ÚOËbÙ�×/Ñ_Ú.Ó�Ë�à ÐdÒ�è'ÐdÚdÚ�ÍvÓxÎ7ÕqØ ã�Ó�Ø\ÐdÓ�Ø ÒCÒiÕ=ÕqØ\Ú.äfÌ\ËiÓZØ/÷:ø+ù
Ú.Õ*Î�Ù1ÒbÐ.ÕqØ\Ë�Ù�Ø\êõÕ?ã�Ó�ÏbèZÏ�Ð.ÒiÓ"ÕqÚdêOÓ�Ï/ËbÙ�×/Ñ_Ú.Ó�ËfÍ�ä�ËbÐs×�Ñ_Ú.äDÚdÓ�ÒiÒbÐdØOâ
ÒbÖOÓAËbÐ.âqØ_Ù�ÚxËbÙ�×�Ñ_Ú.Ó"Ù�ê\ê\ÏbÓ�ËbËfèZÏzÙ1ÑõÙ1ÏzÕqÌ\Ø\ê
Ù�ËbËbÌ_×/ÐdØOâ�Ø�ÐdË)ÙJÑvÕ?è3Ó�ÏxÕ�Ô�Òúè3ÕOÛ9û:Õ?èüËbÖOÕqÌ_ÚdêoÒbÖ\Ó+÷:ø+ùnÙ�ê\êOÏbÓ�ËbË3Î7ÕqÌ\ØEÒiÓ�ÏxÍvÓ:Ðd×�Ñ,Ú.Ó�×�Ó�ØEÒiÓ�ê�Ð.Ô�Ø%è3Ó�ÏbÓ�ØOÕ�Ò
Ù�ÑvÕ?è3Ó�ÏZÕ�Ô�Òúè3ÕEý

þvÿ�þ������ ���
	��

�������������


ø Ñ_ÖEä�ËzÐdÎ�Ù�Ú�Ëiä*ËiÒiÓ�× Í_Ú.Õ*Îbî6ê\ÐdÙ1â�Ï�Ù�× ÐdËxËbÖOÕ�è'ØAÐdØ"æ�Ð.âqÌ\ÏbÓ Ê Û

A/D

D/A

FPGA

8

8

status

status

control

control

Analog out

Analog in

Clock

Impulse Response
Selection Switches

æ�Ð.âqÌOÏbÓ Ê���� ÖEä�ËbÐsÎ�Ù�Ú ö ä�ËbÒiÓ�×��)Ú.Õ�Îzî��+ÐsÙ1â�ÏzÙ�×
á Ö\ÐdÚ.Ó6ÒbÖ\ÐsË�ÐdË�Ù�ÖOÓ�Ú.Ñ_Ô�Ì\ÚCÍvÓ�âqÐdØ\Ø\ÐsØOâ!ÒiÕ�ÒbÖ\Ó"â�Ó�ØOÓ�ÏzÙ1ÒbÐ.ÕqØôÕ�Ô+Ù�êOÓ�ÒbÙ�ÐsÚ.Ó�ê�Ñ_ÖEä�ËbÐsÎ�Ù�Ú)Í_Ú.Õ*Îbî�ê\ÐdÙ1â�ÏzÙ�× Ô�Õ�Ï

è'Ð.Ï�ÐdØOâ���Õ�Ï�àCÐdØ�ÐsØ\ê\Ì\ËiÒiÏzä�à�Ñ\ÏzÐdØEÒiÓ�ê�Î�Ð.ÏzÎ�Ì\ÐdÒ�ÚdÙ?ä�ÕqÌOÒ���àxÐ.Ò�ÐdË�ØOÕ�Ò�Ñ_Ù1ÏzÒbÐdÎ�Ì\ÚdÙ1ÏzÚdäDÖOÓ�Ú.Ñ\Ô�Ì\ÚCÔ|Õ�Ï�ÒbÖ\ÓAÑ_ÚdÙ�Ø\Ø_ÐdØOâ!Õ�Ô
Î�Ð.ÏzÎ�Ì_Ð.ÒiÏbäoÒiÕoÍßÓ=Ðs×�Ñ_Ú.Ó�×�Ó�ØEÒiÓ�ê6ÐdØ6ÒbÖOÓ�æ �! ø�Û

ø Ú.Õ�âqÐdÎ�Ù�Ú�Ëbä�ËiÒiÓ�×
Í_Ú.Õ*Îbî6ê\ÐdÙ1â�ÏzÙ�×
ÐdËxËbÖOÕ�è'ØAÐdØ"æ�Ð.âqÌOÏzÓ�ñ�Û

ÜZÖ\Ó ö ø+ù �#" òôÜxåiù!òC÷ Ñ\ÏbÕ*ê\Ì\Î7Ó�Ë)Ù�Ø"ÕqÌ\ÒiÑ_ÌOÒ)ÒiÕ/ÐdØ\ê\ÐsÎ�Ù1ÒiÓ+ÒbÖ_Ù1ÒZÙ�ØOÕ�ÒbÖOÓ�Ï'ËbÙ�×/Ñ_Ú.Ó�ËbÖOÕqÌ\Úsê�ÍvÓ�ÒbÙ1î�Ó�ØAÕ�Ô



$&%('&'&'�)+*-,/.
0 1

Sample
Timer

sample

A/D

status

status

status

status

control

control

control

control

control

address   4

address   4D
at

a 
B

us

Fi
ni

te
 S

ta
te

 M
ac

hi
ne

(s
)

Storage
Unit

Arithmetic
Unit

PROM
Response

Impulse

D/A

8

8

8

8

8

Clock

status

2436587/9;: 1�<�=?> 5836@BA&C-D�EGFIHI:KJ�L!C > @;M�N�36AO5&9PA&J



Q&R(S&S&S�T+U-V/W
X Y

Z;[/\^]6_/`bacZed;](f8_bg&h-g&_cijg&h6dIk
Z;[cgOZ�Z;[/\mlmk8dIZon;\Kpq\K_rZ;h(s�pqk8l�`ba/ZI\Kijk8a/ZI`ba/Z�d;](f8_bg&h?tOg&h6a/\u]6doZIk
vw\�k8a/ZI`ba/ZoZIk
Z;[/\yx{z�|�}

~ [c\�|�z�x�pqk8_rt&\Bn;ZI\Bn�]�d�ZIk{vw\!]�lm`bh(\Klm\K_rZI\Ki^v�sug�d;]�_/f8h(\�pP[c]6`��8|ex�� Y�� }���k8a�d;[/k8ach�i��e](n;\�](Z�k8_mZ;[/\�h(\B��Z
[cg&_ci�`bn;k&ZIk�dIZInP]6`
k&��s&k8a/n���](Z!��[b]6pP[�[cg&d�dI`w\KpB]6g&h�g&_cg&h(k&f�`wk���\Bn�dPa/`c`bh6]6\KdB}?��k8a�h6](�&\Kh(s���g&_rZ�ZIk�pqk8_/�bf8a/n;\
Z;[/\�|ox�� Y�� ��k&n�v�](`wk8h6gOn4]�_/`ba/ZB}4�4g�s^`bgOn;Z;]6pBach�gOn4gOZIZI\K_rZ;](k8_�ZIk�Z;[c\�pqk8_�ZIn;k8h/dP](f8_cg&hGZ;[cgOZ�dI`w\KpB](�b\Kd-Z;[c\�k8acZI`ba/Z
icgOZ;g���k&n�l�gOZ�g&d�kO��dI\BZ!vb]6_cgOnPsuk&n�g&d�Z���k/��d�pqk8lm`bh6\Klm\K_�ZB}��ek&ZI\�Z;[cgOZ!dI��](Z;p�[c]6_/f{vw\BZ���\B\K_�Z;[/\oZ���k^��k&n�l�gOZ;d
d;]6l�`bh(s^]6_�t&k8h6t&\Kd�pqk8lm`�h(\Klm\K_rZ;]6_/f{Z;[/\olmk8dIZ!d;](f8_c]6�bpBg&_�Z#vb](ZB}-��k8a
l�gKsm��]6dP[�ZIk�abdI\eg�ic] �w\Bn;\K_�Z���k&n�l�gOZ#��k&n
Z;[/\y]�_c](Z;]6g&h¡g&_cg&h(k&f�ic\Klmk8_cdIZInPgOZ;]6k8_¢g&_ci�Z;[/\{g&pqZ;abg&h?ic](f8]6Z;g&hw�bh(ZI\BnP]6_cf�k&`w\BnPgOZ;](k8_�}

~ [c\ex{z�|£]6d�g&h6dIk�ZIk�vw\e]�lm`bh(\Klm\K_rZI\Ki�v�s�gud;]6_/f8h(\epP[c](`?�r|ox�¤&¤&¥�}�¦�Z�g&h6dIk^d;[/k8ach�imvw\���](nP\Kimk8_
Z;[/\eh(\B��Z
[cg&_ci�`cn;k&ZIk�dIZInP]6`�k&��s&k8acno�G](ZB} ~ [c]6depP[c]6`j]6dog
n;\Bf8]6dIZI\BnP\Ki�ic]6f8](Z;g&h?ZIk�g&_cg&h6k&f
pqk8_rt&\Bn;ZI\Bn{��[b]6pP[���ac_bpqZ;](k8_cd
ZIk�pqk8_rt&\Bn;Z�Z;[c\{icgOZ;gmv�srZI\Kdepqk8lm`ba/ZI\Ki�v�s
Z;[/\{|e§�¦ ~�¨o©�ª#~ ¦;«­¬o��¦ ~ ZIk�g&_�g&_cg&h(k&fmt&k8h(Z;gOf&\&}!��k&ZI\yZ;[cgOZ
Z;[/\Bn;\^]6dek8_ch(s�g
d;]6_cf8h(\yn;\Kh�gOZ;](k8_cd;[c]6`¢vw\BZ���\B\K_®Z;[/\^vb]6_cgOn;s�]6_c`ba/Z�g&_cijZ;[/\uk8a/ZI`bacZet&k8h(Z;gOf&\&}�¯­[cgOZ���k8ach6i
s&k8a°[bgKt&\�ZIkji/k¢](�#Z;[c\�_rablyvw\Bn�Z;[cgOZ{nP\B`cn;\KdI\K_rZ;d{Z;[/\mk8acZI`ba/Z{]6d{]�_®Z���k/��d�pqk8lm`�h(\Klm\K_rZ�±²�ek&ZI\�Z;[bgOZ{Z;[/\
n;\Bf8]6d;ZI\Bn�]6d^g³h6gOZ;pP[���_/k&Z�g&_´\Ki/f&\�ZInP]6f&f&\Bn;\Ki´n;\Bf8]6dIZI\Bn�}µ§�\Kg&i¶Z;[/\�icgOZ;g³d;[/\B\BZB·´¸�\¢pBgOn;\B��abh�g&_ci�i/k³_/k&Z
g&h6h(k��¹g&_�sjf8h6](Z;p�[/\Kd�k8_³\K](Z;[c\Bn�Z;[/\�z&«�º�k&n�z&« ª ]6_/`ba/Z;dK}u»oZ;[/\Bn�Z;[cg&_®Z;[c\�_cg&lm\&��Z;[/\BnP\^]�d�_/k�ic] �w\Bn;\K_cpq\
vw\BZ���\B\K_°Z;[c\KdI\�Z���k®d;](f8_bg&h6dB} ~ [/\�g&_bg&h(k&f�k8a/ZI`�a/Z�d;]6f8_cg&h�pBg&_µv¡\�t�]6\B��\Ki°k8_µg&_µk8d;pB]6h6h6k8d;pqk&`w\mk&nu](ZupBg&_
vw\{acdI\Ki�ZIk�i/nP]6t&\{g�dI`w\KgO�&\BnK}!¯¼[c\K_�s&k8a�gOnP\{n;\Kg&i/s�ZIk�h�]6dIZI\K_�ZIk�s&k8a/n��bh6ZI\Bn;\Ki�k8a/ZI`bacZ�d;](f8_cg&h½�cpP[/\KpP�¢k8a/Z
g&_jg&lm`bh6](�b\Ki¢dI`w\KgO�&\Bn���n;k8l¾Z;[/\�¦¿_cd;ZInPaclm\K_rZe§�krk8lÀg&_cijpqk8_c_/\KpqZ�s&k8a/n�x�z�|¹ZIk
Z;[c\�dI`w\KgO�&\Bn�Z;[/n;k8a/f8[jg
pBgO`bg&pB](ZIk&n^Á � } � ¤mÂ�Ã�Ä�}

~ [c\�º ~ »�§�|�Å ª ¬e�e¦ ~ pqk8_cd;]6d;Z;d�k&��g�dIZ;gOZ;]6pO�-vrs�ZI\qÆ½��]6ic\^§e| © Á½ºG§e| © Äog&_ci³g&_³g&ici/nP\Kd;d�pqk8ac_rZI\BnK}
~ [/\u]6lm`bh6\Klm\K_�Z;gOZ;]6k8_�k&��Z;[c]6deac_c](Z�]�d�nPgOZ;[/\Bn�dIZInPg&]6f8[�ZI��k&n;�!gOnPi�}�¬odI\yZ;[/\^h6](vbnPgOn;s�k&��`�gOnPg&lm\BZI\BnP](ÇB\KijlmkGiGÆ
ach(\Kd�`cn;k�t�]�i/\Ki�v�s�|oh(ZI\BnPg^g&d�`bgOn;Z�k&� © |�È��#É-¬�º�¦P¦#g&_ci
pP[/k�k8dI\{gu§�| © d;]6l�]6h6gOn�ZIk^Z;[cgOZ!��[c]�pP[�s&k8a�acdI\Ki
]6_®É?gOv°Ê�}u¦¿��s&k8a³n;\Kg&h6h6s¢��g&_rZ�ZIk¢acdI\mdI\B`�gOnPgOZI\�pqk8lm`wk8_/\K_rZ;dB��Z;[/\K_®s&k8aËl�gKs®acdI\^g&_µºG§�| © g&d�]�_jÉ-gOv
Ê�} ~ [/\�º ~ »�§�|�Å ª ¬o�e¦ ~ ]6duacdI\Ki°ZIk®d;ZIk&n;\�Z;[c\
ic]6f8](Z;](ÇB\Ki°g&_bg&h(k&fj]�_/`ba/ZydP](f8_cg&h#g&d^pqk8_rt&\Bn;ZI\Ki´v�sËZ;[/\
|�z�x�}�|edm]6_c`ba/Z�dPg&lm`bh(\�icgOZ;g³gOn;\�n;\Kpq\K]6t&\Ki��#Z;[/\Bs´gOn;\�ZIk³vw\�dIZIk&n;\Ki¶dI\KÌ�a/\K_rZ;]6g&h6h(sµ]6_´gjpB]6nPpBach6gOn^vbaG�w\Bn
]6lm`�h(\Klm\K_rZI\Ki¢v�s¢g�vbh6k�pP��k&�#d;] ÍGZI\B\K_�h6k�pBgOZ;](k8_bd�]6_�Z;[/\^º/§�| © }w�egOZ;acnPg&h6h(s�s&k8a®d;[/k8ach�i¢acdI\ug�pqk8ac_rZI\Bn�ZIk
`cn;k�t�]�i/\�Z;[/\yºG§e| © g&ici/n;\Kd;d;\Kd���k&n�dIZIk&nP]6_cf�_/\B��]6_/`�a/Z#d;](f8_bg&h�d;g&l�`bh(\Kd!g&_ci���k&n�g&pBpq\Kd;d;]�_/f^`cn;\BtG](k8acd�]6_/`ba/Z
d;g&lm`�h(\KdB}#ºG[/k8ach�i�](Z#vw\og&_�¬o�´pqk8ac_�ZI\Bn��Ggux{»�¯­�²pqk8ab_�ZI\BnK�Gk&n�vwk&Z;[�±�¯­[cgOZ!d;[/k8ach6i�v¡\eZ;[/\�]6_c](Z;]6g&hbdIZ;gOZI\
k&��Z;[/\{§�| © g&ici/n;\KdPd�pqk8ac_�ZI\Bnq±

~ [c\e¦ © ��¬eÉ�º ª § ª ºG��»���º ª §�» © pqk8_cd;]6dIZ;d!k&�-g^Ê&¤&��Æ½v�s�ZI\y§�» © } ~ [/\o[b](f8[�k&n�i/\Bn!��k8a/n!vb]6Z;d�k&�-Z;[/\
§�» © g&ici/nP\Kd;d{dI\Kh(\KpqZ���[c]6p�[Ë]6lm`�ach6dI\^n;\KdI`wk8_cd;\�]6d�ZIk�v¡\�acdI\Ki�} ~ [/\�h6k��Îk&n�i/\Bny��k8a/n{vb]6Z;d�k&��Z;[/\�§�» ©
g&ici/nP\Kd;ded;\Kh(\KpqZ���[c]6p�[�v�srZI\^k&��Z;[/\u]�lm`bach6d;\{n;\KdI`wk8_cdI\^](ZoZIk�v¡\ug&pBpq\Kd;dI\Ki�} ~ [/\^[/\qÍ�_�aclyvw\Bn�ÏGÐ^dI`w\KpB](�c\Kd
Z;[/\�dI\Kpqk8_biËv�srZI\�k&��Z;[/\�Z;[b](nPi®]6lm`babh6dI\un;\KdI`wk8_cdI\m]6d{g&pBpq\KdPdI\Ki�}�¦¿��s&k8aµacdI\�|oh(ZI\BnPgG��d{h�](vcnPgOn;s�k&��`�gOnPg&lm\qÆ
ZI\BnP](ÇB\Ki®lmkGicach6\Kd�s&k8a³pBg&_®]6lm`bh6\Klm\K_�ZeZ;[c]6denPgOZ;[/\Bn�\Kg&d;]6h6s&} ~ [c\��bh6\yZ;[cgOZ�s&k8aj��g&_rZ�pBg&_jv¡\^pqk&`b](\Ki���n;k8l
Ñ�Ò�ÓOÔ/ÑrÕ�ÖØ×�×r×OÑOÙbÚOÛ/ÜGÝ&ÞGÔ¡ß&Ñ�à�Ú�á�ßOÑ�àrÚOá/â�Ö¿ãGä�åråGä�Ñ/ÓBÒ/æ�Þ�àcßOçcß4Ö½Û�Ôcà k&nes&k8a³pBg&_jn;\B��\Bn;\K_cpq\uZ;[cgOZ��bh(\�ic](n;\KpqZ;h(s¢]6�
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